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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 five 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, and
4) transporting of the MCO/fuel to the Canister Storage Building (CSB) where the MCOs will be
placed inside storage tubes for storage 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) Reference 6.1, Rev. 5 . The final design is
a modification of a preliminary design supplied with the Performance Specification by the buyer
Duke Engineering Services Hanford, Inc. Per the Statement of Work, no changes were made to
the preliminary design unless required to meet either the specification requirements or as
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
filters, lifting interfaces, process interfaces, etc., are the responsibility of the buyer.

The MCO is designed to Section III of the ASME Boiler and Pressure Vessel Code as designated
within the Performance Specification. The pressure boundary is designed to Subsection NB of
the ASME Code Reference 6.2. The formal application of the Code to the containment portion of
the MCO is to be by the issuance of a Certified ASME Design Specification that is to cover a
subset of the requirements of the Performance Specification. The ASME Certified Design
Specification and its related Over Pressure Requirements Report have not been completed, and
no evaluations based on these documents were performed against the Code requirements. The N
certificate holder (fabricator), responsible for issuing the ASME Design Report will review the
Design Specification and Over Pressure Protection Report to ensure Code compliance to those
requirements. Some load cases are specifically exempted from meeting the Code requirements
by the Performance Specification. The design was evaluated against the Code and has been
found to be compliant using the principles and rules as set forth in the Code as shown in the
attached Appendices. Interpretations of the Performance Specification, interfaces, and the
application of the loads are stated in the Appendices. The final closure weld attaching the cover
cap addresses the Code requirements by the use of Code Case N-595 which invokes appropriate
stress reduction factors. This Code Case requires that the final closure weld be liquid penetrant
inspected at the root and each % inch of weld material including the cover pass to allow use of a
stress reduction factor of 0.9 and be helium leak tested. It also requires that the Certified Design
Specification containing the Overpressure Protection Report shows that the Service Limits
specified in the Design Specification will not be exceeded and hence no pressure relief is
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required or will be permitted during storage. The redundant cover over the test plug in the cover
cap is not considered part of the pressure boundary and is not evaluated or designed to the Code.
However, using the same Code Case with the same conditions it is permitted to be a pressure
retaining weld, if it is inspected like the closure weld and the appropriate stress reduction factors
are used. The Code Case does not require it to be leak tested. The weld used for the installation
of the rupture disk may also require further clarification if the vessel is to be certified to the
Code. A number of other features including the Mark IV baskets are exempt from Cede criteria
per the Performance Specification. For example, the Performance Specification does not apply
Code criteria to components that are not required for criticality or containment safety. Where
geometry control is required for criticality safety, the Performance Specification stipulates that
portions of Section III, Subsection NG (Reference 6.3) are to be applied. The design of the Mark
1A baskets meet those requirements.

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 East and West K-Basins. The MCO is a stainless steel canister
approximately 24 inches in diameter and 166 inches long with cover cap installed. The shell and
the collar which is welded to the shell are fabricated from 304/304L dual certified stainless steel
for the shell and F304/F304L dual certified for the collar. The shell has a nominal thickness of %
inch. The top closure consists of a shield plug with four processing ports and a locking ring with
jacking bolts to pre-load a metal seal under the shield plug.

The fuel is placed in one of four types of baskets in the fuel retention basin. Each basket is then
loaded into the MCO which is inside the transfer cask. Once all of the baskets are loaded into the
MCO, the shield plug with a process tube is placed into the open end of the MCO. This shield
plug provides shielding for workers when the transfer cask, containing the MCO, is lifted from
the pool. After being removed from the pool, the locking ring is installed and the jacking bolts
are tightened to pre-load the metal main closure seal. The cask is then sealed and the MCO taken
to the Cold Vacuum Drying (CVD) facility for bulk water removal and vacuum drying through
the process ports. Covers for the process ports may be installed or removed as needed per
operating procedures. The MCO is then transferred to the Canister Storage Building (CSB), in
the closed transfer cask. At the CSB, the MCO is then removed from the cask and becomes one
of two MCOs stacked in a storage tube. MCOs will have a cover cap welded over the shield plug
providing a complete welded closure. A number of MCOs may be stored with just the
mechanical seal to allow monitoring of the MCO pressure, temperature, and gas composition.

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

The MCO as described above must interface with many exterior components and environments
including “hands-on” for all operations. These include:

Transfer Cask

Mark 1A Storage Basket

Mark 1A Scrap Basket

Mark IV Storage Basket

Mark IV Scrap Basket

Single Pass Reactor Fuel Basket

Fuel Basket Lifting Grapple

Cold Vacuum Drying System

Remote operators for Process Ports/valves with the cap off
Remote operators for Process Ports/valves with the cap on
Remote operators for Process Port covers

Locking & Lifting Ring installation/jacking bolts tightening equipment
Transfer equipment at CSB

CSB storage tubes

MCO Handling Machine

Closure Cap installation equipment

Non-destructive examination processes for the closure welds
Leak rate testing equipment

Repair equipment

SPROgQZEI RSN ZmOEHUAE Y

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).

2.3 MCO SHELL

The MCO shell provides both confinement and containment of the fuel during both handling and
storage. It also provides support for the shield plug and the baskets for stacking, lifting and
handling including the postulated drops. The shell is constructed out of 304L/304 dual certified
stainless steel. The main section of the shell is fabricated from 24 inch schedule 80S, SA-312
304L/304 dual certified pipe ot rolled SA-240 304L/304 dual certified plate. The bottom of the
shell is a SA-182 F304L machined forging or may be machined from SA-240 304L plate The top
of the shell, the MCO Collar, is a SA-182 F304L/F304 (dual certified) forging, machined with a
double lead buttress thread and a seal surface for the primary seal and shield plug to rest,
completing the containment boundary.
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2.4 COVER CAP

The cover cap is a SA-182 304L forging that is placed on top of the MCO at the CSB after the
completion of Cold Vacuum Drying. The purpose of the cover cap is to provide a welded
closure that is capable of meeting the containment leakage rate criteria. 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 radiograpically inspected due to the configuration and
contents of the MCO. However, it is configured to allow for ultrasonic inspection and it can be
Helium leak tested. The weld will be qualified by the use of Code Case N-595 which only
requires liquid penetrant inspection. The exterior of the cover cap is machined to have the same
lifting rim configuration as the locking ring so that the MCOs can be handled after installation of
the cover cap. The cover cap has one mechanically sealed penetration that can be aligned over
either Port 1 or Port 2 on the shield plug, to permit operation of that shield plug port through the
cover cap after its installation. The penetration is a plug with a mechanical seal that will allow
venting of the cover cap, sampling of the atmosphere within the cover cap, as well as access for
operation of the selected shield plug ports. The penetration has the capabilities to be seal welded
shut, prior to welding the cover cap in place. Its orientation to allow operation of either port #1or
#2, will be predetermined. To assure proper orientation, alignment marks will be used and or a
fixture employed that holds the orientation correct while the cover is welded in place. Once the
correct orientation is determined the cover plates will be checked to ensure that the correct cover
plates are either in place or removed to allow for operation through the cover cap as described
above. The shield plug cover plates provide a redundant closure for protection. They are
designed to 150 psig like the mechanical seal.

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 securing the mechanical
closure as well as performing the drying and processing functions. The shield plug also retains
the main seal which seals against the MCO collar and the shield plug. The shield plug has four
ports which connect to four penetrations. The first and second penetrations connect to an internal
HEPA filter bank that allows for filtered release of gases from the MCO, either through one of
the process ports during vacuum drying or through a backup port which is normally plugged.
Both of these ports can be operated either by an external tool or an internal socket through the
properly aligned cover cap. The guard plate assembly also protects a short process tube,
connected to the fourth port, that serves as backup process port as well as a pressure relief port.
Additionally, the guard plate assembly traps air when the shield plug is lowered into the pool and
keeps the filter bank dry. The third 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 area of the fuel or scrap baskets to the shield plug assembly minimizes
potential migration of fuel rubble inside the center exclusion cavity. This improves criticality
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safety. The machined ports in the shield plug act as valve bodies for the process plugs and any
relief devices. Each of these ports can be covered with cover plates that either have orifices in
them to control the pressure relief flow rate or are blank to allow sealing of the MCO as needed.
Three of the shield plug port covers are identical, having four closure bolts. The port connecting
to the long process tube maintains a five bolt cover plate for ease of identification. 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 spent fuel. Three of these 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 disengaged by unthreading
approximately twelve turns. Sealing properties are possible due to a metal C-seal that has the
capability of resealing over five times when the plug is tightened into place. The seals are made
from a structural hard metal (such as Inconel) which is plated with a soft metal such as silver or
gold. The seals and the qualification testing for re-sealing capability are described in Appendix
14. The port connecting to the short draw tube retains a process plug containing a rupture disk.
This allows the port to serve as a backup process port as well as a primary over pressure
protection port. The rupture disk is designed to rupture at a pressure of 150 psig (which is at the
design pressure of the main mechanical seal and below the MCO shell design pressure) at the
MCO design temperature of 132°C.

Port number 1 is a spare port, and contains a threaded plug with a socket head and an external
hex head. This permits the plug to be operated with the cover cap either off or on when the cover
cap penetration aligns with this port. This plug uses the same metal seal used on the process
plugs, thus allowing it to maintain a repeatable leak-tight seal. As described above, this port is
connected to an internal HEPA filter bank through a one inch diameter passage way.

Port 2 connects to a one inch diameter penetration that leads to the internal HEPA filter bank.
The process valve for this port has both a external hex head and an internal socket head that
permits the valve to be operated with the cover cap off or on when the cover cap penetration
aligns with this port instead of Port 1. The decision of which port will be aligned will be made
by the operating entity of the facility prior to the field installation of the cover cap.

Port 3 has a process plug and is connected with the long process tube, located at the center of the
shield plug, through a 0.609-inch passageway. The cover plate for this port, as indicated earlier,
uses five bolts as opposed to four. This configuration ensures proper placement and application
of the process and operator tools.

Port 4 connects to the short process tube through a one inch diameter penetration. The process
plug in this port has one 1 inch ASME certified rupture disk built into the upper portion of the
valve nut, distinguishing it from the other process plugs. This particular process plug is
composed of two pieces. The upper component forms the valve nut and discharge vents. The
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lower component forms the threaded valve body with process flow holes. The rupture disk is
welded to the bottom of the upper half component. The upper half component is then welded to
the lower half component, sandwiching the rupture disk in between the two. Incorporating this
geometry, the rupture disk is replaceable by replacing the process plug. This particular port has
the option of two different cover plates. The first cover plate contains a 1 inch orifice. This
allows proper two phase relief of the MCO in the event of over pressurization while full of water,
and still provides protection to the process plug from overhead strikes. The second plate is a
blind flange identical to the plates covering the remaining process ports. The connection to this
port has a 2 mm screen covering it to prevent the discharge of particles should the rupture disk
rupture.

All cover plates have captured 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.The
seal has the capability to “snap™ on to the cover plates by being slightly oval thus facilitating
remote removal and installation . The metal seal that is used for the process plugs is an Inconel
C-seal with a silver or gold plating, produced by EG&G pressure seals. This plating allows the
seal to produce a repeatable seal at the high temperature specified (132°C) and still meet the
reseal requirements.

2.7 SEAL

The primary seal for the MCO provides a seal between the shell and the shield plug. This seal is
manufactured by Helicoflex and is comprised of a high strength alloy spring covered with a 300
series stainless steel inner jacket and a silver outer jacket. The seal is held in place with four
stainless steel clips that are screwed to the shield plug. This seal, when properly preloaded, will
maintain a leak tight condition. The seal is similar to the standard mechanical seals approved by
the Nuclear Regulatory Commission (NRC) for dry fuel storage applications.

2.8 LOCKING RING

The pre-load on the seal is maintained by the use of a locking ring and jacking bolt arrangement.
The locking ring is a stainless steel forging with buttress threads. This allows the locking ring to
be threaded into the MCO collar, after the shield plug is in place and 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 pre-load the shield plug and the seal. Eighteen
SA-193 B8S or B8SA 1-Y inch set screws are threaded into the locking ring. The screws serve
as jacking bolts to pre-load the seal and were sized to maintain the appropriate pre-load
throughout the operating temperature range to maintain the seal for the 150 psig design pressure
for the seal. The mechanical seal is not required to be maintained for the 450 psig pressure. At
higher pressures or temperatures than what the seal is evaluated for, loss of preload resuiting in
loss of seal capability could occur. This may be either plastic or elastic deformation. See
Appendix 4 for details.
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2.9 MARK 1A STORAGE BASKET

The Mark 1A storage basket is designed to hold 48 intact Mark 1A fuel assemblies. 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 criticality control requirements on the Mark 1A basket. The controlling item is
the need to maintain an exclusion zone within two inches of center. The exclusion zone is
defined by the 6.625-inch outer diameter with a 1.75-inch inner diameter of the center bar.

The basket consists of a center 6.625-inch bar with a 1.75-inch center diameter bore, providing
the exclusion zone, threaded to a bottom support plate that also has six support rods at its
periphery. The center post and six support rods are perpendicular to the bottom support plate,
and make up the main structural members of the basket. The basket also has a sheet metal
shroud enveloping the six support rods and a fuel rack. The fuel rack rests in the bottom of the
basket to help position the fuel during loading. The fuel rack has 48 holes to receive and
maintain the fuel in a vertical array. Between the bottom plate and the fuel rack is a layer of
expanded aluminum to keep the fuel from resting directly on the plate. The expanded metal
layer prevents gas flow blockage through the 1/2-inch diameter holes in the bottom support plate
and allows for water draining. Neither the expanded metal nor the fuel rack are connected to the
support plate. This is done to minimize the inertia loading to the bottom plate during the side
drop accident conditions. The six support rods on the periphery of the plate have a trapezoidal
cross section and the lengths are sized such that they share the load with the center tube during
axial loading. This load distribution ensures that the bottom plate is not deformed significantly
and will still maintain the center post’s 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
I, Subsection NG. NG-3000 requirements, supplemented by criticality control deformation
limits delineated in 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 into the
basket above, or into the centering device on the guard plate on the shield plug assembly. This
allows the center pipe to be supported at both ends during the side drop loading. Mating parts
are sized such that fuel fines are restricted from entering the center of the bar. The top end piece
also interfaces with a lifting grapple. The basket is lifted by a grapple that seats in an internal
groove. The load path during basket lifting through the center pipe and bottom plate complies
with Performance Specification requirements for safety factors of three on material yield and five
on material failure.

All structural portions of the Mark 1A storage basket are fabricated from 304L or 304 austenitic

stainless steel. The center post is connected to the bottom plate by a ACME stub thread and the
support rods are fastened to the bottom plate using % inch countersunk socket head screws.
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Table 1. Fuel Dimensions (Reference 6.4)

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 application apply. The major difference is that there is no aluminum fuel rack, and a
stainless steel screen replaces the expanded metal on the support plate. Additionally, six
segments separate the basket cavity into six separate compartments plus a fines compartment in
the center. The six segments are constructed of copper to improve the heat transfer and
distribution characteristics of the basket. The individual compartments aid in the loading and
arrangement of the damaged fuel. The six copper segments are fastened to the stainless steel
bottom plate through the use of self-tapping screws. The screws are sized to withstand the
specified minimum failure load in the Performance Specification. To ensure adequate gas flow
through the basket there are flow restricters on the exterior of the shroud to divert gas flow
through the holes in the bottom plate. The lifting of the scrap basket is by the same means as the
storage basket and complies with the Performance Specification requirements.

2.11 MARKIV 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 the
Performance Specification. The design is similar to the Mark IA design, using a center post,
divider plates, and peripheral support rods. The center post, a 2.84-inch diameter tube secured to
the bottom plate by a threaded connection, carries the load during lifting operation. The bottom
plate has holes drilled in it to allow gas flow during drying operations. The bottom plate
configuration is similar to that of the Mark 1A design. It consists of a bottom plate covered by a
piece of expanded aluminum on which the aluminum fuel rack rests. The basket above is
supported by the center tube and six 1.313-inch diameter support rods at the periphery. The
support rods are connected to the plate in a manner similar to that of the Mark 1A. The basket
also has a 11-inch high non-structural sheet metal shroud to help in handling the fuel. The entire
structural basket is made from 304L or 304 stainless steel.

Like the Mark 1A baskets, the Mark I'V basket is lifted from a groove on the interior of the center
tube. The center tube extends above the support rods and into the basket above. This coupling
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aids in the basket stability and facilitates the insertion of the process tube down the center of the
basket. ASME Code methodology and allowables for the material were used in the analysis for
both the lifting the baskets and to support the others above it.

2.12 MARKIV SCRAP BASKET

The Mark IV scrap basket is designed to handle damaged Mark IV fuel. The Mark IV scrap
basket is the same as the Mark IV storage basket but without the expanded metal and the fuel
rack. The stainless shroud is replaced by the segmented copper compartments that are fastened
to the stainless bottom plate with self-tapping screws. The Mark IV scrap basket is similar to the
Mark IA scrap basket with the exception of the center post and peripheral support rods. The
Mark IV basket uses a 2.84-inch center post as opposed to the six inch center post. Like the
Mark 1A, the top of the center post mates with the basket above or the shield plug assembly,
assisting the 1.313-inch diameter rods in axial support. Additionally, the basket is lifted by the
same means, a groove internal to the center tube. The Mark IV scrap basket is required to meet
the same criteria as that of the Mark IV storage basket. The Mark IV basket designs do not
require features or geometry maintenance for criticality control. Both the MarklA and the Mark
IV basket designs have the same lift criteria and will mate with the same lifting device.

2.13 SINGLE PASS REACTOR FUEL BASKET

The single pass reactor fuel is to be stored using the Mark 1A stainless steel basket structure with
a fuel holding jig. The fuel holding jig has not been finalized so the exact features, including the
weights, are to be determined (TBD). The basket has a design constraint that its total weight will
be no greater than that of the Mark 1A baskets when loaded

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 its design life from being extended to a total of 75 years. Design life of the rupture
disk shall be one year.

Refer to Section 4, Item 1.

The MCO structural components are 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. The scrap baskets have their shroud and divider plates fabricated from
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copper. There are no components making up the system that have any known mechanism that
will cause the system not to sustain the required 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 nickel based rupture disk is compatible with the expected
environment and has no known failure mechanism that would prevented it from being
serviceable for a minimum of a year.

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
1o 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 or CVD 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 is to be fabricated in accordance with the ASME Code Section III, Division I,
Subsection NB (Reference 6.2), as set forth in Reference 6.1. The process plugs are designed to
couple with an operator tool, allowing them to be operated within a sealed environment and
providing the requested confinement. See Appendix I.

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 Reference 6.1, except for the cask drops as
noted in the same section. During Hanford on-site transportation, and process operations the
total gaseous leakage across the MCO pressure boundary, including process connection seals but
excluding controlled flow through any port, shail not exceed 1 x 10° sce/sec. This gaseous
leakage rate is based on a clean seal and a clean sealing surface at the final mechanical closure
boundary and associated process boundaries. The MCO, when sealed by welding at the CSB |
weld station, shall be capable of not exceeding a maximum total leak rate of 1 x 107 scc/sec.

Refer to Section 4, Item 3.

The containment is provided by the same shell and seal system described above. The port valves
and rupture disk are designed to meet the 1 x10-5 scc/sec requirements. To provide additional l
containment all ports are designed to have covers with metal seals. These seals are capable, as
is the main seal, of meeting the 1x10 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
requirements when it is in the cask for the horizontal and corner drop loads. This is due to the l
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 without breaching |
over this feature but would have localized stresses above the allowables.
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During fabrication the shell is leak tested to Ix 10-7 sce/sec to verify its containment capability.
The closure cap will be leak tested after installation. The closure weld is designed to be capable
of being inspected ultrasonically. Qualification of this weld will be in accordance with Code
Case N-595 which allows for liquid penetrant inspection only. The MCO could provide
redundant seals with the port covers 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 removal/replacement of the rupture disk at the
K Basins, CVD, and the CSB as needed.
Refer to Section 4, Item 4.

As can be seen in the detailed drawing in Appendix 1 and discussed in Appendix 2 the MCO
exterior is designed entirely out of austenitic stainless steel, which provides for a maintenance
Jfree package during its expected lifetime for the expected enviromment. The process plugs,
covers and rupture disk are designed for remote operation to facilitate maintenance on those
components. The rupture disk can be removed and or replaced by replacing the rupture disk
valve operator plug any time prior to the installation of the cover cap.

3.5 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 5.

The MCO components can all be handled with remote equipment and by 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 the 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.e., 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.
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Refer to Section 4, Item 6.

All components are dimensioned as shown in Appendix 1 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 allows 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.

The selection of materials in Appendix 2 and the applicable stress values used for the materials
in the analyses performed in Appendices 4-12 insure that the MCO and the fuel baskets are fully I
Sfunctional for the environmental conditions stated above. All containment seals including the
process plug seals are also selected for these conditions.

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 I 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.

Table 3.1, External Environmental Conditions (as seen by MCO)

Parameter Condition
Hanford Site:
Temperature (Air) Range: -33°C to 46°C (-27°F 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 to100°F)
Maximum Allowable: 38°C (100°F) [see 3.1.3.3 of
Performance Specification]
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pH

Current Range: KE: 55t075
KW: 551075
Allowable Range: KE and KW:5.0t09.5

Electrical Conductivity

Range: KE: Upto 5 pS/em
KW: Upto2 uSicm

Note:  pS/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°C to 75°C (50°F to 167°F) |
Transportation:
Temperature 0°C to 75°C (32°F to 167°F) [
CBS (Storage):
Temperature (Tube) 10° to 132°C (50°F to 270°F) I
Temperature Cycling Refer to Chapter 4 of HNF-SD-TP-RTP-004, Rev. 0

(WHC 1996a) |
Relative Humidity Refer to Chapter 8 of HNF-SD-TP-RTP-004, Rev. 0

(WHC 1996a) ]
3.9 MCO DESIGN OVERVIEW

3.9.1 Code Requirements

The MCO shall be designed in accordance with Divisions 1, 11, 13, and 15 of DOE Order
6430.1A, General Design Criteria (DOE 1989). Safety Class (SC) and Safety Significant
Components (SS), providing fuel containment, confinement, and criticality control, shall be
constructed to meet the rules of ASME Boiler and Pressure Vessel Code, Section III, Rules for
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Construction of Nuclear Power Plant Components, Subsection NB (ASME 1998) under the
component safety group as guided by the NUREG/CR 3854, UCRL-53544, Fabrication Criteria
for Shipping Containers. The Nuclear Regulatory Commission (NRC) positions in Regulatory
Guides 1.84 and 1.85 on ASME Section III Code Cases shall be reviewed prior to using such
Code Cases for safety class applications for the MCO. Use of additional applicable Section III
Code Cases shall be approved by the Buyer. All deviation from Subsection NB shall be
documented and justified, and approved by Buyer.

Refer to Section 4, Item 9.

The applicable sections of the ASME code are applied to the various components of the system

as shown below. Safety Class (SC) and Safety Significant (SS) requires compliance with the
principles and allowables of Section III, Subsection NB of the Code. General Service (GS)
components require to be designed and fabricated to industrial codes according to HNF-PRO-

097.
System/Component Function SsC Failure Consequences
Designation
MCO Components
Shell Contain/Protect SNF SC 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 + Set Screws Maintain pressure on SC Release of radioactive contents which
main seal, allows for lift could exceed offsite exposure limits
of loaded MCO
Cover Cap Seal MCO SC Release of radioactive contents which
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 Mark IV fuel
elements and scrap does not require criticality control
features.
MKIA and IV Scrap Hold scrap and dissipate SS No release consequences, copper is
Basket Copper Shroud heat generated internally used for thermal conductivity, it is not
Assembly within the basket a structural component on an
assembled MCO
Rupture Disk Protect MCO pressure SC Over pressurization of MCO resulting
boundary prior to storage in an uncontrolled release which could
exceed offsite exposure limits
Plug Valves Process ports to Ss Inability to process the MCO, release
accommodate gas flows of radioactive materials into the
in support of MCO environment which exceed exposure
processing limits
Process Internal Filter Maintain most radioactive Ss Release of radioactive materials from
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System/Component Function SSC Failure Consequences
Designation
solid materials within the the MCO, pressure buildup within the
MCO MCO, loss of defense in depth
protection for release of radioactive
materials
Seals excluding Main Containment SS Possible contamination release
Shield Plug Seal
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
reflooding, if necessary the MCO into a safe configuration
Short Process Tube Possible SC water S8 Rupture disk failure to relieve internal
removal prior to shipping MCO pressure, inability to remove
to CVD, connects to water prior to shipping to CVD
rupture disk as vent path,
backup process exit
Long Process Tube Screen | Keep particles > 2 mm in SS Particles larger than 2 mm may leave
diameter in the MCO the MCO allowing for potential
radioactivity and potential criticality
problems in the process system.
Main Shield Plug Seal Seals MCO shield plug to SS Release of radioactive materials from
shell the MCQ, pressure buildup within the
MCO, loss of defense - depth
protection for release of radioactive
materials
Cover Plates Provides leak tight seal SS Loss of redundant leak protection
Orifice Cover Plates Regulate gas flow from SS Valve with rupture disk becomes non-
MCO operational, causing possible release.
Cover/Orifice Plate Bolts | Maintain Seal Pressure SS Loss of double contingency protection
against leakage and/or unregulated gas
flow from MCO
Alaminum Fuel Racks Provides positioning GS Has no effect on safety
during initial loading
Guard Plate assembly on | Protects internal MCO SC Potential damage to filter, short

Shield Plug

process filter, short
process tube and 2 mm
screen

process tube, and screen.
Keep top basket center tube stable and
centered.

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 the Mark 14 fuel baskets are designed to the

technical requirements of the Code as set forth in the Performance Specification.

economically feasible the MCO vessel will be Code stamped. SS items are designed and
Jabricated to applicable sections of the ASME Code
Specification. GS items such as the Mark IV baskets, are evaluated to the applicable conditions l
specified by the Performance Specification (lifting and handling).
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3.9.2 MCO Design Criteria

The MCO design shall implement the following criteria:
o ASME Section III Code stamp fabricator required
Design pressure for shell, bottom plate, and cover cap: 450 psig
Design pressure for shield plug closure assembly: 150 psig;
Design temperature: 132°C
Processing operating pressure: full vacuum internal with 25 psig external pressure, at
75°C
e Processing operating pressure: full vacuum interal with 0 psig external pressure, up
to 132°C
e Processing operating pressure: 75 psig internal with 0 psig external pressure up to
132°C
o The MCO assembly must be designed to accommodate 0.65 inch nominal differential
thermal expansion, in the axial direction, between the basket stack and the MCO shell
and maintain basket nesting and engagement of the top basket with the shield plug
e Maximum allowed radial temperature gradient between the outside of the MCO %
inch thick 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
Refer to Section 4, Item 10-20.

The design pressure of 450 psig and a design temperature of 132 °C is used for evaluation of the
MCO with the cover cap welded in place for all normal conditions and design basis conditions in
Appendices 4-12. The design pressure of 150 psig and a design temperature of 132 °C is used for
evaluation of the MCO without the cover cap welded in place for all normal conditions and
design basis conditions in Appendices 4-12. Appendix 12 demonstrates the MCO'’s compliance
with the applicable Code requirements for the conditions stated above. The mechanical seals
used to seal the MCO under these conditions are metallic seals. Since these seals will not be
leak tested immediately when installed, the manufacturer's recommendation of not reusing the
seal must be adhered to. The seals will be tested at the Cold Vacuum Drying (CVD) facility after
drying. An ASME design specification which is a subset of the performance specification will be
issued permitting an ASME Section III, Subsection NB design report to be prepared allowing for
the MCO containment boundary to be fabricated to and stamped in accordance with the ASME
Section ITI, Code.

3.9.3 Maximum MCO Assembly Weight

The gross weight of MCO (including baskets) containing 288 Mark IA fuel assemblies should
not exceed 16,082 Ibs or 17,394 1bs flooded. These weights are based on a 288 Mark 1A SNF
assembly fuel load with a SNF weight of 11,343 Ibs. The gross weight of a MCO containing 270
Mark IV fuel assemblies shall not exceed 19,242 1bs dry or 20,457 Ibs flooded. This is based on
a 270 Mark IV SNF assembly fuel load with a SNF weight of 15,050 lbs. Weights are listed in
Appendix A. Weights as quoted are design goals and subject to changes as the design evolves.
Refer to Section 4, Item 21.
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Detailed weight calculations for each component of the MCO are provided in Appendix 3. The
summary of the expected weights shows that the nominal MCO, without cover, with Mark 14 fuel
(MCO Condition 2 in Appendix 3), dry, weighs approximately 17,867 Ibs. The nominal MCO
Sflooded with Shield Plug, no cover cap or locking ring and with Mark 14 fuel (MCO Condition 3
in Appendix 3) weighs approximately 18,264 Ibs. The MCO with the Mark IV fuel, dry (MCO
condition 2 in Appendix 3) weighs approximately 19,691 lbs. The MCO with the Mark IV fuel,
flooded (MCO Condition 3 in Appendix 3), weighs approximately 20,093 Ibs. The above
weights do not reflect the weight of the scrap baskets. The empty scrap baskets may weigh more
than the storage baskets but the loaded weight of the scrap baskets will always be less than that
of the storage basket.

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 167.3 inches.

Refer to Section 4, Item 22,

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 less than 167.3 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 * pi). The MCO shell is allowed to have a 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 23.

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.

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
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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 1.00-inch minimum 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 16.

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 full access to the inside cavity for stacking of the fuel baskets. All welded components
are made of 304L/304 dual certified stainless steel. At the bottom of the cavity, there are 6
basket support plates in the form of a spider supporting the bottom basket and maintaining a
1.00 inch minimum distance between the basket and the bottom head. The emp?y 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 up-righted
with standard engineered lifting devices although a turning fixture may facilitate the operation.
The MCO should not be handled or lifted without the lifiing ring in place. The use of other
Sixtures to lift the MCO increases the potential of damaging and distorting 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, and the weld geometry shall permit a 100% ultrasonic
examination of the weld. 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 450 psi at 132°C and shall meet the drop
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 recessed threaded plug to be used for helium
leak testing after welding. This penetration in the cover cap shall be adequately sized and located
to permit insertion of a tool to access the threaded plugs contained in Ports #1 or #2. The weld
joining the closure cap to the MCO shell shall be helium leak tight to 1 x 107 scc/sec.

Refer to Section 4, Item 17.

The MCO closure consists of a shield plug, locking ring and main seal as shown in Appendix 1.
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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-Y% inch diameter set screws are tightened, 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
tightening is shown in Appendix 4. The locking ring is designed so that, with an 1/8-inch gap
between its bottom surface and the shield plug, the top surface of the locking ring is 1/8-inch
below the top surface of the shield plug. The main seal is a Helicoflex seal. The seal will be
installed to the manufacture’s recommendation and in a manner which has been verified to meet
the leak tightness required. This will require that the seal can only be installed once and not
reused. The seal will be helium leak tested at the CVD facility. The details of the seal can be
Jfound in Appendix 13.

The closure cap consists of a 304L stainless steel forging that mates with the MCO collar. The
closure weld is a full thickness weld that is not radiographically examined. The weld can be
ultrasonically examined. The weld can be helium leak tested to demonstrate helium leak
tightness to Ixl 0-7scc/sec. The recessed threaded plug has a metallic seal that allows leak
testing of the final closure. After the plug is helium leak tested to 1 x 10 =7 scc/sec it can be
Sfurther sealed off by welding of a cover plate over the plug. The plug threads into a 1-3/4 inch
opening that can be aligned over either Port 1 or Port 2. With opening aligned over either one
these ports, the port may be operated through the opening. At the time the decision is made to
which Port is to be operable through the cover cap, the cover plate for that Port will be removed
and the cover cap will be aligned to allow operation through the cover cap by either alignment
marks or by the use of fixture during the installation of the cover cap. Analysis of the weld and
the lifting ring which is attached to the cover cap is found in Appendix 6. The lifting rim on the
cover cap is the same diameter and thickness as the lifting ring on the locking ring. Aralysis is
performed combining the lifting loads with the 450 psig internal pressure at 132 C.

3.12 FUEL BASKET DESIGN

3.12.1 Mark IA Baskets

The Mark IA fuel storage and scrap baskets shall meet the rules of Articles NG-2000, NG-3000,
NG-4200, NG-4600, and NG-5000, as applicable, of the ASME Boiler and Pressure Vessel
Code, Section III, Subsection NG (ASME 1998) 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 U235 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 III, Subsection NG requirements shall
be applied to the construction of the Mark IA fuel storage and scrap baskets.)
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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 III,
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 18.

The Mark 14 baskets are designed to meet the applicable sections of ASME Boiler and Pressure
Vessel Code, Section 1II, Subsection NG (ASME 1998), Reference 6.3. The evaluation of the
baskets for the Service Level 4 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. No Code stamp
is required for the application of the limited Subsection NG requirements applied by the
Performance Specification.

3.12.2 Mark IV Baskets

For clarification, the Mark IV fuel storage and scrap baskets do not have to be designed to meet
the ASME Code. (Explanation: Mark IV fuel has a lower U235 enrichment than Mark IA fuel.
Analyses indicate that the Mark IV fuel in baskets 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 III, 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 18.

For consistency with the Mark 14 structural evaluations, the Mark IV baskets were evaluated to
ASME Code, Section III, Subsection N., Allowables are for the Level A service conditions. No
Level D load cases were considered for the Mark IV baskets.

3.12.3 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 of 3 on material yield and 5 on material ultimate strength. (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). These safety factors
apply from 5°C through 100°C.

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. Scrap baskets
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materials shall include copper for thermal conductivity as described in Section 4.12.6 of
Reference 6.1. All baskets will be annular open-top containers with a maximum OD of 22.625
inches at 25°C, with the exception of the flexible reed portion of the scrap basket flow restrictor.
All baskets will be able to support the fuel at 1.0 g while at 132°C. The basket grapple interface
for all baskets shall be a 1/8-inch deep by 1-inch long radial groove beginning 1-7/8-inches from
the top end of the basket center tube. Basket sizing shall accommodate a %-inch clearance
between the top of the fuel elements and the bottom plate of the basket above.

Refer to Section 4, Item 18.

The structural material of construction for the baskets is specified to be 304L stainless steel. For
the scrap baskets, copper is to be used for construction of the shrouds, and divider plates. Both
the Mark 14 and the Mark IV baskets were evaluated for lifting in accordance with the
requirements of the Performance Specification. The baskets were also evaluated for the abiliry
to support the fuel and the baskets above at 132°C. The evaluations can be found in Appendix 7
Jor the Mark 14 baskets, Appendix 8 for the Mark IV Storage basket and Appendix 9 for the
Mark IV Scrap basket. The adequacy of the lifiing groove per the Performance Specification is
evaluated by the Buyer.

3.12.4 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:

e 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 6.1, built into the basket.

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

o 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 6.1 built into the
basket.

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

Note: SPR fuel will be loaded into Mark IA baskets that have been modified to permit

stacking and organization of the smaller diameter SPR fuel elements. Refer to Section

3.12.7.

Refer to Section 4, Item 18,

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 14 basket modification to hold Single Pass
Reactor fuel is TBD. The Mark IV storage basket has the ability to hold 54 Mark 1V intact-fuel
elements. The Mark 1A scrap basket has the same criticality exclusion void as the Mark 14
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storage basket. The Mark IV scrap basket can hold fuel fragments as required.

3.12.5 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 stackable 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 1, 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
loaded 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 100°C.

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
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environments inside the MCO. The primary heat transfer mode is radiation and conduction
during the static (storage) state.

The baskets shall support gas flows needed to properly dry and condition intact fuel and scrap
fuel during the vacuum drying process.

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 bandling, shipping,
storage and processing.

The baskets are fabricated from austenitic stainless steel, aluminum, and copper, and are
compatible with the MCO containment materials which are also fabricated from austenitic
stainless steel. All major structural parts of both components are fabricated from 304L or 304
stainless steel. The scrap basket shroud subassembly is manufactured out of copper. The fuel
racks spacers are fabricated out of aluminum.

The baskets shall maintain their structural integrity (with specified exceptions) during expected
internal MCO environmental conditions, normal MCO handling situations, and after accidents
(Mark IA 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 under
environmental and normal handling conditions. Appendix 9 shows that the Mark 14 baskets will
maintain the required structural integrity afier the Design Basis Accident conditions 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, and vacuum drying during normal MCO handling, various internal MCO
environments, and after MCO DBA loadings 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 integrity 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.

The baskets shall not introduce any additional gas producing materials into the MCO which
significantly increases the pressure of the MCO during storage.
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The baskets are fabricated from metals that 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.

The baskets and the MCO containment boundary is fabricated from austenitic stainless steel.
The scrap baskets’ components are fabricated out of austenitic stainless steel, with the exception
of the six shroud segments, which are fabricated out of copper. The baskets will not accelerate
the corrosion of or significantly alter the properties of the MCO containment. The Mark 14 and
Mark IV storage baskets have non-structural aluminum fuel racks that are compatible with the
fuel and MCO, as indicated in Appendix 2.

The baskets' bottom structural plate shall have a minimum weight not less than 50 1bs. (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 and the Mark IV baskets weigh
more than 50 pounds.

3.12.6 Mark 1A and Mark IV Scrap Baskets

In order to facilitate the safety basis for the Cold Vacuum Drying process, the scrap baskets shall
be designed to remove the heat of radiolytic decay and fuel corrosion/oxidation during the drying
process. Thermal analyses, performed by the Buyer, have determined this can be accomplished
by providing the equivalent to a minimum 1/8-inch thick, full height copper shroud around the
perimeter of the basket, with six equally spaced Y-inch thick copper divider plates to segment
the scrap into six equal area compartments. The six copper divider plates shall be thermally
bonded to the outside copper shroud. Alternatively, this copper subassembly may be constructed
by forming 1/8 inch thick copper plate into six pie-shaped segments and then thermally joining
the segments together, both at the outside perimeter and along the top joints where two 1/8-inch
thick plates meet to form a %-in thick divider between segments. Should a material other than
copper be considered for thermal conductivity, it must be at least comparable to 1/8-inch thick
copper of better when considering the material’s thermal conductivity and thickness.

A partitioned area within the basket shall be designed for scrap fines loading. Scrap fines will
vary in size from Y-inch pieces to approximately l-inch pieces. The total volume of the
partitioned area shall not exceed 10% of the basket area. Material for the partition shall be the
same as the other material selected for heat conductivity. The partitioned area for scrap fines
must be thermally joined to the segmented plates and must be designed for water draining, gas
flow through the container and thermal conductivity, consistent with other areas of the scrap
basket. In addition, the partitioned area divider shall have perforations to permit gas flow through
the partition wall.
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The copper subassembly of the scrap basket shall be designed to withstand a distributed load in
tension on the outside shroud of 10,350 pounds before yielding and 17,250 pounds before failure.
This provides a safety factor of three to yield and five to failure during loading of the basket into
the MCO.

Appendix 1 demonstrates that the scrap baskets meet the above requirements. The capacity of
the screw attachments are demonstrated in Appendices 7 and 9.

3.12.7 MARK 1A BASKETS MODIFIED FOR SPR FUEL

The Mark IA fuel basket design shall be modified to permit loading of SPR fuel elements. SPR
fuel elements to be loaded range in length from approximately 5 to 9 inches with an outside
nominal diameter of 1.5 inches. Detailed information on the SPR fuel is contained in Table 4.2
of HNF-SD-SNF-TI-009.

A loading jig to be inserted in place of the Mark IA aluminum fuel rack shall be designed to
permit stacking of SPR fuel elements, either 2 or 3 high, to allow loading of all SPR fuel
elements in a maximum of 6 baskets. The inventory of SPR fuel elements in the K Basins is
shown in Appendix B of Reference 1. The inside diameter of each loading position shall be
sized to allow for a minimum acceptable clearance on the diameter for the largest diameter
element. The total equivalent weight load limit of the Mark IA fuel basket shall not be exceeded.
Flow paths shall be included in the walls of the loading jig to permit air flow during drying
operations. Materials for the jig shall be selected such that potential for any galvanic action
between it and the SPR fuel and cladding is minimized. All structural components of the Mark
IA basket design, including criticality control features, shall remain unchanged with this
modification. :

Refer to Section 4, Item 18

The modification of the Mark 14 storage basket for the handling of Single Pass Reactor fuel
(SPR) is TBD. The formal conceptual design is pending funding and will be added later.

3.13 MCO SHIELD PLUG DESIGN

The MCO shield plug will be a cylindrical forging 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 be designed to have at least one-inch nominal 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-inch tangential length by 0.66-inch 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 MEHM.

Refer to Section 4, Item 19.
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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 nominal one inch clearance at 72°F above the fuel 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 6. |

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

The lifting ring area of both cover cap and the lifting ring complies with the factors of safety for
non-critical lifts as shown in Appendices 5 and 6, 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,
WHCHNEF-1P-1043, WHCHNF Occupational ALARA Program (WHCHNF 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.

The MCQ provides more than the specified shielding as demonstrated in Appendix 16.
A summary of the shielding analysis is provided below.

Source Term Cleaned and reloaded Mark IV fuel elements:
5.43 MTU; 11 energy bins; 8.29 x 1015
photons/sec

Model Geometry 27 ¢cm SS lid; 4 penetrations; 1 inch central

and lateral holes through lid; 4 cm SS plate
under filters; collar in place.

Detector Geome. Tissue equivalent plastic in 3 thicknesses and
q p
8 rings
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Requirement --<I100 mrem/h contact, areal | <7mrem/h photons and neutrons.
average (PeakLoad)

Requirement—30 mrem/h contact, areal <2mrem/h photons and neutrons.
average (Nominal Load)

The design of the shield plug reflects numerous features selected to achieve ALARA. The
thickness of the stainless steel plug was maximized as much as possible to minimize the dose at
the top of the shield plug. Passageways through the shield plug include 90 degree angles to
prevent streaming. Shield plug appurtenances were designed to be actuated via both remote-
operated and long handled tooling. MCO components have been selected that do not require
maintenance or have an operating life longer than planned use.

The selection of the mechanical closure shield plug over the welded shield plug option was made
after a thorough study was performed (WHC-SD-SNF-ES-021). This study included a detailed
dose estimation based on specific operational steps involved with closing the MCO and cask.
Based on these dose/manhour estimates, the decision to proceed with the mechanical closure
was made. Therefore, the design does reflect consideration for the cumulative dose.

In the area of ALARA, Operations and Health Physicists (HP) have reviewed the design and
have found that it meets the criteria. The reviews to date have indicated that the MCO design is
acceptable from an overall radiation dose standpoint, considering the specific operational steps
associated with loading , closing, processing, and handling the MCO in each facility.

Within the constraints of other interface requirements (dimensional restrictions, weight
restrictions, fuel loading volume requirements, eic.) the current MCO design has resulted in the
lowest dose rates possible across the top of the shield plug. This is a resuit of conscious
decisions made during the design process.

The shield plug will provide access to the interior of the MCO via a minimum of three
penetrations. The penetrations will connect to four ports counter bored 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.

e Upto 1 inch diameter drilled penetration

¢ Contains a threaded plug with a socket head, i

e Capable of replacing threaded plug with a non-safety class rupture disk, and

¢ Capable of replacing threaded plug with an external HEPA filter
A one inch diameter penetration connects to the internal HEPA filter bank. The port consists of a
threaded opening sealed with a socket head plug. The recommended seals for this port are
metal C-seals that are retained on the components so that the parts can be replaced. The port as
required can have a cover plate. This cover has metal C-seals providing a seal. The covers and |
attachment bolts are evaluated in Appendix 10.
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Port #2. Connects to a penetration that leads to the internal HEPA filter bank.
e 1 inch diameter drilled penetration, and
e Port contains a process valve with a socket head. |

This port conmects to a I-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 1-7/8 inch threaded plug 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 to reseal in the excess of
Jfive times. The torque required to seat the seal is evaluated in Appendix 10 and the seal data is
provided in Appendix 14. The valve operator can use the same sealing surface as the cover
plates to seal to the shield plug before operating the valve. The valve has both a external
hexagonal operator as well as a internal socket.

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

e Approximately .59 inch ID (1/2 inch sch. 80 pipe) minimum diameter drilled
penetration

o Port contains a process valve, and

e Requires differentiation in connection for valve operator

The center long process tube connects 10 a process valve on the exterior of the shield plug via
0.609 inch diameter penetration. The process valve is the same as discussed above however the
cover flanges are different. The cover plate has a five bolt pattern compared to the four bolt
pattern used to cover the other ports.

Port#4. Connects to the short process tube which has a 2 mm screen at the end.
o 1 inch diameter drilled penetration
e Port contains a safety class rupture disk that will be incorporated into a process valve
head
e Provides backup port to Port #2

This port connects to the short process tube is covered by a 2 mm screen through a one inch
diameter penetration. The tube has a 2 mm screen at the end to preclude release of particles
should the rupture disk rupture. The process valve is similar to the ones described 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 150 psig. The cover plate has 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.

Page 28 of 53




HNF-SD-SNF-DR-003
Rev.2 |

Process valves shall be capable of normal operation and achieve sealing criteria in
Section 4.3 in Reference 6.1 for five complete cycles.

The process valves can reseal in excess of 5 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 and ASME
Section V, Article 10, 1998 by filling it through one of the process ports with a detectable gas
and then placing it in a chamber where a vacuum can be pulled and the gas can be detected.
Similarly a pressure drop or pressure rise can be used, provided that senmsitive enough
instrumentation were used to detect the I x 10-3 scc/sec required leak rate. |

Provisions to make or break all connections while continuing to maintain SNF
containment, with minimal spread of contamination.

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
Jacilitate decontamination.

Ports, penetrations, and connections shall be accessible to the operator from the top face
of the MCO.
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All ports, penetrations, and connections are accessible to the operator from the top per Appendix
1.

Pepetrations 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 shield
plug appurtenances; these sealing mechanisms cannot extend above the top of the shield
plug, including fasteners.

The process valves and rupture disk are designed to be replaced while regaining the same
quality seal. 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.

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 rupture disk shall contain a cover with minimum 1 inch orifice for protection of
rupture disk from an overhead strike.

Where required cover plates with 1 inch orifices can be installed.

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 a guard plate that protects the filters as shown in Appendix 1

and Appendix 5. This provides for an air pocket that keeps the filters dry when the shield plug is
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inserted into the MCO under water.

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

A minimum of 3/8 inch clearance is provided between the top of the installed process plug and
the bottom of the cover plates.

3.14 INTERNAL PROCESS FILTER

The MCO shall have internal process filters to support the vacuum drying outflows from the
MCO. These filters shall meet the requirements of HNF-S8-0556, MCO Internal 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 Ibs.

Refer to Section 4, Item 20.

The Internal HEPA Filter Specification, HNF-S-0556, is provided in Appendix 15. 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.

3.15 MATERIALS, PROCESSES, AND PARTS

The MCO shell shall be fabricated from type 304/304L dual certified stainless steel. All
components welded to the MCO shell must be made of austenitic stainless steels compatible for
welding to 304L stainless steel. A mechanically attached shield plug and any components
thereof must be made from either 304L, 304N or Nitronic 60. All materials shall be
ASME/ASTM certified materials. Provision shall be made to preclude metal-to-metal galling in
threaded MCO components. The use of Nitronic 60 material is acceptable for the locking ring
set screws, the cover plate bolts, the process valves, threaded plugs, and the rupture disk body.
Thermal and chemical compatibility of materials must be shown suitable.

Refer to Section 4, Item 24,

The MCQO shell and shield plug assembly are fabricated out of 304L stainless steel and the
locking ring is made of 304N stainless steel to insure compatibility. 304/304L dual certified
material is used for the collar and the shell to provide added strength and weldability. The
process plugs are fabricated out of Nitronic 60 stainless steel. No ferritic materials are used in
the design. All materials are specified as either ASME (SA) or ASTM (4) materials, as shown in

Page 31 of 53




HNF-SD-SNF-DR-003
Rev. 2

Appendix 1. Metal to metal galling is minimized by allowing 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 material such as Nitronic 60 is used for the threaded fasteners.

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. ASTM A 380-94, “Standard Practice
for Cleaning and Descaling Stainless Steel Parts, Equipment, and Systems" (ASTM 19962), 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 closure shall be of a material best suited
for this application.

Refer to Section 4, Item 25.

Appendix A of the Performance Specification demonsirates the acceptability of austenitic
stainless steel, specifically 304L for the environment that the MCO will experience. All major
structural components of the MCO are fabricated out of austenitic stainless steel and hence
there is no significant corrosion impact on the design life of the MCO. The aluminum
positioning plate does not detrimentally affect the MCO or baskets and serves no function after
initial loading. The copper used in the scrap basket does not adversely affect the MCO or
baskets. See Appendix 2. Cleanliness requirements as noted are included in the fabrication
specification. :

3.17 WELDED JOINTS

All MCO fabricator pressure boundary welds shall be made in accordance with ASME Code,
Section III requirements. 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 (radiographic or ultrasonic) per ASME requirements. Exceptions
for field welds only shall be documented and justified and approved by the buyer.

The field weld joining the cover cap to the MCO shell shall be designed to permit a 100%
ultrasonic examination. As determined by the Buyer, flat surfaces behind the weld a minimum
of 1.10 inches below and 1.325 inches above the weld centerline are required to facilitate this
examination. Additionally, a 30 degree half angle is required on the weld preparations for a 60
degree weld.
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Refer to Section 4, Item 26.

All MCO pressure boundary welds are designed and produced to ASME Section I, Division 1,

Subsection NB, except the field closure weld which is a full thickness weld that cannot be 100%
radiographically examined. It is designed for 100% ultrasonic examination. 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 per Code Case N-595. The margins of
safety for the weld are 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 27.

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

3.19 SAFETY REQUIREMENTS

Refer to Section 4, Item 28

3.19.1 Safety Classification

MCO components shall be classified by safety class in accordance with the requirements of
HNF-PRO-704, Safety Analysis Manual (PHMC 1997), Section 9.0. MCO components
providing fuel containment and criticality control shall be Safety Class items and comply with
the requirements of HNF-PRO-704. All other MCO components shall be Safety Significant or
General Service items. Safety Class items are:

MCO Shell Assembly

Mark IA storage and scrap baskets (structural components)

SPR storage baskets (structural components)

Rupture Disk used in Port #4

MCO Shield Piug Assembly (excluding all port components, except the rupture
disk)

e Cover Cap

The various components of the MCO are classified into safety classes in agreement to the above
in section 3.9.1 of this report. The applicable code requirements are then applied. The
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containment boundary components are designed and fabricated to ASME Code, Section I1I,
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 III, Subsection NB for Safety Ciass 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.)

e 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 (3)] This basis fire shall result
- in exposure of the outside of the cask for not 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 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 132°C
design temperature bound the temperature associated with this fire.) (Note: No analyses
required by the MCO Design Agent.)

o 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, and CVD. (Note: No analyses required by the MCO Design Agent.)

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

e 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.)

e Design Basis Drops -- The following design basis accident drops have been determined to
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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 450 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.

- 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 (¢.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, Item 29.
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Table 3. MCO and Component Accelerations (g’s) Resulting From Design Basis Accident

Drops
COMPONENT 2's “PISTON | g's TWO (2) | g’s DROP 2’s DROPPED
DROP” INTO | FOOT DROP | INTO CSB WITH CASK®
CASK* TUBE
[Loaded MCO [Horizontal N/A N/A N/A 101
|Vertical 25 54 35 (Spec) 27
Lower MCO
28 (Calculation)
Corner NA N/A Upper MCO Lid Up 33.5
N/A Lid down 27.4
iMark IA Basket [Horizontal N/A N/A N/A 101
ithin MCO [Vertical 25 34 35 (SPEC) 27
Bottom Basket Bottom Basket
25 27
Other Baskets Other Baskets
ICorner NA NA N/A Lid down: top bskt 27.4; other 27.4
Lid up: bottom bskt 33.5; others 33.5
IMark [V Basket [Horizontal NA N/A N/A 101
[Within MCO (Vertical 25 54 35 (Specy 27
Bottom Basket Bottom Basket
25 27
Other Baskets Other Baskets
ICorner N/A N/A N/A Lid down: top bskt 27.4; others 27.4
Lid up:bottom bskt 33.35; others 33.5

* g’s computed assuming the MCO is slowed by piston-like cushioning effect from air being squeezed through the
0.25 inch diametral clearance between the cask and the MCO and by the cushioning effect of adding water to the
bottom of the cask. (Alternate means of limiting the acceleration to <35g are being investigated.)

™ Reference SARP Tables B7.21 and B7.24

Angle of impact for C/G drop in cask is 10.5 degrees off vertical.

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. Tthe horizontal loading and corner drop loads when the MCO is in the
cask are not evaluated to Code criteria per the Performance Specification. The cask provides
the containment in these load conditions. Additionally there is a high probability of localized
denting of the MCQ 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 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.
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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 geometry 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.

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 fuel particles bigger than 2 mm to enter into the center void. The Mark IV baskets have no
Junction in assuring criticality control per the Performance Specification and were not evaluated
Jor other than lifting and handling loads.

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 value 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 is defined by the 6.625 inch outer by 1.75 inch inner
diameter of the center bar of the Mark JA fuel baskets. As this void space is solid steel, by
definition, it will preclude intrusion of fuel into this void space. 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
14.19.2 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 4.19.2 of Reference 6.1 with the maximum inside circumference not
exceeding the limits allowed in Section 14.9.5 of Reference 6.1.

Refer to Section 4, Item 30

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 14 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. The design and evaluation of the Mark 14 baskets
is based on the MCO being fully loaded with six baskets. No evaluation was performed for
partial loads. The required criticality control features of the basket would not work with partial
loads.

3.19.4 Relieve Overpressure

The MCO shall relieve internal pressure in excess of 150 psig while it is flooded with water. The
MCO shall provide a safety class rupture disk imbedded in the shield plug to facilitate over
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pressure protection. The rupture disk shall have a minimum 1 inch diameter flow area to
accommodate pressure relief. The rupture disk shall be covered with removable 1 inch minimum
orifice plate to provide protection to the disk from potential overhead strikes (i.e. dropped tools,
gauges, equipment, etc.).

Once water is removed from the MCO and the cold vacuum drying process is complete, the
rupturedisk orifice plate will be replaced with a blind cover plate and the disk will become
inactive and remain inactive during cover cap welding and interim storage at the CSB.

Refer to Section 5, Item 31. |

Over pressure protection is provided for the MCO primarily by the use of a rupture disk set at a
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 I-inch diameter hole in it to provide the required flow
restriction and protection. The rupture disk can be replaced by replacing the process valve plug.

The plug can then be refurbished with a new rupture disk if desired and decontamination levels
permitting. Appendix 12 provides details on the rupture disk.

320 QUALITY ASSURANCE

3.20.1 General Requirements

The Phase 2 Design Agent shall formulate and execute quality assurance programs that provide the
following assurances:

o Performance requirements and design criteria are established, documented, and clearly
understood.

o Studies, analyses, and design decisions are fully documented.
o Design meets performance requirements and design criteria.
o Design is complete, adequate, and properly documented.

o Traceability to the requirements of the contract technical specification is maintained.

3.20.2 Responsibility For Quality Assurance

The Phase 2 Design Agent shall be responsible for planning and documenting quality assurance
audits, including those under the direct responsibility of lower tier subcontractors. The Buyer
reserves the right to access and inspect work performed by the contractor and his subcontractors, as
well as to direct additional inspections.
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3.20.3 Quality Assurance Requirements

3.20.3.1 Multi-Canister Overpacks

Quality assurance requirements shall be applied to MCO design and fabrication activities as
follows:

a. MCO Design Activities

MCO design related activities shall be performed in accordance with the applicable

sections of 10 CFR 71, Packaging and Transportation of Radioactive Materials, Subpart

H, Quality Assurance, as specified in the Statement of Work for System Design and

Engineering of the Spent Nuclear Fuel Multi-Canister Overpack, (HNF-SD-SNF-SOW-

001).

b. MCO Fabrication

MCO fabrication, including the supply of MCO materials, shall be performed in

accordance with the ASME Code, Section II1, Division 1.

3.20.3.2 Multi-Canister Overpack Baskets

Quality assurance requirements shall be applied to MCO basket design and fabrication activities

as follows:
a. MCO Basket Design Activities
MCO basket design related activities shall be performed in accordance with the
applicable sections of 10 CFR 71, Subpart H, as specified in the Statement of Work for
System Design and Engineering of the Spent Nuclear Fuel Multi-Canister Overpack,
(HNF-SD-SNF-SOW-001).
b. MCO Basket Fabrication

MCO basket fabrication shall be performed in accordance with the Project Hanford

Management Contract (PHMC) Quality Assurance Program Description (QAPD), (HNF-

MP-599).

The Hanford Occurrence Reporting System shall be implemented as outlined in HNF-PRO-060,

"Reporting Occurrences and Processing Operations Information,” (PHMC 1998), Section 7.1
for the design and fabrication of the MCO and MCO baskets. The MCO and MCO basket
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fabrication specifications shall require suppliers to report defects and non-compliances in items
or services.
Refer to Section 4, Item 32.

A quality assurance program has been implemented in the design and fabrication requirements
Jfor the MCO and its fuel baskets. Per DESH direction, a Q4 program having the applicable
sections of 10 CFR 71, Subpart H program is required for the design of the MCQO and baskets.
The MCO fabrication, shall be in full compliance with the applicable codes which are ASME
Code, Section III, Division 1, Subsection NB for the containment boundary . The basket
fabrication shall be performed in accordance with the Project Hanford Management
Contract(PHMC) Quality Assurance Program Description (QAPD), (HNF-MP-599).
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4.0 COMPLIANCE MATRIX
Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement

1. Design Life Maintain fuel P.S.4.1, Material and design have
elements and fuel Rev. 5 no known aspects that
fragments for 40 will prevent compliance.
years. No known Materials of construction
factors prevent the were selected to resist
MCO from being corrosion.
extended to 75 years.

2. SNF Confinement | Confine contents PS.42, Confinement is
during all normal Rev. 5 demonstrated
operations and Appendices 4, 5 and 11.
DBA:s.

3. SNF Containment | Total gaseous leaks P.S.4.3, Al] seals and closure are
shall not exceed Rev. 5 designed with
1 x 10” sce/sec. capabilities of leak

When sealed by
welding, shall be
capable of not
exceeding a
maximum total leak
rate of 1 x 107
sce/sec.

tightness better than 1 x
107 sce/sec.

The welded portion of
the containment
boundary is tested to
demonstrated leak
tightness better than 1 x
107 sce/sec. The field
closure weld is leak
tested. The mechanical
seal is designed to 150
psi. The complete welded
containment of the MCO
with the cover cap in
place is designed to 450

psi.

Page 41 of 53



HNF-SD-SNF-DR-003

Rev.2 I

Design/Interface Requirement Source(s) | How Design Complies

Parameter with P.S. Requirement

4. Maintainability Designed to P.S.4.4, No preventive
minimize the need Rev. 5 maintenance is expected.
for preventive The rupture disk and
maintenance, and holder is designed to be
allow replacement of replaced as needed.
the externally
mounted rupture
disk.

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

6. Interchangeability | To the maximum P.S. 4.6, All major components ,
extent possible. (i.e., | Rev.5 MCO shell assembly,
any set of like Shield Plug Assembly,
baskets can be loaded Process valve plugs,
into any MCO shell, cover caps, locking rings
any MCO shield plug and all baskets are
and locking ring can designed to be fully
be used to close and interchangeable.
seal any MCO shell,
etc.).

7. Environmental Capable of P.S. 4.7, The MCO materials are

Conditions performing its Rev. 5 fully compatible with the

mission while
subjected to the
environmental
conditions listed in
Table 3.1.

environmental conditions
specified.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
8. Transportability Transportable by P.S.4.38, The dimensions of the
highway from the Rev. 5 components shown in
fabricator facility to Appendix 1 makes them
the location within all transport compatible.
the Hanford site.
ASME Boiler and The MCO containment
9. Code Pressure Vessel P.S.4.9.1, |meetsthe ASME Code
Requirements Code, Section III, Rev. 5 requirements as specified
Subsection NB; for in Section III,
the MCO Subsection NB within the
containment. limits of the Performance
Specification.
10. Design Pressure | 450 psig with the
covercapinstalled | p.S. 492, | The MCO containment is
and 150 psigwhen | Rev. 5 designed for a 450 psig
sealed with the design pressure with
mechanical seal only. cover cap installed and
150 psig with only the
mechanical seal in place.
11. Design 132°C P.S.4.92, | The MCO containment
Temperature Rev. 5 and components are
designed for processing
temperatures up to
132°C. See Appendix
il.
12. Processing Full internal vacuum | P.S. 4.9.2, | The load conditions
Operating Pressure 25 psig external @ Rev. 5 evaluated bound this
75°C condition. See Appendix
11.
13. Processing Full vacuum internal | P.S.4.9.2, | The load conditions
Operating Pressure 0 psig external @ Rev. 5 evaluated bound this
132°C condition. See Appendix

11.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
14. Processing 75 psig internal, 0 P.S.4.9.2, | The design pressure and
Operating Pressure psig external, @ Rev. 5 pressure bound this

132°C condition. See Appendix

11.

15.. Maximum temp
gradient between 100°C, thermal P.S.4.92, | This load condition is
MCO shell and center | expansion of 0.65 Rev. 5 evaluated in Appendix
of shield plug. inch in axial 11.

direction.
16. MCO Shell 1.0 inch Minimum P.S.4.10, | See Appendix 1 for
Design between inside of Rev. 5 compliance.

MCO bottom and

bottom of lowest

basket.
17. MCO Closure Final welded closure | P.S.4.11, | See Appendix 1 for
Design cap. Mechanical Rev. 5 compliance.

closure prior to
welding cover cap in
place.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
18. Fuel Basket MKIA 304L or a P.S.4.12, | See Appendix 1 for
Design material of equal or | Rev. S compliance with design
greater corrosion requirements. Appendix
resistance properties. 7 demonstrates the Mark
Service Level A 1A baskets capabilities to
requirements and comply with the load
Service Level D. requirements and
ASME Boiler and applicable Code
Pressure Vessel requirements.
Code, Section IlI,
Subsection NG; .
q Appendices 8 and 9
NUREG/CR 3854, demonstrate the
UCRL-53544; capabilities of the Mark
Capacity = 48 IV basket to meet the

elements. MKIV -
FSof3and S for
lifting 54 elements.
MKIA Scrap - Same
as MKIA except
capacity is 575 kg.
MKIV Scrap - Same
as MKIV except
capacity is 980 kg.

required load conditions
including lifting. The
capacity of the Mark IV
fuel basket is 54 elements
and the capacity of the
Mark 1A basket is 48
elements. The capacity of
the Single Pass Reactor
Basket is TBD.
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Design/Interface Requirement Source(s) | How Design Complies

Parameter with P.S. Requirement

19. MCO Shield Designed to mate P.S.4.13, | The MCO Shield Plug

Plug Design with open end of the [ Rev. 5 assembly closes the fully
MCO shell and also open MCO, provides
mates with the end shielding, protects the
effector on the top HEPA filter bank,
SNF fuel basket. stabilizes the top fuel
One inch minimum basket, allows for
free space between penetrations to the filter
the bottom of the bank the process tube and
shield plug assembly the process tubes. The
and the top of the features of the shield
SNF elements or plug assembly and the
fragments. Feature clearances between the
an integrally fuel and the assembly can
machined be seen in Appendix 1.
axisymmetric lifting The shield plug is held in
ring with a 12 ton place with jacking bolts
lifting capacity. 10 (set screws) between it
CFR 835, Subpart K; and the locking ring. The
DOE Order 5480.11, locking ring has a
Paragraph 9a; integral lifting ring that
HSRCM-1, Sections has in excess of a twelve
111 and 311; HNF- ton capacity complying
IP-1043, Section 8.0; with Performance
and NRC Regulatory Specification
Guide 8.8, Section requirements for lifting.
C.2.b,and C.2.£.

20. Internal Process | The specification P.S.4.14, | The internal process

Filter states these filters are | Rev. 5 filters are specified by
rated as HEPA(i.e., the buyer. Details can be
0.3pm capture at found in Appendix 15.
99.97%efficiency) The attachment
and have capability of the

demonstrated flow
capacity. Capable of
withstanding a 100 G
drop without damage.

manifold to withstand a
100 g loading. (Actually
the maximum loading is
the 101g horizontal
loading is shown in
Appendix 10.
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Design/Interface Requirement Source(s) | How Design Complies

Parameter with P.S. Requirement
Goal weights for

21. Design Goal MCO with MKIA P.S.4.9.3, | The nominal weight with

MCO Weight fuel (dry) 16,082 lbs., | Rev. 5 shield plug and no cover,
with MKV fuel (dry) MK 1A fuel (dry is
19,242 lbs. 18,264 Ibs and with

MKIV fuel (dry) is
19,691 Ibs.

22. MCO Height 160 inches without | P.S.4.9.4, | As seen in Appendix 1.
cap. 167.30 inches Rev. 5 Maximum height without
with cap. cap is 160 inches.

Maximum height with
cap is less than 167.3
inches.

23. MCO Diameter | Nominal ODis24 | P.S.4.9.5, | The nominal OD is 24
inches. Above Rev.5 inches.
bottom shield plug is Above the 148 inch
25.31 inches. elevation the maximum

OD is 25.31 inches.
Below 148 inches, the
maximum circumference
is less than 73.04 inches.

24, Materials, MCO shell shall be P.S.4.15, | All welded components

Processes, and Parts | fabricated from type | Rev.5 of the MCO including the
304/304L stainless shell are fabricated from
steel. All materials 304/304L stainless steel.
shall be All materials are
ASME/ASTM designated ASME (SA)
certified materials. or ASTM (A) as shown

in Appendix 1.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
25. MCO Corrosion | Cleanliness during P.S.4.16, | Cleanliness is specified
Control fabrication, handling, | Rev. 5 during fabrication
and storage. ASTM handling , transportation
A 380-94 and ASME and storage. This is
NQA-1. A covered in the
mechanical seal is Fabrication Specification
required for final and the Warehouse Plan.
closure. A mechanical closure is
used with compatible
materials to the shell that
will assure its design life
similar to the MCO
permitting redundant
closure seals when the
cover cap is welded in
place.
26. Welded Joints ASME Section 11, P.S.4.17, | All pressure boundary
Division 1, NB-3350. | Rev. 5 welds are designed as per
Butt welds to be ASME Section III
ground flush to Division 1, NB-3350
within .03 inches of welds. All pressure
base metal. All boundary welds and
MCO pressure those bearing the weight
boundary welds and of the fully loaded MCO
welds bearing the meet the volumetric
weight of the fully examination
loaded MCO must be requirements of the
designed for and pass ASME Code. All welds
100% volumetric are flush within 0.03
examination per inches. The field closure
ASME requirements, welds will be examined
except the field per the requirements of
closure welds. Code Case N-595.
27. Decontamination | All exposed surfaces | P.S.4.18, | Asshown in Appendix 1
Provisions shall be smooth Rev. 5 all exposed surfaces are

without cracks or
crevices.

smooth and without
cracks or crevices.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
28. Safety HNF-PRO-704, P.S.4.19, | The components are
Classification Section 9.0; 10 CFR | Rev. 5 classified in accordance
71.73 (3); Service with the Performance
Level D requirements Specification and the
of the ASME B & applicable sections of the
PV Code, Section HI, ASME Code and Service
Subsection NB. Level conditions are
complied with.
29. DBA’s: Temperature increase | P.S.4.19.2, | The conditions resulting
Fire of 122°C for 180 Rev.§ from the fire are bounded
minutes after the fire. by other cases analyzed
for.
Acceleration of CSB The loads for the drop
Barthquake of 35g. conditions bound the
Drops See Table 3 in earthquake conditions.
Section 3.19.2. The MCO is shown. to
meet the drop load

conditions in Appendix
5. The Mark A baskets
are shown to with stand
the loads from Table 3 of
the Performance
Specification in
Appendix 7. Mark IV
baskets are not required
for criticality safety and
are evaluated for lifting
in accordance with the
Performance
Specification.

30. Criticality Safety

6.625 inch void

space | P.S5.4.19.3

in center of MCO for { Rev. 5

MKIA baskets.

Appendix 7 demonstrates
that the void space is
maintained even after
sequential drops of
vertical and then
horizontal. Appendix 5
demonstrates that the
circumference
requirements are met.
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Design/Interface Requirement Source(s) | How Design Complies
Parameter with P.S. Requirement
31. Overpressure MCO shall relieve P.S. 4.19.4, | Relief device features, as
Relief internal pressure. Rev. 5 specified in the
Performance
Specification, have been
incorporated in the
design. See Appendix 1.
32. QA. Applicable sections | P.S. 5.0, The QA requirements
of10 CFR 71 Rev. 5 imposed by the
Subpart H for design Performance
MCO containment Specification were used
shall fabricated. in in the design and are part
accordance with of the fabrication
ASME Code, Section specification.

111, Division I. MCO
basket fabrication in
accordance with
Hanford
Management
Contract Quality
Assurance Program
Description (HNF-
MP-599).
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5.0 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.

6.1

6.2

6.3

6.4

6.0 REFERENCES ’

HNF-8-0426, Rev 5, Performance Specification for the Spent Nuclear Fuel Multi-
Canister Overpack, December, 1998

ASME Code, Section III, Division 1, Subsection NB, 1998 |
ASME Code, Section III, Division 1, Subsection NG, 1998 ]

HNF-SD-SNF-TI-015 Rev. 0, Spent Nuclear Fuel Project Technical Data book August |
11, 1995
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Appendix 1

MCO Drawings

H-2-828040
H-2-828041

H-2-828042

H-2-828043
H-2-828044
H-2-828045

H-2-828046
H-2-828047

| H-2-828048

H-2-828049
H-2-828050
H-2-828051
H-2-828052
H-2-828053
H-2-828060

H-2-828065

Sh1
Sh2
Sh3
Sh1
Sh2
Sh3

Sh1
Sh2
Sh2

Shi
Sh2
Sh3
Sh4
Shs
Sh1l
Sh2
Sh3

HNF-SD-SNF-DR-003

7.0 APPENDICES

Rev2
Rev2
Rev2

Rev2

Rev 2
Rev2
Rev2
Rev 2
Rev2
Rev2
Rev2
Rev 2
Rev 2
Rev 2
Rev2
Rev 2
Rev 2
Rev.2
Rev2
Rev2
Rev 2
Rev2
Rev2
Rev2
Rev2
Rev 3
Rev 3
Rev 3

MCO Drawing List
MCO Assembly

MCO Closure

MCO Shell
MCO Shell Bottom
MCO Mechanical Closure Shield Plug

MCO Internal Filter Guard

MCO Process Valves

MCO Process Port Cover Plates

MCO Internal Filter Assembly

MCO Basket Stabilizer Extension
MCO Process Tube

MCO Process Tube Guide Cone

MCO Basket Support Plate

K-Basin SNF Storage Basket Mark 1A

K-Basin SNF Scrap Basket Mark 1A
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Appendix 2
Appendix 3
Appendix 4
Appendix 5
Appendix 6
Appendix 7
Appendix 8
Appendix 9
Appendix 10
Appendix 11
Appendix 12
Appendix 13
Appendix 14
Appendix 15
Appendix 16
Appendix 17
Appendix 18
Appendix 19

HNF-SD-SNF-DR-003
Rev. 2 |
Sh4 Rev3
Sh5 Rev3
H-2-828070 Sh1 Rev1 MCO Mark IV Storage Basket
Sh2 Revl
Sh3 Revl
Sh4 RevO
H-2-828075 Sh1 Rev3 MCO Mark IV Scrap Basket
Sh2 Rev3
Sh3 Rev2
Sh4 Rev0
Material Evaluation T
Weight Summary Calculation-01 Rev 2
MCO Closure Bolt Preload Modeling and Response Calculation-02 Rev 2
MCO Structural Drop Analysis Calculation-03 Rev 2
Stress Analysis of the Lifting Cap and Canister Collar Calculation-04 Rev 2
Stress Analysis of the Mark 1A Storage and Scrap Baskets Calculation-05 Rev 2

Stress Analysis of the Mark IV Storage Baskets Calculation-06 Rev 2
Stress Analysis of the Mark. IV Scrap Basket Calculation-07 Rev 2
Stress Analysis of Shield Plug Interface Components Calculation-08 Rev 2

MCO Thermal Stress Evaluation Calculation-09 Rev 2
Rupture Disk Data

Main Seal Data

Seal Data for Process Valve, Covers, and Filters

HEPA Filter Data

K-Basin MCO Shield Plug Thickness Technical Evaluation
Warehouse Plan
Deleted

Fabrication Specification for Multi-~Canister Overpack
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1. MATERIALS SELECTION AND CORROSION RESISTANCE

1.1 Materials Selection

Austenitic stainless steel will be used for the majority of the MCO components. Aluminum and
copper alloys will be used for some MCO components.

1.1.1 Austenitic Stainless Steel

The primary reasons for selecting austenitic steel rather than ferritic steel are austenitic’s increased
corrosion resistance, as well as lower costs of material testing and fabrication, and the increased
availability of material with suitable properties. Austenitic stainless steel is compatible with the
304L stainless steel MCO shell and fuel baskets. Other significant advantages of using austenitic
stainless steel are the reduced maintenance required (especially during storage prior to handling) and
fewer corrosion protection requirements for threaded and seal surfaces when compared with ferritic
materials.

The disadvantage of austenitic stainless steel is reduced strength. The lower allowable strength of
the material results in a lower margin beyond that inherent in the allowable stresses (ASME 1995).
However, austenitic stainless steels are inherently tough and plastically deform, absorbing a great
deal of energy before catastrophic failure. Also, all of the construction materials should be of the
same basic type to preclude differential thermal expansion and challenges to the sealing system.
Galling of bolted connections, which could result in excessively high torque values and/or
insufficient preload, is not expected.

Designs of bolted connections in which austenitic materials are used typically include a minimum
differential bardness. This may be achieved by varying the cold work that the parts are subjected to
during fabrication or by specifying different materials that have inherently differing hardnesses.

The locking ring is fabricated out of 304N, reducing the galling potential for both the set screws and
the main buttress threads. The process valves, set screws and cover plate bolts are fabricated from
Nitronic 60 (UNS S21800) stainless steel to provide harder surfaces that further minimize the
potential for galling. Galling can also be prevented by using smoother surface textures, coarser
threads, slower wrenching speeds, and, most importantly, good thread lubrication (Bickford 1990).
There are few restrictions on the use of lubricants on any of the threaded fasteners used on the MCO
because none of the fasteners are in 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 and
not offgas after being heated to a minimum of 132°C (270°F). With this in mind, high quality
nuclear grade lubricants, such as Nickel Never Seize! or Fel-Pro® Nickel 5000 Never Seize, may be
used on threaded surfaces. If some components are placed in the pool, lubricants such as NeoLube

! Never-Seize is a trademark of USM Corporation.

% Fel-Pro is a trademark of Fel-Pro Incorporated.
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(graphite based) may be used. However, the surfaces in all cases should be relubricated after being
removed from the water, if possible and desired.

1.1.2 Other Materials

Aluminum and copper are the only other major materials used other than the various grades of
stainless steel in the MCO and fuel baskets. Aluminum-based alloys are used for the fuel rack insert
and spacer on the fuel baskets to provide a positioning grid during the fuel loading. The major
requirement is that the materials not interfere with the processing of the fuel and that it not lose
sufficient strength such that it will block any of the gas flow passages in the baskets. A detailed
evaluation of the initial cast alloy chosen, ASTM B26 356.0-T6, can be found in
HNF-SD-SNF-ER-018, Evaluation of Cast Carbon Steel and Aluminum for Rack Insert in MCO
Mark IA Fuel Basket (Graves 1997a). The current design calls for fabrication of the spacer from
5005H-34 plate and the rack insert from either 6061-T6 or A03560-T6 plate. The greater thermal
expansion rate of aluminum (compared to stainless steel) is considered in the component tolerances.
Upon expansion, the aluminum fuel rack insert would deform before any significant deformation of
the basket shroud occurred. However, after the fuel is loaded, neither the basket shroud nor the fuel
rack insert has any significant role in the safety or storage of the fuel.

A wrought copper alloy (C12200) is employed for the divider (shroud) subassembly in the Mark IA
and Mark IV scrap baskets because it increases the amount of heat conduction from the fuel fines
area, thus increasing safety margin during cold vacuum drying. Copper’s thermal expansion
coefficient is only about 5% to 10% larger than that of stainless steel, therefore uneven expansion at
elevated temperatures is not a concern. The copper subassembly is not needed for criticality control.
For more details on the selection of the copper alloy, see HNF-SD-SNF-ER-019, Evaluation of
Copper for Divider Subassembly in MCO Mark I4 and Mark IV Scrap Fuel Baskets (Graves

1997b).

Other metals that are used in smaller amounts are the soft metal coatings used on the Inconel and
stainless steel seals (i.e., inert metals such as silver that will have no adverse reactions with the
stainless steel during the life of the MCO).

1.2 Material Corrosion Resistance

This assessment of chemical and galvanic reactions between the MCO and its environments is
divided into three subsections that correspond to the three stages or time periods of operation. The
first stage occurs when the MCO is submerged in the K Basins or afterward when it still contains
liquid water. The second stage covers the process of water removal and cold vacuum drying. The
third stage, without liquid, extends through long-term interim storage.

Assessments of chemical reactions with the environments internal and external to the MCO are
predicated on effective control of cleanness during fabrication, handling, and storage of MCO
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components before and during use. Standards such as ASTM A 380-96, Cleaning, Descaling, and
Passivation of Stainless Steel Parts, Equipment, and Systems (ASTM 1996a), and ASME NQA-1,
Quality Assurance Requirements for Nuclear Facility Applications (ASME 1994), are followed for
cleanness control.

The MCO is fabricated using welded construction without post-welding heat treatment such that
residual stresses in and adjacent to the welds may reach yield strength levels. In an aggressive
environment, the MCO could be susceptible to stress corrosion cracking near the welds. The
selection of a low carbon stainless steel was made to minimize the potential for stress corrosion
cracking. Other conditions that also minimize the potential for stress corrosion cracking are
discussed below.

1.2.1 Multi-Canister Overpack Containing Liquid Water

The MCO is immersed in or filled with liquid water for less than 2 days, which is too short for
significant corrosion in benign environments.

A properly fabricated and cleaned 304L stainless steel MCO rapidly develops a passive corrosion
protective oxide film in air. For submerged service, the film needs oxygen for damage repair.
However, this protection is typically retained in natural waters, whether hot or cold, even those with
relatively high pollution levels (Butler and Ison 1966). According to the MCO Performance
Specification (Goldmann 1998a), the conductivity of water in the K Basins ranges from 1 pS/cm to
S pSfem, which is only slightly higher than that of good quality distilled water but significantly
lower than that of excellent quality raw water (ASTM 1996b).

The protective oxide film ensures a low rate of corrosion that precludes any damage to the MCO for
many years. Common sources of corrosion resistance information do not list typical values for this
low uniform corrosion rate. WHC-SD-W236A-TRP-001, Multi-Function Waste Tank Facility
Corrosion Test Report (Phase 1) (Carlos 1993), reports one example of a low corrosion rate in 304L
stainless steel such that the predicted corrosion in 75 years would be 0.038 mm (1.5 x 107 in.). A
design corrosion allowance is not required at this level of corrosion. The Nitronic 60 alloy, also an
austenitic stainless steel, is expected to exhibit corrosion resistance similar to that of 304L stainless
steel.

The MCO is susceptible to localized corrosion processes (e.g., pitting, crevice corrosion, or stress
corrosion cracking) under certain water conditions. The most damaging condition for stainless
steels is high concentration of the chloride ion. Chloride ion content in the K Basins is below the
detection limit (Goldmann 1998b), which is 0.083 p/M by weight, and well below that needed for
protection against attack in fully submerged service. The fluoride ion is typically of concern for
localized corrosion. The fluoride ion content of K Basin water is 0.248 p/M (Goldmann 1998b).
High-quality water typically used for mixing cleaning solutions, rinsing, and flushing of nuclear
components would contain less than 1 p/M fluoride ion (ASME 1994). Therefore, the fluoride ion
will not cause localized corrosion during the water-containing stage. High temperature water
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containing dissolved oxygen can cause stress corrosion cracking of sensitized stainless steel
(Sedricks 1992); however the low water temperature precludes this stress corrosion cracking.

Low levels of polychlorinated biphenyls (PCBs) associated with fuel and sludge corrosion products
have been identified in sludge samples from the K East Basin, and their detection raises a concern
for thermal or radiolytic decomposition that might contaminate the water in the MCO with chlorine
and thereby produce corrosion damage. The corrosion rate of 316 stainless steel in water saturated
with chlorine at room temperature is 0.008 mm/yr (ASM 1987, p 1170-1174), a value that would be
acceptable for the short duration of submerged service. A specific corrosion rate for 304L stainless
steel is not available; however, it is not expected to be significantly different than that for 316
stainless steel. In addition, PCBs decompose slowly, levels are low, and they are not expected
because the fuel is cleaned before it is loaded into the MCO.

JTodine is a fission product generated during the irradiation of N Reactor fuel; each MCC will
contain about 180 g (0.4 1b.) of iodine (Praga 1998). The iodine in light-water-reactor oxide fuel
combines with cesium as cesium jodide (Kohli 1982). This compound can vaporize in oxide fuel
and migrate to the fuel-cladding gap by vapor transport along pellet-to-pellet interfaces; however,
this behavior is unlikely in N Reactor SNF, which bas no fuel pellets or fuel-cladding gap. Iodine
(or Csl) could be released as the SNF corrodes. Assuming that the iodine would be distributed
uniformly, that the cladding does not exist, that the total uranium surface of the original fuel is
exposed to corrosion for 48 hours, and that the corrosion rate of uranium in water is

0.57 x 10° g/em™h (ASM 1987, p 814) results in an upper bound estimate of 0.7 p/M maximum
iodine content in the SO0 L (130 gal) of water in the MCO. The corrosion literature does not
identify iodine or the iodide ion as a major corrosion contributor for stainless steel; however, the
low level determined for iodine would be acceptable even for the more corrosive chloride ion.
Therefore, iodine contamination is not a corrosion concern.

Cesium is a fission product in N Reactor SNF, and each MCO will contain about 1.2 kg (2.6 1b.) of
cesiumn (Praga 1998). Experience at the K Basins shows that cesium is the major source of
radioactivity. Using the same corrosion rate, surface area, and time for uranium corrosion as applied
above for iodine, an estimate of maximum cesium content in the MCO water after 48 hours of
corrosion is about 4 p/M. There is no evidence in the literature or in K Basin operational experience
that cesium is detrimental to the corrosion resistance of stainless steel.

Other fission products present in N Reactor SNF in very small quantities (Praga 1998) are dissolved
in the water and do not enhance corrosion of stainless steel.

Aluminum is highly resistant to high-purity water (distilled or demineralized) at ambient
temperatures, with any slight reaction initially occurring ceasing almost completely within a few
days after development of a protective oxide film. After this protective film conditioning period, the
amount of metal dissolved by the water becomes negligible (Hollingsworth and Hunsicker 1987).
Measured corrosion rates in the K East Basin for either a 5086 or 6061 wrought aluminum are less
than 0.5 pm/yr (0.02 mils/yr); similar corrosion rates are expected for the cast aluminum alloy.
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Minerals in water combine with dissolved CO, and oxygen and react with copper to form a
protective film. In distilled or very soft water, protective films are less likely to form; the corrosion
rate may vary from less than 2.5 wmv/yr to 125 um/yr (0.1 mil/yr to 5 mil/yr) or more, depending on
oxygen and CO, content (Polan 1987). Even at the higher corrosion rate, impact to the divider
subassembly would be minimal because of the relatively short (far less than 1 year) exposure times.

Water is an electrolytic conductor, so the potential for galvanic corrosion has been examined for
several dissimilar metal contact scenarios.

1. Contact between stainless steel and the aluminum fuel rack -- In many environments, including
freshwater, aluminum can be used in contact with stainless steels with slight acceleration of
corrosion. Stainless steels are easily polarized cathodically in mild environments, so the
corrosion current is small (Hollingsworth and Hunsicker 1987). The ratio of stainless steel to
aluminum is very large, yet even with an assumed thousand-fold corrosion rate increase,
accelerated corrosion of the aluminum would only be 0.5 mm/yr (20 mil/yr).

2. Contact between stainless steel and the copper divider subassembly -- Both copper and stainless
steel exhibit protective passive oxide layers on their surfaces with passive stainless steel more
noble (corrosion-resistant) than copper in the sea water galvanic series.® This results in
accelerated galvanic corrosion of the copper. A maximum of two scrap basket are loaded into
each MCO, so the area ratio of stainless steel to copper is very large, increasing the copper
corrosion rate.* The driving force for this galvanic corrosion will be appreciably reduced by the
much lower conductivity of the K Basin water (versus sea water) and the relatively small spread
between copper and stainless steel in the galvanic series.

3. Contact with Zircaloy-2 fuel cladding -- The zirconium-based cladding and the stainless steel
alloys each exhibit passive oxide layers on their surfaces. Both exhibit similar galvanic
corrosion potentials in seawater (ASM 1987, p 717-718) thus there should be no accelerated
galvanic corrosion for this alloy combination. The cladding’s passive oxide film is much more
noble than either the aluminum or the copper oxide film. Therefore, any accelerated galvanic
corrosion is expected to be of aluminum and copper.

4. Contact with aluminum single pass reactor (SPR) fuel cladding’ - Accelerated corrosion of the
aluminum fuel cladding with stainless steel would be small (see item 1). The protective oxide
coating on the aluminum is less noble than the copper oxide coating. In this case, accelerated
corrosion of the aluminum cladding would occur.

3 Copper can accelerate corrosion of active stainless steel, particularly in highly chlorinated water. However, as chloride levels

of the K Basin water are very low and stainless steel is easily passivated, this scenario is not expected.

* Filling an MCO with more than one scrap basket would reduce the stainless steel-to-copper area ratio, thus reducing the
magnitude of the copper corrosion rate increase.

% 8001 aluminum alloy which has the following chemical additions: 0.9-1.3% Ni, 0.45-0.7% Fe, 0.17% Si and 0.15% Cu
(ASM 1990, p 1456).
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5. Contact with uranium fuel -- The uranium is actively corroding with a nonprotective oxide layer
resulting in no accelerated corrosion of either the stainless steel or copper. A previous galvanic
couple test (Weirick 1987) of uranium with aluminum in 100% relative humidity showed only a
slight corrosive attack for both the aluminum and the uranium.

6. Contact between stainless steel and silver -- Silver is only slightly more cathodic than stainless
steel, thus galvanic attack of the steel will be negligible.

Even with accelerated galvanic corrosion, the short duration of MCO immersion in water is
insufficient for significant corrosion of the construction materials.

1.2.2 Multi-Canister Overpack during Removal of Liquid Water

Less than 48 hours is needed to remove water from the MCO and establish a low internal water
vapor pressure (Goldmann 1998b). This period is too short for significant corrosion of either
stainless steel, aluminum, or copper in the benign environment.

The vacuum drying operation includes monitoring of pressure increases near the end of the process
to ensure that acceptable water vapor partial pressure has been established. The water vapor
pressure (<0.5 torr) prevents condensation inside the MCO. The single wet/dry cycle precludes
significant buildup of chioride ions to levels that would cause localized corrosion. Once the liquid
water is removed and condensation is precluded, liquid (galvanic) corrosion processes cease.

If liquid water is trapped in locations such as cracks or crevices in the fuel elements, a complex flow
path might produce slow evaporation kinetics that could allow water to remain after drying and
sealing of the MCO. This liquid would slowly evaporate into the gas space during the storage
period. If enough water vapor were produced to exceed the saturation pressure, condensation on the
stightly cooler wall of the MCO could occur. The question then becomes whether this condensate
could dissolve sufficient chloride ion from the previously dried walls to exceed the threshold for
pitting or crevice corrosion of 304L stainless steel. Evaporation of the low-chloride K Basin water
should not create a chloride concentration problem that would enhance pitting or stress corrosion
cracking under dry or fully immersed conditions. However, the situation with a relatively small
amount of condensate is unclear (Blackburn 1995). Long-term test programs did not reveal
significant pitting of 304L in 15-year exposures in a marine environment with much higher chloride
concentrations (Davison et al. 1987, Southwell et al. 1976). Bare uranium inside the MCOs will
eventually consume the water-produced H,.

Water also is removed from the annulus between the shipping cask and the MCO. Any moisture
remaining in the annulus will not produce corrosion damage on the exterior of the MCO during the
short time required for shipment to the CSB and removal from the shipping cask.
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1.2.3 Multi-Canister Overpack after Removal of Liquid Water

Following cold vacuum drying, four gases may exist within the MCO in addition to inert gases:

e Hydrogen gas generated by reactions of the uranium fuel with water vapor or radiolysis of
chemically bound water.

o Chlorine gas produced by thermal or radiolytic decomposition of PCBs, detected in low levels in
K Basin sludge samples.

o [odine gas that could be present because of the thermal environment and fuel corrosion.

o Oxygen gas generated by the radiolysis of water.

Hydrogen will not reduce the chromium oxide passive layer on the stainless steel although it may
reduce the iron oxide that may co-exist in mixed oxide layers (Adams 1983). Effects of gaseous
hydrogen on the mechanical properties of 304L stainless steel are discussed in detail in the next
section. Aluminum is considered to be resistant to hydrogen at temperatures approaching
aluminum's melting point of 660°C (1,220°F) (Berry 1971). Dry hydrogen gas is not detrimental to
aluminum alloys; however, with the addition of water vapor, subcritical crack growth increases
dramatically. It is more comumon to form a multitude of near-surface voids that coalesce to produce
a large blister (Craig 1987). A common form of hydrogen damage in copper is known as steam
embrittlement and is observed only when copper contains oxygen. Deoxidized coppers with high
residual deoxidizer contents (such as the C12200 used in the scrap baskets) are not considered
susceptible to hydrogen embrittlement because the oxygen is tied up in complex oxides that do not
react appreciably with hydrogen (Polan 1987).

Dry chlorine is compatible with stainless steels at normal pressures, but chlorine gas saturated with
water vapor at ambient temperature is extremely corrosive to these alloys (Brown et al. 1947). In
chlorine gas, aluminum is usable up to 120°C (250°F), and moisture at room temperature increases
attack. A maximum-use temperature of 205°C (400°F) is suggested for copper in dry chlorine
(Liening 1987); water vapor at room temperature accelerates attack of copper. However, PCBs in
the K Basin canister sludge are identified at low levels, so they should not be present within the
MCO at any measurable level. This, coupled with cleaning of the fuel before MCO loading and gas
purging before storage, further reduces the possibility of chlorine gas corrosion problems.

If the total 180 g (0.4 1b.) of iodine contained in the fuel in an MCO (Praga 1998) were released, the
iodine partial pressure would be 26 torr at atmospheric temperature. In actuality, only a small
fraction of the iodine would be expected to be released. Assuming the iodine partial pressure to be
about the same as that for chlorine, the fact that iodine is less aggressive means that corrosion
damage of the stainless steel, aluminum, or copper is very unlikely.

The passive film on 304L stainless steel that protects against liquid corrosion also protects against
gaseous oxidation by impurities (e.g., 0Xygen or water vapor) in the inert gas environment
established in the MCO (Adams 1983). Oxidation of stainless steel only becomes obvious at
temperatures above about 400°C (750°F) (ASM 1987, pages 351-353). Oxygen gas has no effect on
aluminum as it aids in the formation of a protective oxide coating (Chawla and Gupta 1993). When
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copper is used at high temperatures in oxygen, scaling results. Below 100°C (212°F), the oxide film
increases in thickness logarithmically with time (Polan 1987). At medium temperatures, the scaling
rate increases following the parabolic law.

With the liquid removed from the MCO, galvanic corrosion is no longer possible. However, direct
contact between the fuel and baskets could lead to liquid metal embrittlement of the stainless steel,
aluminum, or copper alloys by fission products or actinides (such as plutonium). Cesium and tin are
the low melting point (<205°C [<400°F)) fission products generated in the greatest amounts.
However, the tin and cesium levels in the fuel elements are small, so the content in a contact area
would be far too small for significant damage to occur to either the stainless steel, aluminum, or
copper alloys. Solid metal embrittlement has been observed only in those metal couples in which
liquid metal embrittlement occurs (ASM 1987, page 185). A literature search did not reveal any
data on solid metal embrittlement of stainless steel by cesium, tin, or any of the actinide metals.

If eutectic liquid could form because localized fuel reactions produced small regions of very high
temperature, attack on stainless steel could be severe. Estimates of the Jowest temperatures required
for liquid eutectic formations obtained from binary-phase diagrams are 646°C (1,195°F) for
aluminum-uranium and 725°C (1,336°F) for iron-uranium. Additionally, the melting point of
aluminum is 660°C (1,220°F) (ASM 1973). Other eutectics for the binary systems of interest among
uranium, zirconium, and copper are higher in temperature. Calculations for temperatures within the
MCO during interim storage have resulted in a maximum value of 153°C (307°F) (Reilly 1998).

The environment at the exterior of the MCO will contain both water vapor and oxygen (either as air
or as an impurity in inert gas). The passive oxide layer on the stainless steel will prevent significant
reaction with these gases. Internal heat geperation in the MCO acts to prevent moisture
condensation on the exterior of the MCO. Engineered and administrative features protect against
accidental intrusion of water into the storage tubes at the CSB including:

A dry roof that does not collect water.
o Absence of sprinklers for fire protection.
¢ Prohibition against washing the deck.

o Seals on the CSB storage tube plugs.

1.3 Hydrogen Effects on the Mechanical Properties of Stainless Steel

Hydrogen gas is a principal contributor to the internal pressure in the MCO. The allowable gas
amounts defined in HNF-SD-SNF-OCD-001, Spent Nuclear Fuel Conditioning Product Criteria
(Pajunen 1998), show that the total water and hydrogen puts an upper limit on the hydrogen
pressure of 2.14 MPa (310 psi) absolute at a temperature of 154 °C (309 °F). An extensive
compilation of the effects of hydrogen on the mechanical properties of 304L stainless steel is
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provided in DP-1643, Hydrogen Compatibility Handbook for Stainless Steels (Caskey 1983). Much
of the experimental information was obtained for a pressure of 10,000 psi, either as an external
hydrogen environment during the test or as a pressure for charging hydrogen internally into the steel
at elevated temperatures. Only in the case of tensile ductility are sufficient data available at lower
pressures to determine effects at the MCO pressure.

Following Sievert's Law, the concentration of hydrogen just inside the alloy surface is directly
proportional to the square root of the hydrogen pressure (Caskey 1985, p 830). The MCO pressures
will be much less than those employed in Caskey’s tests (1983), hence, so will the hydrogen
concentrations. The extent of hydrogen diffusion into the steel for two MCO CSB conditions and
two Caskey hydrogen charging conditions was calculated by combining Fick’s second law and the
diffusivity temperature-dependant Arrhenius equation (ASM 1985, p 28-65 and 28-66) to yield:

x = {Dy t [exp(-Q/RD)}}"*

where:

x = hydrogen diffusion distance (cm)

D, = diffusivity constant, 2 x 10° cm?sec for 3041 (Caskey 1985, p 828)
= time (sec)

= activation energy, 50 kJ/mol for 304L (Caskey 1985, p 828)

= universal gas constant (8.314 J/mole°K)

temperature (degrees Kelvin [K. = °C + 273}).

BRO T

The Caskey conditions calculated were: a) 197°C (387°F) for 1,449 days (Caskey 1983, p 81) and
b) 347°C (657°F) for 3 weeks (Caskey 1983, p 83). For both of these conditions, the diffusion
distance was equal to or greater than the original diameter of the tensile specimen; thus full
penetration of the hydrogen was achieved. The MCO conditions calculated were: a) 132°C (270°F),
the maximum MCO shell temperature in CSB, for 40 years and b) 46°C (115°F), the maximum air
temperature within CSB storage tubes, for 50 years. The calculated diffusion distances for the MCO
conditions were 9.47 mm and 1.42 mm (0.373 in. and 0.056 in.), respectively. These distances
correspond to 75% and 11% of the MCO shell wall thickness, thus limiting the hydrogen to the
inner surface of the MCO. Consequently, experimental results from Caskey’s hydrogen effect tests
(Caskey 1983) conservatively bound effects for the MCO. Based upon these calculations, thinner
components, less than 8.9 mm (0.35 in.) thick, within the MCO (i.e., the rupture disk) will achieve
full hydrogen penetration. The hydrogen concentration was conservatively based on no
consumption or acquisition of the H2 gas by the uranium metal.

The following summary of information from DP-1643 (Caskey 1983) contains parenthetical
reference to specific figures or pages of that document.
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Ductility: The most commonly used index of hydrogen damage in stainless steels has been the
change in reduction-of-area as measured for a fractured tensile specimen. The reduction-of-area
is a measure of plasticity calculated from the original cross-sectional area (A,) and the final
cross-sectional area at the fracture (Ay).

RA =100 (A, - AY/A,

Another measure of ductility that is used extensively in DP-1643 (Caskey 1983) is plastic strain to
failure (E)).

E;=1n (A/A)

High hydrogen pressure can reduce reduction-of-area from a starting value of about 80% to a value
of about 22% at a temperature of about —33°C (-63°F), which corresponds to a minimum in
reduction-of-area (these values were calculated by converting Caskey’s E; values [Caskey 1983] to
reduction-of-area values using the previous equations). However, for a hydrogen pressure of about
3100 kPa (450 psi), the reduction-of-area would only be reduced to about 61% at about 22°C (72°F).
This level of reduction-of-area is typically more than adequate to ensure ductile structural behavior
in engineering components. At a service temperature of 200°C (392°F), the reduction-of-area value
would be even higher than 61% (Caskey 1983, Figures 12 and 13, pages 81, 83, 86).

Yield Strength: High-pressure hydrogen produces small increases of about 0% to 28% in the yield
strength of 304L stainless steel (Caskey 1983, pages 24, 31, 81, 82, 83).

Tensile Strength: High-pressure hydrogen typically produces small decreases of about 10% to 15% in

the tensile strength (Caskey 1983, pages 31, 81, 82). These small reductions do not influence design

allowable stress intensity because this parameter is governed by yield strength for conditions

applicable to MCO storage.

Notch Strength: Stainless steels tike 304L in conventional tensile tests are typically strengthened by

notches in the absence of hydrogen (the opposite behavior indicates susceptibility to brittle fracture at

stress concentrations). High-pressure hydrogen produces a reduction of less than 20% in the notch

strength (Caskey 1983, pages 47, 88, 89).

Elastic/Plastic Fracture Toughness: High-pressure hydrogen produces reduction in the J-integral at

maximum load of about 30% and in the tearing modulus of about 20% (Caskey 1983, pages 84, 85).

These changes are much too small to be of practical engineering significance for the MCO.

Static Crack Growth: Slow crack growth under static loads did not occur in fracture mechanics tests
of thin specimens of 304L stainless steel. Crack growth did occur in notched specimens loaded to
85% of the notch tensile strength (Caskey 1983, pages 50, 51, 52). As the MCO design does not
allow loads to reach this critical level, static crack growth is of no concern.

Impact Energy: Impact tests of a dynamic tear test specimen showed only a small decrease in
absorbed energy for tests in hydrogen at room temperature. Even at -196°C (-321°F), absorbed energy
values did not indicate brittle fracture (Caskey 1983, pages 81, 83).
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o Stress State: Burst testing of disks produces a biaxial stress state in the test specimen. Tests using
hydrogen as the pressurizing gas show little change in burst pressure relative to helium tests for
solution-annealed 304 stainless steel, but a reduction of about 45% in burst pressure for samples that
were sensitized or welded (Caskey 1983, page 46; Fidelle 1974).

With the exception of yield and tensile strength, the material properties discussed above are not
design parameters. The strength values used during the critical analyses are conservative values as
required by the applicable codes and take into account slight property variations. The hydrogen
effects on those material properties not used in the design calculations (i.e., notch toughness) show
no significant loss in strength, ductility, or resistance to crack propagation that would adversely
affect the design, analysis, or structural performance of the MCO.
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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 components.

2. REFERENCES

1. DE&S, Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack, HNF-S-
0426, Rev. 5, December 1998 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.

7. Alaskan Copper & Brass Company, Mill Products Stock List.

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), or the density of copper
(0.322 Ibfin®, Reference 7) for the applicable scrap basket components. Table 1 represents a
summary of the weight calculation for the MCO under different load conditions. Table 2 represents
the weight of a fully ioaded MCO, dry, with the canister cover. Attached as an Appendix are weight
tables for each individual MCO Component.
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Table 1 - MCO Weight Summary

item Condition Nominal Weight (lbs.) Maximum Weight (Ibs)
MK1A Storage Basket Empty 471.95 471.95
MK1A Scrap Basket Empty 624.61 624.61
MK1A Storage Basket Loaded 48 Fuel Assemblies 2378.03 2378.03
MKIV Storage Basket Empty 227.82 227.82
MKIV Scrap Basket Empty 432.11 432.11
MKIV Storage Basket Loaded 54 Fuel Assemblies 3218.34 3218.34
MCO Condition 1 Empty, Shell, Collar, Bottom Plate, 1931.40 1989.41
Support Plates, Guide Cone, Dry.
MCO MCO Condition 1, filled with water and 17235.01 17293.02
with six loaded MK1A Storage Baskets.
MCO MCO Condition 1, filled with water and 19064.13 19122.14
with five loaded MKIV Storage Baskets.
MCO Condition 2 Empty, Shield Plug, Locking Ring with 3468.79 3598.55
Screws, Shell, Collar, Guide Cone,
Bottom Plate, Support Plates, Stabilizer
Extension, Intemal Filter, Process
Valves, Guard Ring, Guard Plate and
Dip Tube, Dry.
MCO MCO Condition 2, Dry and with six 17736.97 17866.73
loaded MK1A Storage Baskets.
MCO MCO Condition 2, Dry and with five 19560.49 19690.25
loaded MKIV Storage Baskets.
MCO Condition 3 Empty, Shell, Collar, Bottom Piate, 3038.64 3152.84
Support Plates, Guide Cone, Shield
Plug, Internal Filter, Dip Tube, Stabilizer
Extension , Guard Plate, Guard Ring,
Dry.
MCO MCO Condition 3, filled with water and 18154.10 18263.32
with six loaded MK1A Storage Baskets.
MCO MCO Condition 3, filled with water and 19983.85 20092.45
with five loaded MKIV Storage Baskets.
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Table 2 - MCO Assembled with Canister Cover

item

Condition

Nominal Weight (lbs.)

Maximum Weight (Ibs)

Canister Cover

N/A

509.31

520.83

MCO

MCO condition 2, Dry,

18246.28

18387.56

with six loaded MK1A
Storage Baskets &
Canister Cover.

MCO MCO Condition 2, Dry,
with five loaded MKIV
Storage Baskets &

Canister Cover.

20069.80 20211.08

Notes:

» The Single Pass Reactor (SPR) Fuel basket is a modified version of the Mark 1A fuel basket. A
non-structural loading jig replaces the aluminum fuel rack. The fuel elements are stacked 2to 3
high in each loading position. At the time of this printing (Revision 2) the true weights of the SPR
fuel baskets have not been determined. However, the combined weight of the jig and the SPR fuel
in the Mark 1A fuel basket is less than the weight of the Mark 1A fuel.

» Revision 2 of this document modifies certain parts of the storage and scrap baskets. Some parts
designs were replaced with others, and in most cases the weights do not change. The weights
obtained for the fuel baskets in Table 1 were calculated based on nominal dimensions.

o In Table 1, it is assumed that the density of water is 62.3 Ib/ft® (Mark’s Handbook, 9™ Edition, page
6-10) at 70°F. )

» The shield plug assembly consists of the shield plug, the process valves, the guard plate, the guard
plate ring, the stabilizer extension, the dip tube and the internal filter. The nominal weight of the
shield plug assembly is 1107.24 |b. and the maximum weight is 1163.43 Ib.
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Appendix

MCO Components Weight Summaries

REVISION 0 1 2 | PAGE 7
PREPARED BY /DATE | DS 4/16/97 | MP 7/14/98 |74 777 249 OF 28
CHECKED BY / DATE | MP 4/16/97 | ZGS 7/14/987K 2< 2/4%5 |




82 Jo g ofied

Ly 4T Oz lse/viiL $92 1/6/8Ly | dW ejeq/Aq pexoeyd
S4/4/2 | gLl |86ibLiL dN 6oLy sa 8jeqyhq pesedoid
Z | 0 uoisiney
Z3'861
e 9820 989' 9209 60E0 0820 €0tz SY0VZ PIoA WOHo8 |
T 1) "ol ewnjoA anm “wou ewnoA | ('up xew jubey Ful) 'wou ‘@'
|
80261 JUBIOM 1910
161 9620 |o08E 1 183VT 0i65vz spuony]|
250 Wo)m.o 3 0l£'5Z 10A6q dof]
| (U7 W6u SWnjoA {uj) wion ‘g0
| | ]
60z 967 _@v.x& 990252 0659 5269 ERLLL
X2 982 Z5LSY IyVSE 0v80 6290
e} 982 oviYe
9029 ] 082" s¥0'28L
0002 253 082 02606
szt [z 982 158"
eee 80'62 9821 86| gosy popeasy] |
256 5 X SYEVE L5171 0of]
Coql) 'xow yB1ep| (‘51 ‘WouuBIoM | (ul/ai) Tr0e Aysueq | {,ur) oW 6wWnIoA [uf) "eIou 3UB1eH o gl | CUl)"XeW a0 | (ul)"Wou'a’o
I | I
I | 18[00 16js|uB2) - |1818Q 0INSO}D |BJUBLION|

€ Xlpuaddy
2 Aoy
‘£00-4Q°3NS-0S-3NH

48jj0D J8181UBD

Kisumg yblops



82 J0 6 afed

LOILIT OZleswi, | s92 | 6191y | din | sieqiiq peyosyd
L8427 | oy J86IvLIL d 16/91y | sa | sleqyiq peiedaid
4 } 0 uoisjey
1281y 89°Z0y é
(1523 9820 089G 005} 81 ;&Bw.ew_
"sq)) ‘Wou Jufijem | utian) o “Misueq|(u) xeur swinjon "Uuf} leUWON *Q'0 | sMens
esio#
18'89¢E I4BIoM (6301
982 E..& 0003 0SEVE (a7
EcH 8e't 96€ 81
992 020'v2Z 000'%2 0Se Ve ObyHT
982 018'GL S068'SH 08P'9L S8b'8l wWooq -jeAeq 1ojusD:
982 006G ) G065 1 8|0H Isjued
982 602 3 059'€2 09G'€2 02662 0002 16789 40,
.n_._ “uw owWNjoA wo Jybjel| (‘uy) xuw °aey( {-u)) wou *@if {'u) "upu "q'O} {*ul) [WUIWON ‘'O
(uBlem xeui Joj]
18 j8) sjno-exa L
£4vI0Z [FIXi4
108 loszer |
6042E loez8L |
L1128 ooz |
»:;xaEcEEo> [(ul) “wou awnjop (" CNE *a'0|{u) mulwoN *a'0| $9i1OH
Noaijo¥
Uiy Bupgi pus Bupioo)

‘600-HG-4NS-0S-3NH

B Buiy pue Bupioo

Aipwwing 1UB/oM



8¢ 40 0} abed

N (PZ [s6iviiL §9Z | /6/0Ly | _dW s1eq/Aq peyosyo
44/5/2. | UL |8oivLiL dn | /69Uy sa 9jed/Aq paledoid
Z 1 0 uofsjAsy
(184S ODM 8Us 03 paplem 1Blom 910
181) JYDIOM (9301 |
8820 %3 698°C 011’0
682'C _v:..— SE68°) 0Z}'0
10°pGE- W.o {revezeL e82 2621 0597
28264 9820 865'289 691°169 084°C 0822
u—._ UL SWUNOA nc_ ‘UIOU QUUNJOA "up) U B9 {{"u)) wou jybisy
20°0- 99T 290 $207
S0'0- 902t 1K 1K
06'0- 992 8yl EEX
080 992" 40" £60°
n=_ U QWINIOA nc_ "LIOU QUINOA
|
227201 S6'604~ 9920 ¥090°S.8 *&wxww eor){Reiduz=A|

{) ujul swinjop

[Uf) ‘UIOU WUN[OA

“ul) “ajm Aeag [{ul) ‘wou Aty

9JBUM ,DI0IOL B/l

sinc-oxv)]

‘00-uQ-4NS-AS-3INH

G5H'OGVE Sb'95PE 048" 048"
753 B4 009" ' W&.e 0sLaL
99}°L1E 21024E ElIN 3
LV LTE $12°92¢ 000 i
{ul) “xew suinjop_[{ i) Wou awnjop | () el JBieR |(uy wouiuBien i) ‘wiol ‘'O
ToA0D J0js[U8D)
18A00 JoiSIUBD Arswuwing uBem



8240 1| ofed

z
S8y <7 leeivLiL s9z_ [0/ | dw sleq/Aq paxosug
b4/5/2 | AUy - |soivLiL dn [zemiy | sa sjeq/Aq pasedaid
14 | 0 uoisIney
£8°9181 16°b201 BepIem uB{aM [€10.,
_nw.m-nv 16°b2%1 JUB[eM 18101
157343 9820 109°€0ES SYSOrIS 085621 015661 02622 S86'22 0002 58662 (popIoM) 84S OOW
(%q)) ‘wou yBlam { (), “wos ‘Ausueq | ((ul) “xew ewnjop .n=_ W0l eLUnjoA, | (up xeusjBle | (uh) ‘wouyBleH | (up) uju g’y | (uj) wou g’y | Cup xew*a'Q {ug)'wou'q’0
|
“som
¢ xjpuaddy

zn0y
'600-4G-4INS-TS-INH 112us OOW Arewwng JuBispm



8z 40 g} obed
- 7
b8/ oY (37 TesmviiL $9Z | 26/9kY di 8jeq/Aq pexasy)
2527 25| U [seiviiL dW__ | Z6/9uy | sa sjeq/Rq paiedaly
Z ) 0 uoisinoy
837082 8Q1) Pepiem JYBIem (9301 ’
106 lesz0
P10 9820
U1) " GUnOA K T T R
G8°E- Nl 8820 09Z8'ct Leri vl £9610 0699°LE 0ZLL' L 0060°0 0030 [CES 2Ty

QIOUM ,DIOJOL /L.

T,UI) Ul oWInoA | {,ui) “wiol SWn[oA iCaTy i Aerg ("

[ ul} tiou Reiv}

$NO-ORL JBJUe
110%v2L WoNog (164§
Feq1) wiou yuBiep (Uil wot (U1} “Xews swnjoA_| (ul) wiou ewn[oA ul} ‘wou jyBjoH
i
woRog (ieHg ouL
¢ xipuaddy
zAey

'600-40-4NS-S-4NH wolog lies Ammuiung WEom



gz jo g1 ofied

5 L1 b
L
Wm&\ T 597 [eaiwviz |_s92 | L6/ouy | diN | S1EQ/Ad peooud
e i eemyir_ | aw | teiouy | sa | eweaiq pesedald
Z } 0 UOISIASY
92°0" 020~ 9820 1v20 0920 560"} STHY 9250, Z¥5°0 3
28°0" rEO- 9820 8120 9620 0980 G180 X 8590 v Si0H HoB
99'0~ 690 9820 08T 20°C 0EE'C GLET 8260 €560 I TejuozuoH|
J8)uBD 0] UCHI0eg WOHOE)
184 584 9920 963 Y ZilY Era 009} S86°L 0002 VOIRAS PN
682~ 009 992'0 LEb' LT 1S8°22 OLL'E 621} 018'g qz9'8 01|
) ujas suinjoA [, ot ewnjoA [ (up) u yyBjeH({uf) wou JysieH) (uj woui | (up) wou ‘g (up) ‘up'q'o| Tl jeujutoN a0/ $H0g|
| _ | | | [ -0 NOLLOES
820 0E°0- B4 22 0920 60" 965'0 29’0 4
3 $E 0~ 992 ¢ 8L 9670 =X 90 9590 ¥ a[oH o4
820" 080 982 200’ 2€0'L 82 2660 000’ 6did [BINOZUOH J8ius) 0} 8did
8} 16°}- 982 pEL 2489 ESA ! Boly PUOlL]
050 90°0- 982 6EL" 6810 9500 16p|ROLS|
010 1o 982 £6E 6880 EtAl 80T 9 uoies o/PPIW
AN AN 98z L16° 20 BN UORBS SPRIN]
180 Qb0 982 692 20¥°L (AR o8 elppI J6ddn
684~ 008 98T 28042 268°42 0bL uoes GOy |
t £ Hod|
982G~ 0£0- 982 IZA 0920 S60’ (2
260" X 1982 ¢ 822 9620 098 v 2j0H 308
620~ 020 1982 200" 2€0°% v8e i 181U0ZLCH J8jus) O} 8did)
¥6°L- 46')~ Eoid VB 2CEY 988" Bory briull
900~ 900 9921 964 6650 1950 Jeplnoyg|
040" 1o 982" E4E 680 962 801’2 ol UojeS G}PPIN]
L {2Fp 982 116’ 220y 1961’ uojRes BPPINI
180" o' 9921 682 200 X oI9S BIPMIN J6GN)
684~ 00'8" 9921 18V°42 2168°42 041" uo|eg doj
i yod]
| 1
8474~ peL- 8820 9229 ovy' 0i1L8 0028 Zi 10d 0} edjd [BIUOZLOH
212 8T 18920 Z0S'6 2196 04521 00521 ©if ¥0d 0} edl, 10Z110H|
2L £L0" e 18 £55°C 022¢ 0528 TH# 1od OF [PIIOZIOH
0] 8did |BOJHEA WOROY|
120 220 9820 2€6°0 I¥60 0ZZ'¢ 0528 €joH
wopog 4o odid (9918 WoNog
67} 1902 9820 7949 V8Ll 0440 0080 BJoH wolog
490~ 850 9820 2080 0180 005} 005 ¥ 880K BUIY
»—._ “up GLINJOA w_.._ “wiou ewinjoA | {'ull ‘Ui 3YBPRH{ Y] ~utots JUOIOH] (U] et Q']
|
65082 26822 9820 297°908 620664 068'Y ob8'Y ETx44 00622 wonog)
£8'582 61'EEC 8820 815728 Leb'ie G28') gt (G86'EC 086'€C Jojued)
£9°'84€ S5°LiE 9920 GLO'ETEL Z0L°0Z€} G9L'8 0529 S8L61 08L°6L
[$qi} ‘xeus yB1eM | {sat) wou ubiem | LAl Troe Aisueg{uf) Xeut ewnjoA [{ Ul “Uiott SWN[OA [(up) xeu 3uBleH [(ul} wouudey| {'uj W g |Cupy ‘wau g {{u) xew 'a'o| [‘uf) (eujoN 'a'Q Apuend

*¢00-HG-INS-AS-dNH fnid peiys Krpwwng WBOM



82 Jo v7|, ebed
ol ] 2
LoJLIZ ] S92 [sevMil | $9Z | l6i9vv | dIN | evea/Ad pexosud
£4/6/2. | Jtec—|06IVLIL d 26/9uy | sa | eed/Aq pasedeid
4 L 0 uoIsiAsy
£6°28L 02°182
- =
40~ 1 10z
L0 2 e
v 3 8]
{ SIN0-oXeL, SIBLY]
9p°0 S0 992°0 819°) ] 10°Z|
SZ'L (X4 9820 5812 zve 0042 (4 22
094 [SS°) 9820 €85G 6LY'S 0069 3 ._mAw_
[2q)) “xew yBiem |{sqr) "wou 3uBiam | L1} ot “Kisueq|l i) ¥ew awnjop |{uf} wouw ewnioa [(uj) xew jubjay [{'vi) wiou yuBioxH| {* u)) (PUIWON "Q'0 | AINVEND.
I <fnid
I
80°98L 19°82L JUBIOM 0L
0,0 €20~ 9820 0Z2'¢ 052’ 000" i U0d 0} |BII0ZLI0H O} [BA1HOA
_laqo‘ [ 641 9820 0862 0862 000'} $# 1104 Jo J§0 [81u02U0H]
0L0 eL0- 980 (713 052 000°} [EI*]
o OH 0} WOoRO] [BIHAA
29}~ 8L} 9820 0162 0b8°L 260 000} i HO4 JO O {BIUOZUOH]
wodld
I
820~ 080 682 S60°) SZ)] X [
20 peo- ECA 0980 848 959 3
620" 080~ 982 8T 1 |eie [
681 26°t- 98T [iesz 408" 528’
900~ 900 982 9500 Tomlm 82}
010" 110 982" 962 € [erie [82iz ogz"
180 S6'0 9821 206 2€6° 821
480 00~ 982 £4) 884" 180
052 9L~ 987 01}’ EHS 008
¢ xipueddy
Zhey

'800-uG-:INS-0S-3NH Bnid poys Aswuing WBem



8240 g obed

YA "
o5/ S lsewiie | soz | ey din | evecyAq pexoayd
444,72 | Jhe|86IvVIL diN 161941 sa | eleq/Aq pasedald
k4 13 0 uoisined|
210°297 10°862 TUB10MA 14101
81'08
28'L" 982 $o)t 6pIS Wojog pus ol |
61°10b 991 X i0H Jojue)|
w1} “ujw awnjop |{Luf} ‘wiou swnjop [u)) jpujwoN *a'0|
m:u_ci wew|
Jo} stunwjuiu j8 __wv SINo-O)B ||
181 T0LL, Bupy|
[LUf) WO oWN[OA Fup) “wou yBjon | Ty ujw gy [4)) |RUJWON ‘Q°0
By eynid E-:m—
£21'0 0220 {0520 000°} 000} ovF'E 005'} ¥ $1ojusyd)|
8L1'} 0L 009} ov8'0 000'} ¥ 8BJ0H |
-=_ “ujw gwnjop .c_ "Wou BWINJOA ["ug) ‘U JyBioH | Cup) ‘wou ey {upd xew @) Cu) ‘wou @] {"up) U *goj {'ul) |sujwoN Q0
I |
528 [882'0 1L 629'F) 022’k
066~ 8820 6802 82212 04"}
A»:_v UL SWIDJOA [up) xewi @y (‘uj) ‘wou g 'U)) |RUWON *Q 0]
J0) SWINUIVW 18 fB) $IN0-0%84
v 0522 [
LU} Xuut eUIn[oA [0)) ujw gy 'U]) [RU[WION “Q'O | #8J0H o #

93vld pawnp,

Si¥id pasng Jajld feuedu)

€ xipueddy
2°n0
‘600-4Q-INS"0S"INH

ajald PEng Jejjid [euson

Kiswiwng Blop



8240 9| ebeg
Lok M\N
S0/617 \AL |ssivliL soz | seiouy | dW | eled/Ad pexosyo)
,M..m\m 2 gt~ |8bivLilL d 16/9L 1y sa ojeq/Aq pasedsld
Z | 0 uo|sIAey
eo'L 51 TUBTOM [¥101 ORIV $8¥00IAI#I Irdne
1070 200 %820 5700 5500 EZX3 €167 6262
010" 61°0- %70 Y120 1120 5850 EQ B
500 560~ 20 2120 9220 oo [ $Z8T
25°0- 950~ 9620 16671 4581 046 000'L
EX3 1170~ 6520 5150 1850 0160 0050 e 40 ot U poIIp)
9[04 50) POIIBEGNS PaACLIGI
[$300X0) UORIOG d0J, #OH JUeD)|
TO Uper oA | (N WoU Swiion [ R TG Ura o] (Ul wUioN ‘a0 _
(1GBj0a el
o3 WU e (6) eino-oxe
010 X ;.m.me [ess0 €550 5050 ?.o ye [s50 8080 [6z€0 UGTBXEY o) Uf SOiFUEg|
181D 24 Jo oI5k QJoym
U, h/uUINJOA) PRSH X4H|
Gun xww swnjop {{,uj} -wou ewntop | {ui) xww Bl Tuxewiesva | Tuiwiou eseg
58T Al
) 0 #0108 Uvd PopRai-IoN
1099 UORIod pepaey} WoRog
KK tuj v ay Ksisuwnn
(%3 £ CLIEX )
[CECXC TR TR
UB JO BASY %A} $6I0H OPIS
(600"} 000"} ojfy wonoq|
e ToeD)|
R TILT Taysw gl T wol a1
J0j SWNUUK 1B
510 610 870 §650 Jess0 5050 [o050 6930 [s%0 |50 rl«m.e Lo
1909 Z} 4O €OV Qipum
4O/ aUINJOA) PUSH XOH]
ol (&) Tan IR L) 5 (Ul xwaesvg | (ol wou easg
X 615 1Y) Bi¥3 B o
OX S¥1'0 (X0 ET7RY Y74 O #ojog Wd PRDYOIION
16° 3 6¥5°Z 625°7 578y €79 Wopiod popYNL WoRog|
(sl Kw TaBIepA | (I) W5 SWAIGA_| {ul) %o TURTeR |CuN wou bR RO COly w00 G (U} W0 -q'0 | (I} IFIIION "a'0 [Kinuend,
SAJWA 3892024
TOAVA §393014]
€ Mpusddy
7wy
SOAlBA $6900)g Aewwuns WBiom

'§00-MG-INS-GS-INH



8¢ 0 2} abed

V) A

«N&\&N 2 [eevus | soz | lefouy | oam | sweaiqpayosuo
4/5/2 | et |8611iL di 26/9L1y Sa__| sieq/Aq pasedald
Zz ! 0 uojsirey

0062 23 JUB[oM 19103

83°d SL'Y JuBioA 308 ebuTld|
80° 6L 9320 22’0 66€°0 £EL'Z 8LE'E Jojued)|
0r'Z €22 982°0 ¥8Y'0 650 0180 0820 1108 JOAOD/PBEH X6H)|

(sq1) “xww Jubjaa | ("8q]) "Wwou Jubiap -C_B_ Tpos ‘Aysueg u—.__ AR BLUNJOA .E ‘wolt uwinoA [{"u} *xewt 3yBI9N [('u)} “wrow ybjey | {up ujw QY

{ 0@ JeA0D)|

0181 40 JUB1OM |

9A00ID |vas)|

Z0E'E

UORY6S Jojied)]

1) X6i SWAIOA

U} “WoU QIR

uj) Q|

[ul) "wiou g1

3199
EIET

009°9
[Uf) |BUIWON 0’0

©01¥id JOACD) }i0d 3900014

¢ xipueddy
z 10y

‘600°¥Q-dNS-OS-INH

§9]8]c} JOAOD L0 §500035

Amwwng [Blom



8210 g1 offed

/2
SO/ 07 [seivii. | 9z [16/9L| dW | ereq/Aq pexosud
ss/5/2 | 72 186ivLIL | N |26/94y|  Sd 9jeqy/Aq pasedald
Z ) 0 UOISIAaY
03 m Pa0dxa jou 18y8 JyBiom 16101 _
(eqn) “xowiyubiem | (‘sap) wion JuBIOA n_sox.wvo.quz:_o« v
pIojuey _niu_m pue >5=53<_.2E (O
€ xjpusddy
2oy
d8y14 fewsjuy

‘600-¥Q-4NS-AS-INH

Arewiwng 1yBiom



82 40 61 abed

841) “Xew JuBjoMm|

(sd)) “wou 3uBiem

(A1) 702 “Kiisueq | (U "Xeus oWnioA |

(MY wiou QuINjoA

{up) xeuryyBen

ul) ‘wiou 3yBleH | Cup) “njwi @'y | Cur) ‘wiou"a’)

/7 ;
Z

65/5(T { 22 186iv L1l $9Z  [/6/0Mp ] dW [erearAq paxoayd
£ \k 2 \§ 86/vL/L diN L6/9LIv Sd ajeq/Aq pasedaid
4 l 0 UoISINSY

ov'ez 08'vz Biom 1101
¥0'0- v0'0- 9820 6210 Zh0 0020 0020 €62°% 821 618°F 0198'F soBuy|
10jU8D)
. epjsul
Lo- €1°0- 982°0 [ 7541 640 S0 064'0 0zl SLL'Z (23 %4 SLEe 886Uy
woyoq|

{up) "uju ewnjop | {up) "wow ewnjoA | (ul) )i 34Bi6H | (up) wiou JYBIoH | ul) “Xew ‘Gl | Cuf) “wiou ‘gl | (ul) ‘ulw "g’0 | (uj) ‘wou 'q'0

$3n0-8)BL
523 982" ov0'01 80461 005" 0112 0sZy 052Y Wed
3 982" €5v0¢ 256°'62 (8 (1% (IR HEd
15° 982" £8" bYe" A% 82 591" Hed
o¢" 982" X 860 : 0L8" 82 092d Hed
68" 982" T4 M43 86°¢L 051" 3l 082 Hed!
rad {982" £9L" yay" 012 (7% 082 yed|
o 982 S6L°61 90161 08¢’ 69" 609" 032t 052'% Hed

(u)) “xew *g°Q [ ('uy) “wou °q’Q

uojsusxg J0zj11qels ~cxaam_

£ Xipusddy
zpoy
'600-80-3NS-0S-INH

uojsuaixs Jezliiqers jexseg

Arswuwing yBiom



82 J0 (¢ offied

Ly

08/ b/Z OZ IseviiL s9Z [ 6/0Mv | dW ejeq/Aq pesiosyn
88 /e | S lr |86IVLIL din | 2691 sa ajeq/Aq pasedaid
4 3 0 uoisiney

13414 YBIeM (w101
£TSY 9820 S08v91L 91851 086°0F 1 194314 ¥89°0 6650 (5343 SIE'L eqn)

891} "wou 3uBlem | {ula) Tvoc ‘Asueq (U ‘xeur auinjop 3 Cup) xew yBiey | Cup) ‘wouyBlep | Culyruie gy | Cup) wiou @y | () "xew ‘g0 | (u)) ' wou*a'o

eqny d|q 01n80] [FIUBHION

£ xipuaddy
znoy
'£00-4GdNS-GS-INH eqny, s88001d Arswuing WBOM



82 Jo |z ebed

)

4/ (AN s9z | 6/9L | oW opeq/Aq peNodYD
b8/5/2 | e |g6ivLiL dw | zemmuy | sa djeqy/Aq pasedaid
z 1 0 uoIsiASY
[EE |8¥'e BB 1B10L
453 10~ 982°0 Ley'o £050 0050 G160 (544 0E1'T 659°C 059' Sy,
opisinO doy ]
60°0* 8070~ 982°0 5610 61270 005°C G50 08E°} L7508 LIFAY 2L erbuy
opisuj oy
{ui) up awinioA | {,ul) “wou swnjop ")) "wot WyBleH U} wou ‘q'0
$jno-o5B ]|
lsto 9820 Y3 lezoz ls09'0 osLe wopog|
€62 9820 S0l 85201 0992 089'C
"eqt) "wou yeem | L.uian Tros “Aisueq r:;.qu BUINjOA rc_. “wou ewnjop | ('u)) "xeut 3yBjeH ful) ‘wou-g'o
atl0D epIngY eqny diq|

€ Xjpueddy
2 Moy
'£00-HQ-dNS-US-INH 0U0D OpINY BaN $56302d Krewiwing WBiem




8z Jo gz ofed

VA
Mm\%\ 4 <07 [eeiviiL s9z_ | Zelouv dW ejeqyAq paxosuD)
8L/ 2. | Pl —[gelmllL d 161911y sa ojeq/Aq paiedsid
2 3 0 UOjSINSY
I8 75} gl—llé*
28° JUBiom 19301
000 9320
000 9920 UD[O8S JBINGUBPBY |
000 8920 uanes sejnbuy|
wSIo-0RY, |
26 _E.v 9820 8v5'9. 6600 0250 0050 S52'L 0vT'L S¥8'6 0£8'6
[sal) ‘xeut Bjep| (ea)} “uiou yBam | Gulall Tros Aysueg | (Ul ‘Svsainjop | {,u]) ‘Wou stinjoA "ul} *xew WSHPH Fup) o 3uBien | Cull “xeus pim | Cuty wiou yapim | Cup “xew y3Bue | ) ‘wou gibuen

€ Xipusddy
zaey
'§00-40"INS-QS-3INH

ojed poddng 10yseg

Kipwwng WBjop



8z 40 ¢z afed

b5/ OF |sewlil | $9Z 16/91v d ajeq/Aq pexosyQ
dbs/2- | gL |86IvLIL diN L6/9L1y sa aje/Aq pasedaid
4 L 0 UoIsiney
(sa1) 3uB|oM 1210L
{qb)15aN VIN VIN(L 190edg
06¢CL 9820 0¥60°SH 3 pPRosys
1202 00010 0090°202 3 308y |18ng
160801 9820 8686'C9 9 spoy poddng
9820 | 1504 18)Ua)
9820 I oeid wopog
('sq1) Jublem (suyan) Aysusg (su)) swinjop | Auenpd
jexseg ofeiols Vi Yen|
¢ xipuaddy
T Ay
‘€00-4G-4NS-aS-3INH jeyseg ebeiols vi Yen Kiewwng 6iopn



8240 vg efed

ya
m&\&\ z Qm\ 86/¥L/L 11374 16/9L1v diN ajeq/Aq paxoayo
AW 2 AN diN L6/9L1Y sa 8jeq/Aq peledaid
[4 5 0 UOISIASY
(sqi) uBom [E10L
81651 2280 000228 9 s1epIAg
ezt 22€0 0021'SL b aqny Japing seuly
1) 220 091€'C 3 {Beg
M0[8q SI6PJAMQ Ul 10§ PEJUNCOE JyBiam pnoiys pnosys|
180'80L 982°0 0286°29 9 150d OpIS
9820 i 180 46juB)
SL2Z) 9820 008} 62 3 sjejd wioyog
('sqi) biepm (uya)) Aisueg () suinjop | Apuend
joyseg deiag vi Hew
€ Xipueddy
EAEN]

‘€00-4G-INS-aS-4NH jovseq deiog v e Kewwng Bl




8240 Gz ebed

8442 92 [s6miiL | $9z L6/9L1Y di ajeq/Aq paxosy9
L2 | g |96ivLiL di L6/9L1Y sd ajeq/Aq pasedaid
4 3 0 uoIsinay
(89} 3yBlop e3oy |

zL 0l 9820 0887 /€ J BT
9820 1 1504 J6jus?))
982°0 Jeg punoy,

9820 "

('sq)) wBlom (uya) Aysueq (;u)) ownjoA | Ajuenp

joyseg ebrioig Al saen|

€ xjpusddy
2 noy
‘€00-4Q-dNS-AS-4NH

evseq ebei0lg AbNEN

Kreuawng ybiopA



8210 92 offed

54497 522 g6l $9Z 16/9L1% dN T E)
£42/2] el Asem\iL dn 16/911p sd ajeq/Aq pesedaid
[4 I 0 uoisiney
(81 1iBiom 1104

68°% 2280 0089°S 3 18101186y MO)4|

00661 2280 0000°£0L 9 slopy/ N_

[3443 22E0 00Z9'69 1 8qny seurd

'M0{8q SI9PIAIQ U] 103 POJUNCIIB JYB[eMm Pnoius pnoysg

9820 $]50d OpIS|

60'6Z 9920 052Z'L6 ) 150 16ju8D)|

9820 o)l oseg]|

)
('sai) yBlom (uyal) Aysusy (u) swnjon | Apuent

10ysed deiog Al il

¢ xipueddy

[
'800-4G-INS-QS-INH 1ois8g dBISS Al B

Arewiwing WBiopn



82 j0 12 8fed

Lo 22l ']
0097 1 Sk ajeq/Aq paoeyo
EL8/2-| by a)ea/Aq pasedald
Z UOISINSY

000 (sq1) 3uBiom 1ej01

Mojaq SI8PIAIQ u) 10} uBiem proJys PNoYS
agl qasl asl, agll 8180d apig
Qg4 a8 qagd, agd 350d 48jUsQ
ag.. QgL as. qagy; ojeld eseg

CsaniuBiem | (Ui Aysueq |(ujy ewnjop | Auenp

J9yseg 19n4 ¥ds|
¢ xipuaddy

[

‘€00-¥A-4INS-GS-3INH 1oyseg Png Hds Aswuwng 1ybapm



CLIENT:

DE&S Hanford

B I PARSONS

FILE NO:

KH8009-8-01

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 3

This page intentionally left blank.

REVISION 0 1 2
PREPARED BY /DATE | DS 4/16/97 | MP 7/14/98} 2,7 2 /%/%5
CHECKED BY / DATE | MP 4/16/97 | ZGS 7/14/9

AP

PAGE 28
OF 28




FILE NO: KH-8009-8-02
CALCULATION DOC NO: HNF-SD-SNF-DR-003,
B_pPARSONS PACKAGE Rev. 2, Appendix 4
PAGE 10f 55
PROJECT NAME: CLIENT:
MCO Final Design DE&S Hanford, Inc.
CALCULATION TITLE:

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION:

MCO CLOSURE BOLT PRELOAD MODELING AND RESPONSE

THE OBJECTIVE OF THIS CALCULATION PACKAGE IS TO EVALUATE THE PRELOAD REQUIRED FOR
SEATING OF THE CONTAINMENT SEAL AT THE SHIELD PLUG.

DOCUMENT

AFFECTED

REVISION PREPARED BY . . CHECKED BY - APPROVED BY
REVISION PAGES DESCRIPTION INITIALS / DATE INITIALS / DATE INITIALS / DATE
0 1-52 Initial Issue Charles Temus Bob Winke! Charles Temus
Pages 1-16, 19 Pages 1-16, 19
Bob Winkel Zachary Sargent
Pages 17-18, 20-52 Pages 17-18, 20-52
1 1-55 Revised to reflect Henry Averette - Zachary Sargent Charles Temus
change from 150 psig
design pressure and
design temperature
change from 375°C to
132°C
2 1-55 |Revised to reflect new ZL? /
design pressure of 150) 7
psig and new material Q/Ar/ 57 //é,,_._._/
for shell collar. «f//f 1/7/?/




CLIENT: DE&S Hanford

" _PARSONS

FILENO:  KH-8009-8-02

PROJECT: MCO Final Design

Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 1

1. INTRODUCTION 4
2. REFERENCES 4
3. ASSUMPTIONS 4
4. MATERIAL PROPERTIES 5
5. METHOD OF ANALYSIS 5
5.1 Analysis Procedure 5
6. GEOMETRY 6
7. MATERIAL PROPERTIES 6
. ACCEPTANCE CRITERIA 9
9. LOAD COMBINATIONS 10
10. ANALYSIS 10
11. SUMMARY 17
12. BOLT PRELOAD MODELING AND RESPONSE 18
12.1 Jacking Bolt / Seal Model Development 18
12.2 ANSYS Preload / Pressure Response 20
13. BOLT PRELOAD UNCERTAINTY 22
REVISION 0 1 2 PAGE 2
PREPARED BY / DATE CJT 04/17/9 | HSA 7/14/98|%1, 02/04/99 OF §5
CHECKED BY/DATE BW 04/17/97| ZGS 7/14/98 o 2/04/99




B _PARSONS

CLIENT:  DE&S Hanford FILENO: KH-8009-8-02
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 |
LIST OF TABLES
Page
ITABLE 1: MATERIAL PROPERTIES FOR MCO CLOSURE COMPONENTS 7
[TABLE 2: BOLT STRESS AND SEAL LOAD RESULTS 21
APPENDICES
APPENDIX A: COMPUTER RUN OUTPUT SHEETS & INPUT FILE LISTINGS 23

REVISION 0 1 2 PAGE 3
PREPARED BY / DATE CJT 04/17/9 | HSA 7/14/98 %22/04199 OF §5
CHECKED BY / DATE BW 04/17/97] 2GS 7/14/98 2/04/99




= | pARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-02
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 |

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 maintain 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. Multi-Canister Overpack Design Report, Book 1, Appendix 13, “Main Seal Data”.
3. Helicoflex High Performance Sealing Data Brochure.

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

5. ASME Boiler and Pressure Vessel Code, Section Il - Materials, Part D - Properties,
1998 Edition . |

6. ASME Boiler and Preséure Vessel Code, Section lll, Division 1, Subsection NB -
Class 1 Components, 1998 Edition and 1998 Appendix F. l

7. Performarnce Specification for the Spent Nuclear Fuel Multi-Canister Overpack,
HNF-S-0426, Revision 5, December 1998. ‘

3. ASSUMPTIONS

1. A design pressure P of 150 psig is uniformly applied simultaneously with a design ‘
temperature of 132°C.

2. Helicoflex seating preload seal requirement Py of 1700 Ib./in [3].

3. Diameter of the seal is D, = 23.420 - 0.186 = 23.234 inches [2]
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4. Maximum design temperature is 132°C (270°F)

4. MATERIAL PROPERTIES

The shield plug is fabricated from Type 304L (forging) stainless steel, the shell collar is
fabricated from dual certified 304/304L stainless steel and the locking ring is fabricated
from Type F304N (Forging) stainless steel. The bolts are fabricated from SA-193 Grade
B8S or B8SA (Nitronic 60).

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 calculated based on the uncertainties of the torquing equipment,
lubrication and friction of the bolts.

5.1 Analysis Procedure

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

¢) Calculate torque to maintain the seal considering tool scatter, operator error, control
error, relaxation and external load.

d) Check maximum bolt preload with maximum scatter, plus external load, plus thermal
load.

e) Check that minimum seal compression is maintained for a preload with maximum
negative scatter, external load and thermal load. Check that the minimum loading
during initial thightening is sufficient to seat the seal.

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

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

The bolts are (Quantity 18) 1-1/2-8 UN - 2A set screws:
The bolt diameter is
D, = 1.50 in®
Geometry of the bolt is per Reference 4, Section A, Table 1.
The stress area is
A, =1.49in?
and the thread root area is
A =141in?
The thread stripping area for 2A external thread, per inch of engagement is
As, = 2.57 in%fin.
The thread stripping area for 2B internal thread, per inch of engagement is

As, = 3.50 in%in.

7. MATERIAL PROPERTIES

The material properties are taken from [5] and are summarized in Table 1. The loading
temperature is 132°C (270°F)
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Table 1: Material Properties for MCO Closure Components
SA - 182 F304L Forging (Shield Piug)
70°F 200°F 300°F 270° F
E - psi 28.3 x 10° 27.6 x10° 27.0 x 10° 27.18 x 10°
Sy - psi 16,700 16,700 16,700 16,700
Sy~ psi 25,000 21,300 19,100 19,760
Sy~ psi 65,000 61,500 56,500 58,000
' Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10
70°F 250°F 300°F 270°F
a-infin/°F 8.46 x 10° 8.90 x 10° 9.00 x 10°° 8.94 x 10°
SA - 182 F304N Forging (Locking Ring)
70°F 200° F 300° F 270°F
E - psi 28.3 x 10° 27.6 x 10° 27.0 x 10° 27.18 x 10°
Sy - psi 23,300 23,300 22,500 22,740
8y~ psi 35,000 28,700 25,000 26,110
Sy-psi 80,000 80,000 75,900 77,130
Mean Coefficient of Thermal Expansion from 70° to Temp. - in/in/°F x 10°
70°F 250°F 300°F 270°F
a-infinf°F 8.46 x 10° 8.90 x 10 9.00 x 10° 8.94 x 10°°
SA - 182 F304 Forging (Shell Collar)
70°F 200°F 300°F 270°F
E - psi 28.3 x 10° 27.6 x10° 27.0 x 10° 27.18 x 10°
Sy - psi 20,000 20,000 20,000 20,000
Sy~ psi 30,000 25,000 22,500 23,250
Sy- psi 75,000 71,000 66,000 67,500
Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10
70°F 250°F 300°F 270°F
o-infinl°F 8.46 x 10° 8.90 x 10°¢ 9.00 x 10 8.94 x 10°
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Table 1: Material Properties for MCO Closure Components, cont'd.
SA - 193 Grade B8S or B8SA (Bolting)

70°F 200° F 300°F 270°F

E - psi 28.3 x 10° 27.6 x10° 27.0 x 10° 27.18 x 10°

Sy - psi 16,700 13,000 11,000 11,600

Sy~ psi 50,000 — —_ —_

Sy~ psi 95,000 — — -

Mean Coefficient of Thermal Expansion from 70° to Temp. - in/in/°F x 10°
70°F 250°F 300°F 270°F
o-infin/°F 8.46 x 10° 8.90 x 10°® 9.00 x 10°¢ 8.94 x 10°

REVISION 0 1 2 PAGE 8
PREPARED BY /DATE CJT 04/17/9 | HSA 7/14/98] ) 02/04/99 OF 5§
CHECKED BY / DATE BW 04/17/97| ZGS 7/14/98)4&5-02/04/99




u_PARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4

8. ACCEPTANCE CRITERIA

The minimum preload must be maintained at or above the load required to maintain the

seal. 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.

Appendix E of the ASME Code, Section lll, Paragraph E-1210, requires the bolt stress
resisting the pressure loading plus the minimum loading to ensure a tight joint at the seal
should not exceed S,, at the design temperature. The same paragraph also requires the
bolt stress necessary to seat the seal to not exceed S, at atmospheric pressure.

The derivation of minimum seal loading to ensure tight joint conditions uses the resulits of

analysis and testing performed at Garlock Helicoflex in Columbia,SC; these resuits are
shown in [2].

A seal ( herein termed the “test seal” ) of identical materials and construction of the seal
used in the MCO design (herein termed the “MCO seal”) was loaded in an instrumented test
fixture to the position of optimum compression. The load at this position is referred to as Y,
(Ib.). From this position, the seal is unloaded until leakage is detected using helium leakage
rate equipment. The load prior to the detection of leakage, done by a conservative
calculation, is the minimum required load to ensure a tight joint and is referred to as Y, (Ib.).
the load at which leakage was detected in this test was achieved at a considerably lower
value.

Test Article Geometry and Test Results
Dosr=3.470in. Outer seal diameter, test article
dgr=0.176in. Cross section diameter, test article
Dgr = Dogy - dgr Sealing diameter, test article
=3.470-0.176
=3.294 in.

Analysis indicated a minimum calculated load necessary to ensure a tight joint = 3500 Ib.
(Actual leakage during testing was detected at 600 Ib.).

The minimum load per inch to maintain this tight joint condition is:
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—

v, (test seal minimum) = MinimumSealingLoad N 3500
1 D) = #329%)

= 338.2 Ib./in.

Correlation between the MCO Seal and the Test Seal at Minimum Sealing
Requirement

The MCO seal is constructed with a cross-section diameter of 0.186 inches [2]. The
minimum load per unit length required to ensure a tight joint with the MCO seal is derived by

multiplying the load per unit length of the test seal by the ratio of /d,, /dg [3:
Y, (MCO seal) = 3382+0186/0176

= 347.7 Ib./in. = 60.9 daN-cm"’

As reference [3] lists y, for a 4.7 mm (0.186 in.) silver jacketed seal as 60 daN-cm™, the
minimum load is conservatively taken as 60.9 daN-cm™.

¥y = 60.9 daN.™" = 347.7 Ib.fin. = 348 Ib./in.

9. LOAD COMBINATIONS

Since the drop ioads 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.

10. ANALYSIS

a) Preload required to seat the seal.

Test results contained in [2] demonstrate that a load of 16,900 Ib. was required to seat
the test seal. In a manner similar to the determination of minimum sealing load for the
MCO seal, the seating load per inch for the MCO seal is determined:

Y, (test seal) = 16,900 Ib. Total Load
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16900
Y, (test seal) = m Load per inch circumference
= 1633.1 Ib/in

¥, (MCO seal) = 1633.1 0.186
0.176

= 1679 Ib/in = 294 daN*cm™

The MCO seal specification shows a y, load/length of 1700 Ibfin (288 daN-cm™). This
value will be used in the analysis. The minimum load to seat the MCO seal is
determined from y, (seating load - Ib/in) and D (sealing diameter = 23.234 in).

Pun = (Ds)(¥,)(m) Load required to seat the seal
= (23.234 in)(1700 Ib/in)(r)
=1.241x10°Ib

b) Minimum preload required to maintain the seal.

The minimum load to maintain the MCO seal is determined from y, (minimum seal load
ibfin) and Dg (sealing diameter = 23.234 in).

SL  =(Dg)(y)m) Minimum sealing load
= (23.234 in)(348 Ibfin)(n)
=2.540x10%Ib
The load generated by the internal design pressure is

(@)(PY(Ds)" _ (31416)(150 psi)(23234)°
4 4

=636x%10* Ib.

The minimum total bolt load at closure temperature becomes
LPy = P+ SL = 6.360 x 10* Ib + 2.540 x 10* Ib.
LPy,y = 8.90 x 10* Ib.
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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 Il, Part D, Table 4. The two equations address the

forces required to seat the seal and the forces required to maintain the seal.

The force required to maintain the seal in a tight condition equals the pressure load (P,)
plus the minimum sealing load (SL). The controlling load is the load required to seat the

seal.

The stress in the bolts at design conditions (Appendix E of the ASME Code requires the bolt
area based on the root diameter, Ag) is:

This is less than the bolt allowable at design temperature (S, @ 270°F = 11,600 psi).
Therefore the value of oy, 1 is acceptable, and the margin of safety is

BOLT

MSgour = +1.37

11600 _

1.241-10°

oer S e A 18-(1:41 in%)

Ggory = 4,890 psi

1

BOLT

The force required to seat the seal is greater than the force required to maintain the seal

and the allowable stresses at the time the seal is seated are greater than the allowabie

stresses at the design temperature, therefore, the requirement of the ASME Code, Section
ill, Appendix E for bolt stress during seating is met.

c) Torque calculation to maintain seal loading

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 forquing the bolts is set forth in

[1].
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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 (including thermal 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

Vigo, =+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 carefuily lubricated and a torquing
procedure is developed with the appropriate equipment which will minimize scatter, a value
of £156% is used. This value is based on what is expected by the buyer from testing similar
bolts. Hence

V,=+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

Vsr = 0.00 and Var=-0.10

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
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values are based on the results of applying an external (pressure) load to a finite element of

the joint discussed in Section 12, hence

V.ex = 0.0166 (At maximum preload, see Table 2)

All the above variables can be combined to give the overall scatter.

V£=0.00

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

Therefore

Vi =% Voo, + 7 +V2

Vi = +0.154

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

Negative scatter:

Vi = \ﬁ’;oof"Vgp'*'ch‘*Véx +Voy

Vi = -0.184

Positive scatter:

Vi = \/177?00L+V5P+Vg+pfm+x-zzx

Vo = 0.155

The nominal preload is then

B

_ 124100

Prow= {12y, )~ T—152

Pyow = 1467 x 10° Ib

And the maximum preload to seat the seal is

Puaxss = (Pxom ) {1+ Vi) = (1.467 x 10°)(1+0.154)
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Puaxss = 1.693 x 10° Ib.

As the friction force acts on the bolt end verses under the larger diameter of a standard bolt
head, a “nut factor” of 0.117 is used.

With a nut factor F = 0.117, the nominal torque to seat the seal becomes

FDyPyy, (0117)(150 in)(1.467 x 10° Ib)
Thow= g = 18

=1430in-1b

Trom = 120 ft-Ib + 6% (+ 10 ft Ib)

Conservatively using this torque as a minimum, the recommended torque is 130 + 10 ft-Ib.
The maximum initial bolt forque is:

) (18)( Tygu (14 Vi)

where T, =130+10 ft-1b
ax (®(Ds) X

(18)(1—%12)(140 ft-1b)(1+0.154)
Frowe = (0117)(1:50 in)

=199x10° Ib

Puax = 2.0 X 10° b

Maximum Bolt Load:

ANSYS runs (Section 12) were made modeling the preload as an initial interference at the
bolts. Using an iterative process, the proper minimum and maximum preloads were
achieved and verified by calculating the corresponding bolt stress. The minimum preload of
124,100 Ib yields a bolt stress of 4,890 psi and a bolt load of 6,895 Ib per boit. The
maximum preload of 200,000 Ib yields a bolt stress of 7,880 psi and a bolt load of 11,111 Ib
per bolt. Using the results of Table 2, under service conditions of temperature and
pressure, the bolt stresses for minimum and maximum preloads are 5,161 psi and 8011 psi,
respectively. Therefore, the maximum bolt load is 11,296 ib per bolt.

Compressive capacity of the bolt
The allowable for all stresses in service per NB-3232.1 is 28, at 270°F [6]

Coour = As(2(11600))
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Caorr = 3.457 x 10* Ib.

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

Crue = A(19760)
CoLyc =2.786 x 10* b,

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 0.6S,.

if the thread engagement length L, = 3.5 in. then the thread capacity is:
For the internal thread:
THg = (As, )(Ln)(0.6)(22,740)  (F304N @270°F)
THg = 16.7 x 10* Ib.
" For the external thread:
THee = (Ass )(Ln)(0.6)(11600)  (SA-193 @ 270°F)
THee = 6.261 x 10° Ib.

The yield stress limit under the bolt on the shield plug controls the serviceability of the joint.
Hence the margin of safety is

The stress area in the thinnest wall of the shell, for one bolt, due to preload (tension only) is:
Twan = 0.373 in = Thickness of the wall (Drawing H-2-828042)
DTwau = 24.530 in = Diameter at the thinnest part of shell

ATy = (”)(DT;ML)(‘TM) = 1.596 in®

18
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and the stress in the thread at the thinnest part of the wall is based on the maximum bolt
load:

SrwaL =7,078 psi

This is less than S, = 20,000 psi for the shell collar 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).

11. 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 reasonabie amount of
uncertainty into consideration for the actual preloading based on torquing of the jacking
bolts.
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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
124,100 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 200,000 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 mode! , 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:

Ay = 18(1.49 in®) = 26.82 in®
Using a bolt circle diameter of 21.75 inches, the bolt ring thickness is:

Arng
#{(2175)

Ter = = 0393 inches

A separate material is selected for the ANSYS elements to model the seal response. The
HelicoFlex seal response is nonlinear, but per page 24 of the brochure [3}], and the results
of seal test data [2], the response is linear when near the seating load, Y,. When unloading
from the seated position, the unloading spring rate is much higher than the loading spring
rate. The seal elastic spring constants for loading and for unloading are taken from the
load/deflection date of the test seal [2] and are modified to reflect the MCO seal in a similar
manner to those previous calculations concerning minimum seal load to maintain a tight
joint and minimum seal loading to seat the seal.

Spring Rate During Initial Seating:
From force/deflection data [2]:

Ksn. = 224,000 Ib/in - deflection stiffness of test seal, loading to initial seated position.
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dividing by (tDsg):

KSTL = —%M deflection stiffness per inch circumference, test seal, loading

1 (3.294)
= 21,646 Ib/infin

dmco
dst

’0.186
=121646 | ——.
KucoL ( 0.176>

= 22,250 Ibfin/in

= Kol () (Dswco)

= 22,250(r)(23.234)

Ratio by

KMCOL

= 1.624 x 10° Ib/in
Spring Rate during Unloading From Initial Seated Position:
From force/deflection data [2]:
Kspy = 1.65 x 10° Ib/in - deflection stifiness of test seal, unloading

dividing by (nDxg):

6
ks = 16510 deflection stiffness per inch circumference, test seal, unioading
n (3.294) ’
= 1.5945 x 10° Ib/infin
) dmco
Ratio by 3
st
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Kucou = 1.5045-10° |2186

0.176
=1.639 x 10° Ibfin/in
= Kucou(m)(Dsuco)
= 1.639 x 10° ()(23.234)

KMcCou

=11.96 x 10° Ib/in
Minimum Seal Load

The seal stop unloads when pressure is applied with the minimum preload condition. The
seal area moves apart 0.0073". The seal loses loading down the unload curve.

= (ssea])Kmeov
= (.0073)(11.96 x 10%)

load loss

=87,308 b
Final seal load = 124,000 - 87,308

=36,692 Ib
36692 Ib Ib
inch = ————  := 502 —> 348 — (mini i
Load/inch = (23.234) i " (minimum to ensure tight seal)

Therefore, the seal will remain leak-tight.

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 at 270°F. The ANSYS input and output files are MINBOLT.inp &
MAXBOLT.inp and MINBOLT.out & MAXBOLT.out, respectively. The bolt stress and seal
load resuits are summarized in Table 2.
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Table 2: Bolt Stress and Seal load Resuits

Bolt Stress (psi) Seal Load (Ib)
ANSYS Run | Preload Preload | % Change | Preload | Preload + | % Change
+Pressure Pressure
Minbolt 4892 5161 +5.49 132,280 | 129,480 -2.12
Maxbolt 7880 8011 +1.66 197,380 | 195,460 -0.97
The change in the maximum boit 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. It 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.

It is 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.
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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:

Unigue Computer Run Filename:

Run Description:

Creation Déte | Time:

KH-8009-8

ANSYS®-PC

5.3

Windows 95, Pentium® Processor

KH-8009-8-02
MINBOLT.inp

Analysis of MCO Closure Response, Minimum
Bolt Load.

18 November 1998 2:09:52 PM

O%
-}

Prepared By:  Zachary G. Sa@(en’c -~

X oL

2/4/29
Date

2/1/05

Checked By: Her{ry S. Averette

% Da/te
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LISTING OF MINBOLT.INP FILE

/BATCH,LIST

[FILENAM, minbolt

/PREP7

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

TREF,70

TUNIF,270

ETAN=0.05 ! Tangent modulus

JCOM *** ELEMENT TYPES ™

ET,1.42,,1 t Shell

ET,2,42,,1 ! Shield Plug

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

ET,4,12 | Gap Elements Between Shield Plug & Shelt
KEYOPT 4,7,

ET,5.42,,,1 ! Bolt

JCOM ** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0e9,-0.06,3.0 ! Shell/Shield Plug, Initially Open .06"
R,5,0,1.0e8,.007562 ! Gap Elements Under Bolt, Min. Preload Interference
R,6,0,1.0e9,-.009,2.0 ! Sealing Stop, initially open, gap adjusted for max. stiffness
R,7,0,1.0e9,0,1.0 ! Bottom MCO Plate, closed

1,8,0,2.42¢7,,2.0 1 Seal Spring, max. stiffness (unloading stifiness)
ICOM wrrwmmmoones (MATERIAL PROPERTIES

MP,DENS,1,490/1728 1304, 304L & 304N SS

MP,NUXY,1,0.3

MP,DENS,5,490/1728 !t SA193 Grade B&8M

MP,NUXY,5,0.3

/COM **** DEFINING TEMPERATURES FOR MPDATA "
MPTEMP,1, 70,100,200,300

JCOM *** DEFINING ELASTIC MODULI FOR 304, 304L, 304N & SA-193 ***
MPDATA,EX,1,1,28.3¢+06,28.1e+06,27.6e+086,27.0e+06

ICOM I SA-193
MPDATA EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+08,

ICOM = INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304, 304L, 304N & SA-193 ™
MPDATA,ALPX,1,1,8.46¢-06,8.63e-06,9.08e-06,9.46¢-06

ICOM 1 SA-193
MPDATA,ALPX,5,1,8.42¢-06,8.59¢-06,9.09¢-06,9.56e-06

JCOM *wwsarisss SHELL GEOMETRY

IR=11.5 ! Intemnal Shell Radius @ Bottom

OR=12.000 1 Shell Outside 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 {Row 3
N,42,1.25,-0.44

N,43,2.13,044

N,50,IR,0.44

FILL,43,50

N,52,0R,0.44

FiLL,50,52

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

! Middle Row

! Shell Stub/Weld

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
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

! Cutside

JCOM **** DOUBLE ROW SHELL ™

N,190,IR,137.18
N,192,0R,137.18
FlLL

! Transition to Double Row

ICOM ** BASE OF CASK THROAT—ELEVATION: 138 INCHES **

N,217,IR,142.68
N,219,0R,142.68
FILL
FILL,190,217.8,,3,3,1

{ Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ***

!'Transition to Double Row

N,235,IR,146.06 1 Start of Transition to Large 0.D &
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N,237,0R,146.06 ! Assumed Location of Shield Piug 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 1 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

JCOM *** COLLAR SEALING SURFACE ***

N,247,IR,149.63 ! inside Radius of Sealing Surface
N,249,1R2,149.63 ! Cutside 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 1 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,240,990,1,251
NGEN,2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,263,255,1,,1,3,3
FILL,237,990,1,891

/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
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,3,1,269,295,3,(0OR2-1R2)/2
NGEN,3,1,274,295,3,(OR2-IR3)/2

1com 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
CsY§, 11

! Local System z=0 at Base of Ring

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
JCOM *** LIFTING SURFACE **
csYs, 1

N421,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
N,447,10.875+.197 4
FILL
N,910,10.875-.197,4
N,911,10.9375+.197,4
N,448,RINGS,4 10.D of Ring

CSYS,0 | Bolt Extension

N,924,10.875-.197,152.00 ! Double Nodes @ Boit 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
N,527,10.875+.197,151.874
FILL

! Inside Edge of Bolt Hole
! Qutside Edge of Bolt Hole

! Bottom of Bolt Extension

ICOM *** BOTTOM OF LIFTING/LOCKING RING =
CsYS, 11
NGEN,2,70,441,448,1,.4
FILL,441,511,6,10,8,1

! Bottom Surface of Lifting/Locking Ring
! Fill in Lifting/Locking Ring

ICOM SHIELD PLUG (offset y by 168.25)
LOCAL,20,0,,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25

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,803,606,2,604
N,607,0,-6.26
N,610,0,-8.25
FILL.,607,610,2,608
N,611,0,-8.756
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 !1d Medium Opening
NGEN,2,20,683,693,1,0.4235 ! Id Smali Opening
NGEN,2,10,706,713,1,0.8515 ! 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,2,20,748,763,1,1.3756
FILL,766,768
NGEN,3,20,766,768,1,0.3125
N,789,7.5775,-1.56
N,796,7.5775,-6.56
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,-6.256

N,827,8.5017,-8.256

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,2,7,845,861,1,0625 ! Under Bolt

N,850,10.875+.197,-6.25

N,860,10.875+.197,-6.917
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N,861,10.875+.197,-7.584
N,862,PLUGR2,-8.25
N,863,PLUGR2,-8.75
N,865,PLUGRS3,-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

JCOM **** REFINING LIFTING EAR ***
C8YS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157.13
FILL,403,404,1,876,1
FILL,413,414,1,888,1
FILL,423,424,1,900,1
FILL,877,405,1,878
FILL,405,406,2,879,1
FILL.,889,415,1,890
FILL,415,416,2,881,1
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,801,425,1,802
FILL,890,902,1,895
FILL,415,425,1,866
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,433,434,1,908,1
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,PLATES5,146.78
FILL
NGEN,5,3,1200,1202,,,-0.85
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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,1253,2.625,145.265
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

JCOM **** COUPLING NODES ™

/COM **** BETWEEN LIFTING/LOCKING RING & SHELL ***

CP,1,UY,508,277
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

! Start Threads

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,IL1,7
CP,10+1,UY,445+107,910+2"
*ENDDO

*DO,L1,7
CP,17+,UY,447+10%,911+2"
*ENDDO

*DOI1,7
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CP,24+1,UX,445+10%,910+2*
*ENDDO

*DO,1T7
CP,31+H,UX,447+10%,911+2*
*ENDDO

NALL

EALL

/COM *** 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

JCOM **** 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
E,181,192,191

JCOM **** TOP SHELL (DOUBLE ELEMENT) ***
£,190,191,194,193

EGEN,2,1,-1

EGEN,7,3,-2

JCOM *** BOTTOM OF COLLAR ****
TYPE1

MAT,1

E,211,212,215,214

EGEN,2,1,-1

EGEN,11,3,:2

E,244,245,986,985

EGEN,2,1,-1

E,256,257,988,987
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E,257,268,9890,988
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

JCOM *** COLLAR TRANSITION & THREADED REGIONS ****
E,237,991,261,240
E,891,990,251
E,240,251,254,253
E,251,990,255,254
E,253,254,257,256
EGEN,2,1,-1
E,269,260,263,262
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

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

JCOM **** 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
E,900,424,893
E,893,894,889,414
E,424,901,894,803
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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,425,003,897,896
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,805,906,900,423
E,433,908,906,805
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
E484,918,916,474
E.494,820,918,484
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
£,498,488,919,921
E,508,498,921,923
E,518,508,923,925

ICOM **** BOLT ***
TYPE,S

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

ICOM

{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

END OF LOCKING/LIFTING RING **iiras
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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,6583,1260,652
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,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN,4,1,-1

JCOM

ICOM
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,1264,1254,12563,1263
EGEN,6,1,-1
E,1271,1261,1260,1270
EGEN,9,1,-1
E,1281,1271,1270,1280

FILTER GUARD PLATE

END OF SHIELD PLUG ***wtiax

REVISION

0

1 2 PAGE 35

PREPARED BY /DATE

CJT 04/17/9

HSA 7/14/98| #: 02/04/99 OF §5

CHECKED BY/ DATE

BW 04/17/97| ZGS 7/14/98]|¥6402/04/99




PARSONS
CLIENT: DE&S Hanford FILE NO:  KH-8009-8-02

PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4

EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,1

JCOM CONTACT ELEMENTS "
ICOM = BETWEEN LOCKING RING & SHIELD PLUG ™
TYPE,4

REAL,4

E,806,401

E,807,411

E,808,421

E,808,431

E,810,441

E,811,451

E,812,461

E813,471

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

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

E271,871

E,268,872

E,265,873

E,262,874

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

ICOM * BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

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 *rwororios END GAP ELEMENTS it

1COM BOUNDARY CONDITIONS **++weesess

CSYS,0

NSEL,$,LOC.X,0
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NSEL,R,LOC,Y,-1.33,158.14
D.ALL,UX,0

NALL

EALL
NSEL,S,NODE,,2001,2010
D,ALLALL,0

EALL

NALL

/COM = FINE TUNE SEAL & BOLT REGIONS
NMODIF,869,11.72,149.88
NMODIF,870,11.72,148.65

TYPE,2

EMODIF,420,1,3000,846,853,852
E,845,846,3000,3000

TYPE4

REAL,8

E,248,869 ! seal spring

FINI

ICOM
/SOLUTION
TIME,1 ! bolt preload only
LSWRITE,1

TIME,2 ! Preload + Pressure

/COM ™** 150 PSI INTERNAL PRESSURE ***
NSEL,S,L.0CX,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,8,L0CX,2.12,11.51
SF,ALL,PRES, 150

NALL

EALL

NSEL,S,LOC X,11.49,11.51
NSEL,R,LOC,Y,0.43,149.64
SFALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,11.49,11.76
NSEL,R,LOC,Y,149.62,149.64
SF,ALL,PRES,150

NALL

EALL

NSEL,S8,L.0C X,11.67,11.69 ! Seal
NSEL,R,LOC,Y,149.64,149.89

! Inside Shell

1 Edge Shell to Seal

SOLUTION PHASE hitanioiiol
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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,LOCX,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
NSELR,LOC,Y,147.62,149.39
SF,ALL,PRES,150

NALL

NSEL,S,LOC X,11.24,11.26
NSEL,R,LOC,Y,143.12,147.64
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

LSWRITE,2

LSSOLVE,1.2

FINI

/POST1

SET,1
LPATH,525,527
PRSECT
LPATH,870,875
PRSECT
ETABLE,FORCE,SMISC,1
ESEL,S,REAL,8
PRETAB

EALL

SET,2
LPATH,525,527
PRSECT
LPATH,870,875
PRSECT
ETABLE,FORCE,SMISC,1
ESEL,S,REAL,.8

PRETAB

FINI

[EXIT

1 Shield Plug (above seal)

! Side of Shield Plug

! Shield Plug Taper

! Guard Plate Ring

! Guard Plate Taper

! Guard Plate Bottom

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

t Seal Normal Force

! Bolt Cross Section
! Seal Stop Cross Section

! Seal Normal Force

REVISION
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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-8008-8

ANSYS®-PC

5.3

Windows 95, Pentium® Processor
KH-8009-8-02

MINBOLT.out

Analysis of MCO Closure Response, Minimum
Bolt Load.

24 November 1998 7:22:56 PM

= 2ulss

Prepared By:  Zachary G. Sargenf / patd

A sz

Checked By Henra/S Averette
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unigue Computer Run Filename:

Run Description:

Creation Date / Time:

KH-8009-8

ANSYS®-PC

5.3

Windows 95, Pentium® Processor
KH-8009-8-02

MXBOLT.inp

Analysis of MCO Closure Response, Maximum
Bolt Load.

24 November 1998 7:26:19 PM

— =17 2ly/a9

Prepared By:  Zachary G. Sargént

Date

?@6 4 Q% 2/2/75

Checked By: Henry S/ Averette Ddte
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LISTING OF MAXBOLT.INP FILE

/BATCH,LIST

IFILENAM,maxbolt

IPREP7

ITITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE,
TREF,70

TUNIF,270

ETAN=0.05 ! Tangent modulus

/COM = EL EMENT TYPES ****

ET,1,42,,1 t Shell ’
ET,2,42,,1 ! Shield Plug

ET, 3,42, 1 ! Lifting & Locking Ring

ET 4,12 ! Gap Elements Between Shield Plug & Shell
KEYOPT 4,71

ET,5,42,,,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,.011242 ! Gap Elements Under Bolt, Min. Preload Interference
R6,0,1.09,-.008,2.0 { Sealing Stop, initially open, gap adjusted for max. stiffness
R,7,0,1.0e9,0,1.0 ! Bottom MCO Piate, closed

1,8,0,2.42¢7,,2.0 ! Seal Spring, max. stiffness (unloading stiffness)

JCOM s MATERIAL PROPERTIES
MP,DENS, 1,490/1728 1304, 304L & 304N SS
MP,NUXY,1,0.3

MP,DENS,5,490/1728
MP,NUXY.,5,0.3

I SA193 Grade B8M
ICOM *+* DEFINING TEMPERATURES FOR MPDATA
MPTEMP,1, 70,100,200,300

JCOM *** DEFINING ELASTIC MODULI FOR 304, 304L, 304N & SA-193 ***
MPDATA,EX,1,1,28.3¢+06,28.1¢+06,27.6e+06,27.0e+06

/COM 1 SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,

ICOM ™ INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304, 304L, 304N & SA-193 ***
MPDATA,ALPX,1,1,8.46e-06,8.63e-06,9.08¢-06,9.46e-06

ICOM | SA-193
MPDATA ALPX,5,1,8.42¢-06,8.59e-06,9.09¢-06,9.56e-06

/COM SHELL GEOMETRY

IR=11.5 I'internal Sheli Radius @ Bottom

OR=12.000 1 Shell Outside Radius @ Bottom

IR2=12.02 ! Inside Radius at Coliar Sealing Surface

OR2=12.625 1 Outside Radius at Collar Sealing Surface
REVISION 0 1 2 PAGE 41
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IR3=12.25

f 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
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

I Middle Row

! Sheli Stub/Weld

/COM ™+ SHELL [DWGS SK-2-300379 & SK-2-300461] ~**

N,85,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

N,101,0R,7.18
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

! Qutside

/COM **** DOUBLE ROW SHELL ***

N,190,iR,137.18
N,192,0R,137.18
FILL

! Transition to Double Row

JCOM **** BASE OF CASK THROAT—ELEVATION: 138 INCHES **

N,217,IR,142.68
N,219,0R,142.68
FILL
FILL,190,217,8,,3,3,1

! Vertical Fill

JCOM **** BOTTOM OF COLLAR TRANSITION ***

! Transition to Double Row

N,235,IR,146.06 1 Start of Transition to Large 0.D &
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N,237,0R,146.06
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
N,243,0R,147.31
FILL ! Horizontal Fill
NGEN,2,3,241,243,1,,0.75

/COM *** COLLAR SEALING SURFACE ***
N,247,IR,149.63

N,249,IR2,149.63
FILL ! Horizontal Fill

! Assumed Location of Shield Plug Taper

{ End of Transition to Large O.D &
! Assumed Location of Shield Plug Taper

! Inside Radius of Sealing Surface
! Qutside Radius at Sealing Surface

JCOM **** THICK WALL AT COLLAR TRANSITION ****

NGEN,2,10,240,249,3

N,255,0R2,147.31 T 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,890,0R2,146.68
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

! Nodes 260-258 Coincident w/240-248 (by 3)

JCOM *** 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
FILL,262,271,2

! Nodes 271

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

JCOM **** TOP TO COLLAR (WELD CLOSURE) ***

N,295,1R3,156.00

FiLL 274,285
NGEN,3,1,259,295,3,(0R2-IR2)/2
NGEN,3,1,274,295,3,(0OR2-IR3)/2

coM 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
CsYs, 1

! Local System 2=0 at Base of Ring

JCOM *** 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 ! Top Edge
JCOM *** LIFTING SURFACE ****
CSYS, 11

N,421,RING1,5.13

N,424 RING2,5.13

FlLL 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 ™
N441RING1 .4
N,444,RING34

FILL
N,445,10.875-.197,4
N,447,10.875+.197,4
FILL
N,910,10.875-.197,4
N,911,10.9375+.187,4
N,448,RING5,4 10.D of Ring

CSYS,0 ! Bolt Extension

N,924,10.875-,197,152.00 1 Double Nodes @ Bolt for Gap elements
N,925,10.875+.197,152.00
FILL,910,924,6,2
FILL,911,925,6,,2
N,525,10.875-.197,151.874
N,527,10.875+.197,151.874
FILL

! Inside Edge of Bolt Hole
! Qutside Edge of Bolt Hole

| Bottom of Bolt Extension

{COM ** BOTTOM OF LIFTING/LOCKING RING
C8YS, 11
NGEN,2,70,441,448,1,4
FiLL,441,511,6,,10,8,1

! Bottom Surface of Lifting/Locking Ring
! Fill in Lifting/Locking Ring

JCOM wrowwmessises SHIEL By PLUG (offset y by 158.25) *asrassnrer
LOCAL,20,0,158.13

TYPE,2

PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25

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,-8.75
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 t1d 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

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,2,7,845,851,1,0.6256 ! Under Bolt

N,859,10.875+.197,-6.25

N,860,10.875+.197,-6.917 :
REVISION 0 1 2 PAGE 45
PREPARED BY / DATE CJT 04/17/9 | HSA 7/14/98}1i( 02/04/99] OF §5
CHECKED BY / DATE BW 04/17/97] ZGS 7/14/98 ,@’02/04/99




CLIENT: DE&S Hanford

B _ PARSONS

FILENO: KH-8009-8-02

PROJECT: MCO Final Design

Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4

N,861,10.875+.197,-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

JCOM *** REFINING LIFTING EAR ***
C8YS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,157.13
FILL,403,404,1,876,1
FILL,413,414,1,888,1
FILL,423,424,1,900,1
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,4056,415,1,884
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,433,434,1,908,1
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
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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,1257,1269
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

/COM *** COUPLING NODES

/COM = BETWEEN LIFTING/LOCKING RING & SHELL ***

CP,1,UY,508,277
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

! Start Threads

/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,I,1,7
CP,10+1,UY,445+10*,910+2*
*ENDDO

*DO,L1,7

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

*DO,1,1,7
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CP,24+1,UX,446+10%,910+2*|
*ENDDO

*DO,I,1,7
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

E,11,32,31

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

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

E,100.,65,101

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

/COM **** TOP SHELL (DOUBLE ELEMENT) ***
E,190,191,194,193

EGEN,2,1,-1

EGEN,7,3,-2

/COM **** BOTTOM OF COLLAR ***
TYPE,1

MAT,1

E,211,212,215,214

EGEN,2,1,-1

EGEN,11,3,-2

E,244,245,986,985

EGEN,2,1,-1

E,256,257,988,987
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E,267,258,989,988
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

JCOM **** COLLAR TRANSITION & THREADED REGIONS =*
E,237,991,261,240
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

/COM ™ MERGE COINCIDENT NODES FOR SHELL ***
ESEL,S,TYPE, 1

NSLE

NUMMRG,NODE,

EALL

NALL

/COM *** 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
E,891,892,886,885
E,886,887,406,880
E,892,416,887,886
E,423,800,888,413
£,893,414,888
£,900,893,888
E,800,424,893
E,893,894,889,414
E,424,901,894,893
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E,894,895,890,889
E,901,902,895,894
E,895,896,415,890
E,902,425,8096,895
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,904,426,899,808
E,431,432,422,421
E,905,423,422
E,432,905,422
E,432,433,905
E,905,906,900,423
E,433,908,906,805
E,806,907,424,900
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,464,914,912,4654
E,474,916,914,464
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,488,478,917,91¢
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

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

END OF LOCKING/LIFTING RING **eesrix
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I

E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,1270,652,632
E,1270,663,662
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,707,717,716,708
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,5,1,-1
EGEN,5,7,-6
E,863,860,850,852
EGEN,6,1,-1
E,860,867,866,859
EGEN,3,1,-1
E,867,872,871,866
EGEN4,1,-1

ICOM

/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
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
£,1281,1271,1270,1280

END OF SHIELD PLUG *twionn
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EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

JCOM *rrswssiiniis CONTACT ELEMENTS *isrions
/COM *** BETWEEN LOCKING RING & SHIELD PLUG ™™
TYPEA4

REAL4

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

N,3000,10.875-.197,151.88

E,3000,525

E,852,526

E,859,527

JCOM **** BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL)
REALA4

E, 271,871

E,268,872

E,265,873

E,262,874

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

ICOM *+* BETWEEN SHIELD PLUG AND SEAL LIP
TYPE4

REAL,6

E,248,870

E,249,875

/COM ** BOTTOM GAP ELEMENTS

TYPEA4

REAL,7

E,2001,1

EGEN,10,1,-1

NALL

EALL

ICOM *r#wiwasiwir END GAP ELEMENTS ™

JCOM wrririariis BOUNDARY CONDITIONS it

C8YS,0

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

NALL

EALL
NSEL,S,NODE,,2001,2010
D,ALL,ALL,0

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

E,845,846,3000,3000
TYPE4

REAL,8

E,248,869

FINI

ICOM
/SOLUTION

SOLUTION PHASE

! seal spring

TIME 1 ! bolt preload only

LSWRITE,1

TIME,2

! Preload + Pressure

JCOM *=* 150 PSI INTERNAL PRESSURE ***

NSEL,S,LOC,X,0,1.26
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,L0C,X,2.12,11.51
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

NALL

EALL

NSEL,S,LOC X,11.49,11.76
NSEL,R,LOC,Y,149.62,140.64
SF,ALL,PRES,150

NALL

EALL
NSEL,S,LOC,X,11.67,11.69
NSEL,R,LOC,Y,149.64,149.89

! Bottom Plate

!nside Shell

| Edge Shell to Seal

! Seal

FaR A AR
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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,L.OC,X,11.44,11.46
NSEL,R,LOC,Y,149.37,149.89
SF,ALL,PRES, 150

NALL

EALL
NSEL,S,LOCX,11.24,11.46
NSEL,R,LOC,Y,147.62,149.39
SF,ALL,PRES,150

NALL

NSEL,8,.0C X,11.24,11.26
NSEL,R,LOC,Y,143.12,147.64
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,L0C,X,1.34,10.92
NSEL,R,LOC,Y,141.87,141.89
SF,ALL,PRES, 150

NALL

EALL

LSWRITE,2

LSSOLVE,1,2

FINI

/POST1

SET,1
LPATH,525,527
PRSECT
LPATH,870,875
PRSECT

1 Shield Plug (above seal}

! Side of Shield Plug

! Shield Plug Taper

! Guard Plate Ring

1 Guard Plate Taper

! Guard Plate Bottom

! Obtain Bolt/Seal Response
I Bolt Cross Section

! Seal Stop Cross Section

ETABLE,FORCE,SMISC,1 ! Seal Normal Force

ESEL,S,REAL,,8
PRETAB

EALL

SET,2
LPATH,525,527
PRSECT
LPATH,870,875
PRSECT

t Bolt Cross Section

t Seal Stop Cross Section

ETABLE,FORCE,SMISC,1 ! Seal Normal Force

ESEL,S,REAL,.8
PRETAB

FINI

EXIT
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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 MCOQO 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 following load cases are considered:

1.

54g Bare Bottom End Drop without the lifting cap, 150 psi internal pressure, 132°C (270°
F) temperature.

54g Bare Bottom End Drop with the lifting cap, 450 psi internal pressure, 132°C (270°F)
temperature.

289 CSB tube drop of a fully loaded MCO onto another MCO without modified lifting cap,
150 psi internal pressure, 132°C (270°F) temperature.

28g CSB Tube Drop of a fully loaded MCO onto another MCO with modified lifting cap,
450 psi internal pressure, 132°C (270°F) temperature.

The evaluations are performed based on the criteria of the ASME Code and the Performance
Specification [1]. A combination of hand calculations and ANSYSe analysis is used.

2, REFERENCES
1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 5, December 1998.
2. ASME Boiler and Pressure Vessel Cade, Section 1l - Materials, Part D - Properties, 1998
Edition.
3. ASME Boiler and Pressure Vessel Code, Section lif, Subsection NB - Class 1
Components, 1998 Edition with 1998 Appendix F.
4. Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, 62 Edition,
McGraw-Hill Book Company, New York, 1989.
5. Swanson Analysis Systems, Inc., ANSYSe Engineering Analysis System User's Manual,
Version 5.4, 1996.
6. Parsons | & T, File KH-8009-8-05, “ Stress Analysis of the Mark IA Storage and Scrap
Basket”, January 1999.
REVISION 0 1 2 PAGE 5
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7. ASME Boiler and Pressure Vessel Code, Supplement No. 11, Code Cases for Nuclear

10.

6.

4.

Components, 1998 Edition.

Appendix 1 of the MCO Design Report, MCO Drawings.

Appendix 13 of the MCO Design Report, Main Seal Data.

Manual of Steel Construction, American Institute of Steel Construction, Sth Edition, 1989.

ASSUMPTIONS

Pressure is applied uniformly.

The maximum weight of a fully loaded Mark 1V basket is 3189.96 Ibs. The following
analyses are conservative using 3,225 Ibs. for each basket.

Maximum shell outer diameter at the collar is increased from 25.27 to 25.31inches
(drawing H-2-828042, Revision 1).

Calculations performed in this analysis are based on 25.27 inches and therefore are
conservative.

The collar thread relief thickness is conservatively modeled 0.354 inches, rather than the
minimum thickness of 0.373 inches specified on drawing H-2-828042, Revision 1.

Others as noted.

MATERIAL PROPERTIES

The MCO shell and collar are fabricated from dual certified 304L stainless steel. Dual certified
304L has low carbon content with 304 properties. The remaining components of the MCO
assembly are fabricated from 304L stainless steel (without the dual certification of the material
properties). For this analysis, allowable stress values are taken from Section ||, Part D of the
ASME Code (See [2]) and are listed in Table 11.

REVISION 0 1 2 PAGE 6
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Table 1: ASME Code Material Properties, SA - 240 Type 304 Stainless Steel

Temp 70°F 200° F 300°F 270° Fo
E - psi 28.3x 10° 27.6x 10° 27.0x 10° 27.18 x 108
Sy - psi 20,000 20,000 20,000 20,000
Sy~ psi 30,000 25,000 22,500 23,250
Sy~ psi 75,000 71,000 66,000 87,500
o-in/inf°Fo 8.46 x 10° 879 x 10° 9.00 x 10° 8.94 x 10°
Notes:

@ Mean Coefficient of Thermal Expansion from 70°F to Temp
@  Linearly interpolated between 200° F and 300° F.

Table 2: ASME Code Material Properties, SA - 240 Type 304L Stainless Steel

Temp 70°F 200° F 300° F 270° Fo
E - psi 28.3 x 10° 27.6 x 10° 27.0x 10° 27.18 x 108
Sy - psi 16,700 16,700 16,800 16,700
Sy~ psi 25,000 21,300 19,100 18,760
Sy- psi 70,000 66,200 60,900 62,490
o-infin/°Fo 8.46 x 10° 8.79x 10° 9.00 x 10 8.94 x 10°
Notes:

® Mean Coefficient of Thermal Expansion from 70°F to Temp
@ Linearly interpolated between 200° F and 300° F.

5. ACCEPTANCE CRITERIA

This calculation considers only the postulated drop loads define in the MCO Performance
Specification [1]. Criteria for the evaluated drop loads must meet Section lil, Subsection NB of
the ASME Code with Appendix F [3] and Section 4.9.5 of the MCO Performance Specification
{1]. The stress limits criteria and resulting allowables are summarized in Table 333 and Table
444, respectively, and are based on a maximum drop temperature of 132°C (270° F).
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 &)". Ultimately the
MCO shell inside diameter is not to exceed 23.25 inches.

REVISION 0 1 2 PAGE7
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Table 3: Allowable Stress Limit Criteria Summary

Stress Category Service Level D (Accident Conditions)
Primary Membrane Stress Intensity (P,,) Lesser of 2.4S, and 0.7S,

Local Membrane Stress Intensity (P,) Lesser of 3.6S,,and S,

Primary Membrane + Bending Stress Lesser of 3.6S,, and S,

Intensity (P, +P,)

Primary Membrane + Secondary Stress nfa

Intensity Range (P, +P,+Q)

Table 4: Level D Aliowable Stresses - Elastic analysis (Temperature = 132°C)

Level D Stresso Limits (ksi)
Material Sy, (ksi) P, P Py (or P) + Py
Type 304 20.0 47.25 67.50 67.50
Type 304L 16.7 40.08 60.12 60.12
Notes

® Level D Stress Limits taken from Appendix F, F-1331, 1998 ASME Code.

6. LOAD CONDITIONS & COMBINATIONS

The MCO assembly is evaluated for the following conditions:

1. 54g Bare Bottom End Drop without the lifting cap, 150 psi internal préssure, 132°C (270°
F) temperature.

2. 549 Bare Bottom End Drop with the lifting cap, 450 psi internal pressure, 132°C (270°F)
{emperature.

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

4. 28g CSB Tube Drop of a fully loaded MCO onto another MCO with modified lifting cap,
450 psi internal pressure, 132°C (270°F) temperature.

In each of the above conditions, the MCO assembly is fully loaded with five Mark IV baskets.

The 28g CSB drops bounds the 27g vertical drop with the cask. The 54g Bare bottom End
Drop bounds the following cases:

s 25 g vertical “Piston Drop” into cask

REVISION 0 1 PAGE 8
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e 27 g veriical drop with cask, bottom end down
e 35 g vertical drop into CSB tube

The drops of the MCO within the cask are evaluated as follows:

o For the 101g horizontal drop, the cask spacer discs provide support and restrain for a
horizontal drop. Furthermore, the baskets and their support rods and center posts will
provide stiffening for the shell. Such support and stiffening will prevent the MCO shell to
exceed its allowed maximum diameter. There is a high probability of localized denting of
the MCO shell where is meets with the cask spacer discs. This localized denting will
produce stresses above those acceptable for Service Level D. However, since the cask
spacer disc is thick and the MCO shell material has a relatively high elongation, the amount
of distortion will be limited and no expected breach of containment by the MCO is
expected. Since the localized denting is an inward process, violation of the circumference
criteria for criticality is not expected. Therefore, no further analysis is required.

* The two-foot 54g drop bounds the 27g drop in the cask and no further analysis is required.

+ The analysis for the corner drops can be broken down to each vertical and horizontal
resultant for each drop. Therefore, the 54g drop bounds the vertical resultant of the 33.5g
corner drop with the lid up (angle of impact is 10.5° off vertical) since it is equal to 33.5g x
Cosine(10.5°) or 32.9g. The horizontal 101g drop bounds the horizontal resultant of the
33.5g corner drop since it is equal to 33.5g x Sine(10.5°) or 6.1g. The 28g CSB drop
bounds the vertical resultant of the 27.4g corner drop with lid down (angle of impact is
10.5° off vertical) since it is equal to 27.4g x Cosine(10.5°) or 26.9g. The horizontal 101g
bounds the horizontal resultant of this drop since it is equal to 27.4¢g x Sine(10.5°) or 5.0g.
The resulting stresses for the bounding cases investigated in this calculation do not exceed
allowables. Therefore, the stresses ensuing from the 33.5g and 27.4g corner drops are not
expected to exceed the bounding analyses performed and no further analysis is required.

7. FILTER GUARD PLATE

7.1  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 289 load of the entire payload of the
MCO including baskets. Conservatively, no credit is taken for the baskets to support any of

REVISION 0 1 2 PAGE 9
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the fuel. Service level D stress allowables are used for the acceptance criteria. The load level
of 28 g’s bounds the loading case of 27 g's (fid down) in Table 3 of the MCO Performance
Specification.

7.2 Method of Analysis

A hand calcutation 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.

Assumptions

. The fuel loads the plate uniformly

. Temperature at impact is 132°C (270°F)

. Maximum weight comes from 5 Mark |V baskets; each basket weighing a maximum of
3,225 Ibs.

7.3
1
2. The baskets provide structural capacity to distribute the fuel load.
3
4

74 Geometry

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

7.5 Material Properties

The guard plate and its support ring are fabricated from Type 304L stainless steel. At 132°C
(270°F), the material properties, as defined in Sections 4 and 5, are:

E =27.2x10° psi Sy = 16.7 ksi v=03

Sy = 19.76 ksi Sy = 62.49 ksi

7.6 Acceptance Criteria

The guard plate must not deflect more than one inch, as it must protect the filters. The
support ring must also be checked for buckling.
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7.7 Load Combinations

The only load considered for this calculation is an axial 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

7.8.1 Support Ring

The support ring is assumped to support the entire weight of the payload. The area of the ring
is:

2 2
A= nx{zzf = }: 67.54in?
and
F = (5 baskets)(3,225 Ibs.)(28g) = 451,500 Ibs.

The stress in the ring is:

o=—=———-=6684.9psi or 6,685 psi

The stress o is well below the allowables of Service Level D (See Table 444). Assuming a
uniform axiat load p, the change in the height dimension can be found by:

From Roark’s [4], Table 28, Case 1a;

R_1025in _ 455
t 1.00in
pY
Ay =22
YR
where;
s - 451500lbs Ibs
p= Unit Load = ——2r—0 < = 6685 S
(2225225

Ring Height = 4.25 inches
(6.685™y)x(4.25in)

Ay = =0.001inches
Y= 127.2x10° psi)x(1.00in)
REVISION 0 1 2 PAGE 11
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Because of its geometry (very short) and low stress, buckling of the ring is not a concern.
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:

Wi = 88.11 Ibs (89 Ibs is conservatively used)
Weare = 163.96 Ibs (164 Ibs is conservatively used)
The center of gravity, from the bottom of the shield piug, of those two components is:

(WPuns )(X PLATE) + (WR]NG)(X RING)
Werazs + Weg

150in

5 ) +(8L1216s)(
(155.201bs) +(81.121bs)
CG = 3.99 inches
The circumferential tength of weld, where the diameter, D = 22.50 inches, is
Ly == D =70.7 inches
and the weld section modulus is
Sy = _75(%)2 _ n(zzjom)’

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. From Table NF-3324.5(a)-1:

For the base metal (Type 304L) S, @ 132°C = 62.49 ksi (from Table 2 above). While not
specified, the weld metal will have 'as good or better' material properties than the base metal.
Therefore, S, for weld metal is 62.49 ksi. The stress limits then become;

For the base metal, F, = 0.40(Sy goce v} = 0.40(19.76 ksi) = 7.90 ksi
For the weld metal, Fy, = 0.30(S we) = 0.30(62.49 ksi) = 18.75 ksi

425i
(155.201bs)(425in+ 5’”)

=398 in®
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And from Appendix F, F-1334 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 >

Y
1.28, or 1.4,if 8, < 1.2S,, where S, is the yield strength, in ksi, and S, is the ultimate tensile
strength, in ksi, both at temperature.”

1.28,=1.2(19.76) = 23.7 < §,,, therefore

146730 =1 4g7 82:4%Ks]

S, 19.76ksi
Using a factor of 2, F,, then becomes:
For the base metal, F,, = 2(7,900 psi) = 15,800 psi
For the weld metal, F,, = 2(19,750 psi) = 39,500 psi
As stated above, 101g side drop is the worst possible case and therefore is considered below.
= (109X Wan +Wouare) _ (1019)89 lbs + 164 Ibs)

=3.69 >2

L 70.7in
fo = 361 Ibfin,
£ = (1019)XWae +Whiare XCG) _ (1019)(89 Ibs + 164 Ibs)3.99 in)
w2 Sw 398in?
fon = 257 Ibfin.
fw= \/(fw1 )2 "’(fwz)2 = \/(361 %)2 + (257 l%')z
w = 443 Ib/in
The minimum weld size required is
For the Throat = 243Y2 = 0.0158 in
39,500
For the Base = —23_ = 00280 in
15,800

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

Weld,,, = 0.3125 in.
And the stresses in the 5/16 inch weld are then:
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For the Throat = 4152 =188
0.3125in
For the Base = 415 =1
0.3125in

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 (load case 3). 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 25, Table 5 indicates that the seal stop does not exceed
yield (21.75 ksi calculated v. 23.25 ksi yield) when the MCO has an internal pressure of 150
psig. This section evaluates the consequences when such seal stop exceeds minimum
material yield strength (potential worst case scenario at 0 psig). The seal stop is relatively
narrow at 0.270 inches.

Given:
Wiieo = Weight of fully loaded MCO = 19,703 Ib.
G = G-load = 28
oy = 304 minimum yield strength @ 132°C = 23,250 ksi
ODg, = Shield plug outside diameter = 23.980 in.
tgs = Seal stop width = 0.270 in.
Ags = Seal stop area = 20.11 in?
hgs = Seal stop height = 0.155 in.
The seal stop stress for a 28g drop is
 0ss)O) o g
S$S

Estimating the plastic strain by conservatively assuming a strain hardening slope of 1.6 x 10°
psi [6] gives: ’

Oss —Oy

"1.6x10%psi
oy = 304L minimum yield strength @ 132°C = 19,760 ksi
£ = 0.048 in/in

8p = (gp)(hgs) plastic (non-recoverable) deformation, inches

£p plastic strain, in/in
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8, = 0.00743 inches

Stress, psi /

- ——p
€p Strain, infin
The Helicoflex seal of this cross-section size (4.7 mm) can accommodate an additional
0.3 mm (.012 in.) of compression [9] and maintain sealing.
As 0.00743 in. < .012 in., the seal will remain feak-tight.
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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 following analysis is
performed at 132°C (270°F) with an internal pressure of 450 psi (load case 2). The analyses
in Section 12 determine the response of the MCO during load cases 1 and 2 (see Section 6 for
definition of load cases).

9.2 Geometry

The MCO consists of a cylindrical shell, bottom plate, shield plug, locking ring and jacking
bolts. The shell has an outer 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 plate of the MCO is a solid plate 1.130
inches thick at the center and 2.010 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
R
o =BR

where;

p = internal pressure = 450 psig
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R = Mean Radius = (24.00+23.00)/4 = 11.75 in.
T = thickness of MCO shell = 0.5 in.
Therefore;

_ (450Y11.75) _ 4575 psi
0.50

P

9.4.2 Hydrostatic Pressure

Upon impact, it is assumed that the bottom basket is crushed. No credit is taken for the
baskets to support the fuel and the bottom baskets’ fuel is modeled with hydrostatic properties
(see Figure 11). The values of K and vy are obtained from [6]. The pressure acting on the shell
on at the top of the bottom basket is equivalent to the weight of the four baskets above it and
determined as follows:

Given:

2
A = MCO internal area = nxgs;fg— =415.48in°

We= Maximum weight of a Mark iV basket = 3,225 lbs
G = g-load = 54

K = Pressure Coefficient = 0.3

v = Density of fuel = 0.217 Ibfin®

h = height of basket = 28 inches is conservatively used

p _ (4 baskets)x (3225 Ibs)
° 41548 in*

x54gx 0.3 =503 psi

The triangular pressure distribution is.
P, = (K(G)Ah)( )+ P,

The maximum pressure due to the triangular pressure distribution component occurs where h
is maximum (28 inches).

Ph. max = (K)(GYAR) 1)+ P, = (0.3)(54)(28)(0.217) + 503 = 1,051 psi

This pressure is additional to the internal P = 450 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. Conservatively assuming that the maximum pressure
from the crushed fuel and the internal are uniformly distributed (constant pressure of 1,051
psi), and that the ends of the shell are not constrained, the maximum radial displacement is
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shown to be much less than 0.125 inches. From Roark [4], Table 28, Cases 1b, the
deformation in a thin-walled pressure vessel, with a uniform radial pressure is used:

2
Ak, =
where;
q = Internal pressure = 1,051 psi
R = Radius of Curvature = 11.75 inches
E = Young's Modulus = 27.2 x 10° psi
t = Wall thickness of the pressure vessel = 0.50 inches
therefore;
(450psi) x (115)*
B~ (272 % 10° psi) x (05in)

= 0.00438

This radial displacement, calculated very conservatively, is well below the maximum of 0.125
inches
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P=150 psi
or 450 psi

—

5

R =B + P + 0.217x54x0.3xh

I

|

|

|

|

|

|

|

|

|

v
7.
|

h=25.741

Figure 1: Bare Bottom End Pressure Loading
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2 2 (450psi) x (115)*
AR, =& ag, =LY 97 aR, - 5) = 000438
=gy SN T Ty I (27.2 % 10 psi) x (0.5in)

gl _{764.09)139.76) {4424)11.50)(24.14)
LA A Y 4424 =0.0074310. CSB
y 24.14 {27.2x10°f0.50)139.76)

TUBE DROP

10.1 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 28g 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.

10.2 Geometry

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 1.130
inches thick at the center and 2.01 inches at the edges.

10.3 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 MCQ is restricted by the CSB Tube.

10.4 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 being
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, muiltiplied 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 plug first, and not the locking ring. From [1], the weight of a fully loaded MCO,

REVISION 0 1 PAGE 20

2
PREPARED BY /DATE | 2GS 4117/97 | 2GS 07114198 15 02/09/99 OF 125

CHECKED BY / DATE JN 4/17/97 HA 07/14/98 4%/02/09/99




" _PARSONS

CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8009-8-

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix §

dry, with five loaded Mark IV baskets is 19,703 Ibs (20,000 Ibs is conservativiey assumed).
The area of the shield plug does not include the process ports, therefore it is

Asp = 39.54 in?
The equivalent load applied is

Peq = (28)(20,000) = 560,000 Ibs
therefore;

P,
2 _ 1371958 psi
ASP

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:

Acae = 316.6 in? (does not include the access port hole through the cap)
therefore;
Peo _ 1769 psi
CAP

The bottom shell of the MCO sees a stress of Pgy/Agy equal to

2 2
Asnen = (n)_____—(24.00) ;(23’00) =36.91in?

SI— APEQ =15,172psi
SHELL

11.  ANSYSo ANALYSIS

In addition to the hand calculations described in Sections 8 and 9, an evaluation of the MCO
assembly are performed using the ANSYSe, Version 5.4 finite element program.

11.1 Axisymmetric Model (Load Cases 1, 2, and 3)

The model is axisymmetric (2-D) with PLANE42 elements which have 4 nodes and 2 degrees
of freedom at each node.

11.1.1 Boundary Conditions

Symmetry boundary conditions are applied at the' edges of the model. Nodes between the
jacking bolts and the locking ring, and nodes between locking ring threads and shell threads

REVISION ] 1 2 PAGE 21

PREPARED BY /DATE | zGS 4/17197 | 2GS 0714/98 (4 02109/99 OF 125

CHECKED BY / DATE JN 4/17/97 HA 07/14/98 9&/ 02/09/99




® I PARSONS

CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8009-8-

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

are coupled. The gap elements between the shield plug and the bottom of the jacking bolts
have a very small positive interference to represent the pre-load on the bolts. Gap elements
are used at the bottom of the model in order to simulate contact between the bottom plate and
ground while allowing for bending and/or axial distortion of the bottom plate.

Load Case 1 analyses the 54g bare bottom end drop of the MCO with a 150 psi internal
pressure, without the liting cap. Load Case 2 uses the same model to analyze the 54g bare
bottom end drop of the MCO with a 450 psi internal pressure, with the lifting cap. For load
case 2, the lifting cap is not explicitly modeled. The load from the weight of the cap is applied
to the top of the canister collar.

11.1.2 Bare Bottom End Drops {Load Cases 1 and 2)

Load Case 1 analyses the 54g bare bottom end drop of the MCO with a 150 psi internal
pressure, without the liting cap. Load Case 2 uses the same model to analyze the 54g bare
bottom end drop of the MCO with a 450 psi internal pressure, with the lifting cap. For load
case 2, the lifting cap is not explicitly modeled. The load from the weight of the cap is applied
to the top of the canister collar as a pressure.

The bare bottom drop analysis is performed with hydrostatic pressure in addition to the design
pressure (150 psi for load case 1 and 450 psi for load case 2). The load applied by the
payload is modeled as a pressure exerted on the bottom plate of the MCO, and is equivalent
to the weight of five loaded Mark IV baskets distributed over the area of the plate. ltis;

(23.00)
4

A, = MCO Bottom Plate area = nx =415.48 in?

W= Maximum weight of a Mark IV basket = 3,200 Ibs (see discussion below)

5(W,)(54g) 5x(3,200)x (54g) .
P.= B = =2079.5
b A 415.482 % pst

P

The hydrostatic pressure described in Section Hydrostatic Pressure is applied, with the
exception that the applied hydrostatic pressure is based on the previous maximum basket
weight of 3,200 fb, rather than a bounding weight of 3,225 Ib. Although non-conservative, the
payload loads applied to the FEA analyses are based on 3,200 Ib. The effect is less than 1%,
and considering the low stress ratios, the effect is negligible. Boundary conditions are applied
as described in Section 11.1.1.

11.1.3 CSB Tube Drop {Load Case 3)

Load case 3 analyses the impact of a MCO onto another MCO within a CSB tube. The top
MCO impacts with a force of 28g. The analysis is performed by applying a pressure (14,162
psi, as defined in Section 10.4) to the top surface of the shield plug to simulate the impact of
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the top MCO onto the bottom MCO. The internal design pressure of 150 psi (without the lifting
cap) is also applied. Boundary conditions are applied as described in Section 11.1.1.

11.2 Model (Load Case 4)

This model is half-symmetric (3-D) with SOLID45elements which have 8 node and 3 degrees
of freedom at each node.

11.2.1 Boundary Conditions

The model has symmetry boundary conditions applied at the symmetry section cut. Nodes
between the jacking bolts and the locking ring, and nodes between locking ring threads and
shell threads are coupled. The gap elements between the shield plug and the bottom of the
jacking bolts have a very small positive interference to represent the pre-load on the bolts.
Gap elements are used at the bottom of the model in order to simulate contact between the
bottom plate and ground while allowing for bending and/or axial distortion of the bottom plate.

11.2.2 CSB Tube Drop

Load case 4 analyses the impact of a MCO onto another MCO within a CSB tube. The top
MCO impacts with a force of 28g. The analysis is performed by applying a pressure (1,769
psi, as defined in Section 10.4) to the top surface of the lifting cap to simulate the impact of the
top MCO onto the bottom MCO. The internal design pressure of 150 psi (without the lifting
cap) is also applied. Boundary conditions are applied as described in Section 11.1.1.

12. RESULTS

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. The results are
summarized in the following tables. Table 555 and Table 666 summarize where the stresses
are linearized. Table 777 summarizes the maximum radiat displacement of each analysis. The
stress ratios in Table 888 through Table 111111 are calculated as the ratio of the maximum
stress intensity to the allowed stress for that type of stress intensity. Table 11 is a summary of
the maximum deflections of the filter guard plate under different load cases.
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Table 5: ANSYS Model Stress Report Sections

Axisymmetric Model, Load Cases 1,2 & 3

Component Section Inside Node Outside Node
Bottom Plate 1 1 41
2 9 49

3 10 50

Lower Shell 4 50 52
5 1101 1103

6 62 64

Middle Shell 7 134 135
8 180 181

Upper Shell 9 202 204
10 232 234

11 249 261

12 262 264

13 274 279

14 277 279

15 292 294

Shield Plug 16 601 641
17 601 613

18 603 683

19 606 706

20 766 806

21 768 808

22 750 810

23 736 815

24 869 874

25 870 875

Guard Plate 26 851 865
27 1290 1260

28 1282 1262

29 1283 1263

30 1274 1254

31 1276 1256

Locking Ring 32 431 434
33 406 426

34 921 498

35 404 424
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Table 6: ANSYS Model Stress Report Sections

Half-Symmetric Model, Load Case 4

Component Sectiono Inside Node QOutside Node
Bottom Plate 1* 1 41
2 9 49

3 10 50

Lower Shell 4 50 52
5 1101 1103

6 62 64

Middle Shell 7 134 135
8 180 181

Upper Shell e} 202 204
10 232 234

11 249 261

12 262 264

13 274 279

14 277 279

15 292 294

Shield Plug 16* 1940 55940
17 1901 1913

18 2068 2108

19 2169 2174

Guard Plate 20 2509 2511
21 2525 2528

22 2549 2552

23 2574 2583

24 2500 2502

Locking Ring 25 1704 1724
26 1721 1724

27 1731 1734

Lifting Cap 28* 1311 1301
29* 1349 1345

30% 1383 1389

31* 1437 1433

32 1487 1485

33 1477 1481

34 1587 1591

35 1598 1602

36 1631 1635

37 302 304

Notes: @ Al sections listed are those defined at the 0° azimuth, and except those
identified by 1, are repeated at the 90° and 180° azimuth [ocation
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Table 8: Bare Bottom End Drop (54g), without Lifting Cap
Summary of Maximum Stress Intensities (Load Case 1)

COMPONENT Membrane Stress Membrane + Bending Stress
Intensities Intensities
Max SI SR Max Sl SR
Bottom Plate 3,344 0.07 7,161 0.11
Lower Shell 19,930 0.42 22,310 0.33
Middle Shell 5,735 0.12 5,815 0.09
Upper Shell/Collar 4,604 0.10 7,239 0.11
Shield Plug 7,322 0.18 9,016 0.15
Guard Plate 312.9 0.01 700.2 0.01
Locking Ring 1,727 0.04 2,229 0.03

T*able 9: Bare Bottom End Drop (549) with Lifting Cap
Summary of Maximum Stress Intensities (Load Case 2)

COMPONENT Membrane Stress Membrane + Bending Stress
Intensities Intensities
. Max Sl SR Max Sl SR

Bottom Plate 3,933 0.08 8,441 0.13
Lower Shell 25,060 0.53 28,440 0.42
Middle Shell 10,710 0.23 10,950 0.16
Upper Shell/Collar 10,660 0.33* 11,160 0.24*
Shield Plug 5,749 0.14 8,296 0.14
Guard Plate 585 0.01 1,057 0.02
Locking Ring 2,099 0.05 2,703 0.04

A Stress ratio reflects the thickness ratio of the effective weld throat to the basic shell
thickness (0.375/ 0.500 = 0.75) in conjunction with the 0.90 stress reduction factor per
code case N-595A.1.b
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Table 10: 28g CSB Tube Drop without Lifting Cap
Summary of Maximum Stress Intensities (Load Case 3)

COMPONENT Membrane Stress Membrane + Bending Stress
Intensities Intensities

Max Sl SR Max Si SR

Bottom Plate 8,522 0.18 12,030 0.18
Lower Shell 16,930 0.36 19,730 0.29
Middle Shell 16,450 0.35 16,520 0.24
Upper Shell/Collar 16,630 0.35 17,760 0.26
Shield Plug 19,040 0.48 21,740 0.36
Guard Plate 5,776 0.14 9,496 0.16
Locking Ring 977 0.02 1,013 0.02

Table 11: 28g CSB Tube Drop with Lifting Cap
Summary of Maximum Stress Intensities (Load Case 4)

COMPONENT Membrane Stress Membrane + Bending Stress
Intensities Intensities
Max Sl SR Max Si SR
Bottom Plate 11,850 0.25 19,040 0.28
Lower Shell 21,170 0.45 22,890 0.34
Middle Shell 20,640 0.44 20,850 0.31
Upper Shell/Collar 28,270 0.92% 39,080 0.88*
Shield Plug 1,477 0.04 3,230 0.05
Guard Plate 1,799 0.04 2,277 0.04
Locking Ring 8,373 0.21 12,990 0.22
Lifting Cap 27,880 0.70 33,180 0.55

A Stress ratio reflects the thickness ratio of the effective weld throat to the basic shell
thickness (0.375 / 0.500 = 0.75) in conjunction with the 0.90 stress reduction factor per

code case N-595A.1.b
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Table 12: Summary of Guard Plate Maximum Deflections

Load Case Maximum Plate Deflection (in.)
1 | 54g Bare Bottom End Drop without Cap 0.008
2 | 54g Bare Bottom End Drop with Cap 0.008
4 | 28g CSB Tube Drop with out Cap 0.007
5 | 28g CSB Tube Drop with Cap 0.008
12.1 Buckling’

12.1.1 End Drop

The maximum compressive membrane stress is checked according to Paragraph NB-3133.6
of [3]. From the analyses using the models described in Section 11, the maximum
compressive axial stress in the MCO shell occurs during the postulated drops is 15,620 psi.
This result occurs during the CSB drop, with the end cap and zero internal pressure. The
results are extracted from Load Step 2 of the ANSYS® analysis, of which the input file
(CSBCAP.INP) is listed in Appendix A.

Per Paragraph NB-3133.6(b) of [3], the parameter A is:

a=2125 _6 0052
Re

T

Where the minimum thickness of the MCO Shell, T = 0.485 in. and the inside radius of the
MCO Shell, R, =11.50 in.

0125 __ 4 0052

11.50

0.485
The corresponding value of B, obtained from HA-1 of [2], at 132°C (270°F) is 11,300 psi
(interpolated value). Per paragraph F-1331.5 of [3], the allowable compressive stress is equal

to 160% of B, or 16,950 psi. Since this value is greater than the computed compressive
stress, the MCO shell meets the buckling criterion for an end drop.

As stated above, the maximum allowed compressive stress is 16,950 psi. Although, Tables 9
and 10 of Section 12 report maximum stress intensities greater than 16,950 psi, none of the
compressive axial stresses exceed this
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14. SHELL BOTTOM WELD ANALYSIS
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The Shell Bottom Assembly is a weldment consisting of the shell bottom with six basket support
plates and a process tube guide cone welded to it. The evaluation was done to determine the
attachment weld stresses. The loading condition is 450 psi internal pressure at 270(F. Thisis a
Level D condition. The Basket Support Plate welds are double 5/16" fillets. The Process Tube
Guide Cone welds are double 1/4" fillets.

The evaluation was done using a 3-D ANSYS model (MCObtm990204, listed below) of the
various components. The model is a 30 degree symmetrical sector of the bottom plate (see
Figure X). There are 6 basket support plate located radially at 60( intervals. The model
includes from the radial centerline of one basket support to half way between two support
plates. Solid45 3-D Structural Solid elements are used to create the components. The strength
and properties of the 304L material are adjusted for the elevated temperature.

The model is the bottom 8" of an MCO. Enough of the shell wall is included to get beyond the
end effects of the joint to the bottom plate. The top cut edge of the model is restrained in the
vertical direction. The sides of the sector constrained as symmetrical boundaries.

The basket support plate and tube guide welds are modeled with solid elements. Both local
and average weld stresses are evaluated. . None of these welds are any part of the pressure
boundary. They are double fillet welds with dye penetrant inspection, Type V, category E, per
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ASME NG3352.5. From Table NG-3352-1 the welds have a quality factor of 0.6. From Table 4,
304L has an allowable stress intensity limit at 270(F under level D conditions of 60.12 ksi. Thus
the welds are limited to 0.6 (60.12) = 36.1 ksi.

The results of the analysis indicate a maximum stress intensity of 18,730 psi in the 5/16" basket
support fillet weld. This occurs in a localized area at the lower corner at the inner end of the
weld. The 1/4" tube guide fillet weld shows a maximum stress intensity of 28,299 psi at the top
outer corner. Again this is a localized stress.

Weld Allowable Limit Applied stress Stress Ratio
Basket support 36,100 18,730 0.52
Tube Guide . 36,100 28,299 0.78

Thus all the Shell Bottom Assembly welds have an acceptable margin.
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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

ANSYSe-PC

54

Windows NT 4.0, Pentiume Il Processor
KH-8009-8-03

CSBCAP.inp

MCO CSB Tube Drop with Lifting Cap
12 December 1998 16:06:44 AM

Foe :/ /(//0//—91_3 L//?‘//?f

Prepared By: Joseph C. Nichols

Date

M Foe_ e (e %Af

Checked By: Mike Cohen

Date
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LISTING OF CSBCAP.INP FILE
fini
/cle
/FILENAM, CSBCAP
/PREP7
/TITLE, 132 DEGREES C, 450 psi PRESSURE, Bare Bottom End Drop
/COLOR, NUM, BLUE, 1
TREF, 70
TUNIF,270
ETAN=0.006 ! Tangent modulus
/COM **%* ELEMENT TYPES %#%%
ET,1,80LID4S ! Shell & Collar
ET,2,80LID45S : Lifting Cap
ET, 3,458
BT, 4,45
ET, 5,45
ET, 6,45
ET,7,52,,..0,,,% ! Gap Elements
et,8,14
KEYOPT, 8,2,0
KEYOPT, 8,3,0C
/COM *x%xk*x%xkx%% REAL CONSTANTS FOR GAP ELEMENTS ***%kxs & ks
R,4,1.0e8,0.045,3.0 ! Shell/Shield Plug, Initially Open 0.04%"
R,5,1.0e8,-2.75e-03 t L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,1.0e8,0,2.0 ! Sealing Surface, closed
R,7,1.6e8,0,1.0 ! Above Plug, Closed
R,8,2.42e7 t Seal Spring, Max. Stiffness
R,S,2.42e7/2 t 8eal Spring, Max. Stiffness
R,10,1.0e8,0,1.0 ! Above Plug, Closed
/COM kxkkxxkkxxk** MATERIAL PROPERTIES *X*kkkkkdkkhtxk
MP,DENS, 1,490/1728 ! 304L S8
MP,NUXY,1,0.3
/COM *x%** DEFINING TEMPERATURES FOR MPDATA **¥*
MPTEMP, 1, 70,100,200,300,400,500
MPTEMP, 7,600,650,700, 750
/COM *x%* DEFINING ELASTIC MODULI FOR 304L & SA-193 *%x%
MPDATA,EX,1,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06
MPDATA,EX,1,7,25.3€+06,25.1e+06,24.8e+06,24.5e+06
/COM *¥*%% MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) *#%*
! SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55e-06,8.79¢-06,9.00e-06,9.19e-06,9.37e-06
MPDATA ,ALPX,1,7,9.53e-06,9.61e-06,9.6%e-06,9.76e-06
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JCOM *k#xkxsxxskscs GQHEL], GEOMETRY *% %% sk xaxdksx®¥x

IR=11.
OR=12.
IR2 =
OR2 = 12.685

IR3 = 12.284
IR4=12.174

49
000
12.902

/COM ***% BOTTOM
N,1,,-1.32
N,2,1.25,-1.32
N,3,2.23,-1.32
N,10,11.423,-1.32
FILL

PLATE

N,41,0.00,-0.18 !
N,42,1.25,-0.18
M,43,2.13,0.68

N,50,IR,0.69

FILL, 43,50

N,52,0R,0.69

FILL, 50,52

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
FILL,50,53,1,1101
FILL,51,54,1,1102
FILL,52,55,1,1103

X
!
!

(DWG SK-2-300378]

Row 3

/COM #*=x*x* SHELL [DWGS SK-2-300379

N,65,1IR,6.68
N,67,0R,6.68
FILL

FILL, 53,65,3,,3,3,1
FILL,53,56,1,1104
FILL,S55,58,1,1106
FILL,1104,1106
FILL,56,5%9,1,1107
FILL,58,61,1,1109
FILL,1107,3109
FILL,5%,62,1,1110
FILL,61,64,1,1112
FILL,1110,2112
FILL,62,65,1,1113
FILL,64,67,1,1115
FILL, 1113,1115

/COM **%* SINGLE RCW SHELL *%%%

nternal Shell Radius @ Bottom

Shell Outside Radius @ Bottom

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

Inside Radius

*kk &

Row 1

Middle Row

Shell Stub/Weld

ok %k

& SX-2-300461)
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N,100,1IR,7.18
N,140,IR,71.68
"N,180,IR,136.68
N,101,0R,7.18
N,141,0R,7L.68
N,181,0R,136.68
FILL,100,140,20,,
FILL,140,180,19,,
FILL,100,102,2,1116,2
FILL,102,104,2,1120,2
FILL,104,206,2,1124,2
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

2,
2,

Inside

¢ Outside

2,1,2.90
2,1,

.5

NGEN,2,%,1116,1146,2,0.50

/COM *%** DOUBLE ROW SHELL **%%

N,190,IR,237.18
N,192,0R,137.18
FILL

¢ Transition to Double Row

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

N,217,IR,142.68
N,219,0R,142.68

FILL
FILL,180,217,8,,3,3,1

Transition to Double Row

! Vertical Fill

/COM *%%* BOTTOM OF COLLAR TRANSITION *#**%

N, 235, IR, 146.06
N,237,0R,146.06

FILL

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

FILL
FILL,217,235,5,,3,3,1

Staxt of Transition to Large O.D &
Assumed Location of Shield Plug Taper

! Horizontal Fill
t Vertical Fill

/COM **%x TOP OF COLLAR TRANSITION ***%*

N,241,IR,147.31
N,243,0R,347.31

FILL
NGEN,2,3,241,243,1,,0

! End of Transition to Large 0.D &
! Assumed Location of Shield Plug Taper
! Horizontal Fill

75

/COM *%%% COLLAR SEALING SURFACE *x*%

N,247,IR,149.63
N,249,IR2,149.63
FILL

! Inside Radius of Sealing Surface
! Qutside Radius at Sealing Surface
! Horizontal Fill

/COM #*%* THICK WALL AT COLLAR TRANSITION *#x*

NGEN, 2,10,240,249,3
N,255,0R2,147.31
N,261,0R2,14%.63
N,258,0R2,148.06
N, 980,IR,149.38
N,9$81,11.755,149.38

! Nodes 250-259 Coincident w/240-249 (by 3}
! Qutside Surxface
! Outside Surface

REVISION

0 1 PAGE 36

PREPARED BY /DATE

2
ZGS 417197 | ZGS 07/14/98 |5/ 2/09/99 OF 125

CHECKED BY / DATE

JN 4/17/97 | HA 07/14/98 w4 02/09/99




PARSONS
CLIENT: DE&S Hanford, Inc. FILE NO: KH-8008-8-03

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

N, 982, IR2,149.38
N,883,12.317,149.38

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) ***x
NGEN, 2,3,258,,,,0.175 ! Nodes 262

/COM **%* COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) *#%*
NGEN, 2,9,262,,,,1.655 ! Nodes 271

FILL,262,271,2

NGEN, 3,1,259,271,1, (OR2-IR2) /2

/COM **%% COLLAR AT BASE OF THREADS **¥%
N,274,IR4,151.58
N,1000,3IR2,151.58

/COM **%% TOP TO COLLAR (WELD CLOSURE)} *%*x
N,277,IR4,152.26
N,280,IR4,152.95
N,283,IR4,153.63
N,286,IR4,154.32
N,289,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,282,IR3,155.30
N,295,1IR3,155.875
N,300,IR3,154.725

N, 302, IR3,155.745

N, 304,0R2,155.745

FILL, 302,304
NGEN,2,1,274,289,3,0.27

NGEN, 2,1,275,29¢,3,0.211

NGEN, 3,1,292,295,1, (OR2-IR3} /2

/COM CHANGING TO LOCAL COORDINATE SYSTEM
LOCAL,3C,1,,,,.90 ! Cylindrical Coordinate for Nodal Sweep Pattern

/COM %%k ®ksxsxix* NODAL GENERATION 60 DEGREE SWEED *¥****k¥kxk¥¥x
NGEN, 19,3000,1,1700,1,,-10 ! 5 Degree Increments

NDELE, 3041,108041,3000 ! Deleting Extra Nodes at Bottom Plate Axis
NDELE, 3021, 108021,3000
NDELE, 3001, 208001,3000
NDELE, 4300, 109300, 3000

NDELE, 4299, 109299,3000 ! Deleting Nodes at Lifting Cap Axis
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JCOM #%#xxs%%kxx%x ELEMENT GENERATION *%%% %%k *kk#%x
JCOM *hkskxiekdsknk SGHRELI, **whhkkirxdrs
TYPE, 1 ! SOLID45 - 8 Node Brick
E,2,3002,1,1,22,3022,21,21 ! Bottom Plate
*repeat, 18,3000,3000,,,3000,3000,,
£,22,3022,21,21,42,3042,41,41
*repeat, 18,3000,3000,,,3000,300¢,,
E,23,42,22,22,3023,3042,3022,3022
E,3,23,22,22,3003,3023,3022,3022
E,2,3,22,22,3002,3003,3022,3022
EGEN, 18,3000,-3
E,3,4,3004,3003,23,24,3024,3023
EGEN,7,1,-1
EGEN, 18,3000,-7
EB,23,43,42,42,3023,3043,3042,3042
EGEN, 18,3000, -1
E,23,24,3024,3023,43,44,3044,3043
EGEN,9,1,-1
EGEN, 18,3000,-9
E,10,11,3011,3010,30C,31,3031,3030
EGEN, 18,300C,-1
E,32,11,31,31,3032,3011,3031,3031
EGEN, 18,3000, -1
E,50,51,3051,3050,1101,1102,4102,4101 ! Bottom Shell
EGEN,S5,3,-1
EGEN, 18, 3000,-5
E,1101,1102,4102,4101,53,54,3054,3053
EGEN,S,3,-1
EGEN, 18, 300¢C, -5
E,51,52,3052,3051,21102,1103,4103,4102
EGEN,5,3,-1
EGEN, 18,3000, -5
E,1102,1103,4103,4102,54,55,3055,3054
EGEN,5,3,-1
EGEN, 18,3000, -5
E,100,65,66,66,3100,3065,3066,3066
EGEN, 18,3000, -1
E,67,101,66,66,3067,3101,3066,3066
EGEN, 18,3000, -1
E,100,101,66,66,3100,3101,3066,3066
EGEN, 18,3000, -1
E,100,101,3101,3100,1116,1117,4117,4116
EGEN, 18,3000, -1
E,1116,1117,4117,4116,1118,1115,4119,4118
EGEW, 8,4,-1
EGEN, 18,3000,-8
B,1118,1119,4129,4118,102,103,3103,3102
*repe,8,4,4,4,4,2,2,2,2
EGEN, 18,3000, -8
e,102,103,3103,3102,1120,1121%,4121,4120
*repe,7,2,2,2,2,4,4.,4,4
EGEN, 18,3000,-7
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E,116,117,3117,3116,128,119,3118,3118
EGEN, 32,2,-1

EGEN, 18,3000, -32
E,180,190,191,191,318¢,3190,3151,3192
EGEN, 18,3000, -1
E,180,181,191,191,3180,3181,3151,3191
EGEN,18,3000,-1
E,181,192,191,191,3183,3192,3191,3191
EGEN, 18,3000, -1
E,190,1981,3191,3190,193,194,31%4,3193
EGEN,18,3,-1

EGEN, 18,3000, -18
E,191,192,3192,3191,194,1985,3195,3194
EGEN, 18,3,-1

EGEN, 18,3000, -18
E,244,245,3245,3244,985,986,3986,3985
EGEN,2,1,-1

EGEN, 18,3000,-2
E,985,986,3986,3985,980,981,3981,3980
EGEN,2,1,-1

EGEN, 18,3000,-2
E,980,981,3981,3980,247,248,3248,3247
BGEN,2,1,-1

EGEN, 18,3000, -2
E,251,9%1,990,990,3251,3991,3990,3590
EGEN, 18,3000, -1
E,237,991,3991,3237,250,251,3251,3250
EGEN, 18,3000, ~1
E,250,251,3251,3250,253,254,3254,3253
EGEN,2,3,-1

EGEN, 18,3000, -2
E,251,990,3990,3251,254,255,3255,3254
EGEN, 18,3000,-1
E,254,255,3255,3254,257,258,3258,3257
EGEN, 18,3000, -1
E,256,257,3257,3256,987,988,3988,3587
EGEN, 18,3000, -1
E,257,258,3258,3257,988,989,3989,3988
EGEN, 18,3000, -1

E, 988,989,3989,3588,983,984,3984,3983
EGEN, 18,3000, -1
E,987,988,3988,3987,982,983,3983,3982
EGEN, 18,3000, -1
E,982,983,3983,3982,259,260,3260,3259
EGEN, 18,3000, -1

E, 983,984,3984,3983,260,261,3261,3260
EGEN, 18,3000, -1
E,259,260,3260,3259,262,263,3263,3262
EGEN, 9,3,-1

EGEN, 18,3000, -9
E,1000,274,271,271,4000,3274,3271,3272
EGEN, 28,3000, -1
E,260,261,3261,3260,263,264,3264,3263
EGEN, 11,3,~1

EGEN, 18,3000, -11
E,286,287,3287,3286,300,2%0,3290,3300

! Sealing Surface

! Transition at Collar
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EGEN, 18,300¢, -1
E,300,290,3290,3300,292,293,3253,3292
EGEN, 18,3000, -1
E,300,289,285,286,3300,3289,3286,3286
EGEN, 18,3000,-1
B,292,293,3293,3292,302,303,3303,3302
E,293,294,3294,3293,303,304,3304,3303
tE,302,303,3303,3302,295,2%6,3296,3295
{E,303,304,3304,3303,296,297,3287,3296
EGEWN, 18,3000, -2

/COM #x** LIFTING CAP GEOMETRY *%*x

CAP1=9.375 ! Outside Radius Inside Lip
CAP2=10.19 ! Outside Radius at Lip
CAP3=9.625 ! Outside Radius at Chamfer Below Lip (Transition)

CAP4=12.655 Outside Radius at Shell .
LOCAL,25,0,,164.745 ! Local System at Top Left Cornex of Cap (Centerline of Cap)

! Start Centexr Port
N,1301,0,-3.545
N,1305,0,-2.25

£ill

N,1307,0,~1.56
£4111,1305,1307
n,1311,0,0
£111,1307,1311

ngen,$,11,1301,1309,,2.765/4

ngen, 5,11,1310,,,2.765/4, .12/4

ngen,5,11,1311,,,2.765/4

ngen,3,11,1345,1349,,1.073/2

insel, s, node,,1334,1344

inmodif,all,2.505

talls

LOCAL, 25,1,4.515,164.745,,, 30 ! Local System at Top Left Corner of Cap (Centexrline of
Cap)

ngen, 9,11,1345,1367,,,180/8

csys, 0

ngen,5,11,1433,,,2.631/4
ngen,5,11,1434,,,(2.631+.18255) /4,-.12/4
ngen,5,11,1435,,, (2.631+2%.18255) /4, .03/2
ngen,5,12,1436,,,(2.631+3*%.18255) /4, .06/2
ngen,5,11,1437,,,3.360/4, .12/4
ngen,5,11,1438,,, (3.360-.125) /4, .06/4
ngen,5,11,1439,,, (3.110} /4
ngen,5,11,1440,,, (3.110) /4 ,-.22/8

ngen, 5,11,1441,,,(3.110) /4, -.22/4
ngen,5,11,1442,,, {3.110)/4,-.22/8
ngen,S,11,1443,,,(3.110) /2

ngen, 4,11,1485,1487,, (0.815) /3

local, 41,1,8.896,164.75-6.325

ngen, 8,11,1477,,,,-71.108/7

csys, 0
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dsys, ¢

ngen, 4,11,1554,,,.558/3,-1.632/3

ngen,5,11,1481,,,(3.03)/4
ngen,7,11,1525,,,,-(4.927)/6

nl=1488

n2=1492

*do,i,1,10,1
£i1},n1,n2

ngen,2,11,1587,,,0.04,-.243
ngen,2,11,15%%,,,0.00,-.243
£i111,1598,1602
ngen,4,11,1598,1602,,0.00,-1.343/3
ngen,2,11,1631,1635,,0.00,-.358

*get,nxl, node, 295, 1lo¢c,x
*get,nx2,node, 1642, 10¢,x
nmodif, 1643, {nx1-nx2) /2+nx2
nmodif, 1644, nx1
*get,nxli,node,296,loc, X
nnodif, 1645, nxl

/CoM CHANGING TO LOCAL COORDINATE SYSTEM

LOCAL, 30,1,,,,,-90 ! Cylindrical Coorxrdinate for Nodal Sweep Pattern
cscix,30,1

/COM **%*kkkxkxx*x NODAL GENERATION 6C DEGREE SWEEP ****x*kikkxkx

ngen,2,18*3000,1301,1646,,,180
nsel, s,node,, 55356,55432s
nmod, all, , 180

alls
csys, 0

nnum=55466

*do,i,1,11,1
*get,nx,node, nnum, Loc, x
nmed, nnum, nx- . 2
nnum=nnum+1

*enddo

£i11,55301,55466,14,,11,21,1,.7
alls

/pnum, node, 0

csys, 30
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CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5
alls

£i11,13901,55301,17,,3000,11,1,1
£111,1312,55312,17,,3000,11,1,1
£i11,1323,55323,17,,3000,21,1,1
£i11,1334,55334,17,,3000,1%,1,1
£ill,1345,55345,17,,3000,11,1,
£i11,1356,55356,17,,300¢C,11,1,
£i11,1367,55367,17,,3000,11,1,
£i11,1378,55378,17,,3000,1%,1
£i11,1389,5538%,17,,3000,11,1
£i11,1389,5539%,17,,3000,11,1
£i11,1400,55400,17,,3000,11,
£ill,1411,55411,17,,3000,11,1
1
1

.

£i11,1422,55422,17,,3000,11,
£i11,1433,55433,17,,3000,11,
£i1l,1444,55444,17,,3000,11,1,
£i11,1455,55455,17,,3000,11,1%,1
£i11,1466,55466,17,,3000,11,1,1
£i111,1477,55477,17,,3000,1%,2,1
£i11,1496,55496,17,,3000,3,1,1
£i11,1507,55507,17,,3000,3,1,1
£il},1518,55518,17,,3000,3,1,1
£111,1488,55488,17,,3000,5,
£i11,2499,55489,17,,3000,5,
£i11,31%10,55510,17,,3000,5,
£i11,1521,55521,17,,3002,5
£i11,1532,55532,17,,3000,5,
£i11,1543,55543,17,,3000,5,
5
s

’
.

L I IR S S B S S A S

£i11,1554,55554,17,,3000,
£i11,1565,55565,17,,3000,

£111,1576,55576,17,,3000,5
£i11,1587,55587,17,,3000,5
£i11,1598,55598,17,,3000,5
£i11,1609,55609,17,,3000,5,
5
5
s

£i111,1620,55620,17,,3000,
£411,1631,55631,17,,3000,
£ill,1542,55642,17,,3000,

1,

1
1
1
1
1
1
1
s 3y
1
1
1
1
1
1
1

R o e R N S S S o

csys, 0

nsel, s, node, ,4345,4355

nnum=4345

*do,i,1,11.,1
*get,nx,node,nnum, loc, x
nmod, nnum, nx- .2
nnum=nNUR+L

*enddo

alls

csys, 30

£i11,4345,55345,16,,3000,11,1,1

csys, 0
nsel, s, node, , 4422,4432
nnum=4422
*do,1i,1,1%,1
*get, nx,node, nnum, loc, X
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*get,nz, node, nnum, loc, z
nmod, nnum, nx+.15, ,nz+.1
nnum=nnum+1
*enddo
alls
csys, 30
£i11,4422,55422,16,,3000,11,1,1

csys, 0

nsel,s,node, ,4433,4443

nnum=4433

*do,i,1,11,1
*get, nx, node, nnum, loc, x
*get,nz,node, nnum, loc, z
nrod, nnum, nx+ .25, ,nz-.2
nnum=nnun+1

*enddo

alls

csys, 30

£i31,4433,55433,16,,3000,12,1,.9

nsel, s, loc,y, 25
nsel,r,lo¢,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod, a21l,,24.479

nsel,s,loc,y, 35
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod, all,,35.521

nsel,s,loc,y,25+60
nsel,r,loc,x,9.370,10.2
nsel,r,lo¢c,z,163.7,164.8
nmod,all,,24.479+60

nsel, s, loc,y, 35+60
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod,all,,35.521+60

nsel,s,loc,y,25+2*60
nsel,r,loc,x%x,9.370,20.2
nsel,r,loc,2,163.7,164.8
nmod, all, , 24 .479+2%60

nsel,s, loc,y,35+2*%60
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nnod,all,,35.521+2%60

alls
type, 2

te,i,j,k,L,m,n,0,p
alls
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esel,u, type,,1
e,1323,4323,4312,1312,1324,4324,4313,1313
egen,10,1,all

egen,15,1%,all

egen,4,11,3457,3498

egen,16,11,3489,349%2

egen, 18,3000, all

e,1312,4312,1301,1301,1313,4313,1302,1302
*repeat,18,3000,3000,,,3000,3000,,
egen, 10,1, -18

csys, 0
nsel, s, loc,z,0
nplo

alls
nunm, node
nsle
nsel, inve
ndele,all

JCOM %% #skkxrsixsx*x LOCKING & LIFTING RING GEOMETRY ***&%xkx¥kwx
RING1=7.8775 ! Inner Radius

RING2=9.375 Inside Lip

RING3=9.625 Inside Lip, Bottom of Transition

RING4=10.19 Outside Lip

RING5=12.065 Outside Radius No Threads

RING6=12.174 Outside Radius

LOCAL,15,0,,151.58 ! Local System z=0 at Base of Lifting Ring

/COM **%% TOP EDGE *#*%*
N,1701,RING1,6.50
CcsYs, 0
N,1704,RING2,158.08
FILL,1701,1704,,s,1
N,1705,9.53,158.08
N,2200,9.75,158.08
N,2201,9.97,158.08
N,1706,RING4,158.08

/COM #x%% LIFTING SURFACE *¥%%%
CsYs, 15

N,1721,RING1,5.50
N,1724,RING2,5.50
FILL,1721,1724
N,1725,9.83,5.50

N, 2204,9.75,5.50
N,2205,9.97,5.50

N, 1726 ,RING4,5.50
FILL,1701,1721,1,,10,6,1
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FILL, 2200,2204,1,2232
FILL,2201,2205,1,2203
N,1731,RING1,6.50-1.56
N,1734,RING2,6.50-1.56
FILL

/COM **%x BOLTING SURFACE *#**

N,17431,RING1,4.37
N,1744,RING3,4.37
FILL

NGEN,2,10,1742,1744,,,-0C.

NGEN,2,10,175%,1754,,,-0

NGEN,2,10,1761,1764,,,-0.
NGEN,2,10,1771,177¢,,,-0.
NGEN,2,10,1781,1784,,,-C.
NGEN,2,10,1791,17%4,,,-0.
NGEN, 2,10,1801,1804,,,-0.

N,1745,10.875-0.75,4.37
N,1747,10.875+0.75,4.37
FILL
N,2210,10.875-0.75,4.37
N,2211,10.875+0.75,4.37
N,2212,10.875-0.75,3.39%
N,2213,10.875+0.75,3.9%
N,1755,10.875-0.75,3.99
N,1757,10.875+0.75,3.99
FILL,1755,1757
N,2214,10.875-0.75,3.35
N,2215,10.875+0.75,3.35
N,1765,10.875-0.75,3.35
N,1767,10.875+0.75,3.35
FILL,1765,1767
N,2216,10.875-0.75,2.7¢
N,2217,10.875+0.75,2.74
N,1775,10.875-0.75,2.74
N,1777,10.875+40.75,2.74
FILL,177S,1777
N,2218,10.875-0.75,2.05
N,2219,10.875+0.75,2.05
N,1785,10.875-0.75,2.05
N,1787,10.875+0.75,2.05
FILL,1785,1787
N,2220,10.875-0.75,1.37
N,2221,10.875+0.75,1.37
N,1795,10.875-0.75,1.37
N,1797,10.875+0.75,1.37
FILL,1795,1797
N,2222,10.875-0.75,0.68
N,2223,10.875+0.75,0.68
N,1805,10.875-0.75,0.68
N,1807,10.875+0.75,0.68
FILL,1805,1807
N,2224,20.875-0.75,0.00
N,2225,10.875+G.75,0.00
N,1815,10.875-0.75,0.00
N,1817,10.875+0.75,¢.00

t Inside Edge of Bolt Hole
! Outside Edge of Bolt Hole

! Double Nodes @ Bolt for Gap elements
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FILL,1815,1817
N,1825,10.125,-¢
N,1827,11.625,-¢C
FILL,1825,1827

.105 !
L1085

/COM *%%*CHAMFER AND THREADS**%*
N,1748,RING5-.22,4.37
N, 1758, RINGS, 3.39%
N,1769,RINGS5,3.35

N, 1768,RING6,3.35
N,1779,RING6,3.145
N,1778,RING§,2.74
N,1788,RING6,2.08
N,1798,RING6,1.37

N, 1808,RING6, (.68
N,1818,RING6,0.0

! Top of Threads

JCOM **kkkskkxsxrxs SQHIRLD PLUG ***%xsxkxkkxxk
PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.8775
LOCAL, 20,0,,158.21

*kkh

/COM *#%* NODES AT PLUG AXIS
N, 1901

N,1902,0, -1
N,1903,0,-1.994
N,1906,0,-4.994
FILL,1603,1906,2,1504,1
N,1907,0,-6.75
N,1910,0,-8.405
FILL,1907,1210,2,1508,1
N,1911,0,-5.374
N,1913,0,-10.5
FILL,1911,1913

{x=0)

/COM **#%% NODAL GENERATION ***x
NGEN,2,13,1901,1913,1,0.273

NGEN, 2,13,1914,1926,1,0.8825-0.273
NGEN, 2,13,1927,1935,1,0.8825

NGEN, 2,13,1940,1952,1,0.687S
NGEN,2,13,1953,1965,2,0.6875

NGEN, 2,13,1966,1978,1,0.4235

NGEN, 2,10,1982,1591,1,0.9518

ndele, 1926

N,2030,5.4665,-1.954
N,2036,5.4665,-4.934
FILL,2030,2036,5,2031,1
N,2037,5.4665,-6.75

Bottom of Bolt Extension

t 0.D of Ring at Chamfer

Bottom of Threads

! Local System z=0 at Top Left of Shield Plug

t Id Large Opening
t Id Medium Opening

! I& Small Opening
! Center of Opening

! Od Small Opening
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N,2040,5.4665,-8.405
FILL,2037,2040,2,2038,1
N,2041,5.4665,-9.374
N,2043,5.4665,-10.5
FILL,2041,2043
N,2048,5.89,-1.0

NGEN, 2,20,2030,2043,1,0.4235
FILL,2048,2050

N, 2066,7.265,0

NGEN, 2,20,2048,2063,1,1.375
FILL,2066,2068
N,2086,7.572,0.00
N,2087,7.571,-0.50
N,2088,7.571,-1
N,2089,7.571,-1.55
N,2090,7.571,-2.10
N,2061,7.571,-2.60
N,2092,7.571,-3.10
N,2093,7.571,-3.60
N,2094,7.571,-4.10
N,2095,7.571,-4.90
N,20%6,7.571,-5.55
N,20%7,7.571,-6.75
N,2106,PLUGR4-.05,0.00
N, 1850, PLUGR4-.05,-0.13
N,2107,PLUGR4-.05,-0.63
N,2108,PLUGR4-.05,-1.13
N, 2109, PLUGR4-.05,-1.69
N, 2110, PLUGR4-.05,-2.26
N,2111, PLUGR4-.05,-2.64
N,2112,PLUGR4-.05,-3.28
N,2113, PLUGR4~-.05,-3.89
N, 2114, PLUGR4-.05,-4.58
N,2115,PLUGR4-.05,-5.26
N,2116, PLUGR4-.05,-5.95
N,2117, PLUGR4-.05,~6.75

/COM #**%** UNDER LOCKING RING
N,2124,8.5017,-6.75
N,2127,8.5017,-8.405

FILL

N,2128,8.5017,-9.374
N,2130,8.5017,-10.5

FILL

NGEN, 2,20,2078,2083,1,0.306
NGEN, 2,20,2098,2103,1,0.3065
NGEN, 3,7,2124,2130,1,0.5616
NGEN,2,7,2138,2144,1,0.5001
NGEN,2,7,2145,2151,1,0.750
N,2159,11.625,-6.75
N,2160,11.625,-7.302
N,2161,11.625,-7.854
N,2162,PLUGRZ, -8.405

dede ok k

! Under Bolt
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N,2300,PLUGR2, -8.83 !Used t£o be node 1100

N,2163,PLUGR2, ~-9.374
N,2165,PLUGR3, -10.5

FILL,2163,2165
N,2166,PLUGR1~0.27,-6.75 ! Seal Tab
N,2169,PLUGR1-0.27,-8.405
FILL,62166,2169,2,2157,1
N,2170,PLUGR1-0.27,-8.56
NGEN,2,5,2166,2170,1,0.27

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

LOCAL, 40,0, ,147.71 ! Local System z=0 at Bottom Left of Shield Plug
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

N,2500, PLATE4, -0.85

N, 2502, PLATES, -0.85

FILL

NGEN, 5, 3,2500,2502,,,-0.85
NGEN, 2,3,2512,2514,,,-0.25
N,2521,PLATE4,-5.75
N,2522,10.75,-5.75
N,2523,10.9%15,-5.75
FILL,2515,2521,1,2518
FILL,2523,2517,1,2520
FILL,2516,2522,1,2519
N,2537,6.4375,-4.25
FILL,2512,2537,3,2525,4
N,2549,3.578,-4.25
FILL,2537,2549,2,2541,4
NGEN, 2,1,2525,2549,4,,-0.25
NGEN, 2,2,2526,2550,4,,-1.25
FILL,2526,2528,1,2527,,7,4
N,25%3,2.625,-2.375
N,2554,2.625,-2.575
N,2556,2.625,-4.25
FILL,2554,2556
N,2557,2.625,-4.5
N,2559,2.625,-5.75
FILL,2557,2559

NGEN, 2,10,2553,2559,1,-0.5
NGEN, 2,10,2563,2569,1,-0.768
N,2583,0.6575,~2.375
N,2584,0.6575,-2.575
N,2560,2.125

N,2570,1.357

N,2580,0.6575

N,2590,0.273

NGEN, 3,1,2560,259%0,1¢,,-0.5625
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alls
nsle
nsel, inve

csys, 30
ngen,19,3000,1701,2592,1,,10

/COM **%% COUPLING NODES #**x%x
/COM #*xx BETWEEN LIFTING/LOCKING RING & SHELL *#x¥
JCOM **%% BETWEEN BOLT & LOCKING RING %%
alls
nrot,all
cprum=54
nnumi=1745
nnumZ=2210
*DO,I,1,19
CP, cpnum, Uz, nnuml, nnum2 ! Inner Nodes
nnuml=nnuml+3C00
nnum2=nnun2+3¢00
cpnum=cpnum+1
*ENDDO

nnuml=1745
nnum2=2210
*DO,X,1,19
CP, cpnum, Ux, nnuml, nnum2 ! Innex Nodes
nnuml=nnumi+3000
nnum2=nnum2+3000
cpnum=cpnum+1
*ENDDO

nnuml=1747
nnum2=2211
*DO,I,1,19
CP, cpnum, Uz, nnuml,nnum2 ! Inner Nodes
nnurl=nnumnl+3000
nnum2=nnum2+3000
cpnum=cpnun+l
*ENDDC

nnumi=1747
nnum2=2211
*DO,I,1,19
CP, cpnum, Ux, nnuml, nnum2 ! Inner Nodes
nnurel=nnunl+3000
nnum2 =nnum2+3000
cpnum=cpnum+l
*ENDDO

'
nnuml=1745
nnum2=2210
*D0,I1,1,19
*DO,3,1,7 { Going Down The Bolt
CP, cpnum, Uz, nnuml+10*j, nnum2+2+* ]
cpnum=cpnum+1
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*ENDDG

nnuml=nnumi+3600
nnum2=nnum2+3000¢
*ENDDO

nnuml=1747
nnum2=2211
*DC,1,1,19
*DO,J,1,7 ! Going Down The Bolt
CP, cpnum, Uz, nnuml+10*j, nnum2+2%3
cpnum=cpnum+1
*ENDDO
nnuml=nnumi+3000
nnum2=nnum2+3000C
*ENDDO

nnumi=1745
nnum2=2210
*DC,I,%,19
*DO,j,1,7 ! Going Down The Bolt
CP, cpnum, Ux, nnuml+10%j, nnum2+2*j
cpnum=cpnum+1
*ENDDO
anuml=nnuml+3000
nnum2=nnum2+3000
*ENDDO

nnuml=1747
nnum2=2211
*DO,I,1,19
*DO,j,1,7 ! Going Down The Bolt
CP, cpnum, Ux, nnuml +10*j, nnum2+2% 4
cpnum=cpnuta+ 1
*ENDDO
npumi=nnuml+3000
nnum2=nnumz2+3000
*ENDDO

t Threads

nnumi=1779

nnum2=289

*DO,I,1,18
CP, cpnum, Uz, nnuml, nnum2
nnumi=nnumi+3000
nnum2=nnum2+3¢00
cprum=cpnuimn+1

*ENDDO

¢t Threads

nnunl=1778

nnum2=286

*DO,%,1,19
CP, cpnum, Uz, nnuml, nnum2
nnuml=nnual+3000
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nnum2=nnum2+3000
cpnum=cpnum+l
*ENDDO

! Threads

nnumi=1788

nnum2=283

*DO,X,%,19
CP, cpnum, Uz, nnuml , nnum2
nnumi=nnuml+3000
nnum2=nnuwr2+3000
cpnum=cpnum+1

*ENDDO

i Threads

nnuml=1798

nnum2=289¢

*DO,I,1,19
CP, cpnum, Uz, nnuml, nnum2
nnuml=nnumnl+3000
nnum2=nnum2+3000

! Threads

nnuml=1808

nnum2=277

*DO,I,1,19
CP, cpnum, Uz, nnuml, nnum2
nnuml=nnumi+3900
nnum2=nnum2+3000C
<cpnum=cpnum+l

*ENDDO

JCOM **%k%xksxxxx*%x LOCKING RING **x#xxkwxskxsx

TYPE, 3
MAT, 1

E,1711,1712,1702,1701,4711,4712,4702,4701
EGEN,11,10,-1

EGEN,3,1,-11
E,1714,1715,1705,1704,4714,4715,4705,4704
EGEN,2,1,-1

EGEN, 2,10,-2
E,2202,2203,2201,2200,5202,5203,5201, 5200
EGEN,2,2,-1
E,2203,1716,1706,2201,5203,4716,4706,5201
E,2205,1726,1716,2203,5205,4726,4716,5203
E,1754,2212,2210,1744,4754,5212,5210,4744
E,1764,2214,2212,1754,4764,5214,5212,4754
B,1774,2216,2214,1764,4774,5216,5214,4764
E,1784,2218,2216,1774,4784,5218,5216,4774
E,1794,2220,2218,1784,4794,5220,5218,4784

1

F304N

Left to Right

i Top Going Down and
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E,1804,2222,2220,1794,4804,5222,5220,47%4
E,1814,2224,2222,1804,4814,5224,5222,4804
E,2213,1758,1748,2211,5213,4758,4748,5211
E,2215,1768,1758,2213,5215,4768,4758, 5213
E,2217,1778,1768,2215,5217,4778,4768,5215
E,2219,1788,1778,2217,5219,4788,4778,5217
E,2221,1798,1788,2219,5221,47398,4788,5219
E,2223,1808,17%8,2221,5223,4808,4798,5221
E,2225,1818,1808,2223,5225,4818,4808,5223
esel,s, type,,3

egen, 18,3000,all

/COM **%xxxxxxxxx% NITRONIC 60 BOLTS (MODELED AS RING) **#xxkskskdax
TYPE, 4

MAT, 1 t SA-193
E,17585,1756,1746,1745,4755,4756,4746,4745

BEGEN, 8,10, -1

E,1756,1757,1747,1746,4756,4757,4747,4746

EGEN, 8,10, ~1

esel, s, type, .4

egen, 18,3000,all

JCOM *#*kxxxx*%%* SHIELD PLUG ****xkksxiksx
TYPE, S
MAT, 1 ! 304L

E,1915,4915,1902,1902,1914,4914,1901,1501
*xepeat,18,3000,3000,,,3000,3000,,
EGEN, 11,1, -1¢8

E,1928,4928,4915,1915,1927,4927,4914,1514
*repeat,18,3000,3000,3000,3000,300¢,3000,3000,3000
EGEN,11,1,-18

E,2590,5590,1913,1913,1925,4925,1912,1512
*repeat,18,3000,3000,,,3000,3000,,
E,2590,2580,5580,5590,1925,1938,4938,4925

*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000

E,2580,1939,1938,1938,5580,4939,4938,4938
*repeat,18,3000,3000,3000,3000,3000,3C00,3000,3000

E,1939,2570,1938,1938,4939,5570,4938,4938
*repeat, 18,3000,3000,3000,3000,3000,3000,3000,3000

e,2570,1952,4952,5570,1938,1951,4952,4938
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000

E,1952,2560,1951,1951,4952,5560,4951,4852
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
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E,1941,4941,4928,1928,1940,4940,4927,1527
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,11,1,-18

e,1955,4955,4942,1942,195¢,4954,4941,19%41
*repeat, 18,3000,3000,3000,3000,3000,300¢,3000,3000
EGEN,10,1,-18

€,1968,4968,4955,1955,1967,4967,4954,1554
*repeat, 18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,11,1,-18

£,1982,4982,4969,1965,1981,4981,4968,1568
*repeat, 18,3000,3008,3000,3000,3000,3000,3000,3000
EGEN, 10,1, -18

€,1965,4965,5560,2560,1964,4964,4951,1951
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000

e,1965,4995,4985,1985,1994,4994,4984,1984
*repeat, 18,3000,3000,3000,3000,3000,3000,3000,300C
EGEN,7,1,-218

e,2037,5037,4995,1995,2036,5036,4994,1994
*repeat,18,3000,3000,3000,3000,3000,3000,3000,300C
EGEN,7,1,-18

e,2051,505%,5031,2031,2050,5050,5030,2030
*repeat,18,3000,3000,3000,3C00,3000,3000,3000,3000
EGEN,13,1,-18

e,2069,5069,50493,2049,2068,5068,5048,2048
*repeat, 18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN, 15,1, -18

e,2087,5087,5067,2067,2086,5086,5066,2066
*repeat,18,3000,3000,3000,3000,3000,30060,3000,3000
EGEN,17,1,-18

€,2086,1850,2106,2106,5086,4850,5106,5106
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000

€,2107,5107,5087,2087,1850,4850,5086,2086
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000

e,2108,5108,5088,2088,2107,5107,5087,2087
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,16,1,-18

e,2125,5125,5118,2118,2124,5124,5117,2117

*repeat, 18,3000,3000,3000,3C00,3000,3000,3080,3000
EGEN,6,1,-18

egen,6,7,-108
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€,2167,5167,5160,2160,2166,5166,5159, 2159
*repeat,18,3000,3000,3000,3000,3000,300¢C,300C,32300
EGEN, 3,1,-18

€,2172,5172,5167,2167,2171,5171,5166,2166
*repeat,18,3000,3000,3006,3000,3000,3000,300¢,3000
EGEN,4,1,-18

JCOM #*%xxxx¥x¥k%x+ FILTER GUARD PLATE #*%kkikxtdxt*
TYPE, 6
MAT, 1

E.2500,2501,2158,2151,35500,5501,5158, 5151
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
E,2501,2502,2165,2158,5501,5502,5165,5158
*repeat,18,3000,3000,3000,3000,3000,300C,3000,3000
E,2503,2504,2501,2500,5503, 5504,5501,5500
*repeat,18,3000,300¢,3000,3000,3000,3000,3000,3000
EGEN,7,3,-18
E,2504,2505,2502,2501,5504,5505,5502, 5501
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,7,3,-18

E,2526,2515,2512,2525,5526,5515,5512, 5525
*yepeat,18,3000,3000,3000,3000,3000,3000,3000,3000
E,2527,2518,2515,2526,5527,5518,5515, 5526
*repeat,18,3000,3000,3000,32800,3000,3G00,3000,3000
E,2528,2521,2518,2527,5528,5521,5518,5527
*repeat,18,3000,3000,3000,3000,3000,3000C,3000,3000
e,2530,2526,2525,2529,5530,5526,5525, 5529
*yrepeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,3,1,-18

EGEW,6,4,-52¢

e,2557,2550,2549,2556,5557, 5550, 5549, 5556
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN, 3,1, -18

e,2554,2553,2563,2564,5554,5553,5563, 5564
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,6,1,-18
e,2561,2560,2570,2571,5561,5560,5570,5571
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN,9,1,-18
e,2571,2570,2580,2581,5571,5570,5580, 5581
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN, 4,2, -18

e,2581,2580,2590,2591,5581, 5580,5530,5591
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000
EGEN, 2,1,-18
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csys, 0

iGenerate the element in the cap that were forgotten

nsel,s, node,,1345,1349
ngen,2,1300,all,,,1.072/2
nsel,s,node,,2645,2649
ngen,2,9,all,,,1.072/2

LOCAL,25,1,4.515,164.745,,,50 t Local System at Top Left Corner of Cap (Centerline of

Cap)
nsel,s, rode,,2645,2658
ngen, 9,15,all,,,,183/8

type,2

e,1345,2645,2646,1346,1356,2560,2661,1357
*repeat,8,11,15,15,11,11,15,15,11
egen,4,1,-8

e,2645,2654,2655,2646,2660,2669,2670,2661
*repeat,8,15,15%,15,15,15,15,15,15
egen,4,1,-8

JCOM *¥xkkskikxixx CONTACT ELEMENTS %% xxxsoksrkdsn
alls

/COM ##*%% BETWEEN SHIELD PLUG & SHELL *#**%
TYPE, 7

REAL, 4

E,217%,271

E,2172,268

E,2173,265

E,2174,262

E,2300,5%80

egen, 19,3000, -5

JCOM ***% BETWEEN SHIELD PLUG & SEAL LIP ***%
TYPE, 7

REAL, €

E,248,2170

E,249,2175

egen,19%,3000,-2

TYPE, 8

REAL, 8
E,247,2162
E,248,2169
egen, 15,3000, -2

esel,s,elem,,13392,13393
esel,a,elem,,13428,13429
emode, all, real, 9
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/COM *%%* UNDER THE BOLT *%*%*
TYPE, 7

REAL, 5

E,2145,1825

E,2152,1826

E,2159,1827

egen, 19,3000, -3

/COM #**%* BETWEEN LOCKING RING & PLUG *%*%*
TYPE, 7

REAL, 4
E,1850,1701
E,2107,1711
E,2108,1721
E,2109,1731
E,2110,1741
E,2111,1751
B,2112,1761
E,2113,1771
E,2114,1781
E,2115,1791
E,2116,1801
egen, 15,3000, -1

csys, 0

ngen, 2,60000,1,10,1,,-.1
csys, 30

ngen, 1$,3000,60002,50010,1,,10
type, 7

real, 10

e,1,50001

egen, 10,1, -1

egen, 19,3000,-9

alls

nsle

nsel, inve

NDEL, ALL
esel,s,type,, 1,2
nsle

numm, node, . 002
alls

csys, o

NSEL, $,L0C, 2,0
D,ALL, Uy

NSEL, $,nede, ,60000,114010
D,ALL,all

ALLS

d,1,ux, 0

alls

fini

/solu

acel, , 1
negit, 50
nsubst,1,100,1
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SOLCONTROL, ON, 1
lswrite,

/ecom *x%%x Apply the weight of the impacting MCO as a pressure **%*

csys, ¢
NSEL,S,LOC,Y,164.74,164.76
sf,all,pres, 1769 ! 28g x 20,000 1b = 560,000 1lb
! Shield Plug Area = 316.6 in”2
P/A = 1,769 psi
alls
negit, 50

nsubst,2,100,2
SOLCONTROL, ON, 1
lswrite, 2

/com **x* Apply Pressure Load ***%
prs=450

csys, 30

esel,s,type.,,1

nsle

nsel,r,loc,X,0,11.49
nsel,x,loc,z2,.69,149.63
sf,all,pxes,prs

nsle

nsel,r,loc,x,0,12.02
nsel,r,loc,2,149.63,151.58
sf,all,pxes,prs

nsle

nsel,r, lo¢,x,0,12.174
nsel,r,loc,z,151.58,154.72
sf,all,pres,prs

nsle

nsel,r,loc,X,0,12.284
nsel,xr,loc,2,154.72,155.75
sf,all,prxes,prs

alls

nsel, s, node, ,1301,1642,11

*do,j,1,18,1
nsel,a,node, ,1312+3000%3j,1642+3000%7,11

*enddo

*do,3,1,5,%
nsel,a,node,,2653+3,2773+),15

*enddo

nsel,a,node, ,2645,2765,5

sf,all,pres,prs

nsel, s, node, ,2673,2763,15
prsf=prs*1.75%1.75%3.14159/4/9
£,all, fz,pxsf

nsel, s, node, , 2658
nsel,a,node, ,2778
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prsf=prs*1.75%1.75%3.14159/4/18
£,all,fz,prsf

alls

negit, 50
nsubst,2,100,2
SOLCONTROL, ON, 1
lswrite,3

/8oLy
save
lssolve, 1,3

/postl

set, first

i=0

j=1i%9%3000

LPATH, 1+3,41+)
PRSECT

LPATH, $+3,49+]
PRSECT

LPATH, 10+j,50+3
PRSECT

LPATH, 50+3, 52+
PRSECT
LPATH,1101+3,1103+3
PRSECT

LPATH, 62+3, 64 +3
DPRSECT

LPATH, 134+3j,135+j
PRSECT

LPATH, 180+j,181+j
PRSECT

LPATH, 202+3,204+]
PRSECT

LPATH, 232+],234+]
PRSECT
LPATH, 249+ ,261+j
PRSECT

LPATH, 262+3 ,264+j
PRSECT

LPATH, 274+3,276+]
PRSECT

LPATH, 277+j, 279+
PRSECT

LPATH, 292+j ,294 +J
PRSECT
LPATH,1940,1927,1914,1501,55914,55927,55940
PRSECT
LPATH,1901+j,1913+]

PRSECT
LPATH, 2068+7,2108+]
PRSECT
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LPATH,2169+3,2174+3
PRSECT

LPATH, 2509+3, 2511+j
PRSECT

LPATH, 2525+, 2528+3
PRSECT

LPATH, 2549+3,2552+3
PRSECT

LPATH, 2574+3,2583+]
PRSECT

LPATH, 2500+, 2502+
PRSECT

LPATH, 1704+ ,1724+3
PRSECT
LPATH,1721+3,1724+j
PRSECT

LDATH, 173143, 173443
PRSECT
LPATH,1311,1301
PRSECT
LPATH,1349,1345
PRSECT

LPATH, 1393,1389
PRSECT
LPATH,1437,1433
PRSECT

LPATH, 1487+5,1485+3
PRSECT
LPATH,1477+3,1481+j
PRSECT

LPATH, 1587+, 1591 +j
PRSECT

LPATH, 1598+3,1602+3
PRSECT

LPATH, 1631+3,1635+]
PRSECT

LPATH, 302+3, 304+
PRSECT

i=1

j=1%*9*3000

LPATH, 1+3,41+3
PRSECT

LPATH, 9+3,49+3
PRSECT

LPATH, 10+3, 50+
PRSECT

LPATH, 50+3,52+j
PRSECT
LPATH,1101+]j,1103+3
PRSECT

LPATH, 62+7,64+]
PRSECT

LPATH, 134+3,135+j
PRSECT

LPATH, 180+],281+]
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PRSECT

LPATH, 202+3,204+3

PRSECT

LPATH, 232+3,234+j

PRSECT

LPATH, 249+3,261+J

PRSECT

LPATH, 262+3, 26443

PRSECT

LPATH,274+j,276+3

PRSECT

LPATE, 277+j,279+3

PRSECT

LPATH, 292+3,294+3

PRSECT

LPATH, 1901+3,19134+j

PRSECT

LPATH, 2068+3,2108+j

PRSECT

LPATH, 2169+3,2174+]

PRSECT

LPATH, 2509+j, 2511+

PRSECT

LPATH, 2525+3,2528+7

PRSECT

LPATH, 2549+3, 2552+

PRSECT

LPATH, 2574+3,2583+j

PRSECT

LPATH, 2500+3,2502+7

PRSECT

LPATH,1704+3,1724+)

PRSECT

LPATH, 1721+3, 1724+

PRSECT

LPATH, 1731+3,1734+]

PRSECT .

LPATH, 1311,2301

PRSECT

LPATH, 1349,1345

PRSECT

LPATH, 1393, 1389

PRSECT

LPATH, 1437, 1433

PRSECT

LPATH, 1487+j, 1485+3

PRSECT

LPATH, 1477+j, 1481+j

PRSECT

LPATH, 1587+j, 1591+3

PRSECT

LPATH, 1598+3,1602+j

PRSECT

LPATH,1631+j,1635+]

PRSECT

LPATH, 302+3,304+3
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PRSECT

i=2

3=1%9%3000
LPATH, 1+3,41+j

PRSECT

LPATH, 9+3,49+3
PRSECT

LPATH, 10+j,50+]
PRSECT

LPATH, 50+7, 52+
PRSECT

LPATH, 1101+),2103+]
PRSECT

LPATH, 62+3, 64+
PRSECT

LPATH, 134+j,135+]
PRSECT

LPATH, 180+j,181+]
PRSECT

LPATH, 202+3,204+]
PRSECT

LPATH, 232+3,23443
PRSECT

LDATH, 249+],261+3
PRSECT

LPATH, 262+3,264+3
PRSECT
LPATH,274+3,276+73
PRSECT
LPATH,277+3,279+]
PRSECT

LPATH, 292+3,294+]
PRSECT
LPATH,1901+j,1913+)
PRSECT

LDATH, 2068+3,2108+j
PRSECT

LPATH, 2169+j,2174+]
PRSECT
LPATH,2509+3j,2511+3
PRSECT

LPATH, 2525+7,2528+3
PRSECT

LPATH, 2549+3j,2552+3
PRSECT

LPATH, 2574+j,2583+)
PRSECT

LPATH, 2500+j,2502+)
PRSECT

LPATH, 1704+j,1724+3
PRSECT

LPATH, 1721+7,1724+)
PRSECT

LPATH,1731+j,1734+j
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CLIENT: DE&S Hanford, Inc.
PROJECT: MCODeﬁgn
PRSECT

LPATH, 1311,1301
PRSECT

LPATH, 1349,1345
PRSECT

LPATH, 1393,1389%
PRSECT

LPATH, 1437, 1433
PRSECT

LPATH, 1487+J,1485+3
PRSECT

LPATH, 3477+ ,1481+3
PRSECT

LPATH, 1587+], 1591+
PRSECT

LPATH, 1598+],1602+j
PRSECT

LPATH, 1631+3,1635+3
PRSECT

LPATH, 302+3,304+3
PRSECT

set, next

i=0

J=1*9%3000

LPATH, 1+3,41+]j
PRSECT

LPATH, 9+3,49+])
PRSECT

LPATH, 10+3, 50+
PRSECT

LPATH, 50+3,52+]
PRSECT

LPATH, 1101+j,1103+J
PRSECT

LPATH, 62+7, 64+]
PRSECT

LPATH, 134+3,135+3
PRSECT

LPATH, 180+j,181+3
PRSECT

LPATH, 202+j,204+]
PRSECT

LPATH, 232+J,234+3
PRSECT

LPATH, 249+3,261+3
PRSECT

LPATH, 262+],264+3
PRSECT

LPATH, 274+],276+3
PRSECT

LPATH, 277+3,279+5
PRSECT

LPATH, 292+j,294+3
PRSECT

LPATH,1940,1927,1914,1901,55914,55%27,55940
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PRSECT

LPATH, 1901+3,1913+3
PRSECT

LPATH, 2068+3,2108+3
PRSECT
LDATH,2165+7,2174+3
PRSECT

LPATH, 2509+7,2511+3
PRSECT

LPATH, 2525+, 2528+
PRSECT

LPATH, 2549+7,2552+3
PRSECT

LPATH, 2574+3,2583+3
PRSECT
LPATH,2500+3, 250243
PRSECT

LPATH, 1704+, 1724+
PRSECT
LPATH,1721+3,172443
PRSECT
LPATH,1731+3,1734+3
PRSECT
LPATH, 1311,
PRSECT
LPATH, 1349,
PRSECT
LPATH, 1393,
PRSECT
LPATH, 1437,
PRSECT
LPATH, 1487+3,1485+3
PRSECT
LPATH,1277+3, 1461+
PRSECT

LPATH, 1587+, 1591+
PRSECT

LPATH, 159843, 1602+
PRSECT

LPATH, 1631+3, 1635+
PRSECT

LPATH, 302+3,304+]
PRSECT

1301
1345
1389

1433

i=1

j=i%9%3000
LPATH, L+3,41+]
PRSECT
LPATH, 943, 49+3
PRSECT

LPATH, 10+3, 50+
PRSECT
LRPATH,50+3,52+3
PRSECT

LPATH, 1101+3, 1183+
PRSECT
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LPATH, 62+3,64+3
PRSECT

LPATH, 134+3,135+j
PRSECT

LDATH, 180+7,181+
PRSECT

LPATH, 202+3,204+j
PRSECT

LPATH, 232+3,234+]
PRSECT

LDATH, 249+75,261+3
PRSECT

LPATH, 262+3,264+
PRSECT

LPATH, 274+3,276+J
PRSECT

LPATH, 277+3,279+3
PRSECT

LPATH, 292+3,294+3
PRSECT
LPATH,1901+3,1913+3
PRSECT

LPATH, 2068+3,2108+3
PRSECT

LPATH, 2169+5,2174+3
PRSECT

LPATH, 2509+, 2521+
PRSECT

LDATH, 252543 ,2528+3
PRSECT

LPATH, 2549+3,2552+3
PRSECT

LDATH, 2574+j,2583+3
PRSECT

LPATH, 2500+3,2502+3
PRSECT

LDATH, 170443, 1724+
PRSECT

LPATH, 1721+3,1724+j
PRSECT

LPATH, 1731+3,1734+3
PRSECT

LPATH, 1311, 1301
PRSECT

LPATH, 1349,1345
PRSECT

LPATH, 1393, 1389
PRSECT

LPATH, 1437, 1433
PRSECT

LPATH, 1487+3,1485+]
PRSECT

LPATH, 1477+3,1481+3
PRSECT

LDATH, 1587+7,1591+]
PRSECT
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LPATH, 1598+3j,1602+]
PRSECT

LPATH, 1631+j,1635+]
PRSECT
LPATH,302+3,304+]
PRSECT

i=2

j=1%9*3000

LPATH, 1+j,43+j
PRSECT

LPATH, 9+3,49+3
DRSECT

LPATH, 10+, 50+3
PRSECT

LPATH, 50+j, 52+
PRSECT

LPATH, 1101+, 1103+3
PRSECT

LDATH, 62+3,64+3
PRSECT

LPATH, 134+3,135+3
PRSECT

LPATH, 180+3,181+3
PRSECT

LPATH, 202+3,204+3
PRSECT

LPATH, 232+3,234+3
PRSECT

LPATH, 249+5, 261+
PRSECT

LPATH, 262+3,264+j
PRSECT

LPATH, 274+j,276+3
PRSECT

LPATH, 277+3 , 279+
PRSECT

LPATH, 292+3,294+3
DRSECT

LPATH, 1901+3,1913+3
PRSECT

LBATH, 2068+7,2108+3
PRSECT

LPATH, 2169+7, 2174+
PRSECT

LPATH, 2509+3, 2511 +3
PRSECT

LPATH, 2525+3, 2528+3
PRSECT

LPATH, 2549+3, 255243
PRSECT

LPATH, 2574+3,2583+3
PRSECT

LPATH, 2500+3, 2502+
PRSECT
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LPATH,1704+3,1724+3

PRSECT
LPATH, 1721+3,1724+3
PRSECT
LPATH,1731+3,1734+]
PRSECT
LPATH, 1311,1301
PRSECT
LPATH,1348,1345
PRSECT .
LPATH, 1393,1385
PRSECT
LPATH,1437,1433
PRSECT
LPATH,1487+3,1485+]
PRSECT
LPATH, 1477+3,1481+3
PRSECT
LPATH, 1587+3,1591+7
PRSECT
LPATH,1598+],1602+]
PRSECT
LPATH, 1631+7,1635+3
PRSECT
LPATH, 302+3,304+3
PRSECT
set, last
i=0
§=1%9+%3000
LPATH, 1+, 41+]
DPRSECT
LPATH, 9+3,49+j
PRSECT
LPATH, 10+3, 50+3
PRSECT
LPATH, 50+3,52+3
PRSECT
LPATH, 1102+3,1103+j
PRSECT
LPATH, 62+3,64+]
PRSECT
LPATH, 134+3,135+]j
PRSECT
LPATH, 180+7,181+]
PRSECT
LPATH, 202+3,204+)
PRSECT
LPATH, 232+73, 23443
PRSECT
LPATH,249+7,261+j
PRSECT
LPATH, 262+3,264+3
PRSECT
LPATH, 274+3,276+]
PRSECT
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LPATH, 277+3,279+)
PRSECT
LPATH, 292+ ,294+3
PRSECT
LPATH,1940,1927,1914,1901,55514,55527,55940
PRSECT

LPATH, 1901+j,1513+3
PRSECT

LPATH, 2068+, 2108+j
PRSECT

LPATH, 2169+7,2174+3
PRSECT

LPATH, 2509+3, 2511+]
PRSECT

LPATH, 2525+], 2528+
PRSECT

LPATH, 2549+3, 2552+
PRSECT

LPATH, 2574+3, 2583+
PRSECT

LPATH, 2500+7, 2502+
PRSECT

LPATH, 1704+3,1724+7
PRSECT
LPATH,1721+3,172443
PRSECT

LPATH, 1731+3,1734+]
PRSECT
LPATH,1311,1301
PRSECT

LPATH, 1349,1345
PRSECT

LPATH, 1393,1389
PRSECT

LPATH, 1437, 1433
PRSECT

LPATH, 1487+3,1485+]
PRSECT

LPATH, 1477+3,1481+]
PRSECT

LPATH, 1587+j, 159143
PRSECT

LPATH, 1598+3, 1602+
PRSECT

LPATH, 1631+, 1635+3
PRSECT

LDPATH, 302+3,304+3
PRSECT

i=1

j=i%9*3000
LPATH, 1+3,42+3
PRSECT

LPATH, 9+3,49+3%
PRSECT

LPATH, 10+3,50+3
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PRSECT

LPATH, 50+3, 52+
PRSECT

LPATH, 1103+j,1103+3
PRSECT

LPATH, 62+5, 64+
PRSECT

LPATH, 134+3, 135+3
PRSECT

LPATH, 180+7,181+3
PRSECT

LPATH, 202+j,204+3
PRSECT

LPATH, 232+j,234+3
PRSECT

LPATH, 249+j,261+3
PRSECT

LPATH, 262+3,264+3
PRSECT

LPATH, 274+3,276+3
PRSECT

LPATH, 277+3,279+3
PRSECT

LPATH, 292+3,294+3
PRSECT

LPATH, 1902+j,1913+
PRSECT

LPATH, 2068+j,2108+3
PRSECT

LPATH, 2169+3,2174+3
PRSECT

LPATH, 2509+3j,2511+3
PRSECT

LPATH, 2525+, 2528+
PRSECT

LPATH, 2549+, 2552+
PRSECT

LPATH, 2574+, 2583 +j
PRSECT

LPATH, 2500+, 2502+
PRSECT

LPATH, 1704+ ,1724+3
PRSECT

LPATH, 1721+3,1724+3
PRSECT

LPATH, 173143, 1734+j
PRSECT .
LPATH, 1311,1301
PRSECT

LPATH, 1349, 1345
PRSECT

LPATH, 1393,1389
PRSECT
LPATH,1437,1433
PRSECT

LPATH, 1487+ ,1485+3
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

PRSECT

LPATH, 1477+3,1481+3
PRSECT

LPATH, 1587+3,1591+3
PRSECT

LPATH, 1598+7, 1602+
PRSECT

LPATH, 163143, 1635+3
PRSECT

LPATH, 302+3, 304+
DRSECT

i=2

j=1i%¥9%3000
LPATH,1+j,41+]3
PRSECT

LPATH, S+3,49+3
PRSECT

LPATH, 10+3,50+]
PRSECT

LPATH, 50+3,524+]
PRSECT

LPATH, 1101+3,1103+3
PRSECT

LPATE, 62+3, 64+3
PRSECT
LPATH,134+j,135+j3
PRSECT

LPATH, 180+7j,181+3
PRSECT

LPATH, 202+3,204+j
PRSECT

LPATH, 232+3,234+]j
PRSECT
LPATH, 249+ ,261+]
PRSECT

LPATH, 262+7,264+3
PRSECT

LPATH, 27443, 276+3
PRSECT

LPATH, 277+3,279+7
PRSECT

LPATH, 292+],294+3
PRSECT
LPATH,1902+j,1%13+j
PRSECT

LPATH, 2068+J,2108+]
PRSECT

LPATH, 2169+3,2174+3
PRSECT

LPATH, 2509+3,2511+]
PRSECT

LPATH, 2525+],2528+]
PRSECT
LPATH,2549+j,2552+j
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PRSECT

LPATH, 2574+7, 2583+]
PRSECT

LPATH, 2500+7,2502+]
PRSECT

LPATH, 1704+3,1724+3
PRSECT

LPATH, 1721+7,21724+3
PRSECT
LPATH,1731+3,1734+7
PRSECT

LPATH, 1311,1301
PRSECT

LPATH, 1349, 1345
PRSECT

LPATH, 1393,138S
PRSECT

LPATH, 1237, 2433
PRSECT
LPATH,1487+3,1485+3
PRSECT

LPATH, 1477+j,1481+]
PRSECT

LPATH, 1587+3,1591+3
PRSECT

LPATH, 1558+3,1602+]
PRSECT

LPATH, 1631+3,1635+3
PRSECT

LPATH, 302+3,304+j
PRSECT

fini
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Project Number:
Computer Code:
Software Version:
Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:
Run Date / Time:

KH-8009-8

ANSYSe-PC

54

Windows NT 4.0, Pentiume Il Processor
KH-8009-8-03

CSBCAP.out

MCO CSB Tube Drop with Lifting Cap
18 December 1998 19:29:17 PM

DZA/// Q% fo2 \oe M;@/—A'n s Z//;/?L

Prepared By: Joseph C. Ni

L r—

chols

Date

tot Mie Comen) z/?é?

Checked By: Mike Cohen

7
Date /
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FILE NO:
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PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

Project Number:
Computer Code:
Software Version:
Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:
Creation Date / Time:

KH-8009-8
ANSYSe-PC

54

Windows NT 4.0, Pentiume il Processor

KH-8009-8-03
CSB.inp

MCO CSB Tube Drop without Lifting Cap

17 December1998 13:26:35

o DD vl Mo
/

Prepared By: " Joseph C. Nichols

W b yue Coves)

Y

Date

o/5/57
77

Checked By: Mike Cohen Date
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LISTING OF CSB.INP FILE

fini

/cle

/FILENAM, CSB

/PREP?

/TITLE,28g CSB DROP -132 DEGREES C, 150 psi PRESSURE, NO CAP
TREF, 70

TUNIF,270

ETAN=(.006 ! Tangent modulus

JCOM *¥#kixxxsxxxx ELEMENT TYPES %% %skxwxdkkks

ET,1,42,,,1 ! Shell & Collar
ET,2,42,,.1 ! Bolts
ET,3,42,,,1 ! Locking Ring

ET,4,42,,.1 : Shield Plug & Guard Plate
ET,5,12 !t Gap Elements

XEYOPT, 5,7,1

/COM **%*%xxx%x+r* REAL CONSTANTS FOR GAP ELEMENTS *#%x%%*x#%ixx

R,4,-90,1.0e8,-0.045,3.0 ! Shell/Shield Plug, Initially Open 0.045"
R,5,0,1.0e8,2.75e-03 ¢ L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0e8,0,2.0 ! Sealing Surxface, closed
R,7,0,1.0e8,0,1.0 IBottom MCC Plate, Closed

R,8,0,2.42e7,90,2.0 ! Seal Spring, Max. Stiffness

JCOM *%%%xsxsix**%x MATERIAL DROPERTIES *** %k %kedkuw

/COM *x#% MATERIAL 1, 304L STAINLESS STEEL ****
MP,DENS, 1,493/1728 ! 304L SS
MP,NUXY,1,0.3 .

/COM *% DEFINING TEMPERATURES (MPDATA) FOR 304L/304 **
MPTEMP,1, 70,100,200,300

/COM ** DEFINING ELASTIC MODULI FOR 304L/304 **
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06

/COM ** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) 304L/304 **
MPDATA,ALPX,1,1,8.46e-06,8.55€-06,8.79¢-06,9.00e-06

/COM *+** MATERIAL 2, SA-153 GRADE B8S *%#x
MP,DENS,2,473/1728
MP,NUXY,2,0.3

/COM ** DEFINING TEMPERATURES (MPDATA} FOR SA-133 *«
MPTEMP, 1,70,1200,200,300

/COM x* DEFINING ELASTIC MODULI FOR SA-193 **
MPDATA, EX,2,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06

/COM ** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) SA-193 #»
MPDATA, ALPX, 2,1, 8.55¢-06,8.79€-06,9.00e-06,9.15e-06
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JCOM #xxxkxdkxkskds SGUEL], GEOMETRY **¥kxkdskkhuki*
IR=11.49 :

OR=12.000 !
IR2 = 12.02 !
OR2 12.655
IR3 = 12.284 H

IR4=12.174 ! Inside Radius

Inside Radius at

/COM **%* BOTTOM PLATE (DWG SK-2-300378) *¥*+

N,1,,-1.32 Row 1
N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,2%.423,-1.32

FILL

N,41,0.00,-0.18 { Row 3
N,42,1.25,-0.18

N,43,2.13,0.69

N,50,IR,0.69

FILL,43,85¢C

N,52,0R,0.69

FILL,50,52

FILL,1,41,1,21,1%,10C ! 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 t
FILL,53,55

F1LL,50,53,1,1101
FILL,51,54,1,1102
FILL,52,55,1,1103

Shell Stub/Weld

/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
FILL,53,56,1,1104
FIiLL,55,58,1,1106
FILL,1104,1106
FILL,56,59,1,1107
FILL,58,61,1,1109
FILL,1107,1109
FILL,5%,62,1,1110
FILL,61,64,1,1112
FILL,1110,1112
FILL,62,65,1,1113
FIilL,64,67,1,1115
FILL,1113,1115

Internal Shell Radius @ Bottom
Shell Outside Radius @ Bottom

Collar Sealing Surface

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

PEITY
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/COM #**%% SINGLE ROW SHELL *%*¥
N,100,IR,7.18 ! Inside
N,140,IR,71.568

N,180,1IR,136.68

N,1C1,0R,7.18 ¢ Qutside
N,141,0R,71.68

N,181,0R,136.68
FILL,100,14¢,20,,2,2,1,2.0
¥ILL,140,180,19,,2,2,1,.5
FILL,100,102,2,1116,2
FILL,102,104,2,11290,2
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,112,114,2,114¢,2
FILL,114,116,2,1144,2
NGEN,2,1,1116,1146,2,0.50

/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

/COM **#%% BOTTOM OF COLLAR TRANSITION **%%

N,235,IR,146.06 i 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

/COM **** TOP OF COLLAR TRANSITION #*%*

N,241,1IR,147.31 ! End of Transition to Large 0.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 *x%*

N,247,IR,149.63 ! Inside Radius of Sealing Surface
N,24%,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 Suxface
N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
N,980,1IR,149.38
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PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

N,9$81,11.755,149.38

N, 982,IR2,145.38

N, $83,12.317,149.38

N, 984,0R2,145.38

N, $30,0R2,146.68
FILL,240,990,1,251

NGEN, 2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,283,255,1,,1,3,3
FILL,237,990,1,991

/COM w#x* COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) x#x%
NGEN, 2,3,259,,,,0.175 ! Nodes 262

/COM #x#x COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) ***x
NGEN, 2,9,262,,,,1.655 ! Nodes 271

FILL,262,27%,2

NGEN, 3,1,259,271,1, {OR2-IR2)/2

/COM %%x% COLLAR AT BASE OF THREADS =%**
N,274,IR4,151.58
N,1000,IR2,151.58

/COM **%% TOP TO COLLAR (WELD CLOSURE) ***¥
N,277,IR4,152.26
N,280,IR4,152.95
N,283,IR4,153.63
N,286,1IR4,154.32
N,28%,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,292,IR3,155.30
N,295,IR3,155.875
N,300,IR3,154.725
NGEN,2,1,274,289,3,0.27

NGEN, 2,2,275,290,3,0.211

NGEN, 3,1,292,295,1, {OR2-IR3)/2

JCOM #**#xkxwxskxsxx LOCKING & LIFTING RING GEOMETRY ***##¥xxkxxxx
RING1=7.8775 ! Inner Radius

RING2=9.37% Inside Lip

RING3=$.625 Inside Lip, Bottom of Transition

RING4=10.19 Outside Lip

RING5=12.065 Outside Radius No Threads

RING6=12.174 Outside Radius

LOCAL,15,0,,151.58 ! Local System 2z=0 at Base of Lifting Ring

/COM *%xx TOP EDGE **#*%
N, 401,RINGL,6.50

csys, ¢

N, 404,RING2,158.08
FILL,401,404,,,1
N,405,9.53,158.08

N, $00,$.75,158.08

N, 901,$.97,158.08
N,406,RING4,158.08
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FILE NO:

KH-8009-8-03
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

/COM x*#x LIFTING SURFACE *%*%
C8YS§, 15

N, 421,RINGL,S5.5C
N,424,RING2,5.50

FILL, 421,424
N,425,9.53,5.50
N,$04,9.75,5.50
N,$05,%.97,5.50
N,426,RING4,5.50
FILL,401,421,1,,10,6,1
FILL, 900,904,1,902
FILL, 901,905,1,903
N,431,RING1,6.50-1.56
N,434,RING2,6.50-1.56
FILL

/COM x%%x BOLTING SURFACE *%*%
N, 441,RING1,4.37
N,444,RING3,4.37

FILL

NGEN, 2,10,441,444,,,-0.38
NGEN, 2,10,451,454,,,-0.64
NGEN, 2,10,461,464,,,-0.61
NGEN, 2,10,471,474,,,-0.69
NGEN, 2,10,481,484,,,-0.68
NGEN,2,10,491,494,,,-0.69
NGEN,2,10,301,504, ,
N,445,10.875-0.75,4.3
N,447,10.875+0.75,4.37
FILL
N,910,10.875-0.75,4.37
N,91%,10.875+0.75,4.37
¥,912,10.875-0.75,3.99
N,913,10.875+0.75,3.99
N, 455,10.875-0.75,3.99
N,457,10.875+0.75,3.99
FILL, 455,457
N,914,10.875-0.75,3.35
N,$15,10.875+0.75,3.35
M,465,10.875-0.75,3.35
N,467,10.875+40.75,3.35
FILL, 465,467
N,916,10.875-0.75,2.74
N, 917,10.875+0.75,2.74
N,475,10.875-0.75,2.74
N,477,10.875+0.75,2.74
FILL, 475,477
N,918,10.875-0.75,2.05
N, 919,10.875+0.75,2.05
N,485,10.875-0.75,2.05
N,487,20.875+0.75,2.05
FILL, 485,487

N, 920,30.875-0.75,1.37
N, $21,10.875+0.75,1.37

Inside Edge of Bolt Hole

! Outside Edge of Bolt Hole

! Double Nodes @ Bolt for Gap elements
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CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8009-8-03

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

N,295,10.875-0.75,1.37
N,497,1C.875+0.75,1.37
FILL,455,497
N,$22,10.875-0.75,0.68
N, $23,10.875+0.75,0.68
N,505,10.875-0.75,0.68
N,507,10.875+0.75,0.68
FILL, 505,507
N,524,10.875-0.75,0.00
N, $25,10.875+0.75,0.00
N,515,10.875-0.75,0.00
N,517,10.875+40.75,0.00
FiLL, 515,517
N,525,10.125,-0.119
N,527,11.625,-0.119
FILL,6 525,527

Bottom of Bolt Extension

/COM ****CHAMFER AND THREADS***%
N,448,RING5-.22,4.37 1 Q.D of Ring at Chamfer
N, 458,RINGS5,3.99

N, 469,RINGS,3.35

N, 468 ,RINGS,3.35 { Top of Threads
N,479,RING6,3.145

N,478,RING6,2.74

N, 488,RING6,2.05

N, 498,RING6,1.37

N,508,RING6,0.68

N,518,RING6,0.00 ! Bottom of Thxeads

JCOM #%*x%%xxuxtxx SHIELD DLUG ****%kkxtsskx
DLUGR1=11.97S

PLUGR4=7.8775
LOCAL,20,0,,158.21 i Local System 2z=0 at Top Left of Shield Plug

/COM ***% NODES AT PLUG AXIS (r=0)} *x*x
N, 601

N,602,0,-2
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604,1
N,607,0,-6.75
N,610,0,-8.405
FILL,607,610,2,608,1
N,611,0,-9.374
N,613,0,-10.5
FILL,611,613

/COM *%%% NODAL GENERATION ##%%
NGEN,2,20,601,613,2,0.8825

NGEN, 2,20,621,633,1,0.8825 { Id Laxge 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 ! Id Small Opening
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CLIENT: DE&S Hanford, Inc.

PARSONS
FILE NO: KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NGEN,2,10,706,713,1,0.9515

N,730,5.4665,-1.99¢
N,736,5.4665,-4.594
FILL,730,736,5,731,1
N,737,5.4665,-6.75
N, 740,5.4665,-8.435
FILL,737,740,2,738,1
N,741,5.4665,-9.374
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, 766,763
N,786,7.57%,0.00
N,787,7.571,-0.50
N,788,7.571,-1
N,78$,7.57%,-1.55
N,790,7.57%,-2.10
N,791,7.871,-2.60
N,792,7.571,-3.10
N,793,7.571,-3.60
N,7%4,7.571,-4.10
N,795,7.57%,-4.90
N,796,7.571,-5.55
N,797,7.571,-6.75

N, 806, PLUGR4, 0.00

N, 550, PLUGR4, -0.13
N, 807, PLUGR4,-0.63
N, 808, PLUGR4, -1.13
N, 809, PLUGR4, -1.69
N, 810, PLUGR4, -2.26
N, 811, PLUGR4, -2.64
N, 812, PLUGR4, -3.28
N, 813, PLUGR4, -3.89
N, 814, PLUGR4, -4.58
N, 815, PLUGR4, -5.26
N, 816, PLUGR4, -5.55
N, 817, PLUGR4, -6.75

/COM *%%* UNDER LOCKING RING **x+*
N,824,8.5017,-6.75
N,827,8.5017,-8.40%

FILL

N,828,8.5017,-9.374
N,830,8.5017,-10.5

FILL

NGEN, 2,20,778,783,1,0.306
NGEN, 2,20, 798,803,1,0.3065
NGEN, 3,7, 824,830,1,0.5616
NGEN, 2,7,838,844,1,0.5002

! Centexr of Opening

! 0d Small Opening

NGEN, 2, 7,845,851,1,0.750 ! Under Bolt
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CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8009-8-03

PROJECT: MCO Deiign DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

N,855,11.625,-6.75
N,860,11.625,-7.302
N,861,11.625,-7.854
N,862,PLUGR2, ~8.405
N,1100,PLUGR2, -8.83

N, 863, PLUGR2, -$.374

N, 865, PLUGR3, ~10.5

FILL, 863,865
N,866,PLUGR1-0.27,-6.75 ! Seal Tab
N, 869, PLUGR1-0.27,-8.405
FILL.B866,869,2,867,1
N,870,PLUGR1-0.27,-8.56
NGEN, 2,5,866,870,2,0.27

/COM *x*% FILTER GUARD PLATE ****

LOCAL,40,0,,147.71 ¢ Local System z=0 at Bottom Left of Shield Plug
PLATE1=0.273

PLATE2=0.6875

PLATE3=1.357

PLATE4=10.25

PLATES5=11.25

N,1200,PLATEZ,-0.85
N,1202, PLATES, -0.85

FILL

NGEN, 5,3,1200,1202,,,-0.85
NGEN, 2,3,1212,1214,,,-0.25
¥,1221, PLATE4, -5.75
¥,1222,10.75,-5.75
N,1223,10.915,-5.75
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220.
FILL,1216,1222,1,121%
¥,1237,6.4375,-4.25
FILL,1212,1237,3,1225,4
N,1249,3.578,-4.25
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,-2.375
¥,1254,2.625,-2.575
N,1256,2.625,-4.25
FILL,1254,1256
N,1257,2.625,-4.5
¥,1259,2.625,-5.75
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN, 2,10,1263,1269,1,-0.768
¥,1283,0.6575,-2.375
N,1284,0.6575,-2.575
N,1260,2.125

N,1270,1.357

N,1280,0.6575

N,1290,0.273

NGEN, 3,1,1260,1290,10,,-0.5625
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PARSONS
CLIENT: DES&S Hanford, inc. FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

/COM ***x NODES BELOW THE BOTTOM PLATE FOR GAPS *¥#*ik
NGEN,2,2000,1,10,1,,-1.00

/COM *x%% COUPLING NODES **%*
/COM *%#* BETWEEN LIFTING/LOCKING RING & SHELL *%*%
/COM *+%* BETWEEN BOLT & LOCKING RING **%x=*

CP, 54,UY, 445,910 ! Inner Nodes
Cp,55,UX, 445,910
Cp,56,UY, 447,911
CP,57,UX, 447,912

! Outer Nodes

*DO,I,1,7 ! Going Down The Bolt
CP,57+1,UY,445410%I,910+2%1
*ENDDO

'

*DO,I,1,7
CP,64+I,UY,247+10%1,911+2%1
*ENDDO

'

*pO,I,1,7
CP,71+1,UX,445+210%1,91042%1
*ENDDO

f

*DO,I,1,7
CP,78+1,UX,447+10%,511+2%T
*ENDDO

CP,200,0Y,479,289 ! Threads
CP,101,UY, 478,286
CP,102,UY, 488,283
CP,103,0Y,498,280
CPp,104,UY,508,277

/COM *%kx¥xtxsxx%x* ELEMENT GENERATION **%%fkxxsssx
JCOM *kksknienskxsss SHELL ***r*hkrxtirs

TYPE, 1 ! Plane42 -
MAT, 1 ! Type 304L/304 Properties Stainless Steel

E,1,2,22,21
EGEN,10,1,-1
E, 11,32,31
E,21,22,42,41
EGEN,11,1,-1

! Bottom Plate

E,50,51,1102,1101 ! Bottom Shell
EGEN,5,3,-1

E,1101,1102,54,53

EGEN, 5,3,-1

E,51,52,1103,1102

EGEN, 5,3,-1

E,1102,1103,55,54
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CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8009-8-03
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5
EGEN, 5,3, -1

E,65,66,100,
E,66,101,100
E,65,67,101
E,100,101,1117,1116
E,1116,1217,1119,1118
EGEN, 8,4, -1
E,1118,111%,103,102
E,102,103,1121,1120
E,1122,1123,105,102
4,105,1125,1124
126,1127,107,105
$6,107,1129,1128
30,1131,109,108
,108,108,1133,1132
,1134,1135,111,110
110,12%,1137,1136
,1138,1135,113,112
,112,113,2241,11490
E,1142,1143,315,114
E,114,115,1145,1144
E,1146,1147,117,116
E,116,117,119,118
EGEN, 32,2, -1
E,180,181,191
B,180,180,191

E, 181,192,191
E,180,191,194,193
EGEN, 9,3, -1
E,191,192,195,194
EGEN, 9,3,-1

(R N B B o B o B e e I o

TYPE, 1 ! Collar
MAT, 1 ¢ FXM-19

E,217,218,221,220
EGEN, 9,3, -1
E,6218,219,222,221
EGEN, 9,3,-1
E,244,245,986,985
E, 985,986,581, 980
E,6$80,981,248,247
BGEN,2,1,-3
E,237,991,251,250
E, $91,990,251
E,250,251,254,253
E,6251,590,255,254
E,253,254,257,246
E,254,255,258,257
E,246,257,988,587
E, 257,258,989, 988
E,987,988,983,982
E, $88,985,984,983
E,$82,983,260,25%
E,983,584,261,260
E,259,260,263,262
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CLIENT: DE&S Hanford, Inc.

PARSCONS

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix §

EGEN, 9,3,-1
E,271,274,1000
E,260,261,264,263
EGEN, 12,3, -1

E, 286,300,288
£,286,287,290,300
E,300,2%0,293,292
E,292,293,296,295

JCOM *xxxxxxxxxx** LOCKING RING ****xkxkxxrxx

TYPE, 3
MAT, 1 ! F304N

E,411,412,402,401
EGEN, 11,10, -1
EGEN,3,1,-11
E,414,415,405,404
EGEN,2,1,-1

EGEN, 2,10,-2
E,$02,903,90%,%00
BGEN,2,2,-1
E,903,416,406,901
E, $05,426,416,903
E, 454,912,910, 444
E,464,514,912,454
E,474,916,514,464
E,484,918,%16,474
E,494,920,918,484
E,504,922,920,494
E,514,924,522,504
E,$13,458,448,911
E,$15,468,458,913
E,917,478,468,915
E,919,488,478, %17
E,921,498,488,919
E,923,508,498,921
E, 925,518,508,923

/COM **%xxxxxxx%+%x NITRONIC 60 BOLTS (MODELED AS RING)

TYPE, 2
MAT, 2 ! SA-183

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

JCOM #*xxktskkxikx SHIBLD DLUG ¥*xdksohkionsdx

! Top Going Down and
! Left to Right

R T

TYPE, 4
MAT, 1 t 304L
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E,602,622,621,601
EGEN,11,1,-1

EGEN, 2,20,-11
E,613,1290,612
£,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,632,1270,652
E,1270,653,652

E,643,663,662,642
EGEN,10,1,-1
EGEN, 2,20,-10
E,653,1260,652
E,1260,673,672,652
E,673,693,692,672
E,684,704,703,683
EGEN,10,1,-1
E,707,717,7158,706
EGEN, 7,1, -1
E,717,737,736,71%
EGEN,7,1,-1
E,731,752,750,730
EGEN,13,1,-1
EGEN, 4,20,-13
E,749,769,768,748
EGEN,2,1,-1

EGEN, 3,20,-2
E,767,787,786,765
EGEN,2,1,-1

EGEN, 2,20,-1
E,787,807,550,786
E,550,806,786
E,818,825,824,817
EGEN,6,1, -1
EGEN,5,7,-6
E,853,860,859,852
EGEN,3,1,~1
EGEN,2,7,-3
E,867,872,871,866
EGEN,4,1,-1
E,1100,862,855
E,856,1100,855
E,856,863,1100
E,857,864,863,856

/COM *xxxixxkxxkx* FILTER GUARD PLATE *¥%%x¥ % %% ksx
TYPE, 4
MAT, 1

E,1200,1201,858,851
£,1201,1202,865,858
E,1203,1204,1201,1200
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EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1218,1218
E,1222,1223,1220,1219
E,1226,1215,1212,122%
B,1227,1218,1215,122¢
E,1228,1221,1218,1227
E,1230,12256,1225,122%
EGEN, 3,1, -1
EGEN,6,4,-3
E,1257,1250,1249,1256
EGEN, 3,1, -1
E,1264,1254,1253,1263
BEGEN, 6,1, -1
E,1271,1261,1260,1270
EGEN,S,1,-1
E,1281,1271,127¢,1280
EGEN,4,1,-1
B,1291,1281,1280,1290
EGEN,2,1,-1

/COM #3*xx+*%sxxx% CONTACT ELEMENTS ***#xx%%x*+%%x

/COM #x%* BETWEEN SHIELD PLUG & SHELL *#%x
TYPE, 5

REAL, 4

E,871,271

E, 872,268

E, 873,265

E,874,262

E, 1100, 980

/COM *x%x BETWEEN SHIELD PLUG & SEAL LIP **%*
TYPE, S

REAL, 6

E,248,870

E, 249,875

TYPE, 5
REAL, 8
E, 247,862
E, 248,869

/COM #**x UNDER THE BOLT ***%
TYPE,S

REAL, S

E, 845,525

E, 852,526

E, 859,527

/COM **%x BETWEEN LOCKING RING & PLUG ****

TYPE, 5
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REAL, 4

E, 550,401
E, 807,411
E,808,421
E, 808,431
E,810,441
E, 811,451
E, 812,461
E, 813,471
E,814,481
E, 815,491
E,816,501

JCOM *x%% BELOW BOTTOM PLATE *¥%x
TYPE, 5

REAL, 7

E,2001,1

EGEN,10,1,-1

NALL

EALL

JCOM **%x%xkx*xxx%x MERGING COINCIDENT NODES *#%¥*#x%xk¥%x
ESEL,S,TYPE, , 1

NSLE

NUMMRG, NODE

EALL

NALL

/COM kxkkkxxkkxxkx BOUNDARY CONDITIONS ***kkkkxkdkkix
C¢8Ys, 0 ’
NSEL, §,10C, X, 0
NSEL,R,LOC,Y,-1.5,165

D,ALL,UX, 0

NALL

EALL

NSEL, $,NODE, , 2001,2010
D,ALL,ALL, 0

NALL

EALL

/COM #%*** LOAD 1: 150 PSI INTERNAL DPRESSURE *#%*
NSEL, S, NODE, , 41 ! Bottom Plate

NSEL, A,NODE, , 42

NSEL, A, NODE, , 43

NSEL,A, NODE, , 44

NSEL, A, NODE, , 45

NSEL, A, NODE, , 46

NSEL,A,NODE, , 47

NSEL,A,NODE, , 48

NSEL, A,NODE, , 49
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NSEL, A, NODE, , 50
NSEL, A, NODE, , 1102
NSEL,A,NODE, , 53
NSEL, A, NODE, , 1104
NSEL, A, NODE, , 56
NSEL, A, NODE, , 1207
NSEL, A, NODE, , 5%
NSEL, A, NODE, , 1110
NSEL, A, NODE, , 62
NSEL,A,NODE, ,1113
NSEL, A, NODE, , 65
NSEL, A, NODE, , 100
NSEL, A, NODE, , 1116
NSEL, A, NODE, , 1118
NSEL, A, NODE, , 102
NSEL, A, NODE, , 1120
NSEL, A, NODE, , 1122
NSEL, A, NODE, , 104
NSEL, A, NODE, , 1124
NSEL, A, NODE, , 1126
NSEL, A, NODE, , 106
NSEL, A, NODE, , 1128
NSEL, A, NODE, , 1130
NSEL, A, NODE, , 108
NSEL, A, NODE, , 1132
NSEL, A, NODE, , 1134
NSEL, A, NODE, , 110
NSEL, A, NODE, , 1136
NSEL, A, NODE, , 1138
NSEL, A, NODE, , 112
NSEL, A, NODE, , 1140
NSEL, A, NODE, , 1142
NSEL, A, NODE, , 114
NSEL, A, NODE, , 116
NSEL, A, NODE, , 1144
NSEL, A, NODE, , 1146
NSEL, A, NODE, , 118
NSEL, A, NODE, , 120
NSEL, A, NODE, , 122
NSEL, A, NODE, , 124
NSEL, A, NODE, , 126
NSEL, A, NODE, , 128
NSEL, A, NODE, , 130
NSEL, A, NODE, , 132
NSEL, A, NODE, , 134
NSEL, A, NODE, , 136
NSEL, A, NODE, , 138
NSEL, A, NODE, , 140
NSEL, A, NODE, , 142
NSEL, A, NODE, , 144
NSEL, A, NODE, , 146
NSEL, A, NODE, ,148
NSEL, A, NODE, , 150
NSEL,A,NODE, , 152
NSEL, A, NODE, , 154
NSEL, A, NODE, , 156

! Junction at Shell
{ Bottom Shell
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NSEL, A, NODE, , 158
NSEL,A,NODE, , 160
NSEL, A, NODE, , 162
NSEL, A, NODE, , 164
NSEL, A, NODE, , 166
NSEL,A,NODE, , 168
NSEL, A, NODE, , 170
NSEL, A, NODE, , 172
NSEL, A, NODE, , 174
NSEL, A, NODE, , 176
NSEL,A,NODE, ,178
NSEL, A, NODE, , 180
NSEL, A, NODE, , 182
NSEL, A, NODE, , 184
NSEL, A, NODE, , 186
NSEL, A, NODE, , 188
NSEL, A, NODE, , 190
NSEL, A, NODE, , 193
NSEL, B, NODE, ,156
NSEL, 3, NODE, , 199
NSEL, A, NODE, , 202
NSEL, A, NODE, , 205
NSEL, &, NODE, , 208
NSEL, A, NODE, , 211
NSEL, A, NODE, , 214
NSEL, A, NODE, , 217
NSEL, A, NODE, , 220
NSEL, A, NODE, , 223
NSEL, A, NODE, , 226
NSEL, A, NODE, , 229
NSEL, A, NODE, , 232
NSEL, A, NODE, , 235
NSEL, A, NODE, , 238
NSEL, A, NODE, , 241
NSEL, &, NODE, , 244
NSEL, A, NODE, , 985
NSEL, A, NODE, , 980
NSEL, A, NODE, , 247
NSEL, A, NODE, , 248
NSEL, A, NODE, , 870
NSEL, A, NODE, , 869
NSEL, A, NODE, , 862
NSEL, A, NODE, , 1100
NSEL, 3, NODE, , 863
NSEL, A, NODE, , 864
NSEL, A, NODE, , 865
NSEL, A, NODE, , 1202
NSEL, A, NODE, , 1205
NSEL, A, NODE, , 1208
NSEL, A, NODE, , 1211
NSEL, 3, NODE, , 1214
NSEL, A, NODE, , 1217
NSEL, 3, NODE, , 1220
NSEL, A, NODE, , 1223
NSEL, &, NODE, , 1222
NSEL, A, NODE, , 1221

Shell at Sealing Surface

Seal Stop (Plug)

Plug Taperxr

Start Plug Bottom
Side of Guaxd Plate Ring

Bottom of Guaxd Plate
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NSEL,A,NODE, , 1228
NSEL,A,NODE, , 1232
NSEL,A,NODE, , 1236
NSEL, A,NODE, , 1240
NSEL, A, NODE, , 1244
NSEL,A,NODE, , 1248
NSEL, A,NODE, , 1252
NSEL,A,NODE, , 1259
NSEL, A, NODE, , 1269
NSEL,A,NODE, , 1279
SF,ALL, PRES, 150
NALL

EALL

/COM *%*%% LOAD 2: APPLYING EQUIVALENT
NSEL, S, NODE, ,601,641,20
NSEL,A,NODE, , 766,806,20

SF, ALL, PRES, 14162

NALL

EALL

save

/COM *%%** SOLUTION PHASE ***%*
/SOLUTION

SOLVE

SAVE

FINT

/COM **** POSTPROCESSING **%*
/POST1

SET, LAST

/TYPE, ALL, HIDC
/GLINE,ALL, 0

RSYS, 0

PLNSOL, §, INT

/DSCALE, , 20

/REPLOT

NSEL, $,LOC,X,11.49,11.52
NSEL,R,LOC,Y,-0.33,149.63
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

LPATH, 1,41

PRSECT

LPATH, 9,49

PRSECT

LPATH, 10,50

PRSECT

LPATH, 50, 52

28g CSB DROP *%#x

! 28g x 20000 1lb = 560,000 lb
! Shield Plug Area = 39.54 in™2
! P/A = 14162 psi
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PRSECT
LPATH,1101,1103
PRSECT

LPATH, 62,64
PRSECT

LPATH, 134,135
PRSECT

LPATH, 180,181
PRSECT

LPATH, 202,204
PRSECT

LPATH, 232,234
PRSECT

LPATH, 249,261
PRSECT

LPATH, 262,264
PRSECT

LPATH, 274,276
PRSECT

LPATH, 277,279
PRSECT

LPATH, 292,294
PRSECT

LPATH, 601,641
PRSECT

LPATH, 601,613
PRSECT

LPATH, 603,683
PRSECT

LPATH, 606, 706
PRSECT

LPATH, 766,806
PRSECT

LPATH, 768,808
PRSECT

LPATH, 750, 810
PRSECT

LPATH, 736,815
PRSECT

LPATH, 869,874
PRSECT

LPATH, 870,875
PRSECT

LPATH, 851, 865
PRSECT

LPATH, 1290,1260
PRSECT

LPATH, 1282,1262
PRSECT

LPATH, 1283,1263
PRSECT

LPATH, 1274,1254
PRSECT

LPATH, 1276, 1256
DPRSECT

LPATH, 431,434
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PRSECT

LPATH, 406,426
PRSECT

LPATH, 921,498
PRSECT

LPATH, 404,424
PRSECT

SAVE

FINI
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CLIENT: DE&S Hanford, Inc.

FILE NO: KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5§

Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:
Run Date / Time:

Prepared By: Joseph C. Nichols

KH-8009-8

ANSYSe-PC

54

Windows NT 4.0, Pentiume |l Processor
KH-8009-8-03

CSB.out

MCO CSB Tube Drop without Lifting Cap
17 December 1998 13:27:48

A Ol s 27/7/'/7?

Date

W@ e _Costesl 2//‘;/7 7

Checked By: Mike Cohen Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYSe-PC

Software Version: 54

Computer System: Window NT 4.0, Pentiume !l Processor
Computer Run File Number: KH-8009-8-03

Unique Computer Run Filename: BBED.inp

Run Description: MCO Bare Bottom End Drop

Creation Date / Time: 17 December 1998 13:17:45 AM

% /OL,AI% Eor Jor pitor S l//g%?

Prepared By: Joseph C. Nichols Date

W/ ol it Coppen) Z//f/ 4 7

Checked By: Mike Cohen Date
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LISTING OF BBED.INP FILE
fini
/cle
/FILENAM, bbed
/PREP7?
/TITLE, 28g CSB DROP - 132 DEGREES C, 150 psi PRESSURE, NO CAP
TREF, 70
TUNIF, 270

ETAN=0.C06 ! Tangent modulus

JCOM **%*ixxiksxxs ELEMENT TYPES ** %% akktkk ki

ET,1,42,,,1 ! Shell & Collax
ET,2,42,,,1 ! Bolts
ET,3,42,,,1 !t Locking Ring

ET,2,42,,,1 ! Shield Plug & Guard Plate
ET,5,12 i Gap Elements

KEYOPT,5,7,1

JCOM **#%%xksx*ix% REAL CONSTANTS FOR GAP BLEMENTS #*%#f%xxxxwssx

R,4,-90,1.0e8,-0.045,3.0 ¢ Shell/Shield Plug, Initially Open 0.045"
R,5,0,1.0e8,2.7%e-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 tBottom MCO Plate, Closed

R,8,0,2.42e7,0,2.0 ! Seal Spring, Max. Stiffness

JCOM *#xx%xxxk*%x*% MATERIAL DROPERTIES ****ksk* ki

/COM **%% MATERIAL 1, 304L STAINLESS STEEL ***%*
MP,DENS,1,493/1728 ! 304L 88
MP,NUXY,1,0.3

/COM ** DEFINING TEMPERATURES (MPDATA) FOR 304L/304 **
MPTEMP, 1, 70,100,200,300

/COM ** DEFINING ELASTIC MODULI FOR 304L/304 **
MPDATA,EX,1,1,28.3e+06,28.1e+06,27.6€+06,27.0e+06

/COM ** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./{F) 304L/304 *=*
MPDATA,ALPX,1,1,8.46e-06,8.55€-06,8.79e-06,9.00e-06

/COM **%x* MATERIAL 2, SA-193 GRADE B8S ***x
MP,DENS,2,473/1728
MP,NUXY,2,0.3

/COM ** DEFINING TEMPERATURES (MPDATA) FOR SA-193 **
MPTEMP, 1, 70,100, 200,300

/COM ** DEFINING ELASTIC MODULL FOR SA-193 **
MPDATA,EX,2,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06

/COM ** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) SA-193 **
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WPDATA, ALPX,2,1,8.55e-06,8.7%2-05,5.00e-06,9.1%e-06

JCOM #*%xwkxxxs*%%%x SHELL GEOMETRY *¥¥#%ssxi®ttxskx

IR=11.49 i Internal Shell Radius @ Bottom
OR=12.000 ! Shell Outside Radius @ Bottom
IR2 = 12.02 ! Inside Radius at Collar Sealing Surface

OR2 = 12.655
IR3 = 12.284
IR4=12.174 !

{ Qutside Radius at Collar Sealing Surface

! Inside Radius at Collar-Lifting Ring Weld
Inside Radius
/COM ##*%* BOTTOM PLATE

kR

[DWG $K-2-300378]

N,i,,-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,-0.19 ! Row 3
N,42,1.25,-2.19

N,43,2.13,0.69

N,50,IR,0.63

FILL,k 43,50

N,52,0R,0.69

FILL,50,52

FILL,2,41,1,21,1,1¢ ! 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
FILL,$3,55
FILL,50,53,1,1101
FILL,$1,54,1,1102
FILL,52,55,1,1103

Shell Stub/Weld

/COM *#+*% SHELL [DWGS SK-2-300379 & SK-2-300461}
N,65,1IR,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,58,61,1,1108
FILL,1107,1109
FILL,59,62,1,1110
FILL,61,64,1,1112
FILL,1110,1112
FILL,62,65,1,1113
¥ILL,64,67,1,1118
FILL,1113,21115

PEETs
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/COM *%%% SINGLE ROW SHELL ***%
¥,100,1IR,7.18 ! Inside
N,140,IR,71.58

N,180C,1IR,136.68

N,101,0R,7.18 ! Outside
N,141,0R,71.568

N,181,0R, 136.68
FILL,100,24¢,20,,2,2,1,2.0
FILL,140,180,15,,2,2,1,.5
FILL,100,102,2,1116,2
FILL,102,204,2,1120,2
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,112,1%4,2,1140,2
FILL,114,116,2,1144,2
NGEN,2,1,1116,1146,2,0.50

/COM *%*** DOUBLE ROW SHELL **%%*

W,190,1IR,137.128 ! Transition to Double Row
N,192,0R,137.18

FILL

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

N,217,IR,142.68 i Transition to Double Row
N,219,0R,142.68

FILL

FILL,190,217,8,,3,3,1 ! Vertical Fill

/COM **x% BOTTOM OF COLLAR TRANSITION ***%

N, 23%,IR,146.06 ! Start of Transition to Laxge O.D &
N,237,0R, 146.06 i Assumed Location of Shield Piug 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 #x%x TOP OF COLLAR TRANSITION *#*%

N,241,IR,247.31 ! End of Transition to Large 0.D &
N,243,0R,147.31 ! Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,24%,243,1,,0.75

/COM **%* COLLAR SEALING SURFACE *%%x

N,247,IR,249.63 ! Inside Radius of Sealing Surface
N,249,IR2,148.63 ! Qutside Radius at Sealing Surface
FILL ! Horizontal Fill

/COM #%%x THICK WALL AT COLLAR TRANSITION *#xi*

NGEN, 2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3)
N,255,0R2,147.32 ! Outside Surface
N,261,0R2,149.63 ! Outside Surface

N,258,0R2,148.06
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N, $80,IR,149.38
N,981,11.755,149.38
N, 982,1IR2,149.38
N,$83,12.317,149.38
N, $84,0R2,149.38

N, $%0,0R2,146.68
FILL,240,990,2,251
NGEN, 2,5,980,984,1,,-0.66
FILL,246,258,1,257
FILL,253,255,1,,1,3.3
FILL,237,990,1,99%92

JCOM **x* COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) *¥x*
NGEN, 2,3,259,,,,0.175 ! Nodes 262

/COM **%x COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) **+**
NGEN, 2,9,262,,,,1.655 ! Nodes 271

FILL,262,271,2

NGEN, 3,1,259,271,12, (OR2-IR2)}/2

/COM #**%* COLLAR AT BASE OF THREADS *#*x*
N,274,IR4,151.58
N,1000,IR2,151.58

/COM **%% TOP TO COLLAR (WELD CLOSURE) **%*
N,277,IR4,152.26
W,280,IR4,152.95
N,283,IR4,153.63
N,286,IR4,154.32
N,289,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,292,IR3,155.30
N,295,IR3,155.875

N, 300, IR3,154.725

NGEN, 2,1,274,289,3,0.27

NGEN, 2,1,275,290,3,0.211

NGEN, 3,1,252,295,1, (OR2-IR3) /2

JCOM ***xkxdkxxkixsx [OCKING & LIFTING RING GEOMETRY #**kk*xksux*+
RING1=7.8775 ! Inner Radius

RING2=5.375 Inside Lip

RING3=$.625 Inside Lip, Bottom of Transition

RING4=10.19 Outside Lip

RING5=12.065 Cutside Radius No Threads

RING6=12.174 Cutside Radius

LOCAL, 15,0,,151.58 i Local System 2=0 at Base of Lifting Ring

/COM *%%* TOP EDGE *%%*
N,401,RINGL,6.50

CsyYs, ¢
M,404,RING2,158.08
FILL,401,404,,,1
N,405,5.53,158.08
N,%00,$.75,158.¢8
N,901,9.97,158.08
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N,406,RING4,158.08

/COM **** LIFTING SURFACE *%*x%
Csys, 15

N, 421,RING1,5.50

N, 424,RING2,5.50

FILL, 421,424

N, 425,9.53,5.50
N,$04,9.75,5.50

N, 905,5.97,5.50

N, 426,RING4,5.50
FILL,401,421,1,,10,6,1
FILL, 900,904,1,902
FILL, 901, 905,1, 903

N, 431,RING1,6.50-1.56
N, 434,RING2,6.50-1.56
FILL

/COM **%x BOLTING SURFACE ***x
N,441,RING1,4.37

N, 444 ,RING3,4.37

FILL

NGEN, 2,10,441,444,,,-0.38
NGEN, 2,10,451,454,,,-0.64
NGEN, 2,10,461,464,,,-0.61
NGEN, 2,10,471,474,,,-0.69
NGEN,2,10,481,484,,,-0.68
NGEN, 2,10,49%1,4%4,,,-0.69%
NGEN, 2,10,50%,504,,,-0.68
N,445,10.875-0.75,4.37
N,447,10.875+0.75,4.37
FILL

! Inside Edge of Bolt Hole
! Outside Edge of Bolt Hole

N,$10,10.875-0.75,4.37 ! Double Nodes ® Bolt for Gap elements

N,911,10.875+0.75,4.37
N, 912,10.875-0.75,3.99
N, $13,10.875+0.75,3.99
N, 455,10.875-0.75,3,99
N,457,10.875+0.75,3.99
FILL, 455,457

N, 914,10.875-0.75,3.35
¥, 915,10.875+0.75,3.35
N, 465,20.875-0.75,3.35
N,467,10.875+0.75,3.35
FILL, 465,467

N,$16,10.875-0.75,2.74
N,917,10.875+0.75,2.74
N,475,10.875-0.75,2.74
N, 477,10.875+40.75,2.74
FILL, 475,477

N, 918,10.875-0.75,2.05
N,919,10.875+0.75,2.05
N, 485,10.875-0.75,2.05
N,487,10.875+0.75,2.05
FILL, 485,487

N, $20,10.875-0.75,1.37
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KH-8009-8-03

PROJECT: MCO Design

DOC. NO.. HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

N,$21,10.875+0.75,1.37
N,495,10.875-0.75,1.37
N,497,10.875+0.75,1.37
FILL, 455,497
N,$22,10.875-0.75,0.68
N,923,10.875+0.75,0.68
N,505,10.875-0.75,0.68
N,507,10.875+40.75,0.568
FILL, 505,507
N,$24,10.875-0.75,0.00
N,925,10.875+0.75,0.00
N,515,10.875-0.75,0.00
N,517,10.875+0.75,0.00
FILL,515,517
N,525,10.125,-0.119
N,527,11.625,-0.119
FILL, 525,527

¢ Bottom of Bolt Extension

/COM *#%xCHAMFER AND THRERDS****

N,448,RING5-.22,4.37
N, 458,RINGS,3.99

N, 469,RINGS,3.35
N,468,RING6,3.35
N,479,RINGS,3.145
N,478,RING6,2.74

N, 488,RINGS,2.05
N,498,RING6,1.37
N,508,RING6,0.68

N, 518,RING6,0.00

t 0.D of Ring at Chamfer

! Top of Threads

! Bottom of Threads

JCOM *#k%dxssxkkxs SHIELD DLUG *#*%#¥xdxskx%

PLUGR1=11.575
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.8775
LOCAL, 20,0,,158.21

!t Local System z=0 at Top Left of Shield Plug

/COM **x* NODES AT PLUG AXIS (r=0) #%%¥

N, 601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604,1
N,607,0,-6.75
N,610.0,-8.405
FILL,607,610,2,608,1
N,611,0,-9.372
N,613,0,-10.5
FILL,6311,613

/COM *+%** 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
NGEN, 2,20,662,673,1,0.6875

EE T 2]

! Id Large Opening

t Id Medium Opening
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CLIENT: DE&S Hanford, Inc.

PARSONS
FILE NO: KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NGEN, 2,20,683,693,1,0.4235
NGEN,2,10,706,713,1,0.5518

N,730,5.4665,-1.594
N,736,5.4665,-4.994
FILL,730,736,5,731,1
N,737,5.4665,-6.75
N,740,5.4665,-8.405
FILL,737,740,2,738,1
N,741,5.4665,-9.374
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
N,786,7.571,0.00
N,787,7.571,-0.50
N,788,7.571, -1
N,789,7.57%,-1.55
N,790,7.571,-2.10
N,791,7.571,-2.60
N,792,7.571,-3.10
N,793,7.571,-3.60
N,794,7.57%,-4.10
N,795,7.571,-4.90
N,796,7.571,-5.55
N,797,7.571,~6.75

N, 806, PLUGR4,0.00

N, 550, PLUGR4, -0.13
N,807,PLUGR4,-0.63
N, 808, PLUGR4,~1.13
N,809,PLUGR4,-1.69
N, 810, PLUGR4, -2.26
N, 811, PLUGR4, -2.64
N, 812, PLUGR4, -3 .28
N,813,PLUGR4, -3.89
N, 814, PLUGR4,-4.58
N, 815, PLUGR4,-5.26
N, 816, PLUGR4, -5.95
N,817,PLUGR4, -6.75

/COM *x%% UNDER LOCKING RING **#%#*
N,824,8.5017,-6.75
N,827,8.5017,-8.405

FILL

N,828,8.5017,-9.374
N,830,8.5017,-10.5

FILL

NGEN, 2,20,778,783,1,0.306
NGEN, 2,20,798,803,1,0.3065
NGEN, 3,7,824,830,1,0.561¢6
NGEN,2,7,838,844,1,0.5001

Id Small Opening
Center of Opening

i Od Small Opening
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CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5§
NGEN,2,7,845,851,1,0.750 ! Under Bolt

N,859,11.625,-6.75
N,860,11.625,-7.302
N,861,11.625,-7.854

N, 862, PLUGR2, -8.405
N,1100, PLUGR2, -8.83

N, 863, PLUGR2, -§.372

N, 865,PLUGR3, -10.5

FILL, 863,865

N, 866, PLUGR1-0.27,-6.75 ! Seal Tab
N, 869, PLUGR1-0.27,-8.405
FILL,866,869,2,867,1

N, 870, PLUGR1-0.27,-8.56
NGEN, 2,5, 866,87¢,1,0.27

/COM x*x** FILTER GUARD PLATE **%x

LOCAL,40,0,,147.71 ! Local System z=0 at Bottom Left of Shield Plug
DPLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATES=11.25

N, 1200, PLATE4, -0.85

N, 1202, PLATES, -0.85

FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN, 2, 3,1212,1214,,,-0.25
N,1221, PLATE4, -5.75
N,1222,16.75,-5.75
¥,1223,10.915,-5.75
FILL,1215,1221,1,1218
FILL,1223,1217,%,1220
FILL,1216,1222,1,1219
N,1237,6.4375,-4.25
FILL,1212,1237,3,1225,4
N,1249,3.578,-4.25
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,-2.375
N,1254,2.625,-2.575
N,1256,2.625,-4.25
FILL,1254,1256
N,1257,2.625,-4.5
N,1259,2.625,-5.75
FILL,1257,1259

NGEN, 2,10, 1253,1259,1,-0.5
NGEN, 2,10,1263,1269,1,-0.768
N,1283,0.6575,~2.375
N,1284,0.6575,~2.575
N,1260,2.125

N,1270,%.357
N,1280,0.6575

N,1290,0.273
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CLIENT:  DE&S Hanford, inc. FILE NO:

KH-8009-8-03

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

PROJECT: MCO Design
NGEN,3,1,1260,1290,10,,-0.5625
JCOM **** NODES BELOW THE BOTTOM PLATE FOR GADS *%x%
NGEN, 2,2000,1,10,12,,-1.00
JCOM **%% COUPLING NODES *%%x*

/COM **** BETWEEN LIFTING/LOCKING RING & SHELL **%x
/COM *x%x BETWEEN BOLT & LOCKING RING ***%

CP,54,UY, 445,910 ! Inner Nodes
CP,55,U0X, 445,910
CP,56,UY,447,911 ! Outer Nodes

CP,57,UX, 447,911

|

*DC,I,1,7 ! Going Down The Bolt
CP,57+1,0Y,445+10%I,910+2*T
*ENDDO

H

*D0O,1,1,7
CP,64+I,UY,447+10%, 511+2*X
*ENDDO

)

*p0,1,1,7

CP,71+1,UX, 445+10%1,910+2*X
*ENDDO

1

*D0,I,1,7
CP,78+1,UX,447+L0%Y,9114+2%T
*ENDDO

'

CP,100,UY,479,285 ! Threads
CP,101,UY,478,286
CP,102,UY,488,283
CP,102,UY, 498,280
CpP,104,UY,508,277

JCOM ***x%%x%kx%x% ELEMENT GENERATION #*¥t***sxrx+s
JCOM **dekxxicksokxns QHELL **#wkdex etk

TYPE, 1 ! Plane42 -

MAT, 1 t Type 304L/304 Properties Stainless Steel
E,1,2,22,21 ! Bottom Plate

EGEN, 10,1, -1

E,11,32,31

E,21,22,42,4¢1
EGEN,11,1%,-1

E,50,51,1102,1101 ! Bottom Shell
EGEN,5,3,-1

E,1101,1102,54,53

EGEN,S,3,-1

E,51,52,1103,1102

EGEN,5,3,-1
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E,1102,1103,55,54
EGEN,S,3,-1

E, 65,665,100,

E, 66,101,200
E,66,67,101
E,100,301,1117,1116
E,1116,1117,1219,1118
EGEN, 8,4, -1
E,1118,1115,103,102
E,102,103,1121,2120
E,1122,1123,305,104
E,104,105,1125,1124
E,1126,1127,107,106
E,106,107,13129,1128
E,1130,1131,205,108
E,108,109,1133,1132
E,1134,12135,111,110
E,110,111,1137,1136
E,1138,1139,113,112
£,132,113,1141,1140
E,1142,1143,115,114
E,124,115,1145,1144
E,1146,1147,317,116
E,116,117,119,118
EGEN, 32,2,-1
E,18C,181,191
E,190,180,191
E,181,182,191
£,190,191,194,193
EGEN, 9,3, -1
E,191,192,195,194
EGEN, 9,3, -1

TYPE, 1 t Collar
MAT, 1 i FXM~19

E,217,218,221,220
EGEN, 9,3,-1
E,218,219,222,221
EGEN, 9,3,-1
E,244,245,986,985
E, $85,986,981,980
E,980,581,248,247
EGEN, 2,1, -3
E,237,991,251,250
E, 891,990,251
E,250,251,254,253
E,251,990,255,254
E,253,254,257,245
E,254,255,258,257
E,246,257,988,987
E,257,258,989,988
E, 987,988, 983,982
E,988,989,984,983
E,982,983,260,259
E, 983,984,261,260
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E,25%,260,263,262
EGEN,9,3,~-1
E,271,274,1000
E,260,261,2564,263
EGEN,12,3,-1
E,286,300,28%
E,286,287,290,300
E,300,290,293,29%2
E,292,293,296,295

JCOM **%%xsxsxixx* LOCKING RING R¥¥#%kkiksxsx

TYPE, 3
MAT, 1 i F304N

E,411,412,402,401
EGEN,11,10,-1
EGEN, 3,1, -11
E,414,415,405,404
EGEN, 2,1, -1

EGEN, 2,10, -2
E,902,903,901,500
EGEN,2,2,-1
E,503,416,406,901
E,90%,425,416,503
E,454,912,910,444
E,464,914,912,454
E, 474,916,914 ,464
E,484,918,516,474
E,494,520,%18,484
E,504,922,520,494
E,514,924,522,504
E,913,458,448,911
E,915,468,458,923
E,917,478,468,915
E,$19,488,478,917
E, $21,498,488,919
E,923,508,498,521
E, 925,518,508,523

! Left to Right

! Top Going Down and

JCOM **%xkxsx*xxx* NITRONIC 60 BOLTS (MODELED AS RING) #¥***k#x#sxix

TYPE, 2
MAT, 2 ! SA-183

E,455,456,446,445
EGEN, 8,10, -1
E, 456,457,447,4456
EGEN, 8,10, -1

/COM *xxxxxxxkrkxsx SHIELD PLUG ***%wxsdkkrdxx

TYPE, 4
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

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,1280,633,532
E,633,1270,632
E,632,1270,652
E,1270,653,652

E,643,663,662,642
EGEN,10,1,-1
EGEN, 2,20, -10
E,653,1260,652
E,1260,673,672,652
E,673,693,692,672
E.684,704,703,683
EGEN, 10,1, -1
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
EGEN, 4,20, -13
E,749,765,768,748
EGEN, 2,1, -1

EGEN, 3,20,-2
E,767,787,786,766
EGEN, 2,1, -1

EGEN, 2,20, -1
E,787,807,550,786
E,550,806,786
E,818,825,824,817
EGEN, 6,1, -1

EGEN, 5,7, -6
E,853,860,859,852
EGEN,3,1,-1
EGEN,2,7,-3
E.867,872,871,866
EGEN,4,1,-1
E,1100,862,8SS
E,856,1100, 855
E,856,863,1100
E,857,864,863,856
EGEN,2,1,-1

! 304L

JCOM ***x*xxkkk#%% FILTER GUARD PLATE **¥*kxxxxxkx**

TYPE, 4
MAT, 1

E,1200,1201,858,85]
E,1201,1202,865,858
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E,1203,1204,1201,
EGEN,2,1,-1
EGEN,6,3,-2
E,1221,1222,1219,1218
,1222,1223,1220,121%
,1226,1215,1212,1225
E,1227,1218,1215,1226
E,1228,1221,1218,1227
E,1230,1226,1225,122%
EGEN,3,1,-1
EGEN,6,4,-3
E,1257,125C,1249,1256
EGEN,3,1,-1
E,1264,1254,1253,1263
EGEN, 6,1, -1
E,1271,1261,1260,1270
BGEN, 9,1, -1
E,1281,127%,1270,1280
EGEN, 4,1, -1
E,1291,1281,1280,1290
EGEW,2,1, -1

1200

i

o]

Xj

JCOM **xxkxksxxwxss CONTACT ELEMENTS %% %% keskdhx

/COM ***% BETWEEN SHIELD PLUG & SHELL **¥*
TYPE, 5

REAL, 4

E, 871,271

E,872,268

=,873,265

E, 874,262

E,1100, 880

/COM **%* BETWEEN SHIELD PLUG &
TYPE, 5

REAL, 6

E, 248,870

E, 249,875

SEAL LIP ***x%

TYPE, S
REAL, 8
E,247,862
E, 248,869

/COM *kkk
TYPE, 5
REAL, S
E, 845,525
E, 852,526
E, 859,527

UNDER THE BOLT *%*%

/COM **%* BETWEEN LOCKING RING & PLUG *#%%*
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E, 816,501

/COM **x* BELOW BOTTOM PLATE #%*%
TYPE,S

REAL, 7

E,2001,1

EGEN,10,1,-1

NALL

EALL

/COM FkFxkkKkEXX* X% MERGING COINCIDENT NODES #* k% ksedkskhxk
BESEL, S, TYPE, , 1

NSLE

NUMMRG, NODE

EALL

NALL

JCOM #*%%*xxkxx*x* BOUNDARY CONDITIONS ****%%kxkkkixk
¢SYS8,0

NSEL, S$,LOC, X, 0
NSEL,R,LOC,Y,-1.5,165
D,ALL,UX, 0

NALL

EALL

NSEL, $,NODE, ,2001,2010
D,ALL,ALL, O

NALL

EALL

SAVE

/COM #*** LOAD 1: 150 PSI INTERNAL PRESSURE *x**
NSEL, S, NODE, , 41 ! Bottom Plate
NSEL, A,NODE, , 42
NSEL, A, NODE, , 43
NSEL,A,NODE, , 44
NSEL, A, NODE, , 45
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NSEL, A, NODE, , 46
NSEL,A,NODE, ,47
NSEL, A, NODE, ,48
NSEL,A,NODE, ,4%
NSEL, A, NODE, , 50
NSEL,A,NODE, , 1101
NSEL, A, NODE, , 53
NSEL, A, NODE, ,1104
NSEL,A,NODE, , 56
NSEL,A,NODE, , 1107
NSEL, A, NODE, , 5%
NSEL, A, NODE, , 1110
NSEL,A,NODE, , 62
NSEL,A,NODE, , 1113
NSEL, A, NODE, , 65
NSEL, A, NODE, , 100
NSEL,A,NODE, , 1116
NSEL,A,NODE, , 1118
NSEL,A,NODE, , 102
NSEL,A,NODE, ,1120
NSEL,A,NODE, ,1122
NSEL, A, NODE, , 104
NSEL, A,NODE, ,1124
NSEL,A,NODE, , 1126
NSEL, A, NODE, , 106
NSEL,A,NODE, , 1128
NSEL,A, NODE, , 1130
NSEL, A, NODE, , 108
NSEL,A,NODE, , 1132
NSEL,A,NODE, , 1134
NSEL, A, NODE, , 110
NSEL, A,NODE, , 1136
NSEL,A,NODE, ,1138
NSEL,A,NODE, ,112
NSEL,A,NODE, , 1140
NSEL,A,NODE, ,1142
NSEL, A, NODE, , 114
NSEL, A, NODE, , 116
NSEL, A, NODE, , 1144
NSEL, A, NODE, , 1146
NSEL,A,NODE, , 118
NSEL, A, NODE, , 120
NSEL, A, NODE, , 122
NSEL,A,NODE, , 124
NSEL, A, NODE, , 126
NSEL, A,NODE, , 128
NSEL, A, NODE, , 130
NSEL, A, NODE, , 132
NSEL, A,NODE, ,134
NSEL,A,NODE, , 136
NSEL,A,NODE, , 138
NSEL, A,NODE, , 140
NSEL, A,NODE, , 142
NSEL, A,NODE, , 144
NSEL, A,NODE, ,146
NSEL,A,NODE, , 148

! Junction at Shell
! Bottom Shell

REVISION 0 1 2 PAGE 108
PREPARED BY /DATE | zGS 4117197 | zGs 07498 |<—02100100 OF 125
CHECKED BY / DATE IN 4117197 | HA 0714198 [CEF 02100199




PARSONS

CLIENT: DE&S Hanford, Inc.

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NSEL, A, NODE, , 150
NSEL,A,NODE, , 152
NSEL,A,NODE, , 154
NSEL,A,NODE, , 156
NSEL,A,NODE, , 158
NSEL, A, NODE, , 160
NSEL, A, NODE, , 162
NSEL,A,NODE, , 164
NSEL, A, NODE, , 166
NSEL, A,NODE, , 168
NSEL,A,NODE, ,178
NSEL, A,NODE, ,172
NSEL,A,NODE, , 174
NSEL,A,NODE, , 176
NSEL, A, NODE, , 178
NSEL,A,NODE, , 180
NSEL, A, NODE, , 182
NSEL,A,NODE, , 184
NSEL,A,NODE, ,186
NSEL, A, NODE, ,188
NSEL, A, NODE, , 180
NSEL,A,NODE, , 183
NSEL, A, NODE, , 156
NSEL, A, NODE, , 199
NSEL, A, NODE, , 202
NSEL,A,NODE, , 205
NSEL, A,NODE, , 208
NSEL,A,NODE, , 211
NSEL, A, NODE, ,214
NSEL,A,NODE, ,217
NSEL, A, NQODE, , 220
NSEL, A, NODE, , 223
NSEL,A,NODE, , 226
NSEL,A,NODE, , 229
NSEL, A, NODE, , 232
NSEL, A, NODE, , 235
NSEL, A, NODE, , 238
NSEL,A,NODE, , 241
NSEL, A, NODE, , 244
NSEL, A, NODPE, , 985
NSEL, A, NODE, , 280
NSEL, A, NODE, , 247
NSEL, A, NODE, , 248
NSEL, A,NODE, , 870
NSEL, A, NODE, , 869
NSEL, A, NODE, , 862
NSEL, A, NODE, , 1100
NSEL, A, NODE, , 863
NSEL, A,NOQDE, , 864
NSEL, A, NODE, , 865
NSEL, A, NCDE, , 858
NSEL, A, NODE, , 851
NSEL, A, NODE, , 844
NSEL,A,NODE, , 837
NSEL, A, NODE, , 830
NSEL, A, NODE, , 823

Shell at Sealing Surface

Seal Stop (Plug)

Plug Taper

Start Pug Bottom
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CLIENT:

DE&S Hanford, Inc.

PARSONS

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NSEL, A, NODE, , 803
NSEL,A, NODE, , 783
WSEL, A, NODE, , 763
NSEL,A,NODE, , 743
NSEL,A,NODE, , 723
NSEL, A, NODE, , 713
NSEL,A,NODE, , 693
NSEL, A, NODE, , 673
NSEL, A, NODE, , 653
NSEL, A, NODE, , 633
NSEL, A,NODE, , 613
SF,ALL, PRES, 150

NSEL, S, NODE, , 41,50
SFCUM, PRES, ADD
SF,ALL, PRES, 2079.5
NSEL,S,NODE, ,50,65,3
NSEL,A,NODE,,1101,1113
NSEL,A,NODE, , 1116, 1146
NSEL,A,NODE, ,100,116,2
SFCUM, PRES, ADD
sfgrad,pres,0,y, .69, ~.
sf,all, pres,500+.3%54%
alls

LSWRITE, L

! at 54 g's
! Vertical Pressure from S Baskets

,3
,2

! at 54 g's

3%54%,217
L217%25.741

/COM *%*%x LOAD 3: APPLYING S54g ACCELERATION **x*

ACEL, , 54
LSWRITE, 2

/COM **%* LOAD 1: 450 PSI INTERNAL PRESSURE *%*%

sfdele,all,pres
sfgrad,pres,0,y,.69,0
NSEL, S, NODE, , 41 !
NSEL, A, NODE, , 42

NSEL, A,NODE, , 43
NSEL,A,NODE, , 44
NSEL,A,NODE, , 45
NSEL, A, NODE, , 46
NSEL, A, NODE, , 47
WNSEL, A, NODE, , 248
NSEL, A, NODE, , 45
NSEL, A, NODE, , 50
NSEL,A,NODE, , 1101
NSEL,A,NODE, , 53
NSEL,&,NODE, , 1104
NSEL,A,NODE, , 56
NSEL, A, NODE, , 1107
NSEL,A,NODE, , 59

NSEL, A,NODE, , 1110
NSEL, A, NODE, , 62

Bottom Plate

i Junction at Shell

!t Bottom Shell
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DE&S Hanford, Inc.
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FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NSEL,A,NODE, , 1113
NSEL,A,NODE, , 65
NSEL, A,NODE, , 10¢
NSEL,A,NODE, , 1116
NSEL,A,NODE, , 2218
NSEL,A,NODE, ,102
NSEL,A,NODE, , 1120
NSEL,A,NODE, , 1122
NSEL,A,NODE, , 104
NSEL,A,NODE, , 1124
NSEL,A,NODE, , 1126
NSEL, A,NODE, , 106
NSEL,A,NODE, ,1128
NSEL, A,NODE, ,1130
NSEL, A,NODE, , 108
NSEL,A,NODE, , 1132
NSEL, A,NODE, , 1134
NSEL,A,NODE, ,110
NSEL,A,NODE, ,1134
NSEL, A, NODE, , 1138
NSEL,A,NODE, ,112
NSEL,A,NODE, , 1140
NSEL,A,NODE, ,1142
NSEL,A,NODE, , 114
NSEL,A,NODE, , 116
NSEL,A,NODE, , 1144
NSEL,A,NODE, ,1146
NSEL,A,NODE, ,118
NSEL, A,NODE, , 120
NSEL,A,NODE, ,122
NSEL,A,NODE, ,124
NSEL,A,NODE, ,126
NSEL, A,NODE, , 128
NSEL,A,NODE, , 130
NSEL,A,NODE, ,132
NSEL,A,NODE, ,134
NSEL, 2, NODE, , 136
NSEL,A,NODE, ,138
WSEL, A, NCDE, , 140
NSEL,A,NODE, , 142
NSEL, A,NODE, , 144
NSEL,A,NODE, , 146
NSEL,A,NODE, , 148
NSEL, A, NODE, ,150
NSEL, 2,NODE, , 152
NSEL,Ad,NODE, ,154
NSEL,A,NODE, ,156
NSEL, A, NODE, ,158
NSEL,3,NODE, , 160
NSEL,B3,NODE, ,162
NSEL, A,NCDE, , 164
NSEL,B,NODE, , 166
NSEL, A, NODE, , 168
NSEL,A,NODE, , 170
NSEL,3,NODE, ,172
NSEL,A,NODE, ,174
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CLIENT: DE&S Hanford, Inc.

FiLE NO:

KH-8008-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

NSEL,A,NODE, , 176
NSEL,A,NODE, , 178
NSEL, A, NODE, , 188
NSEL, A,NODE, , 182
NSEL,A,NODE, , 184
NSEL,A,NODE, , 186
NSEL,A,NODE, , 188
NSEL,A,NODE, , 150
NSEL, A, NODE, , 193
NSEL,A,NODE, , 196
NSEL,A,NODE, , 159
NSEL,A,NODE, , 202
NSEL,A,NODE, , 205
NSEL,A,NODE, , 208
NSEL,A,NODE, , 211
NSEL,A,NODE, ,214
NSEL, A, NODE, , 217
NSEL, A,NODE, , 228
NSEL, A, NODE, , 223
NSEL,A,NODE, , 226
NSEL,A,NODE, , 228
NSEL,A,NODE, , 232
NSEL,A,NODE, , 235
NSEL, A, NODE, , 238
NSEL, A, NODE, , 241
NSEL, A, NODE, , 244
NSEL, A, NODE, , 985
NSEL, &, NODE, , 980
NSEL,A,NODE, , 247
NSEL,A,NODE, , 248
NSEL,A,NODE, , 870
NSEL, A, NODE, , 869
NSEL,A,NODE, , 862
NSEL,A,NODE, , 1100
NSEL, A, NODE, , 863
NSEL,A,NODE, , 864
NSEL,A,NODE, , 855
NSEL,A,NODE, , 858
NSEL, A, NODE, , 851
NSEL,A,NODE, , 844
NSEL, A, NODE, , 837
NSEL,A,NODE, , 830
NSEL,A,NODE, , 823
NSEL,A,NODE, , 803
NSEL, A, NODE, , 783
NSEL,A,NODE, , 763
NSEL,A,NODE, , 743
NSEL,A,NODE, , 723
NSEL,A,NODE, , 713
NSEL,A,NODE, , 693
NSEL,2,NODE, ,673
NSEL, A, NODE, , 653
NSEL, A, NODE, , 633
NSEL, A, NODE, , 613
SF,ALL, PRES, 450
NSEL, S,NODE, , 41,50

Shell at Sealing Surface

Seal Stop (Plug)

Plug Taper

Start Pug Bottom
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CLIENT:

DE&S Hanford, inc.

PARSONS
FILE NO: KH-8009-8-03

PROJECT: _MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

SFCUM, PRES, ADD
SF,ALL, PRES, 2079.5

NSEL, §,NODE, , 50,65, 3
NSEL,A,NOLE, ,1101,1113,3
NSEL,A,NODE, ,1126,1146,2
NSEL,A,NODE, ,100,116,2
SFCUM, PRES, ADD

! at 54 g's
! Vertical Pressure from 5 Baskets

! at 54 g's

sfgrad,pres,0,y, .69, -.3*54*% 217
sf,all,pres,500+.3%54%,217+25.741

alls

/com,
nsel, s, node, , 295,297
sfgrad,pres,0,y, .65,0
sf,all,pres, 547.4

alls
LSWRITE, 3

£ini

/solu

save
LSSOLVE, 1,3
FINI

/COM ***% POSTPROCESSING **
/POST1

SET, 2

/TYPE,ALL,KIDC
/GLINE,ALL,Q

RSYS, 0

PLNSOL, $, 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
NSEL,$,LOC,X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39
PRNS,U, Y

NALL

EALL

LPATH, 1,42

PRSECT

LPATH, 9,49

PRSECT

LPATH, 10,50

PRSECT

LPATH, 50,52

add weight of 1ifti

ng cap

%

REVISION
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CLIENT:

DE&S Hanford, Inc.

PARSONS

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

PRSECT

LPATH, 1101,1103
PRSECT

LPATH, 62,64
PRSECT

LPATH, 134,135
PRSECT

LPATH, 180,181
PRSECT

LPATH, 202,204
PRSECT

LPATH, 232,234
PRSECT

LPATH, 249, 261
PRSECT

LPATH, 262,264
PRSECT

LPATH, 274,276
PRSECT

LPATH, 277,279
PRSECT

LPATH, 292,294
PRSECT

LPATH, 601,641
PRSECT

LPATH, 601,613
PRSECT

LPATH, 603,683
PRSECT

LPATH, 606,706
PRSECT

LPATH, 766,806
PRSECT

LPATH, 768,808
PRSECT

LPATH, 750,810
PRSECT

LPATH, 736,815
PRSECT

LPATH, 869,874
PRSECT

LPATH, 870,875
PRSECT

LPATH, 851,865
PRSECT

LPATH, 1290, 1260
PRSECT

LPATH, 1282,1262
PRSECT

LPATH, 1283,1263
PRSECT

LPATH, 1274,1254
PRSECT

LPATH, 1276,1256
PRSECT

LPATH, 431,434
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CLIENT: DE&S Hanford, Inc.

Iii'l=I\F?EEEJllE§

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

PRSECT
LPATH, 406,426
PRSECT
LPATH, 921,498
PRSECT
LPATH, 404,424
PRSECT

SET, 3
/TYPE,ALL, HIDC
/GLINE,ALL, 0
RSYS, 0
PLNSOL, S, INT
/DSCALE, , 20
/REPLOT

NSEL, $,LOC,X,11.49,11.51
NSEL,R,LOC,Y,~0.33,149.63
PRNS, U, X

NALL

EALL

NSEL, $,LOC,X,1.356,11.26
NSEL,R,LOC,Y,141.87,143.39
PRNS,U, Y

NALL

EALL

LPATH, 1,41
PRSECT

LPATH, 9,49
PRSECT

LPATH, 10,50
PRSECT

LPATH, 50,52
PRSECT

LPATH, 1101,1103
PRSECT

LPATH, 62,64
PRSECT

LPATH, 134,135
PRSECT

LPATH, 180,181
PRSECT

LPATH, 202,204
PRSECT

LPATH, 232,234
PRSECT

LPATH, 249,261
PRSECT

LPATH, 262, 264
PRSECT

LPATH, 274,276
PRSECT

REVISION
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CLIENT: DE&S Hanford, Inc.

FILE NO:
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PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

LPATH, 277,275
PRSECT

LPATH, 292,294
PRSECT

LPATH, 601,641
PRSECT

LPATH, 601,613
PRSECT

LPATH, 603,683
PRSECT

LPATH, 606,706
PRSECT

LPATH, 766,806
PRSECT

LPATH, 768,808
PRSECT

LPATH, 750, 810
PRSECT

LPATH, 736,815
PRSECT

LPATH, 869,874
PRSECT

LPATH, 870,875
PRSECT

LPATH, 851, 865
PRSECT

LPATH, 1290,1260
PRSECT

LPATH, 1282,1262
PRSECT

LPATH, 1283, 1263
PRSECT

LPATH, 1274,1254
PRSECT

LPATH, 1276,1256
PRSECT

LPATH, 431,434
PRSECT

LPATH, 406,425
PRSECT

LPATH, 921,498
PRSECT

LPATH, 404,424
PRSECT
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CLIENT:  DE&S Hanford, Inc.

B I pPARSONS

FILE NO: KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix §

COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unigue Computer Run Filename:
Run Description:

Run Date / Time:

Prepared By: Joseph C. Nichols

KH-8009-8

ANSYSe-PC

54

Windows NT 4.0, Pentiume !l Processor
KH-8009-8-03

BBED.out

MCO Bare Bottom End Drop

17 December 1998 13:21:45 PM

£o1_wJoE AJ1CHs S 77/‘/;/?7

Date

Checked By: Mike Cohen

fol_ike Gogleal Z/L?l/f 7

Date

REVISION

0

1 2

PREPARED BY /DATE ZGS 4/17/97 | ZGS 07/14/98 ~ 02/09/99

CHECKED BY / DATE JN 4/17/97 | HA 07/14/98 02/09/99
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CLIENT:  DE&S Hanford, Inc.

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

COMPUTER RUN COVER SHEET

Project Number:

Computer Code:

Software Version:

Computer System:

Computer Run File Number:
Unique Computer Run Filename:
Run Description:

KH-8009-8

ANSYSe-PC

53

Windows 95, Pentiume Il Processor
KH-8008-8-03

MCObtm990204.inp

Support Plate Weld Analysis Input

Run Date / Time: 9 February 1999  9:31:45 AM
DBearnlier™ 2757
Prepared By: Dwight Barlow Date

KL (=

2/o/71

Checked By: Her/ Averette

Date

REVISION 0

1

PREPARED BY /DATE 2GS 4/17/97

2GS 07114198 1045 02109199

CHECKED BY / DATE JN 4/17/97

HA 07/14/98 09/99
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® I PARSONS

CLIENT:  DE&S Hanford, Inc. FILE NO: KH-8008-8-03
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5
JBATCH,LIST

ftitle, MCO SHELL BOTTOM, 8902098

/COM MCO SHELL BOTTOM, 450 PSI, 270F, 5/16" WELD
/COM fn = MCObtm990204

/FILENAME,MCObtm990204

/PREP7

[triad, ltop

*afun,deg

/COM ELEMENT TYPES

ET,1,80LID 45 1 SHELL BTM

ET,2,SOLID 45 ! BASKET SUPT PLATE
ET,3,SOLID 45 ! PROCESS TUBE GUIDE
ET,4,80LID 45 I SHELL WALL
ET,5,S0LID 45 | BASKET SUPT WELD
ET,6,SOLID 45 t GUIDE WELD
ET,7,SHELLS3 ! FOR MODEL CONSTRUCTION ONLY
R,7,.1

/COM NO REAL CONSTANTS REQD

/COM MATERIAL PROPERTIES, SA-182 F304L AT 270F
MP,EX,1,27.18E+6

MP NUXY, 1,3

MP,DENS, 1,.283

" JCOM NODES

JCON SHELL BOTTOM
N,1,0,0,0

N,4,1.25,0,0

FILL

N,6,2.13,0,0

FiLL,46

N,15,10.58,0,0

FILL, 6,15
N,18,11.4049,0,0
FILL,15,19

N,101,0,1.13,0
N,104,1.25,1.13,0
FILL
N,106,2.13,2.01,0
FILL,104,106
N,115,10.58,2.01,0
FILL, 106,115
N,116,11.0125,2.01,0
N,119,12.04,2.01,0
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CLIENT:

DE&S Hanford, Inc.

FILE NO:

KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5§

FILL, 116,119
FILL,1,101,4,21,20,19,1

N,120,11.3661,2.1564,0
N,122,12.04,2.1564,0
FILL
N,123,11.5125,2.51,0
N,125,12.04,2.51,0
FILL
N,126,11.5125,2.74,0
N,128,12.04,2.74,0

FILL ! TOP OF SHELL WELD

N,129,11.4925,3,0
N,130,12.04,3,0
NGEN,7,2,129,130,1,0,.85,0

! SHELL WALL

JCOM CYLINDRICAL COORD SYSTEM

CLOCAL,11,1,,,,,-90

NGEN,2,1400,1,142,1,0,30,0

CSYS,0

NSEL,S,LOC,Z,-.01,.01
NSEL,R,LOC,X,2.1,10.6
NGEN,2,200,ALL,,,0,0,-.25
NSEL,R,LOC,Z,-.01,.01
NGEN,2,400,ALL,,,,,-.5625

NSEL,S,LOC.Z,-.01,.01
NSEL,R,LOC X,10.6,13
CsYSs, 11
NGEN,3,200,ALL,,,0,1.52,0
NALL

FILL,406,1406,4,606,200,6,20
FILL,415,1415,4,615,200,6,20

CS8Ys,0
FILL,606,615,8,607,1,4,200
FILL,626,635,8,627,1,4,200
FILL,646,655,8,647,1,4,200
FILL,666,675,8,667,1,4,200
FILL,686,695,8,687,1,4,200
FILL,706,715,8,707,1,4,200
CSYS, 11
FILL,416,1416,4,616,200,4,1
FILL 436,1436,4,636,200,4,1
FILL,456,1456,4,656,200,4,1
FILL,476,1476,4,676,200,4,1

I AT GLOBAL ORIGIN, Z IS GLOBAL Y

1 FAR SIDE NODES

! GLOBAL CART COORD SYST

! FRONT FACE
P UNDER WELD

IRIB
16/16" WELD

| FRONT FACE BEYOND WELD

1CYL.

! CART.

1CYL
! FILLS BTM BEYOND WELD

REVISION
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PARSONS
FILE NO: KH-8009-8-03

PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

FILL,496,1496,4,696,200,4,1
FILL,516,1516,4,716,200,4,1

FILL,520,1520,4,720,200,3,1
FILL,523,1523,4,723,200,3,1
FILL,526,1526,4,726,200,3,1

FILL,529,1529,4,729,200,7,2
FILL,530,1530,4,730,200,7,2

CS8YS, 11

FiL.L,5,1405,6,205,200,6,20
FiLL,4,1404,6,204,200,6,20
FILL,3,1403,6,203,200,6,20

CSYS,0
N,1603,1.25,2.01,0
N,1604,1.375,2.01,0
N,1605,1.625,2.01,0
N,1608,2.13,2.01,0
N,1615,10.58,2.01,0
FILL
N,1616,11.08,2.01,0

NGEN,2,20,1603,1616,1,0,.3125,

NGEN,2,40,1603,1616,1,0,.65,0

' INNER FACE OF SHELL
! OUTER FACE OF SHELL

'CYL.
I CENTER OF SHELL BOTTOM

{ END OF SHELL BOTTOM

{ CART.
I BASKET SUPT

0

NGEN,3,20,1644,1656,1,0,.295,0

NSEL,S,NODE,,1600,1699,1
NGEN,3,200,ALL,,,0,0,-.25
NALL

N,2001,.6875,2.66,0
N,2002,1.1875,2.66,0
N,2003,1.375,2.66,0

! TUBE GUIDE

NGEN,3,20,2001,2003,1,0,.295,0
NGEN,6,20,2041,2042,1,0,.509,0
C8YS, 11
NGEN,2,200,2001,2142,1,0,10.3,0
NGEN,2,400,2001,2142,1,0,20.6,0
NGEN,2,600,2001,2142,1,0,30,0

1CYL.

1 END OF TUBE GUIDE

C8YS,0
NALL
NLIST

{ CART.

/COM ELEMENTS
/COM SHELL BOTTOM

TYPE,1
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PROJECT: MCO Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 5

REAL,1

E,1,2,1402,21,22,1422
E,2,3,403,1402,22,23,423,1422
E,1402,403,1003,1422,423,1023
E,1402,1003,1403,1422,1023,1423
E,3,4,404,403,23,24,424,423
E,403,404,604,1003,423,424,624,1023
E,1003,604,1004,1403,1023,624,1024,1423
E,1403.,1004,1404,1423,1024,1424
E,4,5,205,404,24,25,225,424
E,404,205,405,604,424,225,425,624
E,604,405,805,1004,624,425,825,1024
E,1004,805,1005,1404,1024,825,1025,1424
E,1404,1005,1405,1424,1025,1425
E,5,6,206,205,25,26,226,225
E,205,206,406,405,2256,226,426,425
E,405,406,606,805,425,426,626,825
E,805,606,806,825,626,826
E,805,8086,1006,1005,825,826,1026,1025
E,1005,10086,1206,1405,1025,1026,1226,1425
E,1405,1206,14086,1425,1226,1426
EGEN,5,20,-20

E.6,7,207,208,26,27,227,226
EGEN,7,200,-1
EGEN,5,20,-7
EGEN,13,1,-35

E,116,120,117,316,320,317
EGEN,7,200,-1
E,117,120,121,118,317,320,321,318
EGEN,2,1,-1
EGEN,7,200,-2
EGEN,3,3,-14
E,126,129,127,326,320,327
E,127,129,130,327,329,330
E,127,130,128,327,330,328
EGEN,7,200,-3
E,129,131,132,130,329,331,332,330
EGEN,8,2,-1
EGEN,7,200,6

I SHELL WALL

/COM BASKET SUPPORT

TYPE,2
E,1603,1604,1804,1803,1623,1624,1824,1823
EGEN,2,1,-1 ‘
E,1623,1624,1824,1823,1643,1644,2203,1843
E,1624,1625,1825,1824,1644,1645,1845,2203
E,1644,1645,1845,2203,1664,1665,1865,2223

I SHELL BOTTOM

! DIFFERENT ORIENTATION

I END OF BOTTOM PLATE
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E,1664,1665,1865,2223,1684,1685,1885,2243
E,1605,1606,306,1805,1625,1626,1826,1825
E,1625,1626,1826,1825,1645,1646,1846,1845
EGEN,3,20,-1

EGEN,10,1-4
E,1615,1635,1636,315,1835,1836
E,1635,1636,1836,1835,1655,1656,1856,1855
EGEN,3,20,-1

/COM TUBE GUIDE

TYPE3
E.2001,2002,2202,2201,2021,2022,2222 2221
EGEN,2,1,-1

EGEN,2,20,-2
E,2041,2042,2242,2241,2061,2062,2262,2261
EGEN,5,20,-1

EGEN,3,200,-9

JCOM BASKET SUPPORT WELD
TYPE,5
E,306,508,1826,307,507,1827
EGEN,9,1,-1

/COM GUIDE WELD
E,2203,1845,2403,2223,1865,2423
EGEN,2,20,-1

ELIST

JCOM BOUNDARIES

CSYS, 11 10YL
NROTAT.ALL
NSEL,S,LOC,Y,-.01,.01
DSYM,SYMM,Y, 11
NSEL,S,NODE,, 1400,1600,1
NSEL,A,NODE, 2600, 2800
DSYM,SYMM,Y, 11

NSEL,S,L0C,Z,8,8.5
DALLUZO

NALL

CSYS,0 I CAT.
EALL

NALL

ALLS

FINI
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JCOM END OF MODEL

/SOLUTION

! LS-1

ESEL,S,TYPE, 1

NSLE

C8Ys, 11
NSEL,R,LOC,Z,1.129,1.131
NSEL,RLOC,X-.1,1.26
SF,ALL,PRES,450

NSEL,S,NODE.,,104,1504,200
NSEL,ANODE,,105,1505,200
NSEL,ANODE,,106,1506,200
SF ALL PRES,450

NSEL,8,L0C,Z,2.0,2.015
NSEL,R,LOC,X,-.1,11.1
SF.ALLPRES 450

NSEL,S,NODE,,116,1516,200
NSEL,A,NODE,,120,1520,200
NSEL,ANODE,,123,1523,200
SF,ALL,PRES 450

NSEL,S,LOC,X,11.49,11.52
NSEL,RLOC,Z,2,85
SF.ALL,PRES,450

CSYS,0 ! CART

NALL
EALL

SAVE
LSWRITE

LSSOLVE1
SAVE
FINI
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PROJECT: MCO Final Design

. INTRODUCTION

. REFERENCES

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 Cold Vacuum
Drying 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 is modified to include a plug and cover flange through
the top for the purposes of leak testing and Helium back filling.

This calculation documents the evaluation of the lifting cap and canister collar under lifting 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. A |
combination of hand calculations and ANSYS®© analysis is used.

1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 5, December 1998. |

2. ASME Boiler and Pressure Vessel Code, Section Il - Materials, Part D - Properties, 1998 l
Edition.

3. Not used |

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 lll, Subsection NG - Material, 1998 »
Edition.

6. Duke Engineering & Services Hanford, Inc, Specifications Drawings, Drawing H-2-828042,
Sheets 1, 2 and 3, Revision 1.

7. Swanson Analysis System, Inc., ANSYS® Engineering Analysis System User’s Manual,
Volumes |, Il and lll, Version 5.4, December 1997 and Version 5.3, June 1996.
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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.

10. ASME Boiler and Pressure Vessel Code, Section [, Subsection NB - Class 1
Components, 1998 Edition.

. ASSUMPTIONS

1. Pressure is applied uniformly
2. Others as noted

. GEOMETRY

Figure 1 shows the dimensions and locations of the grapples on the MCO Handling Machine
(MHM).

Please refer to Drawings H-2-828042, sheets 1, 2 and 3 for lifting cap and canister collar
dimensions.
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5. MATERIAL PROPERTIES

The lifting cap is fabricated from SA-182 F304L stainless steel and the canister collar is
fabricated from dual certified SA-182 Type F304L/F304 stainless steel. Values are taken from
Section ll, Part D of the Code (See [2]) and are listed in Table 1.

Note: This illustration does not show the helium leak test hole.

GRIPPING SHOE (6x)
1.97" x 0.66"

Figure 1: Lifting Cap with Gripping Shoe Configuration
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Table 1: ASME Code Material Properties for Lifting Cap & Canister Collar

SA -182 F304L Forging

70°F 200° F 300°F 270° F
E - psi 28.3x 10° 27.6 x 10° 27.0 x 10° 27.18 x 10°
Sy - psi 16,700 16,700 16,700 16,700
Sy- psi 25,000 21,300 19,100 19,760
Sy- psi 70,000 66,200 61,500 62,910 |
Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10®
100°F 200°F 300°F 270°F |
a-infin/°F 8.55x 10° 8.79 x 10° 9.00 x 10° 8.97 x 10* |
SA -182 F304 Forging ’
70°F 200° F 300° F 270°F
E - psi 28.3 x 10° 27.6 x 10° 27.0 x 10° 27.18 x 10°
Sw - psi 20,000 20,000 20,000 20,000 |
Sy- psi 30,000 25,000 22,500 23,250 |
Sy~ psi 75,000 71,000 66,000 67,500 |
Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10°
100°F 200°F 300°F 270°F |
a-infin/°F 8.55x 10* 8.79 x 10° 9.00 x 10° 8.97 x 10° |
SA-193 Gr. B8S or B8SA |
Material Elastic Modulus, psi S,,, psi i
(270°F) (270°F)
SA 193 Grade B8S or 27.2x10° 11,600 ]
B8SA (Bolting)
|
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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 and cover cap lifting area must exhibit a safety factor of three on material yield and five
on material ultimate strength. 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
2 -

3= 3 6.6 ksi
S, 580 ksi

5= 5 = 116 ksi

6.2 Pressure Loads

Per Section 4.11 of [1], “ the cap shall be capable of withstanding the pressure rating of 450
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 will be
used. For membrane and membrane plus bending stresses the allowable stresses of Table 2
are applied.

6.3 Welds

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 or ultrasonic) per
ASME requirements” and “ All MCO fabricator pressure boundary welds shall be made in
accordance with ASME Section llI, Division |, 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.
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Table 2: Level A Allowables 3041

Temperature Sa Design / Level A Stress Limits
Pn (ProrP) +P,
°F °C (From Table 1) (S (1.58.)
270 132 16.70 ksi 16.70 ksi 25.10 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 450 psig. This loading is evaluated
using criteria based on the safety factors listed in Section 6.1. The canister collar and the
weld at the cap-collar interface are evaluated using Subsection NG.

. STRESS ANALYSIS - HAND CALCULATIONS

The lifting cap is evaluated using hand calcuiations and ANSYS® analysis. 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 section below the buttress threads acts as a
thread relief and is the thinnest portion of the vessel. This is a critical section and an
evaluation was performed using ANSYS® analysis. In a small portion of the thread relief
stesses beyond the yield strength were encountered. An analysis was undertaken using hand
calculations which determined the sum of membrane and bending stresses at the discontinuity
are within the yield criteria and the results from the ANSYS® analysis (Section 10) shouid be
considered as peak stresses.

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 1 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).
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Each gripping shoe will carry a weight W of

_ 2400005

P =4000 Ibs

The outer diameter of the MCO shell is 24.08 in. and the inner diameter is 23.025 in.
Therefore the cross sectional area of the shell is

mD:~D})  n{2408 -2302%)

4 4

Agpen =

Ay = 39.01 in?
and the area of the section is

39.01in’
A = g = 650 i’

Therefore the stress through the shell due to the lifting load is
B Ascclian

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 minimum outer diameter of the MCO shell at the thread refief is 25.28 inches and the
maximum inner diameter at the base of the threads is 24.530 inches. The thread relief cross
sectional thickness is therefore 0.373 inches minimum. The minimum cross-sectional area of
the shell through that section is

Ay = 30.53 in? |

and the area of the section (1/6 of total area. A, is:

Acollarsecﬁon =5.09in? I
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Therefore the axial stress through the canister collar due to the lifting load is

Oty = =——— =786 psi

collar
Acol!arsec tion

8.2 Pressure Load
As stated in Section 6.2 above, the lifting cap must be able to withstand an internal pressure of
450 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

PR
r=

where  p = internal pressure = 450 psig
R = mean radius = (24.00+23.00)/4 = 11.75 in.
t = thickness of MCO shell = 0.5 in.
Therefore
(450)(11.75) .
Cp = 050 =10575 psi

At its thinnest point, the thread relief has a minimum thickness of 0.373 inches below the
canister collar buttress threads. The stresses through the thread relief due to the pressure are
then:

R = (25.280+24.530)/4 = 12.453 in.

|

CHECKED BY / DATE

IN  4/17/97

HSA 7/14/98

(450)(12.453) . .
%o =T 0373 7512 psi - axial stress
450)(12.453 . .
Oy = (——())(—F—): 15024 psi - hoop stress at the thread relief. l
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8.3 Lifting and Pressure Loads
8.3.1 Upper Shell
When both lifting and pressure loads are applied together, the stress through the shell due to
these loads then becomes
PR P
O-a(L+p) = E? + A

'Sec tion

O-a(L-c-p)

= 5288 +615=5903 psi - axial stress at the shell l
Oy(1.,) = 10575 psi - hoop stress at the shell ]

8.3.2 Thread Relief |

The stress through the thinnest point is at the thread relief, which is within the closure portion
of the vessel. Subsection NB-3227.3 of the ASME Code [10] addresses “nonintegral
connections”, including “screwed in plugs” and “shear ring closures”, which are subject to
failure “by beli 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.

The stresses in the thread relief with pressure retained are a function of the preload and lifting
load only; if the pressure is not maintained, the requirements no longer follow the requirement
to limit stresses to yield per Subsection NB-3227.3 but revert to the allowables of Subsection
NB-3222.2 and are evaluated in Section 10.3.
As the bearing load of the thead engagement is assumed to be at the pitch diameter, the offset
from the thread pitch location to the median of the thread relief cross-section produces a
bending moment acting circumferentially at the upper end of the thread relief: [
Pitch diameter of internal thread - E, = D (major diameter) - h (0.6pitch) [8]

=24.50-0.6(.258) =24.35inch

The mean radius of the thread relief is 12.453, therefore the offset is : |

Offset = 12.453 - 2422 =0278inch

REVISION 0 1 2 PAGE 12
PREPARED BY /DATE ZGS 4/17/97| ZGS 7/14/98 ﬂ 02/12/99 of 95
CHECKED BY / DATE JN  4/17/97] HSA 7/14/98 vﬁS]’ 02/12/99




2 _JPARSONS

CLIENT: DE&S HANFORD, INC FILE NO: KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

The maximum preload is 200,000 Ib (conservative upper bound from Appendix 4) and the
moment per unit length around the thread relief is:

_ (0278)(200,000) _

in-lb
7 27(12453) i

059

Using Ref. [4] ,Page 462, Case 11:

Input: Length =140 inch
Mean radius = 12.453 in.
Elastic Modulus = 29 x 10° psi
Poisson’s Ratio = 0.30
Distance from end of cylinder to point of load = 4.295 - .375 = 3.92 inch
Distance to point of interest = 3.92 inch

(3(1-V2) ‘

4
R ] =0515in"

3
D E(t ) )=1.378x 10° Ibin.

21—+

M (point of interest) = 355.29 l—i;}—“‘

Caxiatpending = Meridional Bending Stress = 15,320 psi (axial direction)
Ghoopmembrane = Gircumferential Membrane Stress = 76 psi ( hoop direction)
Ohooppending = Circumferential Bending Stress = 4,597 psi (hoop direction)

The above stresses are secondary as they result from bending at a gross structural
discontinuity per NB-3213.9(b.).

The direct axial stress is a combination of the preload plus the lifting load:
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O-axial,d.im:t

_ Preload +Lifting Load

Area

_ 200,00;)52 24000 _ 7337 psi
0, = total axial Stress = Gyadrect Caiatpending
= 7,337 + 15,320 = 22,657 psi
o, = total hoop stress = 6yep membrane +

cyhoop.bending

=76+4,597 = 4,673 psi

Table 3: Canister Collar Thread Relief Hand Calculations

Stress Stress Category Allowed Section 8.3.2 Ratio
Results
GAXIAL Py+Q 23,250 psi 22,657 psi 0.97
Choop Pu+Q 23,250 psi 4,673 psi 0.20
. Result
Ratio = Allowed

Table 3 is a compilation of hand calculation results of Section 8.3.2 for the thread relief section
of the canister collar. The stress levels are within the requirements of Subsection NB-3227.3.
Note that the allowed value in the above table is a special stress case, limited to yield stress.

. ANSYS® ANALYSIS

In addition to the hand calculations described in Section 8, an evaluation of the lifting cap and
canister is performed . The model is a 3-D, 180° section and is developed with SOLID45
elements with 3 degrees of freedom at each node.
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9.1 Stress Analysis

9.1.1 Boundary Conditions

A 180° section of the lifting cap and canister collar is modeled using ANSYS Finite Element |
Analysis. Symmetry boundary conditions are applied at the edges of the models. The bottom
edge is fixed in the vertical direction to approximate the lifting configuration.

REVISION 0 1 2 PAGE15 |
PREPARED BY / DATE ZGS 4/17/97| ZGS 7/14/98)cz) 02/12/99 of95 |
CHECKED BY / DATE IN_4/17/97] HSA 7/14/98]ge)-02/12/99 |




CLIENT: DE&S HANFORD, INC

" PARSONS

FILE NO:

KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

—

9.1.2 Loading

Two loads are applied to the models. A 450 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 thickness 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 1 shows the six elements representing that area. Since the gripping shoe has
an area of 1.3 in?, the total load F, applied at each set of elements representing the lifting
areas, is

Agor =13 in?
P=4000 Ibs (See Section 8.1)

F= P =ﬂ9=3077 psi
44, 13

A load of 3,100 psi is conservatively used as the basis for the lifting load. When applied, lifting
load is multiplied by 3 and the results are compared to the yield strength of 304, in order to
show compliance with Section 6.1. Since one third of yield is less than one fifth of ultimate for
304L stainless steel and one third of yield is the controlling allowable, no further analysis is
required.

9.1.3 Results

Stresses are classified as membrane plus bending stresses: P, + Pg. Since Section 6.1 limits
these stresses to the linear portion of membrane plus bending tensile, or the combined shear
stresses in a section, peak stresses are ignored.

Table 4 compares the calculated results of Sections 8.1 thru 8.3 to the ANSYS analysis resuits.

ANSYS results are obtained using LPATH/PRSECT command. Stress results for several
locations on the assembly are summarized and ratioed to the allowables in Tables 5 and 6.

For the lifting cap, the corresponding ANSYS input and output files are caplift.inp and
caplift.out, respectively.
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Table 4: Hand vs. ANSYS Rsults

Stress Stress Allowed Section 8 ANSYS Results Ratio
Category Resuits

S, Py 31.94 ksi 615 psi 762 psi 0.02

Shoop Pu 31.94 ksi 10575 psi 10,060 psi 0.32

Sp P. 31.94 ksi 5903 psi 5,462 psi 0.17

_ Calculated stress

Ratio = Allowable Stress

Table 5: ANSYS Results—Pressure® + Lifting

Stress Intensities
Location Criteria Maximum Allowed Ratio
Py + Py
Lifting Ear Section 6.1 9,955 psi 19,760 psi 0.50
Lifting Cap Transition Section 6.1 13,450 psi | 19,760 psi 0.68
Weld ASME Section NG | 10,270 psi | 25,100 psi 0.41
Bottom of Collar® ASME Section NG | 6,894 psi | 34,875 psi 0.20

Notes:

® Lifting load of 3 times the design load is applied in the analysis. All stress resuits
include a 450 psi internal pressure.

@  Although it is non-conservative to include pressure, the effect is small
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Table 6: Ansys Model Stress Report Section

Component inside Node Qutside Node
Lifting Ear 7485 7487
7486 7488
10485 10487
10486 10488
13485 13487
13486 13488
25485 25487
25486 25488
28485 28487
28486 28488
31485 31487
31486 31488
43485 43487
43486 43488
49485 49487
49486 40488
Lifting Cap Transition 7587 7591
10587 10591
13587 13597
25587 25591
28587 28597
31587 32591
43587 23591
46587 46591
49587 49591
Collar Transition 6274 6276
9274 9276
12274 12276
24274 24276
27274 27276
20274 20276
42274 42276
45274 45276
48274 48276
Welds 6302 6304
9302 9304
12302 12304
24302 24304
27302 27304
30302 30304
42302 42304
45302 45304
48302 48304
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ANSYS 5.4
DEC 16 1998
19:00:00
PLOT NO. 1

NODAL SOLUTION
STEP=2

SuB =1

TIME=2

SINT (AVG)
DMX =.325134
SMN =176.965
SMX_ =20194
SMXB=29165
=1289
=3513
=5737
=7961
=10186
12410
14634
16858
19082

nnn

TIOMMOOm>

MCO Ljfting
Figure 2: Stress Intensities — Upper & Lower Front Views
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MCO Lifting

ANSYS 5.4
DEC 16 1998
19:28:20
PLOT NO. 1

NODAL SOLUTION
STEP=2

SUB =1
TIME=2

SINT (AVG)
DMX =.325134
SMN =176.965
SMX =20194
SMXB=29165
A =1289

B =3513

C =5737

D =7961

E =10186
F =12410
G  =14634
H  =16858

I =19082

Figure 3: Stress Intensities — Upper & Lower Back Views
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1 ANSYS 5.4
DEC 16 1998
19:35:03
PLOT NO. 1
NODAL SOLUTION
STEP=2
SuB =1
TIME=2
SINT (AVG)
DMX =.325134
SMN =176.965
SMX =17253
SMXB=21911
A =1126
B =3023
C =4920
D =6818
2 E =8715
F =10612
G =12510
H =14407
I =16304
MCO Lifting
Figure 4: Stress Intensities Lifting Cap
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10. DETAILED THREAD/CLOSURE 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.

10.1 Analysis Discussion

The locking ring thread design involves buttress threads with a specified pitch of 0.25 in. and
an engagement length of 2.770 in. The buttress thread design details are shown in Figure 6
and are in conformance with ANSI B1.9 [8]. As an initial check on the thread adequacy for the
bolt loading, 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 [9] is used. On page 1718 of [9], a
stripping/shear area, per inch of engagement, for Acme threads is given as

A, =31416- D, max[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.

Conservatively using the minor diameter of the locking ring external threads, and
conservatively ignoring the 2nd term inside the brackets, results in the following thread
stripping area:

] =2.770 in

engage

D = 24.168 -in

min

As =D i 0.5 1engage

A, := 105.158 in’
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From Appendix 4 (Calculation KH-8009-8-02), the maximum bolt in-service loading is 200,000 |
Ib, resulting in the following thread shear stress (allowable thread stress is 0.6S,, per ASME
Section HI, Subsection NB-3227.2 [10]):

Puax = 200,000 Ib |

g = 1902 psi

Ib
Smiaz = 22740 — Locking Ring - 304N @ 132°C
in

Ts

0.6:S,435

Ratio :=

Ratio = 0.139

Thus, the thread stripping area is adequate for the maximum jacking bolt loading.

The detailed thread/closure mode! developed is shown in Figure 7. Contact elements are used
at the threads, bolt interface, and seal stop interface. The model is subjected to the foilowing
load sequence: (1) The maximum room temperature preload of 200,000 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 132°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, the thread relief was increased to 0.373
inches from 0.354 inches. 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 7, 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
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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 THRD16.inp and
THRD16.0ut, 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 8 and Figure 9. Note, from Figure 9, 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. This condition is considered to be a peak stress and, as

the vessel is not subject to repeated loading, a fatigue evaluation is not performed.
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Pitch
e F -
$24.50”
| I/
2 h
hs
Al
45° {%
! 7
4
Pitch = 0.25 in. h, = 0.1660 in.
h,=0.1410 in. F =0.04080 in.
Figure 6: Thread Detail Geometry
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MCO CLOSURE: 200K BOLT LBAD, 270F, 1

Figure 7: Finite Element Model of MCO Thread/Closure Region
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MCO CLOSURE: 200K

BOLT LOAD, 27(%F, 130 Psi, LS2, Thromax

ANSYS 3.3

JAN 6 1999
17:12:21

PLOT NO. 1
NODAL SOLUTION
STEP=2

SUB =27
TiME=2

SINT (AVG>
DMX =044302
SMN =238.256
SMX =26331

A =1688

B =4587
C =7486
D =10385
£ =13e85
Fo=16184
G =i9083
R =21982
[ =24881

Figure 8: Stress Intensity Contours, Bottom Threads
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Figure 9: Equivalent Strain Contours, Bottom Threads
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10.3 Collar Lifting Load Analysis

This section is the stress analysis of the worst case lifting condition for the MCO. It is assumed
that the MCO is at its maximum temperature, the Jack boit and Seal! loads are still applied, the
MCO is full of water so it is at its maximum weight, and the maximum internal pressure of 450
psi has leaked past the seal and is applied to the cap. Itis required that the resulting
membrane stress shall be less than S, for the materials involved.
The lifting load path proceeds from the cap, down through the collar to the shell. The most
highly stressed portion of the load path is at the thread relief in the collar, where the wall is a
minimum of 0.373” thick. This is the area that is check herein. |
The applied loads are:

MCO weight =24,000b =W,

Temperature = 270°F

Internal Pressure = 450 psi

Jack bolt load =200,000 Ib =W, |

The pressure load is applied over the internal diameter of the cap just above the collar threads.

P =450 psi internal pressure
D, = 24.25 inches Cap maximum internal diameter
W, = P2 D?
4
=450 X 1/4 n 24.25 |
=207,839 b |
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The total axial load is:

Fr = Wy W+ W
= 24,000 + 207,839 + 200,000 |
= 431,839 Ib. |

The minimum cross sectional area of the thread relief is: |
Di = inner diameter = 24.535 inches |
D,, = mean diameter of thread relief = 2 x 12.463 = 24.93 inches |
A =Dt = (3.1416)(24.93)(0.373) l

A=29.21in"

The membrane stress:

Taial embrane = 4 = g 51 = 14,784 psi

F, 431839 l
At 270°F, Sy, is 31,940 psi 19,708 < 31,940

Thus the thread relief area of the collar meets the requirement that the membrane stress,
19,708 psi, is less than S, 31,940 psi.

Primary plus secondary stress is found by adding the secondary bending from Section 8.3.2 to
the above primary stress:

P.+ Q= 19,708 + 39,209
= 58,917 psi
Allowable stress is 3S,, = 3(31,940) = 95,820 psi

Therefore, the thread relief meets the requirements for primary plus secondary stress. [
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11. COVER CAP TEST PLUG AND COVER PLATE EVALUATION

The cover cap has a recessed threaded plug to be used fo Helium leak testing after welding.
This plug is 1.75 inches in diameter and will permit the insertion of a tool to access the
threaded plugs contained in ports #1 and #2 of the shield plug. After final leak testing, a 4.00-
inch diameter cover plate is welded. The following evaluates the threaded plug and the cover
plate for a pressure of 450 psig.

11.1 Test Plug (ltem 8)

The test plug, ltem 8, is SA-193,Grade B8S of B8SA material and is torqued to 100 Ib.-ft., the
same torque level as the process valves. Torque is limited to the requirements of Reference
(4), Subsection NG-3232.2, the preload stress being limited to (1.2)0.9S,. For SA-193 material
at 270° F, S, = 3(S,,) = 3(11,600) = 34,800 psi. The stress limit is therefore (1.2)(0.9)34,800 =
37,584 psi. The maximum allowed preload force is therefore

Ag (13/4-12UN-2A)=2.19in?
F = 6As = 82,309 Ib.

The preload force at a torque of 100 Ib.-ft. is:
F=12T/Kd
T = torque Ib.-ft.
K = *nut factor” = 0.20
d=1.75in.
F =12(100)/ 0.20(1.75) = 3,429 Ib.
using a 30% uncertainty factor the preload is

= 3,429(1.30) = 4,458 Ib. << 82,309 Ib.

The pressure load is 450 (n/4)(1.75)* = 1,082 Ib. and is less than the preload
of 4,458 Ib.

The stripping of the thread in the canister cover is checked for this loading:
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AS,INIERNAL 1
—SE = rn Doy 5o+ 057735(D gy ~ Ennanx) Reference(9.)
E

Dgwn = mMinimum major diameter of external thread = 1.7368 in.
Ewax = maximum pitch diameter of internal thread = 1.7037 in
L¢ = length of engagement = 9.0 - 2.13 - 5.46 = 1.41in.

A
Lonmrint _ 193 (1.7368) ——+0.57735(1.7368-1.7037)
E 2(12)
= 3.979 in%in
Agirernar = 3.979 (1.41)
=561in?

The allowable stress is 0.6 S,, = 0.6(16,700) = 10,020 psi
The stripping load is 5.61(10,020) = 56,212 Ib. >> 4,458 Ib. preload
Therefore stripping of the threads is not a concern.

11.2 Cover Plate (item 9)
The cover plate is a 4-inch diameter flat plate 5/16 inch thick. The analysis is performed

considered a P_ + Py stress and is limited to 1.5 S,,.

considering the cover plate as simply supported at the edge. The maximum stress intensity is

2(~
a +V
Maximum Bending Moment = M, = S%
q = pressure load = 450 psi
a = plate radius =2in.
v = Poisson’s ratio = 0.27
. 6M
Maximum stress = o = o7 = 70—
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6(450)(2.0)%(3.27)
G s Y T~
ax 16(0.31)°
= 22,968 psi
Stress Intensity = Gyax - Geress.

= 22,968 + 450 = 23,418 psi

Allowable = 1.5 S,, = 1.5(16,700) = 25,050 psi

_ 23418
T 25050
Total Load on Weld
Weld Stress = Peripheral Area
%(4.0)2(450)
=4 2040 psi
H4.0)(030(707) psi

Allowable Stress = (0.9)0.6S,, = (0.9)0.6(16,700) = 9,018 psi
Note: 0.9 weld factor per Code Case N-595 Part 1.c

g o 2040
9,018

=0.23

Therefore, the 5/16-inch plate is adequately sized for 450 psig.
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Computer Run Output Sheets & Input Files
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CLIENT: DE&S HANFORD, INC

FILENO: KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:
Creation Date / Time:

KH-8009-8

ANSYS®-PC

54

Windows 95®, Pentium® Processor
KH-8009-8-04

caplift.inp

Stress Analysis of Lifting Cap

16 December 1998 06:08:56 PM

W,ﬁ%& Hckrll. 2-/2-GF

Prepared By: Joe Nichols

Date

\ % s { ; lg fre Fatisrd (%;‘,«lr 2 /Z,/W
ecked By: Zachary G. Sargent Déte
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CLIENT: DE&S HANFORD, INC FILENO: KH-8009-8-04
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

LISTING OF CAPLIFT.INP

fini

/cle

/FILENAM, CAPLIFT
/PREP7

/TITLE, MCO Lifting
/COLOR, NUM, BLUE, 1

TREF, 70

TUNIF, 270

ETAN=0.006 ! Tangent modulus
/COM **** ELEMENT TYPES ***x*

ET,1,SOLID4S ! Shell & Collar
ET,2,SOLID45 ! Lifting Cap

JCOM ***x**xxxxxx+x+ MATERIAL PROPERTIES ** ¥k ki * ik <k
MP, DENS,1,490/1728 ! 304L Ss
MP, NUXY,1,0.3

/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+06,26.5e+06,25.8e+06
MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8e+06,24.5e+0%6

/COM #*+%% MEAN COEFFICIENTS OF THERMAL EXPANSION {in./in./(F) #**%*
i SA240 Gr 304L

MPDATA, ALPX,1,1,0,8.55e-06,8.79%e-06,9.00e-06,9.192-06,%.37e-06
MPDATA,ALPX,1,7,9.53e-06,9.61e-06,9.69e-06,9.76e-06

JCOM *xxkkkiwkkxes GUET], GEOMETRY ****sktditdih ik

IR=11.49 ! Internal Shell Radius @ Bottom
OR=12.000 ! Shell Outside Radius € Bottom

IR2 = 12.02 ! Inside Radius at Collar Sealing Surface
OR2 = 12.655 ' Outside Radius at Collar Sealing Surface
IR3 = 12.284 ! Inside Radius at Collar-Lifting Ring Weld
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FILE NO: KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

IR4=12.174 !

/COM *#**% BOTTOM
N,1,,-1.32
N,2,1.25,-1.32
N,3,2.13,-1.32
N,10,11.423,-1.32
FILL

PLATE

N,41,0.00,-0.19 !
N,42,1.25,-0.19
N,43,2.13,0.69
N,50,IR,0.69

FILL,43,50

N,52,0R,0.69

FILL, 50,52

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

1101
FILL,51,54,1,1102
FILL,52,55,1,1103

/COM *#*** SHELL
N,65,IR,6.68
N,67,0R,6.68
FILL

FILL,1104,1106
FILL,56,59,1,1107
FILL,58,61,1,110
FILL,1107,1109
FILL,59,62,1,11
FILL,61,64,1,11
FILL,1110,1112
FILL,62,65,1,11%3

10
12

Row 3

Inside Radius

[DWG SK-2-300378)

* ok e K

! Row 1

Middle Row

Shell Stub/Weld

[DWGS SK-2-300379 & SK-2-300461}

* Kk K
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CLIENT: DE&S HANFORD, INC
PROJECT: MCO Final Design

-

FILL,64,67,1,1115
FILL,1113,1115

/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,135.68
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

/COM ***%* DOUBLE ROW SHELL ***%*
N,190,IR,137.18 !
N,192,0R,137.18

FILL

Transition to Double Row

/COM **** BASE OF CASK THROAT--ELEVATION:
N,217,IR,142.68 !
N,219,0R,142.68

FILL

FIiLL,190,217,8,,3,3,1

138 INCHES ****
Transition to Double Row

Vertical Fill

/COM **+%* BOTTOM OF COLLAR TRANSITION ****

N,235,IR,146.06 ' Start of Transition to Large 0.D &
N,237,0R,1456.06 ! Assumed Location of Shield Plug
Taper

FILL

N,238,IR,146.68

N,240,0R,145.68

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

Horizontal Fill
Vertical Fill

/COM **** TOP OF COLLAR TRANSITION ****

REVISION 0 1 2 PAGE 38

PREPARED BY / DATE

ZGS 4/17/97

ZGS 7/14/98

02/12/99

of 95

CHECKED BY / DATE

JIN  4/17/97

HSA 7/14/98

@/02/ 12/99




CLIENT:

DE&S HANFORD, INC

PARSONS
FILE NO: KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

M,241,IR,147.31
N,243,0R,147.31
FILL

N,247,IR,149.63
N,249,IR2,149.63
FILL

3)
N,255,0R2,147.31
N,261,0R2,149.63
N,258,0R2,148.06
N,980,IR,149.38
N,981,11.755,149
N, 982, IR2,149.38

N, 984,0R2,149.38
N, 990,0R2,146.68

/COM **** COLLAR
* ok ok

/COM **** COLLAR
FILL,262,271,2

/COM **** COLLAR
N,274,IR4,151.58

/COM **** TOP TO
N,277,IR4,152.26
N,280,1IR4,152.95

NGEN, 2,3,241,243,

N,983,12.317,149.

NGEN, 2,3,259,,,,0.175 !

NGEN,2,9,262,,,,1.655 !

N,1000,IR2,151.58

! End of Transition to Large O.D &
! Assumed Location of Shield Plug Taper
! Horizontal Fill

1,,0.75

/COM **** COLLAR SEALING SURFACE ****

! Inside Radius of Sealing Surface
! Outside Radius at Sealing Surface
! Horizontal Fill

/COM **** THICK WALL AT COLLAR TRANSITION ****
NGEN, 2,10,240,249

;3 ! Nodes 250-259 Coincident w/240-24¢

! Qutside Surface
! Outside Surface

.38

38

FILL,240,95%0,1,251
NGEN, 2, 5,980, 984,
FILL,246,258,1,257
FILL,253,255,1,,1,3,3
FILL,237,990,1,991

1,,-0.66

AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface)

Nodes 2862

AT TOP EDGE OF PLUG

* ok K

(1.44" above bottom Edge)
Nodes 271

NGEN, 3,1,259,271,1, (OR2-1IR2)}/2

AT BASE OF THREADS **x*¥*

COLLAR (WELD CLOSURE) ****
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CLIENT: DE&S HANFORD, INC FILE NO: KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

N,283,IR4,153.63
N,286,IR4,154.32
N,289,IR4,154.725
M,290,12.47,154.725
M,291,0R2,154.725
N,292,IR3,155.30
N,295,TR3,155.875
N,300,IR3,154.725
N,302,IR3,155.745
N,304,0R2,155.745

FILL, 302,304

NGEN, 2,1,274,289,3,0.27
NGEN,2,1,275,290,3,0.211
NGEN,3,1,292,295,1, (OR2-IR3) /2

/COM CHANGING TO LOCAL COORDINATE SYSTEM
LOCAL, 30,1,,,,,90 ! Cylindrical Coordinate for Nodal Sweep Pattern

/COM **#*x*xxwssss+ NODAL GENERATION 60 DEGREE SWEEP ***%xxisixtx
NGEN, 19,3000,1,1706,1,,-10 ! 5 Degree Increments

NDELE, 3041,108041,3000 ! Deleting Extra Nodes at Bottcm Plate Axis
NDELE, 3021,108021, 3000

NDELE, 3001, 108001, 3000

NDELE, 4300, 103300, 3000

NDELE, 4299,10%239, 3000 ! Deleting Nodes at Lifting Cap Axis

JCOM *¥xwwkkssixxs RLEMENT GENERATTION * %% k% %k x & %%

JCOM *kdkkkdkdkxdkdhks GUET T, ** %% kskkkdwkw

TYPE, 1 ! SOLID45 - 8 Node Brick
£,2,3002,1,1,22,3022,21,21 ! Bottom Plate
*repeat, 18,3000,3000,,,3000,3000,,

E,22,3022,21,21,42,3042,41,41
*repeat,18,3000,3000,,,3000,3000,,

E,23,42,22,22,3023,3042,3022,3022
E,3,23,22,22,3003,3023,3022,3022
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T

E,2,3,22,22,3002,3003,3022,3022

EGEN, 18,3000, -3
E,3,4,3004,3003,23,24,3024,3023
EGEN,7,1,-1

EGEN, 18,3000, -7
E,23,43,42,42,3023,3043,3042,3042
EGEN, 18,3000, -1
B,23,24,3024,3023,43,44,3044,3043
EGEN,9,1,-1

EGEN, 18,3000,-9
£,10,11,3011,3010,30,31,3031,3030
EGEN, 18,3000, -1
E,32,11,31,31,3032,3011,3031,3031
EGEN, 18,3000, ~1
E,50,51,3051,3050,1101,1102,4102,4101
EGEN,5,3,-1

EGEN, 18,3000, -5
E,1101,1102,4102,4101,53,54,3054,3053
EGEN,5,3,-1

EGEN, 18, 300C, -5
E,51,52,3052,3051,1102,1103,4103,4102
EGEWN, 5,3, -1

EGEN, 18,3000,-5
E,1102,1103,4103,4102,54,55,3055, 3054
EGEN, S, 3, -1

EGEN, 18,3000,-5
E,100,65,66,66,3100,3065,3066,3066
EGEN, 18,3000, -1
£,67,101,66,66,3067,3101,3066,3066
EGEN, 18,3000, -1
E,100,101,66,66,3100,3101,3066,3066
EGEN, 18,3000, -1
£,100,101,3101,3100,1116,1117,4117,4116
EGEN, 18,3000, -1
E,1116,1117,4117,43116,1118,1115,4119,4118
EGEN,8,4,-1

EGEN, 18,3000, -8
E,1118,1119,4119,4118,102,103,3103,3102
*repe,8,4,4,4,4,2,2,2,2

EGEN, 18,3000, -8
¢,102,103,3103,3102,1120,1121,4121,4120
*repe,?,2,2,2,2,4,4,4,4

EGEN, 18,3000, -7
£,116,117,3117,3116,118,119,3119,3118

! Bottom Shell
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EGEN, 32,2,-1

EGEN, 18,3000, -32
£,180,190,191,191,3180,3190,3191,3191
EGEN, 18,3000, -1
E,180,181,191,191,3180,3181,3191,3191
EGEN, 18,3000, -1
£,181,192,191,191,3181,3192,319%,3191
EGEN, 18,3000, -1
E,190,191,3191,3190,193,194,3194,3193
EGEN, 18,3, -1

EGEN,18,3000,-18
£,191,192,3192,3191,194,195,3195,3194
EGEN, 18,3,-1

EGEN, 18,3000,-18
E,244,245,3245,3244,985,986,3986,3985
EGEN,2,1,-1

EGEN, 18,3000, -2
£,985,986,3986,3985,980,981,3981,3980
EGEN,2,1,-1

EGEN, 18,3000,-2
E,980,981,3981,3980,247,248,3248,3247
EGEN,2,1,-1

EGEN, 18,3000,-2
E,251,991,990,990,3251,3991,3990,3990
EGEN, 18,3000, -1
E,237,991,3991,3237,250,251,3251, 3250
EGEN, 18,3000, -1
E,250,251,3251,3250,253,254,3254,3253
EGEN, 2,3, -1

EGEN, 18, 3000, -2
E,251,990,3990,3251,254,255,3255, 3254
EGEN, 18,3000, -1
E,254,255,3255,3254,257,258,3258,3257
EGEN, 18,3000,-1
E,256,257,3257,3256,987,988,3988,3987
EGEN, 18,3000, -1
E,257,258,3258,3257,988,989,3989, 3988
EGEN, 18,3000, -1
£,988,989,3989,3988,983,984,3984,3983
EGEN, 18,3000, -1
E,987,988,3988,3987,982,983,3983,3982
EGEN, 18,3000, -1
£,982,983,3983,3982,259,260,3260,3259
EGEN, 18,3000, -1

! Sealing Surface

! Transition at Collar
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—

EGEN, 18,3000, ~1

EGEN, 9,3, -1
EGEN, 18, 3000, -9

EGEN, 18,3000,~1

EGEN,11,3,-1
EGEN, 18,3000, -11

EGEN, 18,3000, -1
EGEN, 18,3000,-1

EGEN, 18,3000, -1

EGEN, 18,3000, -2

/COM **** LIFTING CAP

E,983,984,3984,3983,260,261,3261,3260

E,259,260,3260,3259,262,263,3263,3262

E,1000,274,271,271,4000,3274,3271,3271

E,260,261,3261,3260,263,264,3264,3263

E,286,287,3287,3286,300,290,3290,3300
£,300,290,3290,3300,292,293,3293,3292
E,300,289,286,286,3300,3289,3286,3286
£,292,293,3293,3292,302,303,3303,3302
F,293,294,3294,3293,303,304,3304,3303

'E,302,303,3303,3302,295,296,3296,3295
'8,303,304,3304,3303,296,297,32%7,3296

GEOMETRY *#**%*

CAP1=9.375 ! Outside Radius Inside Lip

CAP2=10.19 ! OQutside Radius at Lip

CAP3=9.625 ! Qutside Radius at Chamfer Below Lip (Transition)
CAP4=12.655 ! OQutside Radius at Shell

LOCAL,25,0,,164.745 ! Local System Top Left Corner of Cap (CL Cap)

! Start Center Port

N,1301,0,-3.%545

N,1305,0,-2.25

£iil

N,1307,0,-1.56

£111,1305,1307

n,1311,0,0

£i11,1307,1311

ngen,5,11,1301,1309,,2.765/4

ngen,5,11,1310,,,2.765/4,.12/4

ngen,5,11,1311,,,2.765/4

ngen,3,11,1345,1349,,1.073/2

'nsel,s,node,,1334,1344

‘nmodif,all,2.505
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T

lalls
LOCAL,25,1,4.515,164.745,,,90 !}
ngen, 9,11,1345,1367,,,180/8

csys,0

ngen,5,11,1433,,,2.631/4
ngen,5,11,1434,,,(2.631+.1825%)/4,-.12/4
ngen,5,11,1435,,,(2.631+2%_.18255) /4, .03/2
ngen,5,11,1436,,, (2.631+3*.18255) /4, .06/2
ngen,5,11,1437,,,3.360/4,.12/4
ngen,5,11,1438,,, {(3.360-.125)/4, .06/4
ngen,5,11,1439,,, (3.110) /4

ngen, 5,11, 1440,,,(3.110}/4 ,-.22/8

ngen, 5,11, 144%,,,(3.110)/4,-.22/4
ngen,5,11,1442,,, (3.110)/4,-.22/8
ngen,5,11,1443,,,(3.110)/4
ngen,4,11,1485,1487,, (0.815)/3
local,41,1,8.896,164.75-6.325
ngen,8,11,1477,,,,-71.109/7

csys, 0
dsys, 0
ngen, 4,11,1554,,, .558/3,-1.632/3

ngen,5,11,1481,,, (3.03)/4
ngen,7,11,1525%,,,,-{4.927)/6

n1l=1488
n2=1492
*do,1,1,10,1
£ill,nl,n2
nl=nl+1ll
n2=n2+11
*enddo

ngen,2,1%,1587,,,0.04,-.243
ngen,2,11,1591,,,0.00,-.243
£i11,1598, 1602
ngen,4,11,1598,16C2,,0.00,-1.343/3
ngen,2,11,1631,1635,,0.00,-.358

Local System Top Left Corner Cap

(CL Cap)
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~get,nxl,node, 295, loc, x
*get,nx2,node, 1642, loc, x
nmodif, 1643, (nx1-nx2)/2+nx2
nmodif, 1644,nx1l
~get,nxl,node,296,loc,x
nmodif, 1645, nxl

/COM CHANGING TO LOCAL COORDINATE SYSTEM

LOCAL,30,4,,,,,-90 ' Cylindrical Coordinate for Nodal Sweep Pattern
cscir,30,1

JCOM **kxxkkdkwkkss NODAL GENERATION 60 DEGREE SWEEP * %%k kkkwkdkkik

ngen,2,18*3000,1301,1646,,,180
nsel, s, node,,55356,55432
nmod,all,, 180

alls
csys, 0

nnun=55466

*do,i,1,11,1
*get, nx,node, nnum, loc, x
nmod, nnum, nx-.2
anum=nnum+l

*enddo

£111,55301,5%5466,14,,11,11,1,.7
alls

/pnum, node, 0

csys, 30

alls

£i11,1301,55301,17,,3000,11,1,1

£i11,1312,5%312,17,,3000,11,1,1

£111,1323,55323,17,,3000,1%,1,1

i11,1334,55334,17,,3000,11,1,1

£i11,1345,55345,17,,3000,11,1,1
1,1
1,1
1,1
1,1

h b

£i11,1356,55356,17,,3000,11,
£i11,13867,55367,17,,3000,11,
£111,1378,55378,17,,3000,11,
£111,1389,55389,17,,3000,11,
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£111,1399,55399,17,,3000,11,
£i11,1400,55400,17,,3000,11,
£i11,1411,55411,17,,3000,11,
£111,1422,55422,17,,3000,11
£111,1433,55433,17,,3000,11,
£i11,1444,55444,17,,3000,11,
£i111,1455,55455,17,,3000,11,
£ill,1466,55466,17,,3000,11,1
£111,1477,55477,17,,3000,11,1,1
£111,1496,55496,17,,3000,3,1,1
£i11,1507,55507,17,,3000,3,1
£i11,1518,55518,17,, 3000, 3,
£i11,1488,55488,17,,3000,5,
£i11,1499,55499,17,,3000,5,
£i111,1510,55510,17,,3000,5,
£i11,1521,55521,17,,3000, 5,
£i11,1532,55532,17,,3000,5,
£i11,1543,55543,17,,3000,5,
£ill,1554,55554,17,,3000,5,
£111,1565,55565,17,,3000,5,
£i11,1576,55576,17,,3000,5,
£111,1587,55587,17,,3000,5,
£i111,1598,55598,17,,3000,5,
£111,1609,55609,17,,3000,5

1
1
1
1
1
1
1

R =l = N SISt

’
’
14
’
’
’
Is
’
’

’
’
’
’
’
14
’
’
’
’
’
’
’
’
’
’
’
.

el e e e e e e e e i
el e e e e R e e e i

2y
£111,1631,55631,17,,3000,5,
£111,1642,55642,17,,3000,5,

csys, 0

nsel,s,node, ,4345,4355

nnum=4345

*do,i,1,11,1
*get,nx,node, nnum, 1oc, x
nmod, nnum, nx-.2
nnum=nnum+1l

*enddo

alls

csys, 30

£111,4345,55345,1%,,30006,11,1,1

csys, 0
nsel,s,node,, 4422,4432
nnum=4422
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*do,i,1,11,1
*get,nx, node,nnum, loc, x
*get,nz,node, nnumn, loc, z
nmod, nnum, nx+.15, ,nz+.1
nnum=nnumn+1
*enddo
alls
csys, 30
£111,4422,55422,16,,3000,12,1,1

csys, O

nsel,s,node, ,4433,4443

nnum=4433

*do,1,1,11,1
*get,nx,node,nnum, 1loc, x
*get,nz,node, nnun, loc, z
nmod, nnum, nx+.25%, ,nz-.2
nnum=nnum+1

*enddo

alls

csys, 30

£111,4433,55433,146,,3000,11,1,.9

nsel,s,loc,y, 20
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod,all, ,24.479
nsel,s,loc,y,40
nsel,r,loc,%x,9.370,10.2
nsel,xr,loc,z,163.7,164.8
nmod,all,,3%5.521

nsel, s, loc,y,20+60
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod,all,,24.479+60
nsel,s,loc,y,40+60
nsel,r,loc,x,9%.370,10.2
nsel,r,loc,z,163.7,164.8
nmed,all,,35.521+60
nsel,s,loc,y,20+2%60
nsel,r,loc,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod, all,,24.479+2*60
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nsel,s,loc,y,40+2*60
nsel,r,lo¢,x,9.370,10.2
nsel,r,loc,z,163.7,164.8
nmod, all,,35.521+2*60

nsel,s,node, ,7474,747¢6
nmod,all,,20+4.479/2
nsel,s,node, ,13474,13476
nmod,all,,40-5.521/2
nsel,s,node,,25474,25476
nmod, all,,20+4.479/2+69
nsel,s,node,,31474,31476
nmod,all, ,40-5.521/2+60
nsel,s,node, ,43474,43476
nmod,all, ,20+4.479/2+2%60
nsel,s,node,,49474,49476
nmod,all,,40-5.521/2+2%60

nsel,s,node,, 7484
nmod,all,,20+4.479/2
nsel,s,node,, 13484
nmod,all,,40-5.521/2
nsel, s,node, , 25484

nmod, all,,20+4.479/2+60
nsel,s,node,,31484
nmod,all, , 40-5.521/24+60
nsel, s, node,, 43484
nmod,all,,20+4.475/2+2*%60
nsel,s,node, 49484

nmod, all,,40-5.521/2+2*60

alls

type, 2

‘e, i,j,%,1,m,n,0,p

alls

esel,u, type,,1
e,1323,4323,4312,1312,1324,4324,4313,1313
egen,10,1,all

egen,15,11,all

egen,4,11,3497,3498

egen, 16,11,3489,3492

REVISION 0 1

PAGE 48

PREPARED BY /DATE ZGS 4M7/97| ZGS 7/14/98

2
L7 02112199

of 95

CHECKED BY / DATE JN  4/17/97| HSA 7/14/98

#57—02/12/99




PAF!SDNS

CLIENT: DE&S HANFORD, INC FILE NO:  KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

egen, 18,3000,all

e,1312,4312,1301,1301,1313,4313,1302,1302
*repeat,18,3000,3000,,,3000,3000,,
egen, 10,1,-18

csys, 0

!Generate the element in the cap that were forgotten
nsel,s,node,,1345,1349

ngen,2,1300,all,,,1.072/2

nsel, s, node, ,2645,2649

ngen,2,9,all,,,1.072/2

LOCAL,25,1,4.515,164.745,,,90 !Local System Top Left Corner Cap
nsel,s,node,,2645,2658
ngen,9,15,all,,,,180/8

type, 2

e,1345,2645,2646,1346,1356,2660,2661,1357
*repeat,8,11,15,15,11,1%,15,15,11
egen,4,1,-8

e,2645,2654,2655,2646,2660,2669,2670,2661
*repeat,8,15,15,15,15,15,15,15,15
egen,4,1,-8

csys, 0
nsel,s,loc,z,0
nplo

alls
numm, nede
nsle
nsel, inve
‘ndele,all

alls
nsle
nsel, inve
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NDEL, ALL
esel,s,type,,1,2
nsle

numm, node, . 002
alls

C3SYS, 0
NSEL,S,LOC,Z,0
D,ALL,Uz
NSEL,S,LOC,Y,-1.322,-1.319
D,ALL, Uy

ALLS

d,1,ux,0

2alls

nsel,s,node,,7485,7518,11
nsel,a,node,,10485,10518,11
nsel,a,ncde,,13485%,13518,11
nsel,a,node,,25485,25518,11
nsel,a,ncde, ,28485,28518,11
nsel,a,node,,31485,31518,11
nsel,a,node,,43485,43518,11
nsel,a,node,,46485,46518,11
nsel,a,node,,49485,49518,11
sf,all,pres,3100*3

alls

lswrite, 1

rrs=450

csys, 30

esel,s,type,,1

nsle

nsel,r,loc,%x,0,11.49
nsel,r,loc,z,.69,149.63
sf,all,pres,prs

nsle

nsel,r,loc,x,0,12.02
nsel,r,loc,z,149.63,151.58
sf,all,pres,prs

nsle

nsel,r,loc,x,0,12.174
nsel,r,loc,2z,151.58,154.72
sf,all,pres,prs

nsle
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nsel,r,loc,%x,0,12.284
nsel,r,loc,z,154.72,155.75
sf,all,pres,prs

alls
nsel,s,node,,1301,1642,11
*do,3j,1,18,1

nsel,a,node,,1312+3000%3,1642+3000%*3,

*enddo
*do,3j,1,5,1
nsel,a,node, ,2653+3,2773+3,15
*enddo
sf,all,pres,prs

nsel,s,node,,2673,2763,15
prsf=prs*1.75%1.75%3.14159/4/9
£,all, fY,prst

nsel,s,node,, 2658
nsel,a,node,, 2778
orsf=prs*1.75*1.75*3.14159/4/18
£,all,fY,prst

alls

lswrite, 2

/S0LU
save
lssolve, 1,2

/postl

set, 1

LPATH, 7485, 7487
PRSECT
LPATH,7486,7488
PRSECT
LPATH,10485,10487
PRSECT
LPATH,10486,10488
PRSECT

LPATH, 13485,13487
PRSECT

LPATH, 13486,13488
PRSECT

LPATH, 25485,25487

11

REVISION 0 1

PAGE 51

PREPARED BY /DATE ZGS 417197

2
ZGS 7114198897 02/12/99

of 95

CHECKED BY / DATE JN  4/17/97

HSA 7/14/98] #54-02/12/99




CLIENT.

¥ | PARSONS

DE&S HANFORD, INC

FILE NO:

KH-8008-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

T

PRSECT
LPATH,25486,25488
PRSECT

LPATH, 28485, 28487
PRSECT
LPATH,28486,28488
PRSECT
LPATH,31485,31487
PRSECT
LPATH,31486,31488
PRSECT

LPATH, 43485,43487
PRSECT
LPATH,43486,43488
PRSECT

LPATH, 46485, 46487
PRSECT

LPATH, 46486,46488
PRSECT

LPATH, 49485, 49487
PRSECT
LPATH,49486,49148
PRSECT

LPATH, 7587,7591
PRSECT
LPATH,10587,10591
PRSECT

LPATH, 13587,13591
PRSECT
LPATH,25587,25591
PRSECT

LPATH, 28587,28591
PRSECT
LPATH,31587,31591
PRSECT

LPATH, 43587,4353%
PRSECT

LPATH, 46587,46591
PRSECT

LPATH, 49587,49591
PRSECT

LPATH, 6274,6276
PRSECT

LPATH, 9274,9276
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PRSECT

LPATH, 12274,12276
DRSECT

LPATH, 24274,24276
PRSECT
LPATH,27274,27276
DPRSECT

LPATH, 30274, 30276
PRSECT

LPATH, 42274, 42276
PRSECT

LPATH, 45274, 452756
PRSECT

LPATH, 48274,48276
PRSECT

LPATH, 6302, 6304
CRSECT

LPATH, 9302, 9304
PRSECT

LPATE, 12302,12304
PRSECT
LPATH,24302,24304
PRSECT
LPATH,27302,27304
ZRSECT

LPATH, 30302, 30304
PRSECT

LPATH, 42302, 42304
PRSECT

LPATH, 45302, 45304
PRSECT

LPATH, 48302, 48304
PRSECT

set,2
LPATH,7485,7487
PRSECT

LPATH, 7486, 7488
PRSECT
LPATH,10485,10487
PRSECT
LPATH,10486,10488
PRSECT
LPATH,13485,13487
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PRSECT

LPATH,13485,13488

PRSECT

LPATH, 25485,25487
PRSECT
LPATH,25486,25488
PRSECT
LPATH, 28485,28487
PRSECT
LPATH, 28486,28488
PRSECT
LPATH, 31485,31487
PRSECT
LPATH,31486,31488
PRSECT
LPATH, 43485, 43487
PRSECT
LPATH,43486,43488
PRSECT
LPATH, 46485, 46487

PRSECT
LPATH, 49485,49487
PRSECT

LPATH, 49486,491488
PRSECT

LPATH, 7587, 7591
PRSECT

LPATH, 10587, 10591
PRSECT

LPATH, 13587,13591
PRSECT

LPATH, 25587,25591
PRSECT
LPATH,28587,28591
PRSECT
LPATH,31587,31591
PRSECT

LPATH, 43587, 43591
PRSECT

LPATH, 46587, 46591
PRSECT

LPATH, 49587, 49591
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PRSECT

LPATH, 6274, 6276
PRSECT

LPATH, 9274,9276
PRSECT

LPATH, 12274,12276
PRSECT

LPATH, 24274,24276
PRSECT

LPATH, 27274,27276
PRSECT

LPATH, 30274, 30276
PRSECT

LPATH, 42274, 42276
PRSECT

LPATH, 45274, 45276
PRSECT

LPATH, 48274, 48276
PRSECT

LPATH, 6302, 6304
PRSECT

LPATH, 9302, 9304
PRSECT

LPATH, 12302, 12304
PRSECT

LPATH, 24302,24304
PRSECT

LPATH, 27302, 27304
PRSECT

LPATH, 30302, 30304
PRSECT

LPATH, 42302, 42304
PRSECT

LPATH, 45302, 45304
PRSECT

LPATH, 48302, 48304
PRSECT
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 54

Computer System: Windows 95®, Pentium® Processor
Computer Run File Number: KH-8009-8-04

Unique Computer Run Filename: Caplift.out

Run Description: Stress Analysis of Lifting Cap

Run Date / Time: 16 December 1998 06:35:10 PM

M%/%&W z2-12-9%

Prepared By: Joe Nichols Date

é{4 x,)f C(ZJ})%A e L betser C Drcar .77 /%7

Checked By: Zachary G. Sargent Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS® 5.3

Software Version: 53

Computer System: Windows 95®, Pentium® Processor
Computer Run File Number: KH-8009-8-04

Unique Computer Run Filename: THRDMIN.inp

Run Description: Stress Analysis of the MCO Thread/Closure
Creation Date / Time: 7 December 1998 11:40.46 AM

M S Z-/W 2r2-99

Prepared By: Zachary G. Sargent Date

@A/L‘fﬁ/% pehe /(/;m%cs 2//9?

Checked By: Joe Nichols Date
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LISTING OF THRDMIN.INP FiLE |

/BATCH, LIST

/TITLE,MCO CLOSURE THREADS, PRELOAD ONLY, NO FRICTION, W/ SEAL

/COM ****REF. H-2-828042, R1, MINIMUM MATERIAL BASED ON TOLERANCES ,12-98
/COM 0.373 INCH THREAD RELIEF

/FILNAME, THRDMIN
/PREP7

/TRIAD,LTOP

*AFUN, DEG
/COM **** SHELL COLLAR (INTERNAL THREADS) *%%x
ET,2,PLANE42,,,1 ! Axisymmetric quads

/COM **%*% JACKING BOLTS ***x

ET,3,PLANE42,,,1 ! Axisymmetric quads

/COM ***% LIFTING AND LOCKXING RING (EXTERNAL THREADS) #**#%
ET,4,PLANE42,,,1 ! Axisymmetric guads

/COM **** SHIELD PLUG AND SEAL ****

ET, 6,PLANE42,,,1 I Axisymmetric quads

ET,7,CONTAC4S ! Contact surface (gap) elements at threads
XKEYOPT, 7,7, 1

R,7,1.0E+06

ET, 8,CONTAC12 ! Contact elements under jacking bolts
KEYOPT, 8,7,1

R,8,0,1.0E+05,.1849,1.0 ! Initial interference for preload 124,100 1pb

/COM **** YARIABLES ****

HS=.1657 ! Thread height
HE=.14058 ! Height of thread engagement
F=.0408 ! Crest width

Dpitch=24.5
Rpitch=Dpitch/2
Pitch=.25 ! Pitch

/COM **** SHELL DIMENSIONS **x**

RSin =24.04/2 ! Collar inside radius (below threads)

RSout=25.28/2 ! Collar outside radius
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IRshelll=11.4925 ! Shell inside radius (lower section)
CRshelll=12.04 ! Shell outside radius {lowsr section)
REmin=Rpitch-HS ! External thread (locking & lifting ring)

Emax=Rpitch

RImin=Rpitch-HE I Internal thread ({shell collar)
RImax=Rpitch-HE+HS

RSavg=(RImax+RSout)/2 ! Average radius at threads

Rrelief=24.535/2

BoltCirc=21.75 ! Bolt circle diameter
BoltSize=1.500 ! Bolt nominal diameter
BoltIR=(BoltCirc-BoltSize) /2 ! Diameter at inside 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 AND Sy (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 (.0350)

/COM **** THREAD DIMENSIONS **x=*
¥2=0

Y3=(HS-HE) *TAN (7)

Y4=(HS*TAN (7))

YS=(HS*TAN (7)) +F

Y6=pitch-Y5

/COM **** MATERIAL PROPERTIES ****

/COM **** MATERIAL 1: SA-182 F304L

MP,NUXY,1,.3 ! Poisson's constant with temperature
MP,DENS,1,493/1728 ! Weight density(4931b/£t"3), assumed constant w/temp
/COM **** NONLINEAR PROPERITES FOR MATERIAL 1 ***x

ETAN=.006 ! Use 5% tangent modulus

TB,BKIN, 1,4 ! Yield stress and tangent moduli v. temperature

TBTEMP, 70
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TBDATA, 1,25000,ETAN*28.3E+06
TBTEMP, 200
TBDATA,1,21300,ETAN*27.6E+06
TBTEMP, 270
TBDATA,1,19760,ETAN*27.18E+06
TBTEMP, 300
TBDATA,1,19100,ETAN*27.0E+06

MPTEMP,1,70,200,270,300

/COM **** ELASTIC MODULI FOR MATERIAL 1 ****
MPDATA,EX,1,1,28.3E+06,27.6E+06,27.18E+06,27.0E+06

/COM **** MEAN COEFFICIENT OF THERMAL EXPANSION FOR MATERIAL 1 ***x*
MPTEMP,1,70,250,2706,300
MPDATA,ALPX,1,1,8.46E-06,8.9E-06,8.94E-06,9.00E-06

/COM **** MATERIAL 2: SA-193 B8S, B8SA *¥*x
MP,NUXY,2,.3 ! Poisson's constant with temperature
MP, DENS, 2,493/1728 ! Weight density {493 1b/£t"3),assumed constant w/tenmp.

/COM **** NONLINEAR PROPERTIES FOR MATERIAL 2 **¥¥

TB,BKIN, 2,4 ! Yield stress and tangent modulil v. temperature
TRTEMP, 70

TBDATA,1,SF*¥50000,ETAN*28.3E+06

TBTEMP, 200

TBDATA,1,SF*30000,ETAN*27.6E+06

TBTEMP, 270

TBDATA,1,SE*50000,ETAN*27.18E+06

TBTEMP, 300

TBDATA,1,SF*50000,ETAN*27.0E+06

MPTEMP, 1,70,200,270, 300

/COM **** ELASTIC MODULI FOR MATERIAL 2 ****
MPDATA,EX,2,1,S8F*28.3E+06,SF*27.6E+06,SF*27.18E+06,SF*27.0E+06

/COM **%* MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 2 ****
MPTEMP,1,70,250,270,300
MPDATA,ALPX,2,1,8.46E-06,8.20E-06,8.94E-06,9.00E-06

/COM **+** MATERIAL 3: SA-182 F304N ****
MP, NUXY,3, .3 ! Poisson's constant with temperature
MP, DENS,3,493/1728 | Weight density (4931b/Zt”3),assumed constant w/temp.
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-

/COM **** NONLINEAR PROPERTIES FOR MATERIAL 3 **xx

TBDATA, 1, 35000, ETAN*28.3E+06
TBTEMP, 200
TBDATA, 1,28700, ETAN*27.6E+06
TBTEMP, 270
TBDATA,1,26110,ETAN*27.18E+06
TBTEMP, 300
TBDATA, 1,25000, ETAN*27.0E+06

MPTEMP,1,70,200,270,300

/COM **** ELASTIC MODULI FOR MATERIAL 3 ***x
MPDATA,EX,3,1,28.3E+06,27.6E+06,27.18E+06,27.0E+06

MPTEMP,1,70,250,270,300
MPDATA,ALPX,3,1,8.46E-06,8.9E-06,8.94E-06,9.002-06

/COM **** MATERIAL 4: SA-182 F304 *x%x*
MP,NUXY, 4, .3 ! Poisson's constant with temperature

/COM **+** NONLINEAR PROPERTIES FOR MATERIAL 4 **x**
ETAN=.006 ! USE 5% TANGENT MODULUS

TBTEMP, 70
TBDATA,1,30000,ETAN*28.3E+06
TBTEMP, 200
TBDATA,1,25000,ETAN*27.6E+06
TBTEMP, 270
TBDATA,1,23250,ETAN*27.18E+0¢
TBTEMP, 300
TBDATA,1,22500,ETAN*27.0E+06

/COM **** ELASTIC MODULI FOR MATERIAL 4 ol

MPTEMP,1,70,200,270,300
MPDATA,EX,4,1,28.3E+06,27.6E+06,27.185+06,27.0E+06

MPTEMP,1,70,250,270,300

ETAN=.006 ! Use 5% tangent modulus
TB, BKIN, 3, 4 ' Yield stress and tangent moduli v. temperature
TBTEMP, 70

/COM **%** MEAN COEFFICIENTS OF THERMAL EXPANSION FCR MATERIAL 3 x*x*x*

MP, DENS,4,493/1728 ! Weight density (4931b/ft”3),assumed constant w/temp.

TB,BKIN, 4,4 ! YIELD STRESS AND TANGENT MODULI V. TEMPERATURE

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 4 ****

PREPARED BY / DATE ZGS 417197} ZGS 7/14/19810dg7 02/12/99
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MPDATA,ALPX,4,1,8.24E-06,8.57E-06,8.602E~06,8.65E~06

/COM ***% LIST MATERIAL PROPERTIES ****

MPLIST
TBLIST

/COM *#*** SHELL COLLAR

K,10,IRshelll,-10.875
K,11,0Rshelll,-10.875
K,12,IRshelll,-5.125
K,13,0Rshelll,-5.125

K, 14,RSout,-4.525
K,15,IRshelll,-3.62
K,16,RSout,-3.62

K,17,IRshelll,-2.715
K,18,RSout,-2.715

K,19,IRshelll, -1
K,20,23.375/2,-1
K,21,RSin,-1.81
K,22,RSout,-1.81

.81
.81

K,31,RSin,-1.56
K,32,RSout,-1.5¢

K,33,RSin, -1.31
K,34,RSout,-1.31

K,35,RSin,-0.5
K,36,RSout,-0.5

K,37,RSin,-0.25
K, 38,RSout,-0.25

K,39,RSin,0
K,40,Rrelief-0.125,0
K,41,RS8avg,0.125
K,42,RSout,0.125

K,43,Rrelief, .125

(INTERNAL THREAD)

ok kK

Bottom of transistion - outer shell

Top of transistion - outer shell

Sealing surface
Sealing surface

! Sealing surface

! Centerpoint
! Outside of

K,44,Rrelief-.125,0.125 !

Sealing surface

! Bottom of thread relief
Bottom of thread relief - tangent
of thread relief at vert.
thread relief at vertical

point

! Thread relief vertical tangent poinc

Thread relief center of curvature
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COM **** AREA ? - FIRST THREAD ***x*
K,105,RSout,0.25
K,106,RSavg,0.25
K,107,RImax,0.25%
K,108,RImin+HE, 0.25+Y3
K,109,RImin, 0.25+Y4
K,110,RImin,0.25+Y¥5
K,111,RImax,0.25+Y6
K,112,RImax, 0.25+Pitch
K,113,RSavg,0.25+Pitch
K,114,RSout,0.25+Pitch

/COM **%* LINES FOR COLLAR AT THREAD RELIEF ****
L,37,38

L,38,42

L,42,41

L,41,43

LARC,43,40,44,.125

L,40,39

L,39,37

A,10,11,13,12 ! Nominal shell
2,12,13,14,16,15 ! Collar transition
A,15,16,18,17
2,17,18,22,2%,20,19
A,21,22,32,31
A,31,32,34,33
A,33,34,36,35

A, 35,36,38,37

Area at sealing surface
Collar above sealing surface
Collar - medium elements
Collar - coarse element
Collar ~ medium elements

AL,1,2,3,4,5,6,7

/COM ****x GENERATE THREAD AREAS **x**

A,43,41,106,107 ! Thread relief - inside
A,41,42,105,106 ! Thread relief - outside
A,107,106,113,112,111,110,109,108 ! Thread tooth
A,106,105,114,113 ! Thread outside

/COM **** LIFTING & LOCKING RING (EXTERNAL THREAD) *%*%*
LOCAL,11,0,,0.08

X,1000,15.9/2 1 7.95"
K,1001,BOLTIR

X,1002, BOLTOR

X,1003,12.0
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K, 1004, REMIN

X,1005, REMAX, Y6-Y5

K, 1006, REMAX, Y6-Y4

K, 1007, REMAX-HE, Y56-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 ***x

A,1003,1004,1005,1006,1007,1008,1009,1010

/COM **** DRER ? ***=*
A,1002,1003,1010,1011

/COM *kkk ARPR P RkkK
A,1001,1002,1011,1012

/COM ***% AREA
A,1000,1001,1€12,1013

Dk dok ok

/COM * ok ok ok
RPLUG1=15.
RPLUGZ=22.
RPLUG3=23.
RSEAL1=23.
RSEAL2=23.

/COM **+*%*

SHIELD PLUG
78/2
90/2
975/2
45/2
375/2

SHIELD PLUG

LOCAL,12,0,,~-1.81

/COM

K,2000,RPLUGL, -1.94
K,2001,RPLUG2-0.181,-1.94
K,2002,RPLUG2, -1

K, 2003, RPLUG2,0.155

K,2004,RPLUG3-~0.
K,2005, RPLUG3-0.

K,2006,RPLUG3,0.001
K,2007,RPLUG3,0.155

300,0.
300,0.

ok ok

DIMENSIONS

! thread profile

! outer

! inner

! o-ring groove
! o-ring groove

R Y

***% SHIELD PLUG OUTLINE #*¥**

155
001

(£ine)

(coarse)

transition

transition

! ring

REVISION
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K,2008,RPLUG3, 1.
X,2009,RPLUGL, 1.

81
81

/COM **** OTHER
K,2100,BoltIR,1.81
K,2101,BoltOR,1.81
K,2102,B0ltIR,1.25
X,2103,BoltOR,1.25
K,2104,RPLUG3,1.25
K,2105,BOLTIR,0.35
K,2106,11.9,0.35

K,2107,RPLUG3, .35
K,2108,RPLUGZ, .35

A,2102,2103,2101,2100
A,2103,2104,2008,2101

A,2105,2108,2106,2107,2104,2103,2102

A,2005,2006,2007,2004
A,2003,2004,2007,2107,2106,2108

LOCATIONS ON SHIELD PLUG ***=*

Under bolt

! Qutside radius at top
I Center of plug

A,2000,2001,2002,2003,2108,2105,2102,2100,2009

/COM **%* MESH AREAS
ESIZE, ELSIZE

TYPE, 2

MAT, 4

AMESH, 10

AMESH, 12

AMESH, 9

TYPE, 4
MAT, 3
AMESH, 14

TYPE, 6
MAT, 1
AMESH, 21

TYPE, 2
MAT, 4
AMESH, 4

ESIZE,1.5*ELSIZE
TYPE, 2

(FINE TO COARSE)

L2

! Collar

! L/L ring

! Plug quads

! Collar

I Collar

quads

quads
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T

MAT, 4

AMESH, 11
AMESH, 13
AMESH, 5

ESIZE,2*ELSIZE
TYPE, 4

MAT, 3

AMESH, 15

TYPE, 6
MAT, 1
AMESH, 22

ESIZE, 4*ELSIZE
TYPE, 2

MAT, 4

AMESH, 3
TYPE, 6

MAT,

AMESH, 20

TYPE, 2

MAT, 4
ESIZE,2*ELSIZE
AMESH, 8
AMESH, 6
AMESH, 7

ESIZE,8*ELSIZE
TYPE, 4

MAT, 3

AMESH, 16

TYPE,
MAT, 1
AMESH, 18
AMESH, 19

ESIZE, 10*ELSIZE

! Ring quads

! Plug quads

! Collar guads

! Piug guads

! Ring qguads

! Plug guads

TYPE, 4 ! Ring quads

MAT, 3

AMESH, 17
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TYPE, 2
MAT, 4
AMESH, 2

ESIZE,15*ELSIZE
TYPE, 2

MAT, 4

AMESH, 1

TYPE, 6
MAT, 1
AMESH, 23

AGEN,11,12,17,1,,0.25
ALLS

/COM * ok ok ok
LSEL,S,LINE,, 45
NSLL, ,1

CM, TLSHELL, NODE

LSEL, S, LINE,, 96
NSLL,,1
CM, T2SHELL, NODE

LSEL,S,LINE,,124
NSLL, ,1
CM, T3SHELL, NODE

LSEL,S,LINE,, 152
NSLL,, 1
CM, T4SHELL, NODE

LSEL,S,LINE,, 180
NSLL,,1
CM, T5SHELL, NODE

LSEL,S,LINE,,208
NSLL,, 1
CM, T6SHELL, NODE

LSEL,S,LINE,, 236
NSLL,, 1

! Collar guads

! Collar quads

! Plug guads

!  Gene

I
Y
cr
®

GROUP NODES FOR GAP SURFACES *¥*¥

! Shell -

lst thread

threads

! Select nodes on line

Group nodes
! Shell -~

thread 2

! Shell - thread 3

! Shell - thread 4
! Shell - thread 5
! Shell -

thread 6

! Shell - thread 7
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CM, TTSHELL, NODE

LSEL,S,LINE,, 264
NSLL,, 1
CM, T8 SHELL, NODE

LSEL, S, LINE,,292
NSLL,,1
CM, TOSHELL, NODE

LSEL,S,LINE,,320
NSLL,,1
CM, T10SHELL, NODE

LSEL,S,LINE,, 348
NSLL,,1
CM, T11SHELL, NODE

LSEL,S,LINE,,52
NSLL, , 1
CM, TIRING, NODE

LSEL,S,LINE,, 104
NSLL,, 1
CM, T2ZRING, NODE

LSEL,S,LINE,,132
NSLL,,1
CM, T3RING, NODE

LSEL,S,LINE,, 160
NSLL,, 1
CM, T4RING, NODE

LSEL,S,LINE,,188
NSLL,, 1
M, TSRING, NODE

LSEL,S,LINE,, 216
NSLL, , 1
CM, T6RING, NODE

! Shell

! Shell

! Shell

- thread 8

~ thread 9

- thread 10

! Ring - 1lst thread

! Ring - thread 2

! Ring - thread 3

! Ring - thread 4

! Ring - thread

w

LSEL,S,LINE,, 244 ' Ring - thread 7

NSLL, , 1
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CM, T7RING, NODE

LSEL,S,LINE,,272
NSLL, , 1
CM, TSRING, NODE

LSEL,S,LINE,, 300
NSLL, , 1
CM, TORING, NODE

LSEL,S,LINE,, 328
NSLL, , 1
CM, TLORING, NODE

LSEL, S,LINE,, 356
NSLL,, 1
CM, TL1RING, NODE

/COM **+** SURFACES AT O~RING ****

LSEL,S,LINE,,21,22
NSLL,, 1
CM, CSEAL, NODE

LSEL,S,LINE,,78
NSLL,, 1
CM, PSEAL, NODE

LSEL,ALL
NALL

/COM ***% GENERATE GAP ELEMENTS *
TYPE, 7

REAL, 7

GCGEN, TIRING, T1SHELL
GCGEN, T2RING, T2SHELL
GCGEN, T3RING, T3SHELL
GCGEN, TARING, T4SHELL
GCGEN, TSRING, TSSHELL
GCGEN, T6RING, T6SHELL
GCGEN, T7RING, T7SHELL
GCGEN, T8RING, TSSHELL
GCGEN, T9RING, T9SHELL

! Ring ~ thread 8

! Ring - thread 9

! Ring -~ thread 10

! Ring ~ thread 11

! Collar

! Plug

s K K
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GCGEN, TLORING, TIOSHELL
GCGEN, T11RING, TL1SHELL

GCGEN, PSEAL, CSEAL
/COM ****% BOLTS ****
CSYS,12
K,3000,BOLTIR,1.810+.001
K,3001,BOLTOR,1.810+.001
A,3000,3001,1011,1012
TYDPE, 3

MAT, 2

REAL, 1

ESIZE,8*ELSIZE

AMESH, 84

ESEL,S,TYPE,, 2
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

ESEL,S,TYPE, , 4
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

ESEL,S,TYPE,, 5
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

ALLS

/COM **** GENERATE
LSEL,S,LINE,, 378
NSLL, ,1

CM, BOLTGAPS, NCDE

/COM **%*% MERGE COINCIDENT NODES ON AREA BOUNDARIES ****

GAP ELEMENTS

! Same as shield plug locel,12,0,,-1.81
! ¥,2100,BoltiR,2.00
! K,2101,BoltOR,2.000
I Connect to ring above lst thread
! Bolt

! Shell collar
! Select nodes based on elements
I Select keypoints based on nodes

ocking ring

keypoints based on nodes

! Shield plug

! Select keypoints based on nodes

* ok ok ok
! Line on "bolt™
! Select nodes on line
! Group nodes as "boltgaps”
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LSEL, S, LINE,, 63
NSLL,, 1
CM, PLUGGAPS, NODE !

*GET, NUM_BOLT, NODE, , COUNT
*DIM, NODE_T,,NUM BOLT
*DIM, NODE_J, ,NUM_BOLT

/COM **** SORT NODES ON BOLT ****

CMSEL, , BOLTGAPS

*GET, YVAL, NODE, , MNLOC, Y

*DO, I,1,NUM_BOLT
*GET,MIN_R,NODE, ,MNLOC, X
NODE_I(I)=NCDE(MIN_R,YVAL,Q)
NSEL, U, NODE, ,NODE_I{I)

*ENDDO

/COM **** SCRT NODES

CMSEL, , PLUGGAPS

*GET, YVAL,NCDE, , MNLOC, ¥

*DO, I, 1,NUM_BOLT
*GET,MIN_R,NODE, ,MNLOC, X
NODE_J(I)=NCDE(MIN_R,YVAL, Q)
NSEL,U,NODE, ,NCDE_J(I)

*ENDDO

ON PLUG ****

ALLS

/COM ****GENERATE

TYPE, 8

REAL, 8

*DO,I,1,NUM_BOLT
E,NODE_J(I),NODE_I(I)

ELEMENTS ****

Group nodes as

! Line on plug
! Select nodes on line
"pluggaps”

! Number of nodes = "num_bolts"”
! Dimension arrays for nodes

! Get y=~value
! Get value of minimum radius

! Get node number at minimum radius
! Remove selected node from group

1 Get y-value
' Get value of minimum radius

! Get node number at minimum radius
! Remove selected node from group

! Jack bolt contactl2 with plug

*ENDDO

NALL

EALL

/COM **** RELAX CONVERGENCE TOLERANCES ****

CNVTOL, F,, .01 t 1% on force (10*default)

!CNVTOL, M, , .01 ' 1% on moment {l0*default)

/COM **** BOUNDARY CONDITIONS ***x*
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csys, 12

NSEL, S, LOC, X, RPLUGL
NSEL,R,LOC,Y,-1.94,1.81
D,ALL,UX, 0.0

csys, 0
NSEL,S,LOC,Y,-10.875
D,ALL,UY, 0.0

NALL

/COM *+*%% LIP AT TOP OF COLLAR
/COM *#*%% KEYPOINTS *+*#%*
K,800,RSOUT, 4.7206
K,801,12.443,4.8228
K,802,RIMAX, 4.925

JCOM *%%% LIP AREAS *t**
n,256,263,800,801
R,257,256,801,802

/COM **%% MEZSHING
ESIZE,3*ELSIZE
TYDPE, 2

MAT, 4

REAL, 1

AMESH, 85

AMESH, 86

LIP AREAS 85,

ESEL,S,TYPE,,2
NSLE

KSLN

NUMMRG, NODE
NUMMRG, ELEM
NUMMRG, KP

NALL
EALL
SAVE
FINI

/COM **** END OF MODEL ¥*%*

/SOLUTICN

* ok Kk Kk

86 FEE*E

/COM **+** MERGE AREA BCUNDARIES TO REST OF COLLAR

! Inside of plug

! Fix radially

! Base of shell

! Fix vertical (rollers)

! Area 85
! Area 86

! Collar
! Collar

K ek

! Collar elem
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/COM * ok ok
TUNIF,70
TREF, 70

FIRST STEP TO CLOSE GAPS

TITLE,MCO CLOSURE THREADS - LOAD STEP 1

KBC, 1
NSUBST, 1
NEQIT, 10

I

/COM **%* DISPLACE RING UPWARDS TO CLOSE GAP ****

ESEL, S, TYPE, , 4

NSLE ! Select nodes on ring
NSEL,R,LOC,X,15.9/2 ! Inside of ring

D,ALL,UY, .004¢6 ! Move ring up

NALL

EALL

/COM **** DISPLACE SHIELD PLUG DOWNWARDS TO CLOSE GAR **=xx

ESEL,S,TYPE, , 6 ! Select plug elements

NSLE ! Select nodes on plug
NSEL, R, LOC, X,RPLUGL ! Inside of plug
D,ALL,UY,-.00101 ! Move plug down to compress seal
ALLS

LSi\]RITE l deodeodeok ok okokk ko ok k ok ok ok ok ok ok END OE‘ Ls_l Fkk ok k ok k Ak Kk kxxwk ok ok khkkhkkohkkkk ik
/TITLE,MCO CLOSURE: 124.1K BOLT LOAD, 270 F, 150. PRESS, 124.1K SEAL

LOAD-LS-2, THRDMIN
TUNIF,270

KBC, 0

NSUBST, 10
NEQIT, 15
AUTOTS, ON

NROPT, AUTO
NLGEOM, ON

FK,2003,FY, 62050 !
FK,2004,FY, 62050
¥,549,FY,-31025
F,550,FY,-62050
,551,FY,-31025

1

P

Seal Preload on Pilug- Total Preload 124,100 1lb

Seal Preload on Collar

Fok kW

Ls-1

- THREAD CLOSURE

Set change loads for load step 1
! Number of substeps

Number of eguilibrium iterations

! Select ring elements

Ramp change lcads
]

for load step 2
Number of substeps
Number of eguilibrium iterations

124,100 1lb total
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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

/***% COM APPLY PRESSURE LOAD ****

P_INT=150 ! Nominal internal pressure
PA_REAL=11.617*11.617

PA MODEL= (RPLUG2*RPLUG2) - (RPLUGL*RPLUGL)

P_INT_P=P INT*PA_REAL/PA_MODEL ! Corrected pressure on glug bottom

LSEL, S, LINE,,82 ! Shield plug - seal groove
LSEL,A,LINE,, 85,87 ! Shield plug side
LSEL,A,LINE,,11 ! Collar at base
LSEL,A,LINE,, 15 ! Collar at taper
LSEL,A,LINE,, 18

LSEL,A,LINE,,23

LSEL,A,LINE,,22 I Ccllar at seal
SEGRAD ! Reset gradient (none used)
SFL,ALL, PRES,P_INT ! Apply pressuxe

/**%% COM SHIELD PLUG BOTTOM ****

LSELS, S, LINE,, 8% ! Shield plug bottom

SFL,ALL, PRES,P_INT_P

ALLS

SETRAN ! Transfer line loads to elements

EALL
NALL
ALLS

SAVE
LSWRITE
LSSOLVE, 1,2
SAVE

FINI
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 53

Computer System: Windows 95®, Pentium® Processor
Computer Run File Number: KH-8009-8-04

Unique Computer Run Filename: THRDMIN.out

Run Description: Stress Analysis of the MCO Thread/Closure
Creation Date / Time: 14 December 1998 4:52:02 PM

(loor— g Z depes 2-/2-9%

Prepared By: Zachary G. Sargent Date
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Checked By: Joe Nichols Date ]
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Run Date / Time:

KH-8009-8

ANSYS®-PC

53

Windows 95®, Pentium® Processor
KH-8009-8-04

THRDMAX.INP

Stress Analysis of the MCO Thread/Closure

11 December 1998  3:37:52 PM

CPtnder— f F Aogei 21277

Prepared By: Zachary G. Sargent

Date

CheckedBy: Joe Nichols Date ]
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LISTING OF THRDMAX.INP FILE |

/BATCH,LIST

/TITLE,MCO CLOSURE THREADS, PRELOAD ONLY, NO FRICTION, W/ SEAL

/COM REF. H-2-828042, REV. 1, MINIMUM MATERIALS BASED ON TOLERANCES,12-98
/COM 0.373 INCH THREAD RELIEF

/FILNAME, Thrd373
/PREP7

/TRIAD,LTOP

*AFUN, DEG
/COM **** SHELL COLLAR (INTERNAL THREADS) ****
ET, 2,PLANE42,,,1 ! Axisymmetric Quads

/COM ***+* JACKING BOLTS ***x*
ET,3,PLANE4Z,,,1 ! Axisymmetric Quads

/COM **** LIFTING & LOCKING RING (EXTERNAL THREADS) **xx

ET, 4,PLANE42,,,1 ! Axisymmetric Quads

/COM **+** SHIELD PLUG AND SEAL ****

ET, 6,PLANE42,,,1 ! Axisymmetric Quads

ET, 7,CONTAC48 ! Contact surface (gap) elements at threads

KEYOPT,7,7,1
R,7,1.0E+06

ET,8,CONTAC12 ! Contact elements under jacking bolts
KEYOPT, 8,7, 1
R,8,0,1.0E+05,.2945,1.0 ! Initial interference for preload at 200,000

1b.

/COM **+** DEFINE VARIABLES *¥**

HS=.1657 ! Thread height
E=.1406 ! Height of thread engagement
F=.0408 ! Crest width

DPITCH=24.5
RPITCH=DPITCH/2
PITCH=.25 ! PITCH

/COM **+* SHELL DIMENSIONS <****

RSIN =24.04/2 ! Collar inside radius {(below threads)
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RSOUT=25.28/2 ! Collar outside radius

IRSHELL1=

11.4925 ! Shell inside radius (lower section)
ORSHELL1=12.04

! Shell outside radius {(lower section)

REMIN=RPITCH-HS ! External thread (locking & lifting ring)
REMAX=RPITCH

RIMIN=RPITCH-HE ! Internal thread (shell collar)
RIMAX=RPITCH~HE+HS

RSAVG= (RIMAX+RSOUT) /2 ! Average radius at threads

RRELIEF=24.535/2

BOLTCIRC=21.75 ! Bolt circle diameter

BOLTSIZE=1.500 ! Bolt nominal diameter

BOLTIR={(BOLTCIRC-BOLTSIZE) /2 ! Diameter at inside edge jacking bolts
BOLTOR= (BOLTCIRC+BOLTSIZE) /2 ! Diameter at outside edge jacking
bolts

BOLTA=3.1415928* ( (BOLTOR*BOLTOR} - (BOLTIR*BOLTIR))

/COM **** SCALE FACTOR FOR BOLT E & SY (MODELED AS AXISYMMETRIC) ¥**%w

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 .0350

/COM **** THREAD DIMENSIONS **+*
Y2=0

Y3=(HS-HE} *TAN(7)

Y4=(HS*TAN (7))

Y5=(HS*TAN{7))+F

Y6=PITCH-Y5

/COM  **** MATERIAL PROPERTIES ***=*

/COM **** MATERIAL 1: SA-182 F304L

MP,NUXY,1,.3 ! Poisson's constant with temperature
MP, DENS, 1,493/1728 ! Weight density (493 1lb/ft"3), assumed

constant w/tenp

/COM *#*** NONLINEAR PROPERITES FOR MATERIAL 1 ****
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ETAN=.006 ! Use 5% tangent modulus

TB,BKIN, 1,4 ! Yield stress and tangent moduli v.
temperature

TBTEMP, 70

TBDATA,1,25000,ETAN*28.3E+06
TBTEMP, 200
TBDATA,1,21300,ETAN*27.6E+06
TBTEMP, 270
TBDATA,1,19760,ETAN*27.18E+06
TBTEMP, 300
TBDATA,1,19100,ETAN*27.0E+06

MPTEMP,1,70,200,270,300

/COM **** ELASTIC MODULI FOR MATERIAL 1 #***x
MPDATA,EX,1,1,28.3E+06,27.6E+06,27.18E+06,27.0E+06

/COM **** MEAN COEFFICIENT OF THERMAL EXPANSION FOR MATERIAL 1 ****
MPTEMP,1,70,250,270,300
MPDATA,ALPX,1,1,8.46E-06,8.9E-06,8.94E~-06,2.00E-06

/COM **** MATERIAL 2: SA-193 B8S, BBSA *¥*+*

MP,NUXY,2,.3 ! Poisson's constant with temperature
MP, DENS,2,493/1728 ! Weight density (493 1b/ft"3}, assumed
constant w/temp.

/COM **** NONLINEAR PROPERTIES FOR MATERIAL 2 **x*%*

TB,BKIN, 2,4 ! Yield stress and tangent moduli v. temperature
TBTEMP, 70

TBDATA, 1,SF*50000,ETAN*28.3E+06

TBTEMP, 200
TBDATA,1,SE*50000,ETAN*27.56
TBTEMP, 270
TBDATA,1,SF*50000,ETAN*27.18E+06
TBTEMP, 300
TBDATA,1,SF*50000,ETAN*27.0E+06

]
+

(@)
[e3}

MPTEMP,1,70,200,270,300

/COM *#*** ELASTIC MODULI FOR MATERIAL 2 ****
MPDATA,EX,2,1,8F*28.3E+06,85%27.6E+06,SF¥27.18E+06, SF*27.0E+06

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 2 ****
MPTEMP,1,70,250,270,300
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MPDATA,ALPX,2,1,8.46E-06,8.90E-06,8.94E-06,9.00E-0%

/COM **%* MATERIAL 3: SA-182 F304N ***x

MP, NUXY, 3, .3 ! Poisson's constant with temperature

MP, DENS, 3,493/1728 ! Weight density (493 1lb/ft"3), assumed
constant w/temp.

/COM **** NONLINEAR PROPERTIES FOR MATERIAL 3 **x%*

ETAN=.006 ! Use 5% tangent modulus

TB,BKIN, 3,4 ! Yield stress and tangent moduli v.
temperature

TBTEMP, 70

TBDATA,1,35000,ETAN*28.3E+06
TBTEMP, 200
TBDATA,1,28700,ETAN*27.6E+06
TBTEMP, 270
TBDATA,1,26110,ETAN*27.18E+06
TBTEMP, 300
TBDATA,1,25000,ETAN*27.0E+06

MPTEMP,1,70,200,270,300

/COM *+*%% ELASTIC MODULI FOR MATERIAL 3 **%%*
MPDATA,EX,3,1,28.358+06,27.6E+06,27.18E+0¢,27.0E+086

/COM *+%* MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 3 *+#%
MPTEMP, 1,70,250,270,300
MPDATA,ALPX,3,1,8.46E-06,8.9E-06,8.94E-06,9.005-06

/COM **** MATERIAL 4: SA-182 F304 **=**

MP, NUXY,4,.3 ! Poisson's constant with temperature
MP, DENS,4,493/1728 ! Weight density (493 1lb/ft"3), assumed constant
w/cemnp.

/COM ***%* NONLINEAR PROPERTIES FOR MATERIAL 4  *¥*+**

ETAN=.006 I USE 5% TANGENT MODULUS

T3, BKIN, 4,4 ! YIELD STRESS AND TANGENT MODULI V. TEMPERATURE
TBTEMP, 70

TBDATA, 1, 30000, ETAN*28.3E+06

TBTEMP, 200

TBDATA, 1,25000,ETANY27.6E+06

TBTEMP, 270

TBDATA, 1,23250, ETAN*27.18E06

TBTEMP, 300
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TBDATA,1,22500,ETAN*27.0E+06

/COM **** ELASTIC MODULI FOR MATERIAL 4 *k ok
MPTEMP, 1,70,200,270,300
MPDATA,EX,4,1,28.3E+06,27.6E+06,27.18E+06,27.0E+06

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 4 ****
MPTEMP,1,70,250,270,300
MPDATA,ALPX,4,1,8.24E-06,8.578-06,8.602E-06,8.65E~06

/COM **** LIST MATERIAL PROPERTIES ****
MPLIST
TBLIST

/COM **** SHELL COLLAR (INTERNAL THREAD) ****
K, 10, IRSHELL1,-10.875
K,11,0RSHELL1,-10.875
K,12,IRSHELL1,-5.125

K,13,0RSHELLL,-5.125 ! Bottom cf transition - outer shell
K,14,RS00T, ~4.525

X,15,IRSHELLL, -3.62 ! Top of transition - outer shell
K,16,RSOUT,-3.62

K,17,IRSHELLL,-2.715
K, 18,RSOUT,-2.715

¥,1¢%, IRSHELL1,-1.81 ! Sealing surface
K,20,23.375/2,-1.81 ! Sealing surface
K,21,RSIN,~-1.81 ! Sealing surface
X,22,RS0UT,-1.81 ! Sealing surface

¥,31,RSIN,-1.56
K,32,RSOUT,~1.56

K,33,RSIN,-1.31
X,34,RSOUT,-1.31

K,35,RSIN,-0.5
K,36,RSCUT,~-0.5

K,37,RSIN,-0.25
K, 38,RSOUT, -0.25
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¥,39,RSIN, O

¥,40,RRELIEF-0.125,0
K,41,R8AVG,0.125

tangent

K,42,RS0UT,0.125

K,43,RRELIEF,0.125
K,44,RRELIEF-0.125,0.125 !

/COM **+*+% AREA ?

K,105,RS0OUT, 0.
K,106,RSAVG, 0.
K,107,RIMAX,O0.

- FIR
25
25
25

K,108,RIMIN+HE, 0.25+Y3

K,109,RIMIN,O.
K,110,RIMIN,O.
K,111,RIMAX,O0.
K,112,RIMAX,O.
X,113,RSAVG, 0.
k,114,RSOUT, 0.

25+Y4
25+4+Y5
25+¥6
25+PITCH
25+PITCH
25+PITCH

ST THREAD

/COM
,37,
i,38,
L,42,
L,41,
LARC,
L, 40,

L,39,

**+% LINES FOR COLLAR AT
38
42
41
43
43,40,44,
39
37

.125

11,13,12 !
13,14,16,15 !
16,18,17
18,22,21,20,19
22,32,31
32,34,33
34,36,35
38,38,37

~

O

Rl
P R

W W N e
[V N NG SN oY

=

/COM **** GENERATE THREAD AREAS
~,43,41,106,107
A,41,42,105,1086

Ly

THREAD

Bottom of thread relief

Bottom of thread relief - tangent point
Centerpoint of thread relief at vert.
Outside of thread relief at vert. tangent
Thread relief vertical tangent point
Thread relief center of curvature

* ok x

ok ok %

RELIEF

Nominal shell
Collar transition

Area at sealing surface
Collar above sealing surface
Collar - medium element
Collar - coarse element
Collar - medium element

E T
- inside
-outside

! Thread relief
' Thread relief

REVISION 0

1 PAGE 82

PREPARED BY / DATE ZGS 4/17/97

ZGS 7/14/98

2
277 02112199 of 95

CHECKED BY / DATE JIN  4/17/97

HSA 7/14/98

Ais¢-02112/99 |




CLIENT: DE&S HANFORD, INC

IIIFU\REHJNS
FILE NO: KH-8009-8-04

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6

/COM ER R
LocaL,11,0,,0.08
K,1070,15.9/2
K,1001,BOLTIR
K,1002, BOLTOR
K,1003,12.0

K,1004, REMIN
K,1005,REMAX, Y6-Y5

K, 1006, REMAX, Y6-Y4

K, 1007, REMAX-HE, Y6-Y3
K,1008,REMIN,Y6-Y2
K,1008, REMIN, PITCH

K,1010,12.0,PITCH

K,1011,BOLTOR, PITCH
K,1012,BCLTIR, PITCH
K,1013,15.9/2,PITCH

/COM **** AREZ 5 *x**

,111,110,109,108 !

LIFTING & LOCKING RING

A,1003,1004,1005,14606,1007,1008,1009,1010

Thread tooth
! Thread outside
de ok Fok

(EXTERNAL THREAD)

! 7,957

Thread profile

/COM **** DREA ?

ek e

2A,1002,1003,1010,1011

! Outer

fine

transition
/COM L
A,1001,100
{coarse) t
//COM * ok Kk %
A,1000,100
/COM R
RPLUG1=15
RPLUGZ2=22.
RPLUG3=23.
RSEAL1=23.
RSEAL2=23.

AREA 2 *%**
2,1011,1012
ransition

ARER 7 *¥**%
1,1012,1013

* ok K

SHIELD PLUG DIMENSIONS

.78/2

90/2
975/2
45/2
375/2

/COM *#**=< SHIELD
LOCAL,12,0,,-1.81

* ok ok

/COM SHIELD

PLUG **x+

PLUG OUTLINE ***x

' Inner

! Ring

' O-ring

! C-ring groove
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K, 2000, R2LUGL, -1
K,2001,RPLUG2-0.
K,2002,RPLUG2, -1
K,2003,RPLUG2, 0.
K,2004,RPLUG3-0.
K, 2005, RPLUG3-0.
K,2006,RPLUG3, 0.
K,2007,RPLUG3, 0.
K,2008,RPLUG3, 1
K, 2009, RPLUGL, 1

/COM *%%* QOTHER
K,2100,BOLTIR, 1.
K,2101,BOLTOR, 1.
K,2102,BOLTIR, 1.
K,2103,BOLTOR, 1.
K,2104,RPLUG3, 1.
K,2105,BOLTIR, 0.
K,2106,11.9,0.35

.94
181,-1.94

155
300,0.155
300,0.001
001
155

.81
.81

LOCATIONS ON SHIELD PLUG ****

81

K,2107,RPLUG3,0.35
K,2108,RPLUG2,0.35

A,2102,2103,2101,2100

A,2103,2.04,2008

A, 2005,2006,2007
A,2003,2004,2007

;2101

;2004
,2107,2106,2108

A,2105,2108,2106,2107,2104,2103,2102

Under bolt

! OQutside radius at top

! Center of plug

A,2000,2001,2002,2003,2108,2105,2102,2100,2009

/COM **** MESH AREAS (FINE TO COARSE) ***x

ESIZE,ELSIZE 1 0.035"

TYPE, 2 I Collar

MAT, 4

AMESH, 10

AMESH, 12

AMESH, @

TYPE, 4 ! Locking/lifting ring

MAT, 3

AMESH, 14

TYPE, 6 ! Plug quads

MAT, 1
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AMESH, 21

TYPE, 2
MAT, 4
AMESH, 4

ESIZE,1.5*ELSIZE
TYPE, 2

MAT, 4

AMESH, 11
AMESH, 13

AMESH, 5

ESIZE,2*ELSIZE
TYPE, 4

MAT, 3

AMESH, 15

]

TYPE, 6

MAT, 1

AMESH, 22

ESIZE,4*ELSIZE
TYPE, 2

MAT, 4

AMESH, 3
TYPE, 6

MAT, 1

AMESH, 20

71
[§e]

B

*ELSIZE

I E
g2 2 W!

[ G R B B
n » N~

i olifa aits ol IYENRY

~ oy oo N

=
[
T

ESIZE,8*ELSIZE
TYPE, 4

MAT, 3

AMESH, 16

TYPE, 6

MAT, 1

AMESH, 13

! Collar quads

' Collar quads

! RING QUADS

! PLUG QUADS

! Collar guads

! Plug quads

' Ring quads

! Plug quads
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AMESH, 19

ESIZE, 10*ELSIZE
TYPE, 4

MAT, 3

AMESH, 17

TYPE, 2

MAT, 4

AMESH, 2

ESIZE, 15*ELSIZE

Ring quads

Collar quads

TYPS, 2 ! Collar quads

MAT, 4

AMESH, 1

TYPE, © ! Plug quads

MAT, 1

AMESH, 23

AGEN,11,12,17,1,,0.25 ' Generate 11 threads

ALLS

/COM **** GROUP NODES FOR GAP SURFACES **+*+*

LSEL,S,LINE,, 45 ! Shell - 1lst thread
NSLL,,1 I Select nodes on line
CM, TLSHELL, NCDE ! Group nodes

LSEL,S,LINE,, %€ ! 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, TASHELL, NODE

LSEL,S,LINE,, 180 ! Shell ~ thread ¢

NSLL,, 1

CM, T5SHELL, NODE

LSEL,S,LINE,, 208 ! Shell - thread o

NSLL,,1
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CM, T6SHELL, NODE

LSEL, S, LINE,, 236
NSLL,, 1
CM, T7TSHELL, NODE

LSEL,S,LINE,, 264
NSLL,, 1
CM, TSSHELL, NODE

LSEL,S,LINE,,292
NSLL, , 1
CM, TO9SHELL, NODE

LSEL,S,LINE,, 320
NSLL,, 1
CM, TLOSHELL, NODE

LSEL,S,LINE,, 348
NSLL,,1
CM, T11SHELL, NODE

L3EL,S,LINE,,52
NSLL,,1
CM, TIRING, NODE

LSEL,S,LINE,, 104
NSLL,,1
CM, T2RING, NODE

LSEL,S,LINE, , 132
NSLL,, 1
CM, T3RING, NODE

LSEL,S,LINE,, 150
NSLL,, 1
CM, TARING, NODE

LSEL,S,LINE,,188
NSLL,, 1
CM, TSRING, NODE

=

sSel,S,LINE,, 216

Shell

Shell

Shell

Shell

Shell

Ring

Ring

Ring

Ring

Ring

- thread 7

- thread 8

- thread 9

- thread 10

- thread 11

- thread 3

- thread 4

- thread S

-~ thread 6
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NSLL,,1

CM, T6RING, NODE

LSEL, S, LINE,, 244
NSLL, , 1
CM, TTRING, NODE

LSEL,S,LINE,,272
NSLL,, 1
CM, TSRING, NODE

LSEL, S, LINE,, 300
NSLL, , 1
CM, TORING, NODE

LSEL,S,LINE,, 328
NSLL, , 1
CM, TLORING, NODE

LSEL,S,LINE,, 356
NSLL,, 1
CM, TL1RING, NODE

/COM **** SURFACES AT
LSEL, S,LINE,, 21,22
NSLL,, 1

CM, CSEAL, NODE

LSEL,S,LINE,, 78
NSLL,, 1
CM, PSEAL, NODE

LSEL,ALL
NALL

/COM * ok ok ok
TYPE, 7

REAL, 7

GCGEN, TIRING, TISHELL
GCGEN, T2RING, T2SHELL
GCGEN, T3RING, T3SHELL
GCGEN, T4RING, T4SHELL

GENERATE

Ring

Ring

Ring

Ring

O-RING ***x*

GAP ELEMENTS **+*

thread 7

thread 8

thread ¢

thread 190

Collar

Plug
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GCGEN, TSRING, TSSHELL
GCGEN, T6RING, T6SHELL
GCGEN, TTRING, T7SH
GCGEN, TGRING, T8SHELL
GCGEN, TORING, T9SHELL

GCGEN, PSEAL, CSEAL

/COM **¥* BOLTS ****
CSYS, 12
local,12,0,,-1.81

2,3000,3001,1011,1012
TYPE, 3

MAT, 2

REAL, 1

ESIZE, 8*ALSIZE
AMESH, 84

/COM
ESEL,S,TYPE,,2
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

ESEL,S,TYPE, , 4
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

ESEL,S,TYPE,,6
NSLE

KSLN

NUMMERG, NODE
NUMMRG, ELEM
NUMMERG, KP

GCGEN, TLORING, TLOSHELL
GCGEN, T11RING, T11SHELL

K,3000,BOLTIR,1.810+0.
K,3001,BOLTOR,1.810+0.001

001

1

! Same as shield plug

! ¥,2100,BOLTIR,2.00
! K,2101,BOLTOR,2.0060
! Connect to ring above 1lst thread

! Bolt

*¥* %% MERGE COINCIDENT NODES ON AREA BOUNDARIES

Shell collar

! Select
! Select

Lifting and

! Select

* ok Kok

nodes based on elements
keypoints based on nodes

locking ring

keypoints based on nodes

Shield plug

! Select

keypoints based on nodes
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ALLS

/COM **+** GENERATE GAP ELEMENTS ****

LSEL, S,LINE,, 370 ' Line on "bolt"

NSLL,,1 ! Select nodes on line

CM, BOLTGAPS, NODE ! Group nodes as "boltgaps"
L.8EL,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_TI,,NUM_BOLT ! Dimensicn arrays for nodes

*DIM,NODE_J, ,NUM_BOLT

/COM **** SORT NODES ON BOLT ***¥
CMSEL, , BOLTGAPS
*GET, YVAL, NODE, , MNLOC, Y I Get Y-value
*DO,I,1,NUM_BOLT

*GET,MIN_R,NCDE, ,MNLOC, X I Get value of minimum
radius

NODE_I (I)=NODE{MIN_R,YVAL,O) ! Get node number at minimum
radius

NSEL, U, NODE, ,NODE_I{I) ! Remove selected node fronm
group
*ENDDO

/COM **** SORT NODES ON PLUG ***~*
CMSEL, , PLUGGAPS

*GET, YVAL, NODE, ,MNLOC, ¥ I Get Y-value
*DO, I,1,NUM_BOLT

*GET,MIN_R,NCDZ, ,MNLOC, X ' Get value of minimum
radius

NODE_J(I}=NODz (MIN_R,YVAL,Q) 1 Get node nuwrber at nminimum
radius

NSEL, U, NODE, ,NODE_J (1) ! Remove selected node from
group
*ENDDOC
ALLS
/COM **** GENERATZ ELEMENTS ****
TYPE, 3 ! Jack bolt -contactl2 with plug
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REAL, 8

*DO,I,1,NUM_BOLT
E,NODE_J(I),NODE_I(I)
*ENDDO

NALL
EALL

/COM **** RELAX CONVERGENCE TOLERANCES ****
CNVTOL, F,, .01 ! 13 ON FORCE (10*DEFAULT)

/COM **** BOUNDARY CONDITIONS *#***

CSYS,12

NSEL, S,LOC, ¥, RPLUG1 ! Inside of plug
NSEL,R,LOC,Y,~1.94,1.81

D,ALL,UX,0.0 ! Fix radially

CSYS, 0

NSEL,S,L0C,Y,-10.875 ! Base of shell

D,ALL,UY,0.0 ! Fix vertical (rollers)
NALL

/COM  ***% LIP AT TOP OF CCLLAR **%x
/COM  *#*% KEYPOINTS ****
K,800,RS0OUT,4.7206
K,801,12.443,4.8228

K,802,RIMA¥X, 4.925

/COM ***% TLIP AREAS ***«
A,256,263,800,801 ! Area 85
A,257,256,801,802 ! Area 8¢

/COM *¥+%* MESHING LIP AREAS 85, 86 ®#*x%*

ESIZE, 3*ELSIZE

TYPE, 2 ! Collar
MAT, 4 ! Collar
REAL, 1

AMESH, 85

AMESH, 8¢

/COM **** MERGE AREA BOUNDARIES TO REST OF COLLAR ****
ESEL,S,TYPE,,2 ' Collar elemencs
NSLE

KSLN

REVISION 0 1 2 PAGE 91
PREPARED BY / DATE ZGS 417/97) ZGS 7/14/98|0HR 02/12/99 of 95
CHECKED BY / DATE N 4/17/97] HSA 7/14/98| 484~ 02/12/99




BPARSONS

CLIENT: DE&S HANFORD, INC FILE NO: KH-8009-8-04

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix &

NUMMRG, NODE
NUMMRG, ELEM
NUMMRG, KP

NALL
EALL
SAVE
FINI
/COM **** END OF MODEL ***x

/SOLUTION

/COM **** FIRST STEP TO CLOSE GAPS =~ LS-1 *#**x*

TUNIF, 70

TREF, 70

/TITLE,MCO CLOSURE THREADS - LOAD STEP 1 - THREAD CLOSURE

KBC, 1 ! Set change loads for load
step 1

NSUBST, 1 ! Number of substeps

NEQIT, 10 ! Number of eguilibrium
iterations

/COM **** DISPLACE RING UPW2ZRDS TO CLOSE GAP ***~*

ESEL,S,TYPE, , 4 ! Select ring elements

NSLE ! Select nodes on ring
NSEL,R,LOC,X,15.9/2 - ' Inside of ring
D,ALL,UY,0.0046 ! Move ring up

NALL

EALL

/COM **** DISPLACE SHIELD PLUG DOWNWARDS TO CLOSE GApP ****

ESEL,S,TYPE, ,© ! Select plug =lements

NSLE ! Select nodes on plug
NSEL,R,LOC, X, RPLUG1 ! Inside of plug

D,ALL,UY,~0.001C1 ! Move plug down to compress seal
ALLS

LSWRITE ! &%%x%x END OF LS-1 ****

/TITLE,MCO CLOSURE: 200X BOLT LOAD, 270F, 150 Psi, LS2, Thrdmax
TUNIF,270

KBC, 0 ! Ramp change loads for load step 2
NSUBST, 40 ! Number of substeps
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NEQIT, 40 ' Number c¢f equilibrium iterations
AUTOTS, ON

NROPT, AUTO

NLGEOM, ON

FK,2003,FY, 62050 ! Seal preload on plug- total preload = 124,100 1b
FK,2004,FY, 82050

F,549,FY,-31025 ! Seal preload on collar - 124,100 1lb
total

F,550,FY,~-62050

F,551,FY,-31025

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

/COM **** APPLY PRESSURE LOAD **%*¥

P_INT=150 ! Nominal internal
cressure

PA_REAL=11.617*11.517

PA MODEL= (RPLUG2*RPLUGZ2) - {RPLUG1*RPLUG1)

P_fNT_P=P_INT*?A_REAL/?A_MODEL ! Corrected pressure on plug bottom
LSEL,S,LINE,,82 ' Shield plug - seal groove
LSEL,A,LINE,, 86,87 ! Shield plug side

LSEL,A,LINE,, 11 ! Collar at base

LSEL,A,LINE,, 15 ! Collar at taper

LSEL,A,LINE,,18

LSEL,A,LINE,, 23

LSEL,A,LINE,,22 ! Collar at seal

SEGRAD ! Reset gradient {(ncne used)
SFL,ALL, PRES, P_INT ! Apply pressure

/COM **** SHIELD PLUG BOTTOM ****

LSELS, $,LINE,,85 ! Shield plug bottom
SFL,ALL,PRES, P INT P

ALLS

SFTRAN ! Transfer line loads to elements
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—

EALL
NALL
ALLS

SAVE
LSWRITE

LSSOLVE, 1,2

SAVE
PINT
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PROJECT NAME: CLIENT:
MCO Design DE&S Hanford, Inc.
CALCULATION TITLE:

STRESS ANALYSIS OF THE MARK 1A STORAGE AND SCRAP BASKETS

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION:

PERFORM A STRESS ANALYSIS OF THE MARK 1A STORAGE AND SCRAP BASKETS IN ACCORDANCE WITH
REVISION 5 OF THE MULTI-CANISTER OVERPACK (MCO) PERFORMANCE SPECIFICATION (REFERENCE 1). FOUR

LOADING CONDITIONS ARE CONSIDERED:

1. LIFTING AT A MAXIMUM TEMPERATURE OF 100° C.

2. DEADWEIGHT STACKING INSIDE THE'MCO AT A DESIGN TEMPERATURE OF 375°C
3. VERTICAL DROP LOADING OF 35 G’S AT A MAXIMUM TEMPERATURE OF 132°C.

4, HORIZONTAL DROP LOADING OF 101 G'S AT A MAXIMUM TEMPERATURE OF 132° C.

CRITERIA ARE BASED ON THE ASME CODE, SUBSECTION NG.

REVISION 02 OF THIS APPENDIX REFLECTS THE CHANGES MADE TO THE MARK 1A SCRAP BASKET ONLY. CHANGES
INCLUDE REPLACEMENT OF SHEET METAL SHROUD AND STIFFENER PLATES WITH COPPER AND ADDITION OF FINES

DIVIDER TUBE.

REVISION 0b OF THIS APPENDIX REFLECTS THE CHANGES MADE TO THE BASEPLATE OF THE BASKETS (NEW HOLE
PATTERN) AND EVALUATION OF THE WELD CONNECTING THE BASEPLATE TO THE COPPER SHROUD (SCRAP BASKET
ONLY). THIS REVISION ALSO INCORPORATES THE CHANGE IN DESIGN TEMPERATURE OF 132°C IN LIEU OF 375°C [15].

REVISION 1 REFLECTED REPLACEMENT OF SHEET METAL SHROUD AND ADDITION OF DIVIDER TUBES. MODIFIED
CALCULATIONS AS NECESSARY. ADDED THERMAL EXPANSION SECTION. REVISED NEW HOLE PATTERN FOR THE
BOTTOM PLATE (INCLUDING ANALYSES) AND INCORPORATED EVALUATION OF COPPER/SHROUD BASEPLATE WELD
FOR THE SCRAP BASKETS. REVISED TO INCORPORATE REDUCED SECTION OF CENTER SUPPORT ABOVE BASEPLATE

WELD.

REVISION 2 COVERS THE CHANGE TO A HOLLOW CENTER POST WITH A THREADED CONNECTION TO THE BOTTOM
PLATE, A REVISED SUPPORT ROD CROSS SECTION AND ANALYSIS, AND ATTACHMENT OF SHROUD USING SCREWS.

DOCUMENT | AFFECTED REVISION PREPARED BY CHECKED BY APPROVED BY
REVISION PAGES DESCRIPTION INITIALS / DATE INITIALS / DATE INITIALS { DATE
0 1-85 Initial Issue Bob Winkel Joe Nichols Charles Temus
1 1-82 See Above Zachary Sargent Henry Averette Charles Temus
2 1-77 See Above i~ é‘ /Z/‘/‘—
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1. INTRODUCTION

This calculation documents the evaluation of the Mark 1A Storage and Scrap Baskets for
lifting, deadweight, and drop accident loading. The structural adequacy evaluation is based
upon Section Ill, Subsection NG of the ASME Code for the deadweight stacking and drop
load conditions. As discussed in Section 4, 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-S-0426, Rev. 5, Duke Engineering and Services Hanford, Richiand,
Washington. November '98.

2. "K-Basin SNF Storage Basket Mark 1A” Drawing No. H-2-82860, Rev. 2.

3. ASME Boiler and Pressure Vessel Code, Section ll, Materials, Part D-- Properties, 1998
Edition, American Society of Mechanical Engineers, New York, New York.

4. ASME Boiler and Pressure Vessel Code, Section lll, Subsection NG, 1998 Edition,
American Society of Mechanical Engineers, New York, New York.

5. ASME Boiler and Pressure Vessel Code, Section IlI, Subsection NF, 1998 Edition,
American Society of Mechanical Engineers, New York, New York.

6. Not Used

7. Roark, R. J. and Young, W. C., 1975, Formulas for Stress and Strain, 5th Edition,
McGraw-Hill, New York, New York.

8. Avallone, E., and Baumeister, T., Standard Handbook for Mechanical Engineers, Sth
Edition, McGraw-Hill, New York, New York.

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.
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11. AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel
Construction, Chicago, lliinois.

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, Tennessee.

13. "K-Basin SNF Scrap Basket Mark 1A” Drawings H-2-828065, Revision 3.

14. Lefter from K. E. Smith of DE&SH, “Basis for Changes to the Multi-Canister Overpack
Design”, dated 9 December 1997, DESH-9761486.

15. Letter from K. E. Smith of DE&SH, “Multi-Canister Overpack Pressure rating Matrix”,
dated 8 January 1998, DESH-9850136.

16. Machinery’s Handbook, 17" Edition, Industrial Press, 1966.

17. G. C. Mok, L. E. Fischer, T. S. Hsu, “Stress analysis of Closure Bolts for Shipping
Casks”, NUREG/CR-6007, UCRL-ID-110637, U. S. Nuclear Regulatory Commission, 1992.

3. ASSUMPTIONS

1. 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 configuration
produces the maximum bending in the basket bottom plate.

2. Since the Performance Specification [1] does not specify the density of the scrap
material in a loaded scrap basket, it is assumed that the scrap basket weight does not
govern. The governing weight is assumed to be that of the fully loaded Mark 1A storage
basket, and a weight of 2,400 Ib is used in analysis.

3. For the horizontal drop evaluation, it was assumed that the top end support for the
center post, 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.

4. Other assumptions as noted within the calculation documentation.
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4. GEOMETRY

The Mark |A Storage and Scrap Basket geometries are defined in Drawing Nos. H-2-
828060 and H-2-828065 [2], respectively. The primary structural components for both
basket designs (bottom plate, support rods, and center post) 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 additional components in the form of six 60°
shroud segments, fabricated from copper plate. When all 8 segments are fastened together
they provide a fines area around the center post and stiffener plates between the outer
shroud and the fines area. The shrouds provide no structural function except to position the
scrap material during initial loading.

A summary of the function of each structural component is provided in Table 1. The bottom
plate has a thickness of 1.2 inches with 1/2-inch flow holes, except in the center (where the
bottom plate is attached to the center post), the thickness is 1.5 inches to accommodate the
threaded connection. The center post is fabricated from 6.625 inch O.D. bar stock and
fastened to the bottom plate using 5 inch diameter, 2-pitch acme stub threads. The top of
the center post features a center coupling which interfaces with the lifting grapple and also
provides stability by interfacing with a mating provision in the basket above when the
baskets are stacked within the MCO. The coupling of the uppermost basket interfaces with
the shield plug assembly. The approximately trapezoidal geometry of the support rods is
selected to provide the maximum cross section for the available space. There is also a
thick aluminum fuel-positioning plate, or fuel rack (storage basket only) which rests on the
bottom plate. The fuel rack serves a locational function and is not subjected to a structural

evaluation.

Both the storage and scrap basket designs include a shroud located on the outside
circumference of the baskets. The storage basket shroud is fabricated out of 18 gauge
sheet metal and is half-height. The scrap basket shroud is fabricated out of copper and is
full-height. The use of copper for the scrap basket shroud increases dissipation of the heat
produced by the fuel and is a modification from the original design. Since the fuel rack in
the storage basket prevents significant loading to the shroud, the storage basket shroud is
considered to be non-structural. Since the scrap basket shroud is fabricated out of copper, it
is not classified as a structural component. However, since it is subjected to a relatively low
pressure loading due to the scrap pieces bearing against the shroud, an evaluation is
performed to demonstrate copper behavior under pressure and elevated temperature.

The Single Pass Reactor Fuel basket is a modified version of the Mark 1A fuel basket. A
non-structural loading jig replaces the aluminum fuel rack. The fuel elements are stacked 2
to 3 high in each loading position. The combined weight of the jig and the SPR fuel in the
Mark 1A fuel basket is less than the weight of the Mark 1A fuel. Therefore all analysis for
the Mark 1A basket is bounded by the Mark 1A fuel load.
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Figure 1: 180° 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 Post 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 8 Primary load bearing component during
Coupling lifting operations and a shear support for the
center post during a horizontal drop
accident.
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 post
during drop accidents.
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5. MATERIAL PROPERTIES

Per [2], the bottom plate and center post are fabricated from 304L stainless steel, and the
support rods are fabricated from dual certified 304L/304 stainless steel. Other materials
include the non-structural aluminum fuel rack for the storage basket and the copper shroud
segments for the scrap basket. For this analysis, the only mechanical properties of interest
are the elastic modulus, yield strength, ultimate strength, and ASME stress aliowable, S,
Properties for 304L are listed in Table 2, and for dual certified 304L/304 (identical with 304)
are listed in Table 3, extracted from Reference [3].

The yield strength and uitimate strength of the copper shroud material are 7.65 ksi and 30
ksi, respectively, at 132 °C.

6. ACCEPTANCE CRITERIA

For the lifting, dead weight stacking, and drop loads considered, the appropriate
acceptance criteria is discussed below.

6.1 Lifting Loads

Per Section 4.12.3 of the Performance Specification [1], the Mark1A basket designs shall
meet the safety factors of 3 on material yield and 5 on material ultimate strength. These
safety factors apply from 5°C to 100°C. 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. 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. Note that
these stress limits (factor of three on yield and five on ultimate) are more restrictive than the
limits on stress prescribed by the ASME Code, Section Ill, Subsection NG.

REVISION 0 1 2 PAGE 11

PREPARED BY /DATE BW 4/17/97 | ZGS 7/14/98 |#%+ 02/09/99 OF 77

CHECKED BY / DATE JN 4/17/97 | HAS 7/14/98 *02/09/99




" I PARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-05
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7
Table 2:
ASME Code Material Properties for Type 304L Stainless Steel
Temperature El o2 Sy3 Sm Su®
°F °C (x 108 psi) (x106) (ksi) (si) (ksi)
-20 29 - 25.0 16.7 70.0
70 21 28.3 - 25.0 16.7 70.0
100 38 28.3 8.55 25.0 16.7 70.0 ]
200 93 27.6 8.79 21.3 16.7 66.2
270 132 27.28 8.94 19.8 16.7 825 l
300 149 27.0 9.00 19.1 16.7 60.9
Table 3:
ASME Code Material Properties for Type 304 Stainless Steel
Temperature gl a2 sy3 Sm# S8
°F °C (x 106 psi) (x10-6) (ksi) (ksi) (ksi)
-20 -29 - 30.0 20.0 75.0
70 21 28.3 - 30.0 20.0 75.0
100 38 283 8.55 300 20.0 75.0
200 93 27.6 8.79 25.0 20.0 71.0
270 132 27.26 8.94 23.25 20.0 67.5
300 149 27.0 9.00 22.5 20.0 66.0
Notes for Tables 2 and 3:
1. Table TM-1, Material Group G
2. Table TE-1
3. Table Y-1
4. Table 2A
5. Table U
6. Underlined values determined by linear interpolation, all others taken from ASME B&PV Code, Section i,
Part D.
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The “load bearing members of a special lifting device” are interpreted to apply to all l
components of the storage baskets in the load path between the lifting grapple and fuel. At
the maximum lifting temperature of 100°C, the allowables are: |

Sy _ 2104ksi .
LA ity
3 3 Dksi
Su  6586ksi .
'—5— = 5 =1312ksi
= Use:Pm+ Pb <7.0%ksi
6.2 Deadweight Loads

Per Section 4.12.3 of [1], the Mark IA baskets “shall meet the intent of ASME Boiler and
Pressure Vessel Code, Section Ili, subsection NG”. For primary membrane and primary
membrane plus bending stresses, the aliowable stresses of Table 4 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 4: l
Allowable Stresses - Deadweight

Temperature Su Design/Level A Stress Limits
°F °C (from Table 2) Py (Sw) Py + Pg (1.58)
212 100 16.7 ksi 16.7 ksi 25.1 ksi
270 132 16.7 ksi 16.7 ksi 25.1 ksi

Notes: 1. Design and Level A stress limits from NG-3221 and 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)
-- NB-3322.1 (c) (column type members)

3. Pure shear shall be limited to 0.6S,, per NG-3227.2(a).
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6.3 Drop Loading Conditions

From Table 3 of the Performance Specification [1], 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 27g vertical(corner)/101g horizontal. In this report, the sequential drop is
conservatively evaluated as a 35g/101g combination, except for Section 9, where a
27g/101g combination is used. A maximum drop temperature of 132° C (270° F) is
specified in Rev. 3 of [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. However, the summary table (Table 6) given in
Section 8.7 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 5.

Note that allowables are listed for the revised drop temperatures only. 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.

In addition to the Table 5 stress limits, Section 4.19.3 of the Performance Specification [1]
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 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 post buckling requirements. For the horizontal drop, this requirement is addressed
by predicting the maximum transverse deformation (elastic/plastic) in the center post for the
horizontal drop loading.

6.4 Shroud Segment to Bottom Plate Attachment Criteria

Per item 8 of [14], “the copper subassembly of the scrap basket shall be designed to
withstand a distributed load in tension on the outside shroud of 10,350 pounds before
yielding and 17,250 pounds before failure. This provides a safety factor of three to yield and
five to failure during loading of the basket into the MCO”. The evaluation is performed in
Section 8.4.1 of this package.
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Table 5: Allowable Stresses for Drop Loading

ME A Stre
F-1331.1(a) 248, 40.1
Primary (Elastic Analysis)
Membrane F-1341.2(a) 0.78, 43.8
(Plastic Analysis)
Primary Membrane F-1331.1(c)(1) 1.5(2.48,) 60.1
+ (Elastic Analysis)
Bending F-1341.2(b) 0.9Su 56.3
(Plastic Analysis)
Ave. Primary Shear F-1331.1(d) 0.428, 26.3
Center Post F-1331.5(b) 150% of NB-3133 —
Compression Limit
Support Rod F-1334.32 F-1334.3(a)(1) —
Buckling? Analysis
Notes:

1. Based upon the lesser of 2.4S,, and 0.7S,,
2. Linear type component support criteria used for support rod column buckling.

7. LOAD CONDITIONS & COMBINATIONS

As discussed above, the Mark |A Storage Baskets are evaluated for four load cases: (1)
lifting, (2) dead weight stacking inside the MCO, (3) a 35g 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 examining the maximum plastic distortion
occurring in the vertical drop, which could potentially impact the buckling strength for a
subsequent horizontal drop.

8. STRESS ANALYSIS CALCULATIONS

The Mark 1V Storage Baskets are evaluated using both hand calculations and finite
element calculations (ANSYS). The finite element calculations are limited to stress
predictions for the support rods (Section 8.2) and the relatively complex bottom plate
(Section 8.3).
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8.1 Center Post

The center post and its connection to the bottom plate was evaluated for lifting and for both
a 35g vertical drop and a 101g horizontal drop event. For the vertical drop, the controlling
ASME Code limit is axial compression (column buckiing). For the horizontal drop, the
threaded joint controls.

8.1.1 Lifting

Lifting loads are carried by the center coupling and by the acme threaded connection
between the center post and the bottom plate. The lifting analysis of the center coupling is
given in Section 8.1.4. The threads are seated with a torque of 340 - 400 ft-lb and tack
welded to keep snug. Since this torque is very small compared to the size of the threads,
no further consideration of the torque is necessary. The analysis of the threaded
connection is now performed.

The preload of the center post thread is computed to equal the weight of the loaded basket
times two to account for suddenly applied loads.

(17(2)(2400)(5.0)
(12)

The shear area of the acme threads is found in Section 8.1.3 as A, = 7.977 in? for an
effective length of thread engagement of one inch, or (0.9)7.977 = 7.179 in? for the effective
thread length of 0.9 inches. Conservatively assuming that the load on the joint is the entire
weight of the basket of 2,400 Ib, the shear stress in the threads is

Torque = =340 ft-Ib therefore use 340 to 400 fi-Ib.

2,400
T 7179

T =334 psi

From Section 6.1, the allowable stress in lifting is 7.01 ksi, or 7,010 psi. The stress ratio on
thread shear for the acme threads is therefore

Ratio = =0.079

33
7,010{0.6)
where the factor of 0.6 modifies the allowable for shear stress. The minimum diameter in

the thread relief is d 4 = 4.60 inches. With the bushing bore diameter of d, = 2.71 inches,
the tensile stress area is

A= %(dg,, —d2) =1085in®
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The tensile stress is

2,400 .
o= A, =221psi

And the stress ratio is

. 221
Ratio = 7010 = 0032

Therefore, the center post attachment to the bottom plate is acceptable for the lifting
condition.

8.1.2 Vertical Drop Load Condition

The center post is loaded in compression by the vertical drop load. The lowest of the six
baskets is subjected to the greatest load. The Mark 1A basket weight is bounded by the
weight of the storage basket, at 2,400 Ib. The buckling capacity of the center post is
checked using ASME Code, Appendix F, Subsection F-1334.3(b). Material temperature is
132°C.

E=272x10°psi 304L Stainless Steel Modulus

S,=19.8ksi. 304L Stainless Steel Yield Strength
K,=0.8 Center Post Effective Length Factor, Conservatively Assumed
Pinned at Top (Table C-C2.1, [11))
L,=22in. Length of Center Post, From Threaded Joint to Flat Top (bounding)
R =6.625/2 =3.313 in. Outside Radius of Center Post
R,=1.75/2 = 0.875in. Inside Radius of Center Post
A= 1:(R2 —Rf) = 32.08 in® Cross Sectional Area of Center Post
fe = 05JR?+R? =1.713in. Radius of Gyration of Center Post
A= K—PI?——I—,’S—" =0.088 From F-1334.3
r, ©nVE
Since the center post is a heavy shape, F-1334.3(b)(2) applies. ForA <1,
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P, = s;(AP)= 63.52 x 10* Ib.

XZ
1___
4

P = 140750+ 08302 081N

P,=53.64 X 10* Ib.

The axial buckling load on the center post of the lowest of the six baskets is
P, = 5(35)(2,400) = 42.0 x 10* Ib.

and the ratio of load to capacity is
P
Ratio = -2 = 0.783

Thus, the bottom basket center post capacity is adequate to support the entire 35g vertical
drop load. Due to deflection of the bottom plate under load, the load is shared between the
center post and the support rods, and the center post does not carry the entire load, as
discussed in Section 8.2. Therefore, buckling of the center post is not of concern.

8.1.3 Horizontal Drop Load Condition

For the horizontal drop, the center post is loaded in beam bending. Since the post is
attached essentially rigidly to the bottom plate and is simply supported at the top coupling, it
may be modeled as a propped cantilever. The loading consists of a uniform loading of 8
fuel elements (60° section), plus the center post weight, using 101g. The total weight of the
center post is bounded by 220 Ib. . Each fuel element weighs 39.7 Ib. From Section 8.1.1,
the length of the center post is bounded by 22 inches. The horizontal loading (19) is
therefore

_ 220+8(39.7)

A S5 =2441b/in

The moment in a propped cantilever is maximum at the wall (i.e., at the joint to the bottom
plate), which is the location of the threaded joint and of the minimum moment resisting
cross section. The maximum moment is:

W. 2
M, =TTL"(101) =149,096in~Ib
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The center post is attached to the bottom plate using a single stub acme thread having a
five inch diameter and 2-pitch. From Machinery’s Handbook [16], the stress area, A, and
thread shear area, A,, of the threaded portion is

E 2
A, =1r( ZK) =17507 in?

A =7K, {05 +%tam(145)(13s -K, )] =7977in? /in

where E; = 4.7973 in, K, = 4.6454 in, and K, = 4.7250 in, from Table 7b of [16]. Although
the boss thickness of the bottom plate is 1.5 inches, due to the thread relief groove, the
minimum thread engaged length is 0.922 inches. Conservatively, 0.9 inches is assumed in
analysis.

The shear stress in the threads due to the applied moment at the joint, M,, is found as
follows. The moment is opposed by a couple having a force F along the post axis, with a
pivot point a distance R = 3.313 inches away at the O.D. of the post. The force is

M, 45,0031b
=R =4

Conservatively assume that only the threads on the side of the post far from the pivot are
active in resisting the load (i.e., half of the thread area), so that the shear area is

A, = (09X05)A, =3590in

where the factor of 0.9 is the effective length of the threads, and the factor of 0.5 accounts
for only a half-circumference of thread. The shear stress in the threads is

F .
e S 12,536 psi

sa

From Table 4, the allowable average primary shear stress for the drop condition is 26.3 ksi.
The stress ratio on center post attachment thread shear is

T
26,300

Ratio = =0477

The threaded portion is also subject to bending stress on the cross section. The moment of
inertia of the threaded portion is
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1= 2 (dty —dt) =19331n*

where the minimum diameter of the thread relief, d; = 4.60 inches, and the bushing bore
diameter, d, = 2.71 inches. The c-distance is d 42, or 2.3 inches. The bending stress is

M,c .
C = = 17,740 psi

From Table 4, the allowable stress for primary membrane plus bending is 60.1 ksi (elastic
analysis). The stress ratio is

G
60,100

Ratio = =0.295

Therefore, the center post and its attachment to the bottom plate are acceptable.

8.1.4 Center Coupling

The center coupling is an extension of the center post 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. The minimum section of the
coupling is the lifting grapple interface, which has an O.D./I.D. of 2.667/2.00™

Check net section for tension (lifting load) and shear (horizontal drop loading)
2 21T 22
Ay =[266) ~(200) ]Z =2416in

2,400

O ="

=993 psi
MIN

Ratio = °§‘” =0142

2y
3

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
Ib fuel pins).
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8(39.716)(101
Tomop = seoT)10%g) _ 664(10°) psi
A
8y = 62500 psi

T
Ratio = —22_ _ (253
0428,

Therefore, the center coupling is also adequate for the horizontal drop 101g loading.

8.2 Support Rod

The axial load carrying capacity of the support rods is determined using the approach
outlined in ASME B&PV Code, Appendix F, Subsection F-1334.3(a)(1). According to this
methodology, the allowable capacity of the support rods is (2/3) of the maximum capacity
determined by a nonlinear buckling finite element analysis, taking account of material
plasticity and load eccentricity. The support rod is 21.967 inches long, and is bolted
securely to the baseplate. The cross section of the rod, showing the minimum fabrication
envelope, is shown in Figure 2. These minimum dimensions are conservatively used to
model the support rod. The material is Type 304L stainless steel, certified as having the
mechanical properties of Type 304.
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Figure 2: Cross Section of Support Rods

The ANSYS® 5.4 FEA model of the rod is shown in Figure 3. The rod is conservatively
given a length of 22 inches. Part of the shell is included to model the lateral support of the
support rod supplied by the shell as the rod deformed shape moves outward. The rod is
constructed of SOLID45 elements, and the MCO shell of SHELL43 elements, both capable
of large deflections and nonlinear material behavior. The potential contact between the rod
and the shell is modeled using CONTACTS52 gap elements. Conservatively, the maximum
gap (considering fabrication tolerances) is used, equal to 0.265 inches.

Since there are six support rods, a 1/6™ (60°) symmetry model is used. The bottom of the
support rod is considered fixed to the bottom plate of the lowest basket. The MCO shell is
% inches thick, and is joined to the bottom plate of the canister at essentially the same
elevation as the lower end of the support rod. The upper end of the shell segment is
located 22 inches (approximately one basket length) above the top of the support rod.
Since the support rod forces are very localized, this length is adequate. The circumferential
edges of the shell are constrained in a manner consistent with symmetry, the bottom of the
shell is fixed, and the top is free.
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Figure 3: Support Rod Finite Element Model

The load is applied to the support rod as a defined displacement in the axial direction, and
is applied at a node which is located 0.25 inches radially inward from the centroid of the rod.
This offset provides the initial buckling eccentricity, and is derived from the chamfer located
on the lower surface of the bottom plate. Based on the radius of the chamfer (11.063
inches) and the radial location of the rod (outer edge at a radius of 11.226 inches), the
radial distance of the top face of the rod which is not loaded by the bottom plate is (11.226 -
11.083) = 0.163 inches. (The outer radius of contact is shown as a dotted line in Figure 2).
However, a load offset equal to the entire ¥4 inch chamfer is conservatively used. This
radially inward bias of the load also ensures that the initial buckling of the rod will be in the
outward direction, resulting in lateral support from the MCO shell. In addition, the radial
dispiacement of the loaded node at the upper end of the rod is constrained to be zero,
consistent with a pinned end. This requires that adequate friction is present between the
bottom plate of the basket above and the support rod. As is demonstrated, the resulting
radial reaction load is easily obtained with a conservative, iower bound friction coefficient.
From Table 3.2.1 of Reference [8], the lowest dynamic, dry coefficient of friction for steel on
steel is 0.42. However, a value of 0.1 may be conservatively assumed, which is adequate
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to pin the upper end of the support rod. The material properties of the support rod and
MCO shell are based on a bilinear stress strain curve for Type 304 material, utilizing the

yield strength of 23,250 psi at 270 °F from Table 3 and a tangent modulus of 160,000 psi
from Table B1 of [12].

The ANSYS finite element model input listing is given in Appendix A (Rod3d.inp/Rod3d.out).
The resulting force-deflection curve for a single support rod is shown in Figure 4. The
choice of 0.25 inches for the displacement of the top of the rod is arbitrary, and ensures that
the maximum capacity of the rod is developed. The first, lower peak is the initial bifurcation
point as the rod begins to buckle. The lowest point is reached just before the rod first
contacts the MCO shell, at which point the buckling capacity increases steeply. The curve
levels off as an inward deformation of the lower part of the rod begins to occur. The stress
in the shell remains elastic throughout. The maximum load casrying capacity of a single
support rod is 65,625 Ib, at an axial deformation of 0.2 inches. The radial reaction of the top
of the rod is 6,400 Ib, and to keep it in place a minimum coefficient of friction of
6,400/65,625 = 0.098 is needed, which is below the lower bound coefficient discussed
above. Therefore, the pinned assumption of the upper end of the rod is valid. The
deformed shape of the rod at an upper displacement of 0.2 inches is shown in Figure 5.

80000
70000
60000
50000
30000
20000
10000
]
0 005 0.1 0.15 0.2 025
Displacoment of Upper End of Support Rod, inches
Figure 4: Support Rod Force Deflection Curve (Single Rod)
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Since there are six support rods per basket, the total load carrying capacity of the support
rods in the lowest basket is 6(65,625) = 393,750 Ib. The length of the rods may vary by
0.030 inches, but since (as shown in Figure 4) the force-deflection curve is relatively flat in
the region of maximum capacity, the effect of length variation of this modest magnitude is
negligible. Per ASME Code Appendix F, Subsection 1334.3(a)(1), the allowable capacity is

(2/3) of this value, or

P, =(2/3)(393,750) = 262,500 1b

The load applied to the support rods is based on the load distribution between the center

post and the rods, and is a function of the stiffness of the bottom plate. The Figure 7

ANSYS model was used to determine the load distribution. The fuel pressure was applied

{o the plate, and the support rod and center post reactions were 5,209 ib and 3,778 b,

respectively, for a total load of 8,987 Ib. The load sharing ratios are therefore 3,778/8,987 =

0.42 for the center post, and 5,209/8,987 = 0.58 for the support rods. This analysis

assumed simultaneous contact at all six rods and the center post. As stated above, the
length of the rods and the center post could individually vary by 0.030 inches. However,

since the support rods retain essentially their maximum capacity up to and beyond a

displacement of 0.2 inches, the height variation of 0.03 inches has no effect on the load
distribution. The load which the support rods must carry is

P =(5)(2,400)(35)(0.58) = 243,600 Ib

which is equivalent to §8% of the weight of five Mark 1A storage baskets weighing 2,400 Ib
each under a 35g impact. The stress ratio is

Ratio= Pi =0928

a
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1 ANSYS 54
DEC 101998
102920
PLOTNO. 1
DISPLACEMENT
STEP=1
SUB=42

TIME= 662468
RSYS=0
DMX=321089

*DSCA=18
W=
DIST=121

XF =10.705

F =l

PRECISE HIDDEN

L

MCOMark1A Basket Suppoit Rod, 3D

Figure 5: Support Rod Deformed Shape

Note that, at the maximum applied load of 243,600 Ib (40,600 Ib/rod), the axial
displacement of each rod is only 0.014 inches, and thus, the rods have still not reached the
first, lower bifurcation point. Therefore, the margin of safety is substantial. Two other
conservatisms in the analysis are worthy of note. First, the relatively large flat surface on
the top of the support rod leads to a degree of “load centering” as shown in Figure 6. The
rotation of the top of the support rod under eccentric loading has the effect of moving the
load application point outward, thus reducing the eccentricity. In the model, by contrast, the
eccentricity was not only upper-bounded, but held constant. Second, 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 was
conservatively ignored. Therefore, buckling of the support rods in an end drop is not of
concern.
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The support rods are attached to the base plate with 5/8 -11 flat head screws. Torque is
applied to the limits of Reference (4.), Subsection NG-3232.2, the preload stress being
limited to (1.2)0.98,. For SA-193 material at 270° F, S, = 3(S,,) = 3(11,600) = 34,800 psi.
The stress limit is therefore (1.2)(0.9)34,800 = 37,584 psi. The maximum allowed preload
force is therefore

F =cA;=8494 Ib.
The stripping of the thread in the support rod is checked for this loading:

A 1
N ";ﬂ‘“‘“ =0 Dgypy [5; +057735(Dgyy — EW)} Reference(9.)
E
Dgyy = minimum major diameter of external thread = .6113 in.
~ Eymax = maximum pitch diameter of internal thread = .5732 in

L = length of engagement = 2.50 (Length of bolf) - 1.25 (max thk. of base plate) = 1.25 inch

AS,INTERNAL 1
CSRERNAL _ - 11) (6113 057735(.6113-5732
L - z(11) (611 )[2(11)+ 735( 73 )}

= 1.425 infin
Asireria, = 1.425 (1.25)
=1.7811in?
The allowable stress is 0.6 Sy = 0.6(16,700) = 10,020 psi
The stripping load is 1.781(10,020) = 17,848 Ib. > 8494 Ib. preload
Therefore stripping of the threads is not a concern.

From Reference 11, Table 4.1, the thread friction coefficient, k = 0.2. The calculated torque
with d = 0.625 inches is:

T = Fkd/12 = 88 Ib-ft.

With an uncertainty of 30%, the torque should be limited to 68 Ib-ft. The recommended
torque is 60 + 8 Ib-ft.
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The use of a clamped condition for the attachment of the support rod to the base plate is
substantiated by investigating the worst case bending moment occurring during buckling to
determine the bolt load induced by the resulting moment around the attachment interface of

the rod to base plate. This load is then compared with the co-linear axial force acting at the
same time.

(45BOLT (578 - 1D

(3XUNLOADED AREA

i
/\l, I/
@ / Y—’
(1)INCLUDES

SECTION 3
Section Area Y AY AY? I
1 0.4027 0.1664 0.0670 0.0111 0.0037
2 0.0762 0.2218 0.0169 0.0037 0.0005
3 -.0097 0.3196 -0.0031 -0.0010 neg
4 0.226 0.6820 0.1541 0.1051 0.0041
= 0.6952 e 0.2313 0.1141 0.0083

Y=2YAY /XA =0.2313/0.6952 = 0.3327 in.

I=3I, + TAY? - ZA(Y)*=0.0083 +0.1141 - (0.6952)(0.3327)2 = 0.0454 in*
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The worst case moment point (at the end of the analysis, maximum deflection, where the
rod has the greatest curvature, and the axial load is starting to fall), the fixed end moment is

14,922 in-lb.

The boltload is Pgo . = Mc/l (Ag) where ¢ = distance from bolt centerline to neutral

axis

= 14,922 (.682 - .3327) / 0.0454 [0.226] = 25,918 |b.

The co-linear axial force, directly downward on the base plate, at this time step is 64,698 Ib.
Since this is much more than the bolt force, it is clear that the bolt is not necessary to keep
the base of the rod “fixed”. The axial buckling load of 64,698 Ib against the flat bottom is
more than enough to do that. A check of the axial reaction loads of all (40) of the nodes on
the bottom face of the rod shows all except three (located on the radial outside of the rod)
are pressing down onto the base plate. Therefore, the rod boit is locational only and no
stress analysis in connection with the buckling analysis is required.

8.3

Bottom Plate

The Mark 1A 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

drop load event.

8.3.1

Discussion of Boftom Plate Load Conditions

As indicated in Appendix A of the Performance Specification [1], a loaded MCO consists of
six Mark 1A baskets. The basket bottom plate stresses would be relatively low if the basket
support rods are all aligned. However, since the baskets are not indexed to assure support
rod alignment, 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 next-to-the-bottom basket with the bottom basket rotated 30° from the
basket above. For this condition, the critical bottom plate rods react to the loading from the
four top baskets. This support rod offset produces significant bending stresses in the
bottom plate, as demonstrated below.
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ORIGINAL POSITION OF

SUPPORT ROD LOAD LOAD MOVES TO RIGHT AS

SUPPORT ROD TQP ROTATES

BOTTOM PLATE

SUPPORT ROD

Figure 6: lllustration of Support Rod Load Eccentricity.

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. 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

Two ANSYS models were developed for evaluating the Mark IA Basket bottom plates. The
first model generated was a 60° sector model complete with holes, as shown in Figure 7.
The mesh refinement necessary to properly define the holes resulted in a relatively large
number of elements which ran relatively slow. Note that in both models, shell elements
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(SHELL43 and SHELL63) were used to model the center post' and bottom plate, while solid
elements (SOLID45) were used to model the support rod. The second model generated
was a 180° mode! without holes (Figure 8) and three support rods, one every 60°.

Symmetry boundary conditions (no rotation about a radius line nor displacement in the
tangential direction) were used at the zero and 60 degree edges of the first model. 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
address this contact issue, gap elements were placed at the bottom plate/support rod
interface.

A 180° degree symmetry model, shown in Figure 8, 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 post (Section 4.9.3 of the Performance Specification [1]).
The bottom plate and center post 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 the outlined area of the rod. Aithough 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 (CONTAC52) 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 in the bottom plate
occurring during the vertical drop. (An offset of ¥z -inch is used, as justified in Sec. 8.3.4.)

1 The model is built assuming a center post made from 6, XXS pipe. The actual center post is made from solid
bar with a2 1.75 in. diameter hole. In the verticat drop analysis, the center post plays only a negiigible role, since
the stresses in the bottom plate do not depend on the center post configuration. In the horizontal drop analysis,
the use of a pipe in the finite element model is conservative. This is due to the fact that the actual center post,
since it is much stiffer than the pipe, will impart a smaller out-of-plane rotation to the bottom plate, thus reducing
the stress in the bottom plate. For these reasons, the use of a center pipe configuration in the models is
conservative.
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Figure 7: 60 Degree Sector Model of Basket with Holes.

ANSYS 3.3
FEB 11 1998
13:20:27
PLOT NO. 1
ELEMENTS
TYPE NUM

XV =-176915
YV  =-.779493
v =.600902
*DIST=11.46

*XF  =8.904
*YF  =7.992
*ZF  =3.438
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MARK IA BASKET 101G SIBE DROP

ANSYS 3.3
FEB 11 1998
14:57:34
PLOT NO. 1
ELEMENTS
TYPE NUM

XV =253653
YV =866025
VvV =1.478
*DIST=12.802
*XF  =331012
¥YF  =5797
*ZF  =11.186
A-Z8S=-13.471

Figure 8: 180 Degree ANSYS Model of Basket Used for Horizontal Drop Analyses.
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8.3.3 Vertical Drop Load Condition Evaluation

Using a no-hole model (initially used in Rev. 0 of this package), an initial estimate of the 35g
vertical drop stresses was generated. The loading/boundary conditions corresponded to a
next-to-the-bottom basket, with four Mark 1A baskets above. Prior to the vertical drop
analysis, a run was made to estimate the fuel load distribution between the center post and
support rods by applying a uniform pressure to the bottom plate to simulate the fuel inertia
loading which was reacted through the center post and support rod. As discussed in
Section 8.2, under elastic conditions, 58% of the fuel loading is reacted through the support
rods and 42% of the fuel loading is reacted through the center post. This support rod/center
post load distribution provides a reasonable, and likely conservative, estimate of the support
rod loading in the elastic vertical drop analysis described below. See Section 8.2 for a
discussion of this load distribution.

From Appendix A of the Performance Specification [1], the loaded Mark IA 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. (basket weight = 400 Ib + fuel
weight = 1906, total = 2306 Ib.) The change from a center pipe to a center post added
approximately 80 Ib more, but all of that added weight is carried directly by the relatively stiff
center post itself, and does not affect stresses in the bottom plate. Therefore, although the
weight has been specified as bounded by 2,400 Ib, a weight of 2,300 Ib can be used for this
analysis without significant loss of accuracy. Using this weight, the 35g, four basket loading
is

35(2300)(4) = 322,000 Ib.

For an elastic drop analysis, it is reasonable to assume that the support rods equally share
the support rod portion (58%) of the 322,000 drop load, resulting in a support rod loading for
the next-to-the-bottom basket of

F.=0.58(322,000)/6 = 31,127 Ib.
The center post load estimate for a 60° sector is
F, =0.42(322,000)/6 = 22,540 Ib.

These loads were imposed on the model in Figure 3 the form of pressures on top of the
support rod and center post (10,831 psi and 8647 psi, respectively). Vertical constraints
were introduced at the bottom of the center post and at the interface with the bottom basket
support rods.
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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) - (6.625)*(102(0.51)))(n/4) = 346.93 in?

A = 2.874(8) = 17.24 in?

Pres = FJ(A, -A) = 202.30 psi (Equivalent fuel pressure, plate with
102 - %2 inch holes).

The elastic analysis results are summarized in the Figure 9 stress intensity contour plots.
Note that for the elastic analysis, the peak stress intensities are adjacent to the flow holes.
These peak stresses are considered very localized and the maximum is 68.6 ksi. Using the
results of Figure 9, the maximum plate bending stress of 68.6 ksi compares fo an ASME
Code, Section [1I-NG, Level D allowable stress intensity of 60.12 ksi (1.5 x 2.4S,, at 132°C),
indicating a small overstress for the elastic analysis limits. This elastic overstress was
resolved by performing the elastic/plastic analysis described below.

Using the Figure 7 model, an elastic/plastic analysis of the 35g drop was performed,
assuming bilinear plasticity (ANSYS files PLTHP.inp and PLTHP.out). the method for
developing the bilinear stress-strain curve was obtained from [12], adapted from 304 SS
data. Reference [12] indicates the strain hardening coefficient is relatively independent of
femperature. A value of 0.16 x 10° psi was obtained from Table B.1 of [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
increase.

Using the results of Figure 10, maximum stress intensities of 71.5 ksi (top fiber) and 78.5 ksi
(bottom fiber) at the hole adjacent to the support rod were reported. NG-3213.10 classifies
a peak stress as a stress “...that does not cause any noticeable distortion...”, is “...at a local
structural discontinuity...” and is “...highly localized...”. The stresses reported (71.5 ksi and
78.5 ksi) are at a local discontinuity (flow hole), highly localized and do not cause any
noticeable distortion. Node 495 reports a displacement of 0.0202 inches (node 495 is at the
“base” of the localized stress) and nodes 3318, 5622 and 9232, away from the discontinuity
have reported displacements of 0.0183, 0.0184 and 0.0196 inches, respectively. Therefore,
since the displacements listed are very similar, the reported stresses (71.5 ksi and 78.5 ksi)
are classified as peak stresses. Results listed in Table 6, for the top and bottom fiber of the
bottom plate, reflects stresses away from the discontinuity (away means about 1 (or 2)
radius length(s) from the hole).
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MARK 1A BASKET, SOLID BOTTOM PLATE w/ 1/2° FLOW HOLES

Figure 9: Elastic Stress Intensity Contours, 35g Drop Loading, Detailed Hole Model.
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The vertical drop stress intensity contours are shown in Figure 9. A tabular summary of the

membrane and membrane plus bending resuits are provided in Table 6. Note that all

predicted stress intensities ratios are less than one, indicating that the results are within
ASME Code allowables.

Table 6: Vertical Drop Stress Intensity Results Summary.

Stress Intensities, ksi
Component Stress Maximum | Allowable Ratio
Category
Middle Pm (0.78)) 14.1 438 0.32
Bottom Plate Top Pm + Pb (0.9S,) 334 56.3 0.59
Bottom | Pm + Pb (0.9S,) 36.7 56.3 0.65
Middle Pm (0.7S,) 135 438 0.31
Center Post Top Pm + Pb (0.9S) 30.5 56.3 0.54
Bottom Pm + Pb (0.98)) 16.1 56.3 0.29
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Figure 10: Elastic/Plastic Stress Intensity Contours, 35g Vertical Drop
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MARK 1A BASKET, SOLID BOTTOM PLATE w/ 1/2” FLOW HOL
Figure 11: Plastic Strain Contours, 35g Vertical Drop
The plastic strain contours are shown in'Figure 11. Note that a maximum plastic strain of
0.1% was predicted, which is well below the 5% assumed for the strain hardening
coefficient selection above. Also, note that a maximum displacement of 0.033 in. 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 8.3.1, this
maximum plate distortion was considered in the horizontal drop evaluation. (Section 8.3.4)
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834 Horizontal Drop Analysis

Using the 180° model shown in Figure 8, 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 fransverse 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 8 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 12,
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.

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). 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 13. The
ANSYS input and output files are contained in the attached disk (Hdrop.inp and Hdrop.out).
Note, in Figure 13, that a maximum stress intensity of 32.1 ksi was predicted for the top side
of the bottom plate. The corresponding maximums for the shell middie and bottom surfaces
are 18.6 and 31.1 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 5, the allowable membrane plus
bending stress intensity (plastic analysis) is 56.3 ksi, resulting in a ratio of

Ratio = 32.1/56.3 = 0.570

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.
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Figure 12: Bottom Plate Distortion Hilustration for Horizontal Drop Modeling.

Impact Surface

A criticality control limit in Section 4.19.3 of the Performance Specification [1}, specifies that
the center post cannot deviate from the MCO centerline by more than 2.00 in. From Figure
13, a maximum horizontal drop displacement of 0.51 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 13, the maximum displacement in the bottom-plate is
only 0.08 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 0.268 in. The resulting
allowable ratio is

Ratio = 0.268/2.00 = 0.134
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Figure 13: 101g Horizontal Drop Stress Intensity Contours, Inelastic Analysis

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
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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 walll (see Appendix 5). The following evaluation of the wall
pressure and corresponding structural evaluation of the shroud was performed:

Assume that the scrap weight is equal to 48 fuel assemblies @ 39.7 Ib.

Ws =48 x39.7 Ib. =1906 Ib.

hg = 21.50 inches Shroud Height
ds =22.625 inches Shroud Outside Diameter
ts = 0.125 inches Shroud Nominal Thickness
2 .2
d. )\ - (68.213|n ) h .

Ve=mn ( s> y ( s> =7177 in® Scrap Volume

WS
g = v - 0.266 Ib/in® Scrap Weight Density

s

Sy = 7.65 ksi Copper yield strength @ 132°C [8.4.1]

Assuming a reasonable equivalent fluid préssure coefficient:
=33 The minimum of Iron ore/coalilime
angle of repose with 2 degrees
uncertainty, Bowles (Ref 10),
Table 11-8

1—‘}1— cos(;zi)2
K, = 1+ \/ETSW' Bowles, Eq. 11-7a, Rankine Pres. Coef.

K, = 0.295 Use 0.3 as reasonable estimate
of pressure coefficient

K,=0.3

PBase = Ka (65) <h8> = 1.713 Iofin®

REVISION 0 1 2 PAGE 43
PREPARED BY / DATE BW 4/17/97 | 2GS 7/14/98 |76 02/08/99 OF 77
CHECKED BY / DATE JIN 417197 | HAS 7/14/98 |£/-02/08/99




B _PARSONS

CLIENT: DE&S Hanford FILENO:  KH-8009-8-05

PROJECT: ~MCO Design DOC.NO.: _ HNF-SD-SNF-DR-003, Rev. 2, Appendix 7

Check maximum membrane pressure stress in the shroud (lifting load condition):

Ppace (d
Py = o 2 ) 155 Ib/in®
2%
P
Ratio := — = 0.061
SY
3

Therefore all hoop connections (welding, brazing or mechanical) performed on the shroud
must have a minimum strength equivalent to that of the calculated maximum membrane
pressure stress calculated above.

8.4.1 Evaluation of Shroud to Bottom plate Attachment

Per item 8 of [14], “the copper subassermbly of the scrap basket shall be designed to
withstand a distributed load in tension on the outside shroud of 10,350 Ib before yielding
and 17,250 |b before failure. This provides a safety factor of three to yield and five to failure
during loading of the basket into the MCO”.

From [3], the maximum allowable stress is 5.2 ksi at 250°F and 5.1 ksi at 300°F. Using
linear interpolation, the maximum allowable stress at 270°F is 5.13 ksi. Using this in
relation to the allowable stress at room temperature of 6.70 ksi with the yield criteria

governing, the yield stress at room temperature is 10 ksi; therefore, the yield stress at
270°F (132°C) is:

513 .
Sy= a‘(lO) =7.65ksi

The screw specified is a self-tapping flat head #10, Type AB (square drive, 18-8 stainless
steel material). The minimum head diameter is 0.389 inches at the end of the head and
0.172 inches in diameter at the inside of the shroud (i.e., at 0.125 from the fiat surface of
the screw head). The average head diameter bearing in the copper shroud is:

. +0.
Average head diameter = ~0—3—§9—2M = 0281 inches

Limiting the bearing stress in the copper to yield, the allowable ioad when yielding occurs is:

Pgearing = (Fy)(Areaggarie) = 7,650(0.281)(0.125) = 269 ib/screw
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Checking the shear-out failure along sections at 40° from the loading direction:
Psuearour = (Shear Allowable Stress)(2T)[edge margin - (D/2)Cos40°)]
at an edge margin of 0.50 in.:
Psuearour = (0.6)(7,650)(2)(0.125){0.5 - (0.389/2)0.766]

= 403 Ib/screw at 0.50 in. edge margin, shear-out will not occur.

Next, check the shear failure of the screw. The diameter of the screw is 0.164/0.157
inches. The minimum allowable stress for 18-8 bolting per the Code is 7.74 ksi (at 270°F).

Shear allowable of screw = 0.6(2S,,)(Shear Area)
= 0.6(2)(7,740)(n/4)(0.157)% = 180 Ib/screw

Therefore, the shear stress in the screw governs the strength of the attachment screws.
With 10 screws per segment, the stress ratio is

1035076
Ratio = 10(180) =096
8.5 Thermal Expansion

As stated above, the shroud, divider plates and fines divider tube are fabricated out of
copper and the bottom plate out of type 304L stainless steel. Since copper has a higher
coefficient of thermal expansion than stainless steel, a thermal expansion analysis must be
performed. An evaluation is performed for a temperature difference of 200°F (going from
70°F to 270°F). This thermal expansion analysis is provided for information and operational
duties since the copper components are non structural items.

8.5.1 Vertical Expansion

For the stainiess steel plate :

o, = 8.94 x 10% infin/°F

AT = 200°F

Ly = 1.25 inches

ALy = oy L AT = 0.002 in.

For the copper shroud:

Stainless steel coefficient of thermal expansion

Temperature differential

Bottom plate height

Vertical Expansion of bottom plate
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de = 10.0 x 10% infin/°F

AT = 200°F
L, =21.5 inches

ALy, = 0, LoAT = 0.043 in.

Therefore, the total vertical thermal expansion for the stainless steel and the copper at the
circumference of the basket is:

AL=AL, +A L = 0.045 inches

Copper coefficient of thermal expansion
Temperature differential

Shroud height

Vertical Expansion of copper shroud

The stainless steel post has a vertical thermal growth of

L, =23.2 inches
s L AT = 0.041 inches

Alg=

One can conclude that there is no significant differential expansion between the center post
and the shroud. Therefore, the one inch vertical gap left for the center post expansion is
adequate to ensure no interference fit between the shroud and the bottom plates of the
adjacent baskets.

852

Radial Expansion

For the stainless steel plate :
O = 8.94 x 10% infin/°F

For the copper shroud:

AT =200°F

Ryae = 11.31 inches

ALy, = 0y Dyge AT = 0.020 in.

O, = 10.0 x 10® infin/°F

AT = 200°F

Raoua = 11.31 inches

ALy, = Gy Ryoug AT = 0.023 in.

Stainless steel coefficient of thermal expansion
Temperature differential

Bottom plate outside radius

Radial expansion of boftom plate

Copper coefficient of thermal expansion
Temperature differential

Shroud outside radius

Radial Expansion of copper shroud

The copper shroud is expected to expand radially 0.023 inches while the stainiess steel
MCO shell and basket bottom plate are expected to expand by approximately 0.020 inches.
As these values are very comparable, the fabrication gaps will remain open and no
undetermined loads will be applied to the MCO shell from unexpected basket expansion

loads.
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8.6 Summary

From the calculations above, a summary of the component stress analysis results was
compiled into Table 7. Note that the predicted maximums are below allowables for all
components and conditions.

Table 7: Summary of Mark 1A Storage Basket Stress Results

Componen Critical Load Stress Predicted Allowable Ratio
t Condition Category Maximum
Center Post/Bottom Lifting Shear 334 psi 7,010(0.6) psi 0.079
Plate Threaded
Coupling
Center Post Capacity 359 Vertical Buckling 420,000 Ib 536,400 Ib 0.783
Drop
Center Post/Bottom 101g Horiz. Shear 12,536 psi 26,300 psi 0.477
Plate Threaded Drop
Coupling
" Center Post/Bottom 101g Horiz. Pm+ Pb 17,740 psi 60,100 psi 0.205
Plate Threaded Drop
Coupling
Center 101g Horiz. Shear 6,640 psi 26,250 psi 0.253
Coupling Drop
Center Lifting Pm 993 psi 7,010 psi 0.142
Coupling
Support Rod 35g Vertical Buckiing 243,600 Ib 262,500 1b 0.928
Drop
Bottom Plate 38g Vertical Pm 14,100 psi 43,800 psi 0.322
Drop
Bottom Plate 101 g Horiz, Pm+Pb 32,100 psi 56,300 psi 0.570
Drop
Center Post Sequential Plastic 0.268 in. 2.00in. 0.134
Criticality 35g Vertical Distortion & radial
Control & 101g Horiz. Potential displacement
Drops Instability
Support Plate Sequential Buckling 13,180 psi 16,230 psi 0.812
27g Vertical
& 101g Horiz.
Drops
Support Plate Weld Sequential Pm 12,450 psi 16,040 psi 0.776
27g Vertica!
& 101g Horiz.
Drops
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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 post. Also, Section 4.19.3 of the Performance Specification [1] (criticality control)
requires that the center post 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 Level D axial compression limits are met for a vertical drop.
The evaluation follows below:

Support Plate Dimensions (six radial spokes @ 60 deg. intervais):

t,=0.50 in. Support Plate Width
I, =9.83in. Support Plate Length
h,=1.49in. Support Plate Height

Per inch length of plate:

3
I (I)Etz") =001in*

1 .
r= (lxtp) =0144in
K=2.1 Effective Length, Fixed/free [11]
S, = 19,800 psi 304L Yield Stress at Maximum Drop
Temperature of 132°C
E =27.2 x 10° psi 304L Modulus at 132°C

ASME F-1334.3 Axial Compression Evaluation:
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= ()% ) s

0 <A < 1 then 1% Equation Applies

2
iy
Sasow = (5y) 11140504 +0.172* —028%°

=1623(10°) psi

The maximum vertical g level for a sequential drop is 27 g's

W,=2,4001b Basket Weight
6W,(27) 3N
o= 6,1, = 13.18(10 ) psi
Ratio= =0812
O arLow

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.

The support plate welds are evaluated as foliows:
Fp = o t, = 6.59 x 10° psi Support Plate Drop Loading/inch
Assume a maximum load offset = ¥ of plate thickness

. .
M, =F, = 165(10°) in—1b/in
The 3/8 in. weld stress in the throat is

M .
Oy = \/% 3= 1245(10°) psi

%23

The allowable weld stress is based on the base metal allowable, or from Table 5, 245, =
40.1 ksi. From Table NG-3352 [4], the weld quality factor for a double fillet weld is 0.4, so
that the weld allowable is A, = (40.1)(0.4) = 16.04 ksi. The stress ratio is:
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. __Ow -
Rat10—16,040 0.776

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 post 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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APPENDIX A
COMPUTER RUN OUTPUT SHEETS
AND
INPUT FILE LISTINGS
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COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.3
Computer System: Windows 95, Pentium® Processor

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

Creation Date/Time:

KH-8008-8-05

Pith.inp

Elastic Drop Analysis of the Mark IA Storage
Basket, Holes in Bottom Plate

16 February 1998 / 12:16:46 pm

Zachary G.Sargent 2/19/98
Prepared By: Zachary G. Sargent Date

Henry Averette 2/19/98
Checked By: Henry Averette Date
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LISTING OF PLTH.INP FILE

/BATCH,LIST

IFILENAM,PLTH

/PREP7

JTITLE, MARK !A BASKET, SOLID BOTTOM PLATE w/ 1/2" FLOW HOLES

SIZE=0.08 ! Element Size

PRESSURE =-202.30 ! Uniform Pressure Load (35G Fuel Press.)

OR2 =22.519/2 ! Plate Outside Radius At Shroud Cutout

IR =6.625/2 ! Plate INSIDE Radius

RR=21.15/2 ! Support Rod Location Radius

HICP = 23.182 1 Height Of Center Pipe

HIR=21.977 t Height Of Support Rods

RHOLE = 0.51/2 ! Radius Of Flow Hole

THICK1 = 0.864 ! Center Pipe Thickness

THICK2=1.200 ! Plate Thickness

ET,1,SHELL63 ! Center Pipe

ET,2,SHELL63 I Plate

ET,3,80LID45 I Support Rod

ET,4,CONTAC52

R,1,THICK1

R,2,THICK2

R.4,1E6,0,2

DENS,1,.2854

EX,1,26.5E+06

NUXY,1,.3

DENS,2,.2854

EX,2,26.5E+06

NUXY,2,.3

J/COM *** DEFINING KEYPOINTS FOR PLATE GEOMETRY ****
JCOM ** STARTING WITH 30 DEGREES ***

CS8YS,1 ! Cylindrical Coordinates
K,1,0,0 ! Center of Plate
K2,IR,0

K,3,0R2,0

K.4,9.6792,26

K,5,11.1057,22

K,6,0R2,30

K,7,11.001,0 ! Support Rod (1/2 Geometry)
K,8,9.660,0

K,9,9.6792,4

K,10,11.1057,8 ! End Support Rod

K,11,IR,30

K,12,9.66,30

K,13,11.001,30

L28 ILine 1
L73 Iiine2
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L87 'Line3

LESIZE,3,,.6

L,12,11 tLline 4

CSYS,0

L89 tline 5

LESIZES,,.5

1,9,10 !Line 6

LESIZE6,,.6

1,10,7 Iline7

LESIZE?7,,.5

CSYS,1

LARC,11,2,1,IR I'Line 8 — Arc at inside Plate (for Pipe)
LESIZE,8,,5 !5 Degree Segments for Inside Arc
LARC,6,3,1,0R2 I'Line 9 — Inside Arc at Shroud Cutout

/COM *** DEFINING CENTER PIPE ***

K,20,0,0,HICP

K,21,IR,0,HICP

K,25,IR,30,HICP

LARC,25,21,20,IR tLine 10

LESIZE,10,,5 | 5 Degree Segments for Inside Arc

L,2,21 ! Vertical Line 11 at 0 Degrees

L,11,25 ! Vertical Line 12 at 30 Degrees

C8YS,0

L,6,13 tline 13

L,13,12 I'Line 14 - Start Outline Bottom support Rods
LESIZE, 14,,,10

L,12,4 I line 16

LESIZE,15,,,10

L45 !line 16

LESIZE,16,,,10

L,513 !'Line 17 - End Outline Bottom Support Rods
LESIZE,17,,,10

C8YS,1

/COM *** DEFINING AREAS ***
AL,1,5,6,7,2,9,13,14,4,8 TArea 1

ICOM **** DEFINING AREA FOR CENTER PIPE ***
AL,8,11,10,12 tArea 2

/COM *** DEFINING SUPPORT ROD AREA ***
AL3,586,7 tArea3
AL,14,15,16,17 t Area 4

/COM ** DEFINING HOLES IN BOTTOM PLATE ***
BOPTN,KEEP,YES

YH=0

WPLANE,,5.08,YH tArea s

PCIRC,RHOLE

WPLANE, 6.54,YH tArea 6

PCIRC,RHOLE

WPLANE,,7.83,YH tArea?

PCIR,RHOLE

WPLANE,,9.29,YH TArea 8
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PCIRC,RHOLE

WPLANE,,9.5394,1.9668 {Area 9
PCIRC,RHOLE

WPLANE,,6.4725,2,2426 ! Area 10
PCIRC,RHOLE

WPLANE,,7.8615,2.7238 ! Area 11
PCIRC,RHOLE

WPLANE,,9.8269,3.4048 ! Area 12
PCIRC,RHOLE

WPLANE,,3.7586,2.170 | Area 13

PCIRC,RHOLE

WPLANE,,5.0316,2.905 ! Area 14
PCIRC,RHOLE

WPLANE,,7.8808,4.55 1 Area 15
PCIRC,RHOLE

WPLANE,,9.1539,5.285 | Area 16
PCIRC,RHOLE

APLOT,ALL

/COM **** DELETE HOLES FROM PLATE ***
ASBA1,5 ! Area 5 from Area 1 to give Area 17
ASBA,17,6

ASBA,18,7

ASBA,19,8

ASBA,20,9 -

ASBA,21,10

ASBA,22,11

ASBA,23,12

ASBA,24,13

ASBA,25,14

ASBA,26,15

ASBA 4,16

/COM *** DELETE UNUSED AREAS ***
ADELE,1
ADELE,5,26

/COM *~** REPEAT MESH TO OBTAIN 60 DEGREE PATTERN & MERGE NODES ****
CLOCAL,11,,,,30

ALLS

ARSYM,Y,ALL

/COM ** ADDING & DELETING MORE AREAS ****
ASBA,7,6

ADELE,6,7

ASBA,27,4

ADELE,4

ADELE,27

/COM " MERGE AND MESH AREAS
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NUMMRG,ALL
AADD,3,5
ADELE3,5,2
AADD,6,9
ADELE6,9,3
ESIZE,SIZE
REAL,2
AMESH,3
ESIZE,SIZE*3
AMESH,8
AMESH,28
TYPE,1
REAL,1
ESIZE,SIZE*6
AMESH,1,2
AMESH,4

{ Add Areas 3 & 5 to Give Area 4 (Support Rod Area)

t Add Areas 6 & 9 to Give Area 3 (Bottom Plate Area)

I Mesh Bottom Plate Area

! Mesh Center Pipe Area
! Mesh Support Rod Area

{COM *** EXTRUDE SUPPQRT RQD *™**

NUMMRG,NODE

ICOM ** ADDING GAP ELEMENTS BENEATH SUPPORT RODS
CSsYS,0
N,20307,10.297,4.1603,~1.200
N,20317,8.6996,4.2431,-1.200
N,20121,8.6996,-4.2431,-1.200
N,20131,10.297,4.1603,-1.200
D,20307 ALL

D,20317,ALL

D,20121,ALL

D,20131,ALL

1 Nodes At 4 Comers of Underside Rods
12 Nodes At Each Inside Comer

I Constraining The Nodes

TYPE4
REAL 4
E,20307,307
E,20317,317
E,20121,121
E,20131,131

1 Contact52 Gap Elements

JCOM **** CONSTRAINT EDGES OF THE PLATE *
CsYs,1

NROTAT ALL

NSEL,8,L.0C,Y,29.9,30.1

D.ALLVY,,,,,ROTX,ROTZ

NSEL,ALL

C8YS§,1

NROTAT ALL

NSEL,S,L.0C,Y,329.9,330.1
D,ALLUY,,,,,ROTX,ROTZ

NSEL,ALL

JCOM *** APPLYING AXIAL CONSTRAINT TO EDGE OF PLATE AT PIPE ****
NSEL,S,LOC,Z0

NSEL,R,LOCX,IR

D,ALLUZ
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NSELALL

JCOM **** FUEL LOADING (PRESSURE) & ACCELERATION ***
ASEL,S,LOC.Z,0 ! Selecting Bottom Plate
ASELUAREA, 4 ! Unselecting Support Rod Area
NSLA,S,1 ! Select All Nodes Associated with Selected Area
SF,ALL,PRES,PRESSURE t Apply Pressure On Bottom Plate
ASELALL

NALL

NSEL,S,LOC,ZHIR | Select Support Rod Top Area
NSEL,R,L.OC X,8.5,15

SF,ALL,PRES, 10831 110831 Psi Pressure

NALL

NSEL,S,LOC,Z HICP ! Select Center Pipe Top Area
NSEL,R,LOCX,0,7

SF,ALL,PRES,8647 1 8647 Psi Pressure

NALL

SAVE

FINI

ICOM *** SOLUTION AND 359 ACCELERATION ****
/SOLU

ACEL,,-35

SOLVE

SAVE

FINI
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COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.3
Computer System: . Windows 95, Pentium® Processor

Computer Run File Number:

Unique Computer Run File Name:

Run Description:

Run Date/Time:

KH-8009-8-05

Pith.out

Elastic Drop Analysis of the Mark IA Storage
Basket, Holes in Bottom Plate

12 February 1998 / 4:34:10 am

Zachary G. Sargent 2/19/98
Prepared By: Zachary G. Sargent Date

Henry Averette 2/19/98
Checked By: Henry Averette Date

REVISION 0 1 2 PAGE 58
PREPARED BY / DATE BW 4/17/97 | ZGS 7/14/98 |, 02/08/99 OF 77
CHECKED BY / DATE JN 4/17/97 | HAS 7/14/98 2/08/99




B _PARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-05
PROJECT: MCO Design DOC.NO.:  HNF-SD-SNF-DR-003, Rev. 2, Appendix 7
COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.3

Computer System:
Computer Run File Number:
Unique Computer Run File Name:

Run Description:

Creation Date/Time:

Windows 95, Pentium® Processor

KH-8009-8-05

Plthp.inp

Elastic/Plastic Vertical Drop Analysis of the
Mark 1A Storage Basket

12 February 1998 / 8:30:52 am

Zachary G. Sargent 2/19/98
Prepared By: Zachary G. Sargent Date

Henry Averette 2/19/98
Checked By: Henry Averette Date
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LISTING OF PLTHP.INP FILE

/BATCH,LIST

[FILENAM,PLTHP

IPREP7

ITITLE, MARK IA BASKET, SOLID BOTTOM PLATE w/ 1/2" FLOW HOLES

SIZE = 0.08
PRESSURE = -202.30
OR2=22519/2

IR = 6.625/2
RR=21.16/2

HICP =23.182

HIR =21.977

RHOLE = 0.51/2
THICK1 = 0.864
THICK2=1.200

! Element Size
! Uniform Pressure Load (35G Fuel Press.)
! Plate Qutside Radius At Shroud Cutout
{ Plate INSIDE Radius
! Support Rod Location Radius
| Height Of Center Pipe
! Height Of Support Rods
! Radius Of Flow Hole
t Center Pipe Thickness
! Plate Thickness

ET,1,SHELL63
ET,2,SHELL6E3
E7,3,80L1D45
ET,4,CONTACS2

! Center Pipe
! Plate
{ Support Rod

R,1,THICK1
R,2,THICK2
R,4,1E86,0,2

DENS,1,.2854
EX,1,26.5E+06
NUXY,1,.3

DENS,2,.2854
EX,2,26.5E+06
NUXY,2,.3

TB,BKIN,1,3
TBTEMP,100
TBDATA,1,25.0E3,0.16E6
TBTEMP,200
TBDATA,1,21.3E3,0.16E6
TBTEMP,300
TBDATA,1,19.1E3,0.16E6

! Plasticity Properties

! Yield Strength v. Plastic Modulus

ICOM *** DEFINING KEYPOINTS FOR PLATE GEOMETRY ****
ICOM **** STARTING WITH 30 DEGREES ****

CSYS1 1 Gylindrical Coordinates

K,1,0,0 ! Center of Plate

K2,/R,0

K,3,0R2,0

K.4,9.6792,26

K,5,11.1057,22

K.6,0R2,30
REVISION 0 1 2 PAGE 60 |1
PREPARED BY /DATE BW 4/17/97 | ZGS 7/14/98 |4, 02/08/99 oF77 |
CHECKED BY / DATE JN 4/117/97 | HAS 7/14/98 Jzf6402/08/99 |




. PARSONS

CLIENT: DE&S Hanford

FILE NO:

KH-8009-8-05

PROJECT: ~MCO Design DOC. NO.:
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K,7,11.001,0
K,8,9.660,0
K,9,9.6792,4
K,10,11.1057,8
K,11,IR,30
K,12,9.66,30
K,13,11.001,30

L28

L73

L87
LESIZE,3,,.6
L,12,11
C8YSs,0
L.89
LESIZES,,.5
L.9,10
LESIZE,S,,.6
L,10,7
LESIZE,7,,,5
C8YS§,1
LARC,11,2,1,IR
LESIZE,8,.5

LARC,6,3,1,0R2

1 Support Rod (1/2 Geometry)

! End Support Rod

ILline 1
{Line 2
!line3
Iline 4
tline 5
tline 6
Iline7
! Line 8 — Arc at inside Plate (for Pipe)

1 5 Degree Segments for Inside Arc
! Line 9 — Inside Arc at Shroud Cutout

JCOM " DEFINING CENTER PIPE **

K,20,0,0,HICP
K,21,IR,0,HICP

K.25,IR,30,HICP
LARC,25,21,20,IR

LESIZE,10,,6
L2.21

L1125
C8YS,0

L6,13

L,13,12
LESIZE,14,,,10
L12,4
LESIZE,15,,,10
L45
LESIZE,16,,,10
L.5,13
LESIZE,17,,,10
C8YS,1

I Line 10
15 Degree Segments for Inside Arc
! Vertical Line 11 at 0 Degrees
' Vertical Line 12 at 30 Degrees

I'Lline 13
1 Line 14 - Start Outline Bottom support Rods

tLine 15
Iline 16

!'Line 17 - End Outline Bottom Support Rods

JCOM *** DEFINING AREAS ™

AL1,56,7,2,9,13,14,4,8

1 Area 1

/COM **** DEFINING AREA FOR CENTER PIPE ***

AL.8,11,10,12

! Area 2

JCOM ** DEFINING SUPPORT ROD AREA *+**

AL3587
AL,14,15,16,17

1 Area3
{Area 4

JCOM > DEFINING HOLES IN BOTTOM PLATE ***
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BOPTN,KEEP,YES

YH=0

WPLANE,,5.08,YH tArea s
PCIRC,RHOLE

WPLANE, 6.54,YH 1Area 6
PCIRC,RHOLE

WPLANE,,7.83,YH lArea7
PCIR,RHOLE

WPLANE, 9.29,YH VArea 8
PCIRC,RHOLE

WPLANE, 9.5394,1.9668 V Area 9
PCIRC,RHOLE

WPLANE,,6.4725,2.2426 ! Area 10
PCIRC,RHOLE

WPLANE,,7.8615,2.7238 ! Area 11
PCIRC,RHOLE

WPLANE, 9.8269,3.4048 t Area 12
PCIRC,RHOLE

WPLANE,,3.7586,2.170 tArea13

PCIRC,RHOLE

WPLANE,,5.0316,2.905 ! Area 14
PCIRC,RHOLE

WPLANE,,7.8808,4.55 I Area 15
PCIRC,RHOLE

WPLANE,,9.15639,5.285 ! Area 16
PCIRC,RHOLE

APLOT,ALL

JCOM == DELETE HOLES FROM PLATE ****
ASBA,1,5 ! Area 5 from Area 1 to give Area 17
ASBATS

ASBA,18,7

ASBA19,8

ASBA,20,9

ASBA,21,10

ASBA,22,11

ASBA,23,12

ASBA,24,13

ASBA25,14

ASBA,26,15

ASBA 4,16

/COM ** DELETE UNUSED AREAS ***
ADELE,1
ADELE,5,26

/COM **** REPEAT MESH TO OBTAIN 60 DEGREE PATTERN & MERGE NODES ™
CLOCAL,11,,,,30

ALLS
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ARSYM,Y ALL

JCOM **** ADDING & DELETING MORE AREAS ***
ASBA7,6

ADELE,6,7

ASBA27,4

ADELE4

ADELE,27

ICOM *** MERGE AND MESH AREAS **

NUMMRG,ALL

AADD,3,5 ! Add Areas 3 & 5 to Give Area 4 (Support Rod Area)
ADELE33,5,2

AADD,5,8 I Add Areas 6 & 9 to Give Area 3 (Bottom Plate Area)
ADELE$,9,3

ESIZE,SIZE

REAL,2

AMESH,3 ! Mesh Bottom Plate Area

ESIZE,SIZE*3

AMESH,8

AMESH,28

TYPE,1

REAL,1

ESIZE,SIZE*6

AMESH,1,2 I Mesh Center Pipe Area

AMESH,4 1 Mesh Support Rod Area

/COM ***+* EXTRUDE SUPPORT ROD ***

VEXT4,,,, HIR
NUMMRG,NODE

/COM *** ADDING GAP ELEMENTS BENEATH SUPPORT RODS ****

CSYS,0

N,20307,10.297,4.1603,-1.200 ! Nodes At 4 Comners of Underside Rods
N,20317,8.6896,4.2431,-1.200 ! 2 Nodes At Each inside Corner
N,20121,8.6996,4.2431,-1.200

N,20131,10.297,-4.1603,-1.200

D,20307 ALL ! Constraining The Nodes

D,20317 ALL

D,20121,ALL

D,20131,ALL

TYPE4 ! Contact52 Gap Elements

E,20307,307
E,20317,317
E,20121,121
E,20131,131

/COM **** CONSTRAINT EDGES OF THE PLATE
C8YS,1

NROTAT,ALL

NSEL,S,L.0C,Y,29.9,30.1

D,ALLVY,,,,,ROTX,ROTZ
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NSELALL
CSYS,1
NROTAT,ALL
NSEL,S,LOC,Y,329.9,330.1

D,ALL,VY,,..,ROTX,ROTZ
NSELALL

/COM *** APPLYING AXIAL CONSTRAINT TO EDGE OF PLATE AT PIPE ™

NSEL,$,LOC.Z0
NSEL,R,LOCXIR
D,ALLUZ
NSEL,ALL

J/COM *** FUEL LOADING (PRESSURE) & ACCELERATION ****
! Selecting Bottom Plate

1 Unselecting Support Rod Area

t Select All Nodes Associated with Selected Area
! Apply Pressure On Bottom Plate

ASEL,S,LOC,Z0
ASEL,UAREA, 4
NSLA,S,1
SF,ALL,PRES,PRESSURE
ASELALL

NALL
NSEL,S,LOC,ZHIR
NSEL,R,LOC,X,8.5,15
SF,ALL PRES,10831
D,ALLUX,,..,.UY
NALL
NSEL,S,LOC,Z HICP
NSEL,R,LOC.X,0,7
SF,ALL,PRES,8647
NALL

SAVE

FiNL

/COM ™ SOLUTION AND 35g ACCELERATION ****

/SOLU
ACEL,,-35
NSUBST, 10
SOLVE
SAVE

FINL

1 Select Support Rod Top Area

110831 Psi Pressure

1 Horizontat Constraint at Top of Support Rod (Friction)

1 Select Center Pipe Top Area

18647 Psi Pressure

REVISION

0

1

2
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(745 02/08/99

CHECKED BY /DATE

JN 4/17/97

HAS 7/14/98

4s4—02/08/99

PAGE 64
OF 77




= PARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-05
PROJECT:  MCO Design DOC.NO.:  HNF-SD-SNF-DR-003, Rev. 2, Appendix 7
COMPUTER RUN COVER SHEET
Project Number: KH-8008-8
Computer Code: ANSYS®-PC
Software Version: 5.3
Computer System: Windows 95, Pentium® Processor

Computer Run File Number:
Unique Computer Run File Name:

Run Description:

Creation Date/Time:

KH-8009-8-05

Plthp.out

Elastic/Plastic Vertical Drop Analysis of the

Mark 1A Storage Basket

13 February 1998 / 10:04:52 pm

Zachary G.Sargent 2/19/98
Prepared By: Zachary G. Sargent Date

Henry Averette 2/19/98
Checked By: Henry Averette Date
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COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.3
Computer System: Windows 95, Pentium® Processor
Computer Run File Number: KH-8009-8-05
Unique Computer Run File Name: hdrop.inp

Run Description: Horizontal Drop Analysis of the Mark IA

Storage Basket

Creation Date/Time: 9 February 1998 / 2:51:48 pm

Zachary G. Sargent 2/19/98

Prepared By: Zachary G. Sargent Date
Henry Averette 2/19/98

Checked By: Henry Averette Date
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LISTING OF HDROP.INP FILE

[BATCH,LIST

JFILENAM,HDROP

/PREP7

/TITLE,MARK |A BASKET 101G SIDE DROP

SIZE = 1.00 ! Element Size

THICK1=1.200 ! Plate Thickness

THICK2= 0.864 ! Center Pipe Thickness

GLOAD = 101 1 101g Side Drop Load

OR =22.6519/2 ! Plate Outside Radius At Shroud Cutout

IR = 6.625/2-THICK2 ! Piate Inside Radius

HICP = 23.182 1 Height Of Center Pipe

HIR =21.977 1 Height Of Support Rods

*AFUN,DEG 1 Use Degrees For Function Input/Output

ET,1,SHELL43 13D Plastic Large Strain Shell

ET,2,SHELL43

ET,3,BEAM4 13D Elastic Beam

ET,4,MASS21,,2 13D Mass Without Rotary Inertia

ET,5,CONTACS2,,,,1 13D Point to Point contact Element

ET,7,LINK11 ! Centerline Spring @ Drop Interface

R,1,THICK1

R,2,THICK2

R,3,10,100,100,10,10
R4,18.5
R,5,1E6,,,1E6

R,6,2.874,.403,1.307,1.34,3.07

R,7,1E4

DENS,1,.2854
EX,1,27E06
NUXY,1,.3

EX,2,27E06
DENS,2,5.786

EX,3,27E06
DENS,3,0.0

TB,BKIN,1,3
TBTEMP,100

TBDATA,1,25.0E3,0.16E6

TBTEMP,200

1 Rigid Link

1 Weight/5 (Ib) From Adjacent Pipe
! Gap Element Properties

1 Support Rod Properties

1 Centerline Link Element

1 Pseudo Density Of Upper Pipe Elements For Fuel Load

{ Massless Rigid Links
| Plasticity Properties

! Yield Strength v. Plastic Modulus

TBDATA,1,21.3E3,0.16E6
TBTEMP,300
TBDATA,1,19.1E3,0.16E6

/COM *** DEFINING KEYPOINTS FOR PLATE GEOMETRY ****
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JICOM *** STARTING WITH 30 DEGREES ***

CSYS,1 ! Cylindrical Coordinates

K,1,0,0 1 Center of Plate

K.2,IR,0 ! Inside Radius of Plate at 0 Degrees

K,3,0R,0 ! Qutside Radius at 0 Degrees

K,4,0R,30 ! Outside Radius at 30 Degrees

K5,IR,30 IInside Radius at 30 Degrees

K.6,0R,60 ! Quiside Radius at 60 Degrees

K,7,IR,60 ! Inside Radius at 60 Degrees

K,100,9.7692,26 ! Support Rod Comer (30 Degrees)

K,101,11.1057,22 ! Support Rod Comer

K,102,11.001,30

K,103,11.1057,38 ! Support Rod Comer

K,104,9.7692,34 ! Support Rod Comner

K,105,9.66,30

K,106,10.3305,30 ! Support Rod Center for Beam Element

L23 tline1

LARC,3,4,1,0R ! Line 2 - Outside Arc , O to 30 Degrees

LESIZE,2,2.5 12.5 Degree Segments, Outside Arc

L.4,102 !Lline 3

1,102,101 Iline 4

1,101,100 Iline 5

L,100,105 tLine 6

L,105,5 Iline7

LARC,2,5,1,IR ! Line 8 - Inside Arc 0 to 30 Degrees

LESIZE 8,10 110 Degree Segments, Inside Arc

LARC4,6,1,0R ! Line 9 - Outside Arc, 30 to 60 Degrees

LESIZES,2.5 12.5 Degree Segments, Outside Arc

L6,7 !Line 10

LARC,5,7,1,IR ILine 11 - Inside Arc 30 to 60 Degrees

LESIZE 11,10 110 Degree Segments, Inside Arc

1,102,103 1 Line 12

L,103,104 {line 13

L,104,106 !Line 14

L,105,106 !Line 15

L,106,102 tLine 16

AL12345678 1 Area 1-0to 30 Degrees

AL,7,14,13,12,3,9,10,11 ! Area 2 - 30 to 60 Degrees

AL,16,15,6,5,4 1 Area 3 - 1/2 Rod

AL,15,16,12,13,14 TArea 4 - 1/2 Rod

ICOM ** DEFINE CENTER PIPE ™

K,21,0,0,HICP 1 Center Keypoint, Pipe Height

K,22,1R,0 HICP ! Inside Radius, Pipe Height, 0 Degrees

K,25,IR,30,HICP ! Inside Radius, Pipe Height, 30 Degrees
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K,27,IR,60,HICP ! inside Radius, Pipe Height, 60 Degrees
K,31,0,0,6 ! Center Keypoint, 6 Inches From Plate
K,32,IR,0,6 ! Inside Radius, 6 Inches from Plate, 0 Degrees
K.35,IR,30,6 ! Inside Radius, 6 Inches from Plate, 30 Degrees
K.37,IR,60,6 ! Inside Radius, 6 inches from Plate, 60 Degrees
LARC,22,25,21,IR I 'Line 17 - Inside Arc, Pipe Height, 0 to 30 Degrees
LESIZE,17,,10 ! 10 Degree Segments for Inside Arc
LARC,25,27,21,IR !'Line 18 - Inside Arc, Pipe Height, 0 to 60 Degrees
LESIZE,18,,10 110 Degree Segments for inside Arc
LARC,32,35,31,IR I'Line 19 - Inside Arc, Pipe Height, O to 30 Degrees
LESIZE,19,,10 ! 10 Degree Segments for Inside Arc
LARC,35,37,31,IR !Line 20 - Inside Arc, Pipe Height, O to 30 Degrees
LESIZE,20,,10 ! 10 Degree Segments for Inside Arc
1,2,32 ! Line 21 - Vertical at 0 Degrees
1,32,22 I'line 22 - Vertical at 0 Degrees
L,5,35 ! Line 23 - Vertical at 30 Degrees
L,35,25 ILine 24 - Vertical at 30 Degrees
L,7,37 ! Line 25 - Vertical at 60 Degrees
L,37,27 ! Line 26 - Vertical at 60 Degrees
AL,8,21,19,23 ! Area 5 - Center Pipe (0 to 30, Lower)
AL,11,23,20,25 1 Area 6 - Center Pipe (30 to 60, Lower)
AL,19,22,17,24 ! Area 7 - Center Pipe (0 to 30, Upper)
AL,20,24,18,26 ! Area 8 - Center Pipe (30 to 60, Upper)
AADD,1,2 ! Merging Bottom Plate
ADELE,1,2
JCOM *** MESH AREAS
ESIZE,SIZE
MAT,1
REAL,1
AMESH,9 ! Bottom Plate
AMESH,3,4
ESIZE,SIZE t Coarse Elements
TYPE,2
REAL,2
AMESH,7,8 t Center Pipe, Upper Part
ESIZE,SIZE-0.26 ! Finer Elements
TYPE,2
REAL,2
AMESH,5,6 ! Center Pipe, Lower Part
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/COM **** REPEAT MESH FOR 180 DEGREE MODEL ***
AGEN,3,ALL,,,,60 | Generate 3 Times for a Total of 180 Degrees

/COM **** MERGE COINCIDENT NODES ***
NUMMRG,NODE

NALL
EALL

ICOM *** ADDING MASSES TO CENTER PIPE HOLE ****
ICOM *** TO ACCOUNT FOR ADJACENT PIPE LOAD ****
TYPE 4

REAL,4

E1

E44

E45

E.47

E48

JCOM ™ MODIFY 30 DEGREE ARC OF PIPE ELEMENTS **
JCOM **** TO ADD FUEL MASS ***

CSYS,1

NSEL,S,LOC.X,IR ! Select Nodes Based on Inside Radius
NSEL,R,LOC,Y,150,180 ! Reselect From Set, From 150 to 180 Degrees
ESLN,S,1 ! Select Elements Associated With Selected Nodes
EMODIF,ALL,MAT,2 ! Modify The Selected Elements to Material 2
ESEL,ALL ! Reselect All Elements

/COM *** ADDING SUPPORT RODS ****

TYPE,3 | Beam Elements

REAL,6

MAT,1

N,2135,10.3305,30,HIR 1 End of Beam Element (Support Rod) 30 Degrees

N,2320,10.3305,90,HIR ! End of Beam Element (Support Rod) 90 Degrees

N,2639,10.3305,150,HIR ! End of Beam Element (Support Rod) 150 Degrees

E,135,2135 ! Beam at 30 Degrees

E,135,49 ! Spreading Rod interface to Comers

E,135,50

E, 135,53

E,135,54

E,320,2320 1 Beam at 90 Degrees

E,320,322 ! Spreading Rod Interface to Comers

E,320,324

E,320,328

E,320,330

E,639,2639 ! Beam at 150 Degrees

E,639,641 ! Spreading Rod Interface to Comers

E,639,643

E,639,647
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E,639,649
EALL
NALL

/COM **** DEFINING OFFSET NODES ON DROP SIDE OF PLATE ***
/COM **** FROM 0 TO 30 DEGREES ***
! Node 5001 at O Degrees, Outside Radius
! Node 5013 at 30 Degrees, Outside Radius

I 'Fill between Nodes 5001 and 5013

N,5001,0R,0,-0.5
N,5013,0R,30,-0.5
FILL,5001,5013

REAL,3
TYPE,3
MAT,3
E.2,5001
E,12,5002
EGEN,11,1,-1
E,11,5013

! Beam Elements (Beam4)

! Generate Element Between Nodes 2 and 5001
! Generate Element Between Nodes 12 and 5002

| Generate Elements Based On Last One, Increase Node # by 1

! Generate Element Between Nodes 11 and 5013

/COM **+* BOTTOM PLATE INTERFACE WITH MCO ***
/COM *** SHIFT ORIGIN TO MCO CENTER TO DEFINE MCO (D™

N,6001,0R+0.001,0,-0.5
C8YS§,1

J=0.001
*DO,L,1,12
J=J+0.002

N,6001+1,0R+J,2.5",-0.5

*ENDDO

NROTAT,6002,6013
D,6001,ALL,, 6013

TYPE,7
REAL,7
E,5001,6001

TYPE,S
REAL,5
E,5001,6001
E,5002,6002
EGEN,12,1,-1

! Create Node 6001 at Outside Radius +0.001 in.

! Change to Cylindrical Coordinates

{ Start Loop

! Gap Increases 0.002 in. for every 2.5 Degrees

! End Loop

! Rotate Nodes 6002 thru 6013
! Constrain Nodes 6001 thru 6013

1 Soft Spring @ MCO Id (Link11)

! Create Element between Nodes 5001 and 6001

! Gap Elements (Contac52)

/COM *** CONSTRAINING EDGES OF CENTER PIPE AT TOP ***

C8Y8,1
NSEL,$,LOC,Z,HICP
NSEL,R,LOCX,IR
D,ALL,UX

NSEL,R,LOC,Y,0,5
DALLUZ
NSELALL

1 Selecting Pipe Height
1 Selecting Pipe Radius
1 Constraint in X-direction, Pipe End

1 Selecting Nodes At Y=0 To Y=5
1 Constraint in Z-direction
! Select ALL Nodes

/COM **** APPLYING SYMMETRY BOUNDARY CONDITION ***+*

CSYSs,0

NSEL,S,LOC,Y, 0 ! Selecting Nodes At Y=0
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D,ALL,UY,0.0,,,,ROTX,ROTZ

NALL
EALL

! Symmetry BC at Y=0

/COM *** APPLYING 1.5 TIMES G LOAD TO SATISFY ****
JCOM = ASME LEVEL D BUCKLING CRITERIA™™*

ACEL,-1.5"GLOAD
FINI

JCOM *** SOLUTION ****

ISOLU
OUTRES,ALL,1
AUTOTS,ON
NLGEOM,ON
NSUBST,100
NEQIT,100

CNVTOLF,,0.005
CNVTOL,M,,0.005

115*101g's=1515¢g's

! Write All Solution Data Every first Substep of Each Loadstep
! Use Automatic Time Stepping
! Include Large Deformation Effects
! Use 100 Substeps
1 Use 100 Equilibrium lterations For Each Substep

t Sets Tolerance for Force Convergence Vaiue
! Sets tolerance for Moments Convergence Value

SOLVE { Start the Solution

SAVE

FIN}

/COM *** POSTPROCESSING ™

/POST1 1 General Postprocessor
SET,LAST ! Read Last Data Set From Results File

JSHOW,GRAPHICS,PIC,1
NIEW,ALL

! Specify Graphics Vector Display Device
! Defines Viewing Direction For the Display

EPLOT 1 Element Plot

PRRS | Prints the Constrained Node Reaction Solution

ESEL,U,TYPE, 3,5 ! Unselect Elements of Type3&5

[EDGE, 1 { Edge Display

PLNSOL,S,INT ! Displays Results as Stress Intensity Contours

PLNSOL EPPL,.EQV ! Displays Results as Plastic Equivalent Strain

SAVE

FINI

JEXIT
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COMPUTER RUN COVER SHEET
Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 5.3
Computer System: Windows 95, Pentium® Processor

Computer Run File Number:

Unique Computer Run File Name:

Run Description:

Run Date/Time:

KH-8009-8-05

Hdrop.out

Horizontal Drop Analysis of the Mark IA
Storage Basket

10 February 1998 / 8:21:22 pm

Zachary G. Sargent 2/19/98
Prepared By: Zachary G. Sargent Date

Henry Averette 2/19/98
Checked By: Henry Averette Date
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 5.4

Computer System: Windows 95, Pentium [1® Processor

Computer Run File Number: 9812100934

Unique Computer Run File Name: Rod3d.inp

Run Description: Mark IA Basket Support Rod Buckling

Creation Date/Time: 8 December 1998/4:09PM
?@;‘7 % / /774 12710528

Prepared By: PhilW / Date

kaﬂ/ 6; :_Mi% 22 N (ouesl 12/18/98
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LISTING OF ROD3D.INP FILE

fini

Icle

fprep7

fitle, MCO Mark1A Basket Support Rod, 3D

et 1,45
et,2,43
et,3,52

r2,5
r,3,1E7,.265,3

ex,1,27.2E6

nuxy,1,.3

th,bkin,1
tbdata,1,23250,160000

ex,5,27.2E8
nuxy,5,.3

tspecial rigid region at load application

lcreate rod
n,1,9.796
n,5,11.226

fil,1,5
n,16,9.796,.605
1ill,1,16,2
n,10,11.215,.501
fill,6,10
n,15,11.181,1.001
fill,11,15
n,19,10.680,1.229
fil, 16,19
n,20,11.001,1.257
nsym,y,20,all
ngen,12,50,1,49,1,,2

type,1
e,1,6,7,2,51,56,57,52
egené4,1,-1
egen,3,5,4
esym,,20,all
egen,11,50,-24

numnt,node

nsel,z,22

nrse,y
nrse,x,10.1,10.3
nmod,all,10.328
daliuz,-.3
d,all,ux

d,al,uy

enod
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type,1
mat,5
emod,all
nsel,z
d,all,all
alls

ICreate MCO Shell
csys,1

n,601,11.743,-30
n,623,11.743,-30,44
fil1,601,623
ngen,7,50,601,623,1,,10

type,2

real,2

mat,1
€,601,602,652,651
egen,22,1,-1
egen,6,50,-22

nsel,y,-30
nase,y,30
nrot,all
d,all,uy
d,all,rotx
d,all,rotz
nsel,z
d,all,all
alls

Icreate gaps from rod to shell
type,3

real,3

e,5,751

p11,50,1

Isolu
auto,on
pred,on
nigeom,on
outres,all,all
time, 1
nsub,500
neqit, 100
Isolcon,on
solve

fini
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STRESS ANALYSIS OF THE MARK IV STORAGE BASKET

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION:

Perform a stress analysis of the Mark IV Storage Basket in accordance with Revision 5
of the MCO Performance Specification. Two loading conditions are considered:

1. Lifting at a max. temperature of 100° C.

2. Deadweight stacking within the MCO at a design temperature of 132° C.

AFFECTED

PREPARED BY

DOCUMENT REVISION CHECKED BY APPROVED BY
REVISION PAGES DESCRIPTION INITIALS / DATE INITIALS / DATE INITIALS / DATE
0 1-67 Initial Issue Bob Winkel Joe Nichols | Charles Temus
1 1-68 Incorporated HP. | Zachary Sargent| Henry Averette |Charles Temus]
Shrivastava’s comments
Jto refiect error in formula.
Revised Design
temperature from 375°C
t0132°C P
2 1-73 Revised to incorporate ] L > M L
solid base plate and 2 ;- p L %Z//
threaded center pipe S Y- 4 / 2 /7/;f 6/////2 /, /,»7




5 PARSONS

CLIENT: DE&S Hanford

FILENO: KH-8009-8-06

PROJECT: MCO Final Design DOCNO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8
TABLE OF CONTENTS
1. INTRODUCTION 6
2. REFERENCES 6
3. ASSUMPTIONS 7
4. GEOMETRY 7
5. MATERIAL PROPERTIES 8
6. ACCEPTANCE CRITERIA 8
7. LOAD CONDITIONS & COMBINATIONS 12
18. STRESS ANALYSIS CALCULATIONS 12
8.1 Center Pipe 14
8.1.1 Deadweight Stacking Load Condition 14
8.1.2 Lifting Load Condition 19
8.2 Support Rod 20
8.3 Bottom Plate 24
8.3.1 Deadweight Stacking Load Condition 24
8.3.2 Lifting Load Condition 27
8.4 Load Distribution and Basket Interface Considerations 29
8.5 Component Stress Results Summary 33
REVISION 0 1 2 PAGE 2 |
PREPARED BY /DATE BW 4/17/97 | ZGS 7/14/9 Z(Jg 02/09/99 OF 73 |
CHECKED BY / DATE JN 4/17/97 | HSA 7114/9 ,@—927‘09/99 l.l




CLIENT:

DE&S Hanford

B I PARSONS

FILENO: KH-8009-8-06

PROJECT: MCO Final Design

DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8

LIST OF TABLES

[TABLE 1. MARK IV STORAGE BASKET STRUCTURAL COMPONENTS.
[TABLE 2 ASME CODE MATERIAL PROPERTIES FOR TYPE 304L STAINLESS STEEL
[TABLE 3. ALLOWABLE STRESSES - DEADWEIGHT.
[TABLE 5. SUMMARY OF MARK IV BASKET STRUCTURAL EVALUATION.

10
11
33

REVISION

0

1

2

PREPARED BY /DATE

BW 4/17/97

ZGS T7M4/9

265 02/09/99

CHECKED BY / DATE

JIN  4/17/97

HSA 7/14/9

PAGE 3
OF 73

|

I

45/-02/09/99



2 PARSONS

CLIENT: DE&S Hanford FILENO:  KH-8009-8-06

PROJECT: MCO Final Design DOCNO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8

LIST OF FIGURES

FIGURE 1. MARK IV STORAGE BASKET PRIMARY STRUCTURAL COMPONENTS.
FIGURE 2. SIXTY-DEGREE SECTOR FINITE ELEMENT MODEL OF THE MARK IV STORAGE BASKET.

26
FIGURE 3. STRESS INTENSITY CONTOUR PLOT, DEADWEIGHT STACKING LOAD CONDITION. 27
FIGURE 6. STRESS INTENSITY CONTOUR PLOT, LIFTING LOAD CONDITION. 28
REVISION 0 1 2 PAGE 4 ﬁ
PREPARED BY /DATE BW 4/17/97 | ZGS 71419 {Z;,] 02/09/99 OF 73 |
CHECKED BY / DATE JN 4/17/97 | HSA 7/14/9 | {s:4-02/09/99 ]




CLIENT:

DE&S Hanford

PARSONS

FILENO: KH-8009-8-086

PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8
LIST OF APPENDICES
IAPPENDIX A 34 |
REVISION 0 1 2 PAGE5 |
PREPARED BY / DATE BW 4/17/97 | 2GS 7/14/9 |[¢5> 02/09/99 OF73 |
CHECKED BY / DATE IN_4/17/97 | HSA 7/14/9 [J5]-02/09/99 |




" _PARSIONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-06
PROJECT: “MCO Final Design DOC NO: _ HNF-SD-SNF-DR-003, Rev. 2 Appendix 8
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 limiting stresses to
1/3 yield or 1/5 ultimate material properties for the lifting loading and Section lll 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-0426, Rev. 5, Duke Engineering and Services Hanford, Richland,
Washington, December 1998 .

2. Duke, “MCO Mark IV SNF Storage Basket”, Drawing No. H-2-828070, Rev. 3, Duke
Engineering and Services Hanford, Richland, Washington.

3. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section Il, Materials, Part D
Properties, American Society of Mechanical Engineers, New York, New York.

4. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section Ill, Subsection NG,
American Society of Mechanical Engineers, New York, New York.

5. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section Ili, Subsection NF,
American Society of Mechanical Engineers, New York, New York.

6. Not Used

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.

9. Machinery’s Handbook, Nineteenth Edition, Industrial Press Inc., New York, NY.
10. Fasteners Standards, Sixth Edition, Industrial Fasteneers Institute, Cleveland, Ohio.

11. G.C. Mok, L.E. Fischer, T.S. Hsu, “Stress Analysis of Closure Bolts for Shipping
Casks”, NUREG/CR-6007, UCRL-ID-110637, U.S. Nuclear Regulatory Commission,
1992,
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3. ASSUMPTIONS

1. For the 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.

2. Other assumptions as noted within the calculation documentation.

4. GEOMETRY

The Mark 1V 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. Holes in the bottom plate are designed to aliow drainage from the fuel rods.
Each storage basket has a capacity of 54 fuel rods.

T‘f;’si;ﬂ
T

T

3.0 - 8 THREAD

2.44" \Z

2s4” 360
350

e
b2

Figure 1. Mark IV Storage Basket Primary Structural Components.
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The Support Rods are constructed from 1-5/16 in. round bar which are bolted into the
bottom plate. The Center Tube is basically a 2.84 in. O.D., 1.75 1.D. hollow bar and is
attached to the bottom plate with a 45° conical lip tightened against a 3.00 - 8 Class 2
thread. The Center Tube is conservatively analyzed as a 2.75-inch hollow bar. 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 rods load division was avoided by conservatively
assuming that either the center tube or support rods carried the entire stack weight.

Not shown is a 0.05-in. thick, 11.0-in. high sheet metal shroud 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

Per the Reference 2 drawing, the specified material for the Mark IV Storage Basket
components is 304 or 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,. Properties of 304L stainless steel are used. The appropriate values
were extracted from Reference 3, and are listed in Table 2.

6. ACCEPTANCE CRITERIA

For the lifting and dead weight stacking 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 design shall meet
safety factors of 3 on material yield and 5 on material ultimate strength. The safety factors
apply from 5°C to 100°C. 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 wiil
be used, plus the weight of intervening components of the special lifting device, without
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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. 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. 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 allowables are: |

P,, = membrane stress
P, = bending stress

Sy  21.0ksi A
3= 3 = 7 .Oksi
Su  65.6ksi .
5= 5 - 1312ksi

= Use:Pm+ Pb < 70ksi .

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 fo 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
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Table 2
ASME Code Material Properties for Type 304L. Stainless Steel
Temperature E Sy S, Sy
oF °C Table TM-1, Table 2A, page Table Y-1, page Table U, page 441
Group G 322 524
70 —_ 28.3E+06 | 16.7 ksi 25.0 ksi 70.0 ksi
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
270 132 27.2E+06 | 16.7 ksi 19.8 ksi 62.5 ksi
300 — 27.0E+06 | 16.7 ksi 19.1 ksi 60.9 ksi

Note: Underlined values determined by linear interpolation, ali other
values taken from Section Hl, Part D of the ASME Code.

6.2 Deadweight Loads

Per Section 4.12.3 of Reference 1, the “baskets will be able to support the fuel at 1.0g while
at 132°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.
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Table 3. Allowable Stresses - Deadweight.

Temperature Sy Design/Level A Stress Limits
°F °C | [Table 2] Py (Sw) Py +P, (1.5Sy)
212 | 100 | 16.7 ksi 16.7 ksi 25.1 ksi
270 | 132 | 16.7 ksi 16.7 ksi 25.1 ksi
Note 1: Design & Level A Stress Limits from NG-3221 &

2:

NG-3222 respectively.

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) (column type members)

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.
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7. LOAD CONDITIONS & COMBINATIONS

As previously mentioned, the Mark IV Storage Baskets were evaluated for two load cases:
1. Lifting of the basket and contents with a maximum temperature of 100°C.

2. Deadweight stacking of the baskets inside the MCO at the design temperature of 132°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).

INPUT PARAMETERS:
d, = 1.31in. Support Rod Diameter
. = 26.687 in. Support Rod Length Extending Above Bottom Plate
b
S, = 19800 — 304L Yield Strength @ Design Temp. of 132°C
in

E =27.2 x 10° Ibffin® 304L Young’s Modulus @ Design Temp.

D, = 2.75in. Center Pipe O.D.

D, = 1.75in. Center Pipe L.D.

l, =30.467 in. Center Pipe, Overall Length
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A, = %[Do2 -D/] Center Pipe Area (away from grapple interface)
A, = 3534 in?
¥4
b = Z[D°4 - Df]

b = 2.347in* Center Pipe Mom.- of Inertia

1
L= Z,/DOZ +D?  Center Pipe Radius of Gyration

1, = 0.815

W, = 3218 Ib. Mark IV Loaded Basket Weight

D; = 3.00-8 Thread Attach - Center Post to Bottom Plate 3.0 dia-8 threads/in.

ALLOWABLE STRESSES

LIFTING LOAD CONDITION:

Criteria: Limit stresses to 1/3 material yield or 1/5 material ultimate strength. Temp. =
100 deg C, Establish Allowable Stresses:

Basic tension aliowable (304L Material)-

S 41007 65600—1%
i

S =13120-—l—l—)2~
5 in
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Base material lifting allowable controlled by yield strength

ib
S0 = 21000in—2

s Ib
Sy o000 10
o= 7000~

DESIGN CONDITION:

Criteria: Assume ASME NG allowables, Design Temp. = 132°C (270 °F),

Ib
Sus = 16700in—2

b
Syis2 = 19800

8.1 Center Pipe
8.1.1 Deadweight Stacking Load Condition
Membrane Stress

Apgnyy = Minimum Center Post area at grapple interface

= Z[(2375-009" - (2030+.009] = 1196 w®

Conservatively assume all four baskets above the bottom basket are carried by the center
pipe

4w,) 43219

PM = =
Apomy 1196
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= 10,762 -
n

Pm
Ratio= g~

ml32

Ratio = 0.64 Membrane stress OK

Check Buckling per ASME NG-3133.6 (also consider NF-3322.1(c)(2) for column buckling)

T=0.51

Obtain B value from ASME Code, Section I, Figure HA-3

b
B> 10,000 =
m

4w,) 4(3219) ib
Stress th ter portion of post = ——2 = = 3642—
ress thru center poriion or pos Ap 3534 in2
P
Ratio :=—2
B
Ratio = 0.36 Axial compressive stress limit OK per ASME NG
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Checking column buckling per ASME NF 3322.1:

b
E=272"10
mn

1,=2347 -l

K, =0, Effective length factor, pinned @ top, Reference 8
Ip = 30.467 in.

1, =0.815in

K 1
—E£.=2991 <120, use Eq. (6a)

5

Kl/r
E = Sy,32|:0.47 - m}

F,= 7972 psi < B, above, column buckling controls

. Pm .
Ratio = F

Ratio = 0.46 < 1.0, ASME NF limits met

Shear Stresses in Conical Lip:

The shear area through the conical lip is taken at a point mid-way between the outside
diameter of the thread and the outside maximum diameter of the conical lip.

Dogreap + Dipourer  3.5+2.84
D, = : -

=3.17 in.

At this point the lip is .180 +(3‘5_%)Tan30° =0.28 inch thick, resulting in a

shear area:
REVISION 0 1 2 PAGE 16 l
PREPARED BY /DATE BW 4/17/97 | ZGS 7/14/9 ) 02/09/99 OF 73 ]
CHECKED BY / DATE JN 4/17/97 | HSA 7/14/9 -02/09/99 [




-

DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8

CLIENT: DE&S Hanford
PROJECT: MCO Final Design

Aguear = m(3.17)(0.28) =2.74 in?

Conservatively taking all 5 baskets (only the base plate and payload weight is carried by the
lower basket), the shear stress is:

Ps = 5(6218) =5869 l_b2
3.93 in
P,
Ratio = ——
06{Sy)
__ 5869
0.6 (16,700)
Ratio = 0.59

Shear Stress in Threaded Attachment:

The applied load due to deadweight stacking could be carried by the threaded portion of the
center pipe to base attachment if the thread were loose. The threaded attachment is a 3.00
- 8 Class 2A thread with a nominal engagement of one-half the base plate thickness.
Allowing for a thread relief at the end of the thread and a chamfer at the top of the base
plate, three threads are assumed to carry the load.

The shear area of the external and internal threads are derived from equations presented in
[9] and thread dimensions are taken from [10}:

J N 1
—SNIERNAL _ rn KW[—— +057735(Egy — KW)]
L 2n

Where:

Lg = length of engagement = 3 threads = 0.375 in.

n = threads per inch=8in.

Kimax = maximum minor diameter of internal thread = 2.890 in.

Egun = minimum pitch diameter of external thread = 2.9077 in.
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A,

LE = z(8)(2. 890)[ 0) +0577352.9077 2890)]

=5.282 inin

ASINTERNAL

1
—p=an DMN[X +057735 Dy — EW)]

Where:
Dgwin = minimum major diameter of external thread = 2.9824 in.
Envax = maximum pitch diameter of internal thread = 2.9299 in.

Ag,

Ls =z (8)(2. 9824)': 2 +057735(2.9824 -2 9299)}

= 6.957 infin.
Therefore, the external thread governs the strength of the connection.
As exrernaL =(5.282)(0.375)

=1.981 in?

Conservatively taking all 5 baskets (only the base piate and payload weight is carried by the

lower basket):

Total deadweight stacking load =5 (W,)

=5(3218)
= 16,090 ib.
The thread shear stress is:
Py
FST AS,EXTERNAL
_ 16,090
1981
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= 8122 psi

Ratio = M
0.6 8415
8122

=oeeo0) - 08

8.1.2 Lifting Load Condition

Section thru grapple interface.

Aoy = 1.196 in?

wr 3218
4 “1.19%

P(min)

Pm(liﬂing) =

Ratio = B 2001
1 lg ~ 7000

3 ¥y

Section thru conical lip

P$I= .Z._ﬂ_l]’];‘,
4, 274

Ratio =

=038

P, 1174

=2691psi

N ({ % SY) T 0.6(7000)

.28

Shear Stress in Threaded Attachment

W, 3218

Pgr= ——="—=1624ps
S A 1981 ’
Ratio = P+ = % =0.39
odlsy)
3
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8.2 Support Rod

The support rods are loaded in compression by the deadweight stacking load.
d, =1.31in.

Ad.)

64

1=

I, = 0145 in*
Effective Length Factor, fixed-free, Reference 8

K =21
I, = 26.687

1, =033 in.
A, =1348 in®

Using ASME NF 3322.1(c)(2)

Kl‘ll’

=169.8 > 120, use Eq. (6b)

L

K./
E = Sy132[0‘40_ 600

F, =2315 -2
m

Conservatively assuming the bottom basket support rods carry the full weight of the four
baskets above,

4w,

N

E =—5

T oea,)
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b
E=1591 —
n
Raio =
o F
Ratio = 0.69 <1.0, ASME NF requirements met for support rods

The support rods are attached to the base plate with .625-11 flat head screws. Torque is

applied to the limits of Reference (4.), Subsection NG-3232.2, the preload stress being

limited to (1.2)0.9Sy. For SA-193 material at 270° F, S, = 3(S,,) = 3(11,600) = 34,800 psi.
The stress limit is therefore (1.2)(0.9)34,800 = 37,584 psi. The maximum allowed preload

force is therefore

F = cAs = 8494 Ib.

The stripping of the thread in the support rod is checked for this loading:

AS,!NTE.RNAL
LE

Dgun = minimum major diameter of external thread = .6113 in.

Ewex = maximum pitch diameter of internal thread = .5732 in

1
= 70Dy [Z +057735( Dy — EW)] Reference(9.)

Le = length of engagement = 2.50 (Length of bolt) - 1.20 (max thk. of base plate) = 1.30 inch

A perervaL 1
L, - z(11) (.6113){ 20D +057735(.61 13—5732)]

=1.425 in’fin
Aginrerna = 1.425 (1.30)
=1.85in”
The allowable stress is 0.6 Sy, = 0.6(16,700) = 10,020 psi
The stripping load is 1.85(10,020) = 18,500 ib. > 8494 Ib. preload

Therefore stripping of the threads is not a concern.
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(3BOLT
(TENSION ENLY)

T = Fkd/12 = 88 Ib-ft.

With an uncertainty of 30%, the torque should be limited to 68 Ib-ft. The recommended
torque is 60 * 8 Ib-it.

(2)NON-CONTACT AREA
0.758 CHAMFER>

(>COMPRESSION AREA
(INCLUDES SECTION 2>

v 4

From Reference 11, Table 4.1, the thread friction coefficient, k = 0.2. The calculated torque
with d = 0.625 inches is:

The use of a clamped condition for the attachment of the support rod to the base plate is
substantiated by applying the load at which the rod buckles to the extreme edge of the rod
and ensuring the preload in the bolt is higher than the load induced by the resulting moment
around the attachment interface of the rod to base plate.

NEUTRAL AXIS

INTERFACE - SUPPORT ROD TO BASE PLATE
REVISION 0 1 2 PAGE 22
PREPARED BY / DATE BW 4/17/97 | ZGS 7/14/9 |75 02/09/99 OF 73
 CHECKED BY / DATE IN_4/17/97 | HSA 7/14/9 [e4—0209/99




B PARSONS

CLIENT: DE&S Hanford FILENO: KH-8009-8-06
PROJECT: “MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8
Section Area Y AY AY?
1 0.3447 0.2331 0.0803 0.0187
2 -0.1130 0.4135 -0.0467 -0.0193
3 0.226 0.6550 0.1480 0.0969
= 0.4577 — 0.1816 0.0963

Y=3AY /XA =0.1816/0.4577 = 0.3966 in.
I=TAY? + SA(Y)?* = 0.0963 - (0.4577)(0.3966)° = 0.0243 in*

The moment at the support rad to base plate interface with the applied load equal to the
buckiing load is:

M = 2315(buckling stress) x 1.348(rod area) x 0.3966(edge of rod to neutrai axis)
= 1238 in-Ib.

The applied load to the bolt is:
Peor = (Mc/)(Agor) Where ¢ = distance from bolt centerline to neutral axis
= [ 1238 (0.655 - 0.3966) / 0.0243 1 (0.226) = 2975 ib.

The minimum preload in the bolt is determined using the minimum applied torque and a
30% uncertainty factor:

Minimum preload = [ (60 - 8)(12) / .2 (.625) ] (1 - 30%) =3840 Ib. > 2975 applied load

The connection satisfies the analytic assumption of a fixed end.
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8.3 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.

8.3.1 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.

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 = 3212 ib per Appendix A of the
Performance Spec.):

F, = (3x3212)/6 = 806 lbs.

The force is applied as an equivalent pressure over the area of the support rod in contact
with the plate. The contact area and pressure will equal

Area= %(1.3132-0.502%x = 1.16 in®
Press = 806/Area = 695 psi.

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 Ib per App. A of the Performance Spec.):

Area = %[(22.625)? - (3.00)Ir - ¥4(0.51)%(108n)-V4(1.313)%(6x) = 364.8 in”
Press = 54(55.4)/Area = 8.20 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 30° symmetry, only one-twelfth of the basket was modeled. The 30° sector
ANSYS finite element model of the Mark IV Storage Basket is shown in . The bottom piate
was modeled using SHELL63 elements.
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For the deadweight stacking load condition, the loading was comprised of a 695 psi
downward vertical pressure on the area of the plate in contact with the support rod, a
8.20 psi downward pressure on the remainder of the bottom plate, and a 1.0g deadweight
acceleration. The model was constrained vertically at the bottom outer corners of the
support rod bolt hole (adjacent basket, below, support rod iocations, 30° rotation, ). The
ANSYS input data for the deadweight stacking load case is provided in the pitstk.inp and
pistk.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 near the
support rod bolt hole on the top of the plate. The maximum stress intensity location is on
circumference of the bolt hole near the rod constraints. As indicated in the legend, the
maximum stress intensity is 19,180 psi. Away from the support points, the maximum stress
drops to approximately 5,200 psi. From Table 3, the allowable primary membrane plus
bending stress intensity is 25,100 psi, resulting is a stress ratio of 19,180/25,100 = 0.76 for
the deadweight stacking load case. .
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1 ANSYS 5.3
DEC 30 1998
12:41:18
PLOT NO. 1
ELEMENTS
TYPE NUM

AN
*DIST=5.916
*XF =5.589
*F =4.783

Y
2 x S

Mark IV Storoge Basket — 60 Deg. Section

Figure 2. Sixty-Degree Sector Finite Element Model of the Mark IV Storage Basket.
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1 ANSYS 5.3
DEC 30 1998
14:33:45
28 PLOT NO. 1

5 NODAL SOLUTION
STEP=1

SINT (AVG)
TOP

DMX =.001263
SMN =63.529
SMX_=19180
SMXB=21322
=60
=747.778
=1436
=2123
=2811
=3499
=4187
=4874
=5562

TIOMMOOm>P

Mark IV Storage Basket — 60 Deg. Section

Figure 3. Stress Intensity Contour Plot, Deadweight Stacking Load Condition.

8.3.2 Lifting Load Condition

The Figure 4 ANSYS model was also used for the lifting load case, with boundary condition
changes. The only constraint was a vertical constraint inside radius of the bottom plate
(where the center pipe is threaded to the plate). The loading included 1.0g gravity loading
and the 8.20 psi downward pressure representing the gravity loading from the fuel. The
lifting load results are summarized in the stress intensity plot of Figure 6. Note that a
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maximum stress intensity of about 3529 psi occurred on the top of the plate at the inside
radius of the plate. This maximum ligament stress is essentially all primary bending stress
and is less than the allowable lifting stress of 7,013 ksi discussed in Section 6.1. The
stress ratio is 3529/7013 = 0.50 for the lifting load case.

ANSYS 5.3
DEC 30 1998
12:42:44
PLOT NO. 1

NODAL SOLUTION
STEP=1

SUB =
TIME=1
SINT (AVG)
TOP
DMX =.002321
SMN =167.012
SMNB=100.219
SMX =3529
SMXB=3842
A =353.802
B =727.382
C =1101
D =1475
E =1848
F =2222
G =2595
H  =2969
i =3342
Mark IV Storage Basket — 60 Deg. Section
Figure 6. Stress Intensity Contour Plot, Lifting Load Condition.
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8.4 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.

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: pitid.inp and pitid.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/defiection 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 Ib. A less
conservative force/deflection rod response was obtained by using a gapffriction element on
top of the rod to account for iateral 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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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 smaller, 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
support rods, results in a horizontal tipping distance of about 0.10 in.

88007

2000]

7200

64007}

5600

800 Support Rod Load (3 Rods Loaded)

4000]

Rod Force (1b)

3200]

2400

1600}

(x10%x~1}
800 l I | T ] T T | 1
0.25 0.5 0.75 1 1.28
0.125 0.375 0.625 0.875 1.125

Rod Vertical Displ. (in.)

WIT L LamoT D LtETCpL srrivt Inp

Figure 7. Force/Deflection Response of Support Rod, No Top Constraint.
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Figure 8. Support Rod Force/Deflection Response w/ Friction Constraint.
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Figure 9. Center Pipe Force/Deflection Response.
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8.5

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.
Table 5. Summary of Mark IV Basket Structural Evaluation.
item Critical Stress Category Al b Ratio
Load Stress
Condition {psf)
Center Dead Buckling 3642 7972 0.46
Pipe Weight
Stacking
Conical Dead Pure Shear 5869 10,020 0.59
Lip Weight
Stacking
Center Dead Pure Shear 8122 10,020 0.81
Pipe Plate Weight
Threads Stacking
Support Dead Buckling 1591 2315 0.69
Rod Weight
Stacking
Bottom Stacking Pm+Pb 19,180 25,100 0.76
Plate
Bottom Lifting Pm+Pb 3,529 7013 0.50
Plate
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 53

Computer System: MS Windows 95, Pentium® Processor
Computer Run File Number: KH-8009-8-06

Unique Computer Run File Name: Pitstk.inp

Run Description: Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
Creation Date/Time: 15 December 1998/5:34:57pm

o Gp e Guas k)8

Prepared By: Michael E. cdhen Date
%»f QZZS 2/ 7/?7
Checked By: Henry Averette Déte
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LISTING OF PLTSTK.INP FILE
/CLEAR
/batch,list
filnam,pltstk
IPREP7
Hitle,Mark IV Storage Basket - 30 Deg. Section

Ipbe,u,,1
Ipbe,rot, 1
Jpsf,pres,norm,2

Jeom Define variables

THICK=1.2 IPlate Thickness
fuel_prs=-55.4"54/364.8 tUniform pressure load due to fue!
! one rod weights 55.4 lbs
154 rods

! Area of plate (not including contact with rod is 364.8 sq in
rod_pres=-803/.578 IPressure due to weight of 1/2 of 1 support rod

1 Weight of 3 basets =3 X 3212/6 * 0.5

1 area of rod (annulus in contact with plate is 0.578 sq in

! Element Types
et,1,63 {Elastic Shell

! Real Properties
r,1,THICK

! Material Properties
dens,1,.2854
ex,1,26.5E+06
nuxy,1,.3

C*** Define model keypoints
K,1,1.299038,0.75
K,2,1.678334,0.968986
K,3,1.797003,1.0375
K,4,2.238676,1.2925
K,5,2.650038,1.53
K,6,3.0614,1.7675
K,7,3.603073,2.0225
K,8,3.933476,2.270994
K,9,4.178573,2.4125
K,10,4.620246,2.6675
K,11,5.031608,2.905
K,12,5.44297,3.1425
K,13,5.884643,3.3975
K,14,6.181983,3.56917
K,15,6.560142,3.7875
K,16,7.001815,4.0425
K,17,7.383678,4.262968
K,18,7.82454,4.5175
K,19,8.266212,4.7725
K,20,8.385,4.84
K,21,8.86312,5.117125
K,22,9.297432,5.367875
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K,23,9.751024,5.629757
K,24,8.420579,1.620024
K,25,9.126139,1.7556765
K,26,9.962306,1.916634
K,27,10.825,0.0
K.28,11.2595,0.0
K,29,8.820935,2.925787
K,30,9.002698,2.986076
K,31,9.486765,3.146634
K,32,9.954695,3.301841
K,33,10.463122,2.012986
K,34,11.056748,2.127193
K,35,1.48226,0.23
K,36,2.04,0.23
K,37,3.57,04
K,38,4.321527,0.47
K,39,5.090889,0.46
K,40,5.796214,0.45
K.41,6.58,0.45
K42,8.4,0.45
K,43,8.091205,0.5
K,44,9.8152,0.62
K,45,10.5631,1.1124
K46,11.2,1.36
K,47,9.355,0.0
K,48,9.8152,0.0
K,49,10.315,0.0
K,50,6.065,0.0
K,51,6.5,0.0

K,52,8.4,0.0
K,53,8.845,0.0
K,54,4.595,0.0
K,55,5.10658,0.0
K,56,5.565,0.0
K,57,1.5,0.0
K,58,3.650.0
K,59,4.085,0.0
K,60,6.04,0.7556
K,61,6.790734,0.699125
K,62,7.65,0.8000
K,63,8.336293,0.977234
K,64,9.05,1.161342
K,65,10.380727,1.41
K,66,11.12533,1.733052
K,67,6.977051,1.342305
K,68,7.6,1.4
K,69,7.919763,1.523672
K,70,5.98,1.15
K,71,6.476235,1.245854
K,72,5.8,1.7
K,73,6.5645,1.9825
K,74,7.45,2.0
K,75,8.0101,2.2606
K,76,8.7799,2.4087
K,77,9.4059,2.5291
K,78,10.18,2.345
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K,79,10.1410,2.6705
K.80,10.9016,2.8162
K.,81,1.93,0.65
K,82,2.24,0.771
K,83,2.89,1.076424
K,84,3.511034,1.449746
K,85,4.15957,1.824178
K,86,4.639429,2.101225
K,87,5.262941,2.46121
K,88,5.901546,2.829909
K,89,6.4168,3.127391
K,90,7.020742,3.476077
K,91,7.62097,3.822619
K,92,8.28675,4.1
K,93,8.673966,4.430566
K,94,8.74,4.35
K,95,9.48,4.47
K,96,10.2,4.72
K,97,8.622268,3.467821
K,98,9.012646,3.693212
K,99,9.665924,4.070382
K,100,0.000,0.000
K,102,-3.555,21.459
K,103,-20.286,113.588
K,105,-5.045,56.040
K,107,-0.001,0.000
K,109,-43.189,313.953
K,112,-5.630,316.859
K,114,5.630,94.556
K,116,-135.988,245.510
K,117,9.205651,5.025344
K,119,10.160751,2.217914
K,120,10.257816,1.713831
K,121,9.321836,2.823292
K,123,8.171996,4.423658
K,124,9.161291,3.307317
K,126,6.907711,3.693722
K,126,5.791977,3.049562
K,127,5.804404,0.254939
K,129,4.332509,0.25489
K,130,2.145717,0.944382
K,131,3.400736,1.674164
K,132,4.5632682,2.322599
K,134,9.086427,0.254975
K,135,10.566924,0.264982
K,136,6.673815,1.543508
K,137,8.118164,1.821488
K,138,8.214504,1.320731
K,139,6.77015,1.042869
K,140,2.017839,1.165
K,141,3.282236,1.895
K,142,4.389409,2.54
K,143,5.663806,3.27
K,144,6.780979,3.9156
K,145,8.045376,4.645
K,146,9.080276,5.2425
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K,147,9.244732,3.066355
K,148,6.726643,1.28413
K,149,8.170171,1.571848
K,150,10.212714,1.96481
K,151,4.34,0.0
K,152,5.81,0.0
K,153,9.1,0.0
K,154,10.67,0.0
K,155,9.5565,1.8386
K,156,9.6321,1.2458

C** Define model line and arc segments for material 1

L1,.2
L,2,140
L,140,5
L5141
L1418
L,8,142
L,142,11
L,11,143
L,143,14
L,14,144
L,144,17
1,117,145
L,145,20
L,20,146
L,146,23
1,149,256
L,156,150
L,164,28
L,29,147
L,147,32
L,150,34
L,35,36
L,36,37
L,37,38
L.,38,39
L,39,40
1.,40,41
L.41,42
L.42,43
L,43,44
L4445
L.45,46
L,1563,48
L.,48,154
L,152,51
L,51,52
L,52,153
L,151,55
L,55,152
L,57,58
1,568,151
1,60,61
1,61,62
L,62,63
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L,63,64
1,166,656
L,65,66
1,148,68
L,68,149
L,70,148
L,72,73
L,73,74
L,74,75
L,75,76
L,76,77
L,77,79
L,78,79
L,79,80
L,81,82
L,82,83
L,83,84
L,84,85
L,85,86
L,86,87
L,87,88
L,88,89
1.,89,80
L,90,91
L,91,92
L,92,94
1,93,94
1,94,85
1,95,96
L,97,98
L,98,99

LARC,57,1,100,1.500

LARC,96,23,100,11.259
LARC,80,96,100,11.259
LARC,34,80,107,11.260
LARC,66,34,107,11.260
LARC,46,66,100,11.260
LARC,28,46,107,11.260

1,20,94
L,146,95
1,95,99
L,99,32
L,32,79
L,79,150
L,150,65
L,77,147
L,64,26
L,25,76
L,76,29
L,29,97
L,97,92
L,92,145
1,94,98
L.98,147
L17,91
L.,144,80
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L,14,89
L,143,88
L,11,87
L,87,72
L,72,70
L,70,60
L,60,40
L.40,152
L.41,51
L,39,55
L,38,151
L,37,68
L,2,81
1.,81,36
1.,140,82
L5583
L,141,84
L,8,85
L,142,86
L,74,68
L,68,62
L.42,52
L.43,153
L.44,48
L,45,154
L,89,73
L,73,148
L,80,74
L,61,41
L.63,42
1,64,43
L,6545
L,83,37
L,84,38
L.,85,39
1,765,149
L,149,63
L,148,61
L,25,155
L,64,156
L,77,155
L,155,156
LATT,1,1,1

LSEL,U,LINE, ALL

ALLS

C*** Define areas for ventilation holes and and support rod holes

KWPLAN,-1,
peire,.255
KWPAVE,
pcirc,.255
KWPAVE,
pcirc,.255
KWPAVE,
peirc,.255
KWPAVE,

161, 55 38

152

153

154

140

! Vent holes have 0.51 in diameter
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KWPLAN-1, 140, 5, 130

pcirc,.255
KWPAVE, 141
peirc,.255
KWPAVE, 142
peire,.255
KWPAVE, 143
pcirc,.255
KWPAVE, 144
pcirc,.255
KWPAVE, 145
pcirc,.255
KWPAVE, 146
pcire,.251
KWPAVE, 148
KWPLAN,-1, 148, 68, 73
pcirc,.255
KWPAVE, 149
pcirc,.265
KWPAVE, 150
pcirc,.255
KWPLAN-1, 147, 32, 98
pcirc,.258

WPLANE,,0,0,0,1,0,0,0,1,0

/com Break up inner arc
FLST,2,1,4,0RDE, 1
FITEM,2,76
FLST,3,1,4,0RDE,1
FITEM,3,22
LSBL,P51X,P51X, , KEEP

nummerg.kp

C** Define Areas
AL,1,113,114,22,203
AL2,115,59,113
AL,3,116,60,115
AL4,117,61,116
AL117,5,118,62
ALS6,119,63,118
AL,7,103,64,119
AL,8,102,65,103
AL,9,101,66,102
AL,10,100,67,101
AL,11,989,68,100
AL,12,96,69,89
AL,13,83,70,96
AL,14,84,72,83
AL,15,77,73,84
AL,22,23,112,40,204
AL,60,133,23,59,114
AL,61,134,24,133
AL62,135,25,134
AL,64,104,105,106,107,26,135,63
AL,65,66,126,51,104

1 Support rod sits in hole w/ 0.502 in diameter
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'AL,67,68,128,52,126
AL,67,128,52,126
AL,68,69,95,94,93,64,53,128
AL,70,97,74,95
AL,72,85,75,97
AL,75,86,20,98
AL,74,98,19,94
AL,73,78,58,87,86,85
AL,19,90,55,93
AL,20,87,56,90
AL,58,79,21,88
AL,24,111,41,112
AL,25,110,38,111
AL,26,108,39,110
AL,51,127,50,105
AL,50,138,42,106
AL,42,129,27,107
AL,27,109,35,108
AL,52,120,48,127
AL,48,121,43,138
AL,53,136,49,120
AL,49,137,44,121
AL,43,44,130,28,129
AL,28,122,36,109
AL,54,92,16,136
AL,16,91,45,137
AL,45,131,29,130
AL,29,123,37,122
AL,56,88,17,141
AL,17,89,46,142
AL,46,132,31,30,131,140
AL,30,124,33,123
AL,31,125,34,124
AL,32,82,18,125
AL,21,80,47,89
AL,47,81,32,132
AL,55,141,139,92

AL,139,142,140,91

ISUBTRACT AREAS FOR HOLES

FLST,2,2,5,0RDE,2

FITEM,2,17

FITEM,2,-18

ASBAPSIX, &

FLST,2,2,5,0RDE 2

FITEM,2,18

FITEM,2,-20

ASBAP5SIX, 6

FLST,2,2,5,0RDE, 2

FITEM,2,21

FITEM,2,-22

ASBAP5IX, 7

FLST,2,2,5,0RDE,2

FITEM,2,23

FITEM,2,-24

ASBAPSIX, 8
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FLST,2,2,5,0RDE,2
FITEM,2,25
FITEM,2,-26
ASBAPS1X, 9
FLST,2,2,5,0RDE,2
FITEM,2,27
. FITEM,2,-28
ASBAP51X, 10
FLST,2,2,5,0RDE,2
FITEM,2,29
FITEM,2,-30
ASBAP5IX, 11
FLST,2,4,5,0RDE 4
FITEM,2,41
FITEM,2,-42
FITEM,2,44
FITEM,2,-45
ASBAPSIX, 15
FLST,2,4,5,0RDE 4
FITEM,2,50
FITEM,2,-51
FITEM,2,54
FITEM,2,-55
ASBAPSIX, 12
FLST,2,4,5,0RDE 4
FITEM,2,56
FITEM,2,-567
FITEM,2,60
FITEM,2,-61
ASBAPS1IX, 13
FLST,2,4,5,0RDE 4
FITEM,2,46
FITEM,2,64
FITEM,2,-65
FITEM,2,70
ASBAP51X, 14
FLST,2,2,5,0RDE,2
FITEM,2,47
FITEM,2,-48
ASBA,P51X, 1
FLST,2,2,5,0RDE,2
FITEM,2,49
FITEM,2,53
ASBAPSIX, 2
FLST,2,2,5,0RDE,2
FITEM,2,63
FITEM,2,67
ASBAP51X, 3
FLST,2,2,5,0RDE,2
FITEM,2,68
FITEM,2,-69
ASBAPS1X, 4

Jcom Combine little lines remaining after area subtraction

lcomb,208,159,0

Icomb,161,163,0
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Icomb, 164,167,0

lcomb,166,171,0
Icomb,169,175,0
lcomb,172,173,0
lcomb,196,215,0
lcomb,195,143,0
lcomb,145,147,0
lcomb,148,151,0
lcomb,183,176,0
lcomb,187,200,0
icomb,180,202,0
lcomb,190,182,0
leomb,192,193,0
llcomb,209,191,0
lcomb,213,212
lcomb,155,150,0
lcomb,181,199,0
lcomb,210,211,0
Icomb, 186,185,0
lcomb,216,196
Icomb,214,194
Ilcomb, 127,138
lcomb,201,189

Icom DEFINE NUMBER OF ELEMENTS ALONG LINES WHERE div IS THE NUMBER OF divISIONS
! Variables used for number of divisions

div=3

div2=3

lesize,all,, div

lesize,77,, divtdiv2
lesize,82,,,div+div2

lesize,205,,,2*div
lesize,159,,,2*div,.6

lesize,3,,,2%div,1.5
lesize,161,,,2*div,.6

lesize,5,,.2*div
lesize,164,,,2*div

lesize,7,,,2*div,1.5
lesize, 166,,,2*div

lesize,9,,.2*div
lesize,169,,,2*div

lesize,11,,,2%div,2
lesize,172,,,2*div,1.5
lesize,69,,,div,1.4
lesize,99,,,div,2

lesize,96,,,2*div
lesize,174,,,div

REVISION 0 1 2

PREPARED BY / DATE BW 4/17/97 | ZGS 7/14/9 [7.C 02/09/99
CHECKED BY / DATE JN 4/17/97 § HSA 7/14/9 %‘02/09/99

PAGE 45
OF 73




CLIENT: DE&S Hanford

PARSONS

FILENO:  KH-8009-8-06

PROJECT: MCO Final Design

DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8

lesize,88,,,2*div,2
lesize,143,,,2*div,0.5

lesize,111,,,2*div,1.9
lesize,145,,,2*div,0.4

lesize,108,,,2*div,1.9
lesize,148,,,2*div,0.5

lesize,123,,,2*div
lesize,150,,,div

lesize,185,,,2*div,1.8
lesize,187,,,2*div,0.6
lesize,184,,,div
lesize,1085,,,div,0.6
lesize,80,,,2*div
lesize,182,,,2*div,1.5
lesize,120,,,div,0.5

lesize,189,,,2*div
lesize,212,,,2*div
lesize,210,,,2*div
lesize,127,,,2*div

lesize,196,,,2*div
lesize,136,,,2*div
lesize,192,,,2*div
lesize,194,,,2*div,.6

lesize,176,,,div
lesize,177,,,2*div
lesize,181,,,2*div
lesize,15,,,2*div
lesize,180,,,2*div

ILEGS
lesize,76,,,div2
lesize,206,,,div2
lesize,207,,,div2

lesize,2,,,div2
lesize,115,,,div2
lesize,160,,,div2

lesize 4,,,div2
lesize,117,,,div2
lesize,162,,,div2

lesize,8,,,div2
lesize,119,,,div2
lesize,165,,,div2

lesize,8,,,div2
lesize,102,,,div2
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lesize,168,,,div2

lesize,10,,,div2
lesize,100,,,div2
lesize,170,,,div2

lesize,21,,,div2
lesize,17,,,div2
lesize,89,,,div2

lesize,41,,,div2
lesize,38,,,div2
lesize,144,,,div2

lesize,39,,,div2
lesize,35,,.div2
lesize,148,, div2

lesize,20,,,div2
lesize,51,,,div2
lesize,19,,,div2
lesize,52,,,div2

lesize,50,,,div2
lesize,188,,,div2
llesize,189,,,div2
lesize,48,,,div2

lesize,16,,,div2
lesize,36,,,div2

lesize,14,,,div2
lesize,178,,,div2
lesize,84,,,div2

div=3
lesize,60,,,div,1.1

1 Concatenate lines for meshing around holes

LCCAT,59,113
L.CCAT 60,116
LCCAT, 61,116
LCCAT,62,118
LCCAT,63,118
L.CCAT,64,103
LCCAT,65,103
LCCAT,66,101
LCCAT,67,101
LCCAT,68,89

LCCAT,69,89

LCCAT,70,83

LCCAT,72,83

LCCAT,13,176
LCCAT 24,112
LCCAT,25,110
LLCCAT,26,110

{Semi-Circles
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LCCAT,27,108
LCCAT,29,122
LCCAT,30,124
LCCAT,31,124
LCCAT,33,150

lceat,51,105  ICircles
Iccat,52,120
lccat, 42,106
lccat, 43,121

lecat,53,120
lccat, 54,92
lccat,45,91
lccat 44,121

lecat, 56,141
lecat, 58,79
lccat, 80,47
lecat 46,142

lecat, 04,74
lecat, 75,86
lccat, 87,56
lccat, 55,93

IFurther divide areas for meshing

LSTR, 91, 75
ASBL, 38, 220,,KEEP

FLST,3,1,8
FITEM,3,-.121506936787,.418478241865E-01,
KL, 220, .4121569573320922

LSTR, 97, 104

FLST,3,1,8

FITEM,3,-.268813607302,- 441304327785,
KL, 135, .7083258400780824

LSTR, 111, 70

ASBL, 35, 222, ,KEEP
ASBL, 60, 221,,KEEP

Jcom MESHING

eshape,2 I Define element shapes as square
amesh,5,9 { Mesh areas that are ready to be meshed
amesh,17,21

amesh,74,75

AMESH,1,2

AMESH,14

AMESH 46,48

AMESH,10,22,12

AMESH,3,49,46

amesh,23,30
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amesh,11,13
amesh,15,45,15
amesh,41,42
amesh,44
amesh,72,73

lesize,221,,,div2 !Prepare and mesh areas 35 and 53

lesize, 135,,,div2
lesize,225,,,2*div2
lccat, 93,94
amesh,35
amesh,53

lesize,128,,,3*div2 !Prepare and mesh area 4

lccat, 135,225
amesh,4

lesize, 126,,,3"div2
amesh,37

lesize,104,,,2*div2
fccat, 65,66
amesh,36

lesize, 107,,,div2
lesize,129,,,div2
amesh,52

Prepare and mesh area 37

{Prepare and mesh area 36

IPrepare and mesh area 52

lesize,224,,,3*div2-2 Prepare and mesh area 51

lesize,222,,,2*div2
lccat, 63,64

lccat, 104,105
amesh,51

lesize,223,,,div2
Iccat, 26,107
amesh,38

lesize,134,,,8
lccat, 223,224
amesh,34

lesize,133,,,6,.65
amesh,33

LESIZE,23, , 6,6
LESIZE, 114, ,,2,1,
lccat, 59,60
amesh,32

lesize,203,,,5
lccat, 113,114
amesh,16

lesize,40,,,9
lecat, 22,23

{Prepare and mesh area 38

IPrepare and mesh area 34

{Prepare and mesh area 33

Prepare and mesh area 32

IPrepare and mesh area 16
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amesh,31 IPrepare and mesh area 31
amesh,39 {Prepare and mesh area 39
lesize,85,,,1
amesh,40 Prepare and mesh area 40
lesize,28,,6
lesize,36,,6
lecat 43,44
amesh,58,59 IPrepare and mesh areas 58-59
amesh,62 Prepare and mesh area 62
lecat, 140,46
Iceat,30,31
amesh,66 IPrepare and mesh area 66
lesize,81,,,3
amesh,71 !Prepare and mesh area 71

! Divide area 43 into more areas and mesh it
FLST,3,1,8
FITEM,3,.597694620324,-.798913007197E-01,
KL, 78, .4806523926516597

LSTR, 32, 122

ASBL, 43, 238, keep

lesize,238,,,3

lesize,239,,,3

lesize,240,,4

lccat,85,86

amesh,50,54,4

t Delete the already meshed trapezoidal areas around the support rod hole
1 and replace them with 1.313" diameter holes
K,500,9.080276,5.2425
kwpave,500

KWPLAN,-1, 500, 22, 117
peire,1.31372

FLST,2,2,5,0RDE,2

FITEM,2,10

FITEM,2,22

ACLEAR,P51X

ADELE, 43
FLST,2,2,5,0RDE,2

FITEM,2,10

FITEM,2,22

FLST,3.2,4,0RDE,2

FITEM,3,241

FITEM,3,-242

ASBL,P51X,P51X
WPLANE,,0,0,0,1,0,0,0,1,0
FLST,2,2,4,0RDE,2

FITEM,2,241

FITEM,2,251

LCOMB,P51X, ,0
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FLST,2,4,4,0RDE 4
FITEM,2,96
FITEM,2,176
FITEM,2,241
FITEM,2,247
LESIZE,P51X, , 6.1,
FLST,2,3,4,0RDE,3
FITEM,2,245
FITEM,2,-246
FITEM,2,260
LESIZE,P51X, , ,3,1,
amesh,43

FLST,2,2,4,0RDE,2
FITEM,2,248
FITEM,2,-249
LESIZE,P51X, , ,2,1,
LCCAT,72,83
AMESH,55

FLST,2,2,4,0RDE,2
FITEM,2,176
FITEM,2,241
LESIZE,P51X, , ,8,1,
AMESH,56

FLST,2,1,4,0RDE,1
FITEM,2,252
LESIZE,P51X, , 2,1,
FLST,2,1,4,0RDE,1
FITEM.2,77
LESIZE,P51X, , 5.1,
FLST,2,2,4,0RDE,2
LCCAT,73,77
AMESH,57

Define Components

IThis is where the support rod is attached to the plate
ASEL,$,AREA, 43,56,13

CM,rod, AREA

This is where the plate contacts the support rod from below
ksel,S,KP,,27,49,22
CM,support,KP

IThis is where the plate contacts the support rod from below
LSEL,S,LINE, 203,204
CM,ctr_tube,LINE

IThis is the areas of the plate not in contact with the support rod
alls

cmsel,u,rod

CM,plate,area

alls

/com Boundary Conditions
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! Edges (symmetry conditions)
csys,1

nsel,s,loc,y,0 10 deg edge
csys,1

nrotat,all

d,all,uy

d,all,rotx

d,ail,rotz

nsel,s,loc,y,30 130 deg edge
csys,1

nrotat,all

d,all,uy

d,all,rotx

d,all,rotz

nselall

! Center Tube constraint
csys,1
nsel,s,loc,x,1.49,1.51
csys,1

nrotat,all

d,all,rotx

d,all,roty

d,all,rotz
nsel,r,loc,y,0
id,all,ux,0

alls

! Simply supported by the contact with the support rod below the plate

I rod is concentric with hole so it is supported by two nodes on most distant point on
1 hole so max moment is calculated

cmsel,s,support

alls,below,kp

d,alluz,0

save
finish

/solu

! Apply pressure load of baskets carried by rods
CMSEL,S,ROD

sfa,all,2,pres,rod_pres

ails

1 Apply pressure load of fuel carmied by plate
CMSEL,S,PLATE

sfa,all,2,pres fuei_prs

ails

acel,,,1
solve
save
finish

Jpost1
set,last
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esel,u,elem,,367,378,1
esel,u,elem,, 385
esel,u,elem,,388
esel,u,elem,,389
esel,u,elem,, 391
esel,u,elem,,392
esel,u,elem, 394

shell,top
pms,prin
shell,mid
pms,prin
shell,bot
prns,prin
save

finish
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unigue Computer Run File Name:

Run Description:

Run Date/Time:

KH-8009-8

ANSYS®-PC

53

MS Windows 95, Pentium® Processor

KH-8009-8-06

Pitstk.out

Stress Analysis of the Mark IV Storage Basket

Stacking Load Condition
15 December 1998/7:25:55pm

2/3/19

Prepared By: Mlchael E. ‘C%ren

AN

Date

Checked \B?(y/ Henry{Averette
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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:

Creation Date/Time:

KH-8009-8

ANSYS®-PC

53

MS Windows 95, Pentium® Processor
KH-8009-8-06

Pitift.inp

Stress Analysis of the Mark IV Storage Basket
Stacking Load Condition

15 December 1998/7:44:15pm

«'?—&‘7 4%[ Ko Gl 2/01/2]3

Prepared By: Michael E. Cohén

Date

NN oS

Checked B;:d Henryﬁ@ereﬁe Dafe
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LISTING OF PLTLFT.INP FILE

JCLEAR

/batch,list

filnam,pltift

/PREP7

Htitle,Mark IV Storage Basket - 30 Deg. Section

Ipbe,u,,1
Ipbe,rot,,1
Ipsf,pres,norm,2

lcom Define variables

THICK=1.2 {Plate Thickness
fuel_prs=-55.4*54/364.8 Uniform pressure load due to fuel
1 one rod weights 55.4 Ibs
154 rods

1 Area of plate (not including contact with rod is 364.8 sq in
trod_pres=-803/.578 !Pressure due to weight of 1/2 of 1 support rod

{ Weight of 3 basets =3 X 3212/6*0.5

! area of rod (annulus in contact with plate is 0.578 sq in

1 Element Types
et,1,63 {Elastic Shell

! Real Properties
1, THICK

| Material Properties
dens,1,.2854
ex,1,26.5E+06
nuxy,1,.3

C** Define model keypoints
K,1,1.299038,0.75
K,2,1.678334,0.968986
K,3,1.797003,1.0375
K,4,2.238676,1.2925
K,5,2.650038,1.53
K,6,3.0614,1.7675
K,7,3.503073,2.0225
K,8,3.933476,2.270994
K,9,4.178573,2.4125
K,10,4.620246,2.6675
K,11,5.031608,2.905
K,12,5.44297,3.1425
K,13,5.884643,3.3975
K,14,6.181983,3.66917
K,15,6.560142,3.7875
K,16,7.001815,4.0425
K,17,7.383678,4.262968
K,18,7.82454,4.5175
K,19,8.266212,4.7725
K,20,8.385,4.84
K,21,8.86312,5.117125
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K,22,9.297432,5.367875
K,23,9.751024,5.629757
K,24,8.420579,1.620024
K,25,9.126139,1.755765
K,26,9.962306,1.916634
K,27,10.825,0.0
K,28,11.2695,0.0
K,29,8.820935,2.925787
K,30,9.002698,2.986076
K,31,9.486765,3.146634
K,32,9.954695,3.301841
K,33,10.463122,2.012986
K,34,11.066748,2.127193
K,35,1.48226,0.23
K,36,2.04,0.23
K,37,3.57,04
K,38,4.321627,0.47
K,39,5.000889,0.46
K,40,5.796214,0.45
K,41,6.58,0.45
K42,8.4,0.45
K.43,9.091205,0.5
K,44,9.8152,0.62
K45,10.6531,1.1124
K,46,11.2,1.36
K47,9.355,0.0
K,48,9.8152,0.0
K,49,10.315,0.0
K.,50,6.065,0.0
K,51,6.5,0.0

K,52,8.4,0.0
K,53,8.845,0.0
K,54,4.595,0.0
K,55,5.10658,0.0
K,56,5.5565,0.0
K,57,1.5,0.0
K,58,3.650.0
K,59,4.085,0.0
K,60,6.04,0.755
K,61,6.790734,0.699125
K,62,7.65,0.9000
K,63,8.336293,0.977234
K,64,9.05,1.161342
K,65,10.380727,1.41
K.66,11.12533,1.733052
K,67,6.977051,1.342305
K,68,7.6,1.4
K,69,7.919763,1.523672
K,70,5.98,1.16
K,71,6.476235,1.245954
K72,58,1.7
K,73,6.5645,1.9825
K,74,7.45,2.0
K,75,8.0101,2.2606
K,76,8.7799,2.4087
K,77,9.4069,2.5291
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K,78,10.18,2.345
K,79,10.1410,2.6705
K,80,10.9016,2.8162
K,81,1.83,0.65
K,82,2.24,0.771
K,83,2.89,1.076424
K,84,3.511034,1.449746
K,85,4.15957,1.824178
K,86,4.639429,2.101225
K,87,5.262941,2.46121
K,88,5.801546,2.829900
K,89,6.4168,3.127391
K,90,7.020742,3.476077
K,91,7.62097,3.822619
K,92,8.28675,4.1
K,93,8.673966,4.430566
K,94,8.74,4.35
K,95,9.48,4.47
K,96,10.2,4.72
K,97,8.622258,3.467821
K,98,9.012646,3.693212
K,99,9.665924,4.070382
K,100,0.000,0.000
K,102,-3.5565,21.459
K,103,-20.286,113.588
K,105,-5.045,56.040
K,107,-0.001,0.000
K,109,-43.189,313.953
K,112,-5.630,316.859
K,114,5.630,94.556
K,116,-135.988,245.510
K,117,9.205651,5.025344
K,119,10.160751,2.217914
K,120,10.257816,1.713831
K,121,9.321836,2.823292
K,123,8.171996,4.423658
K,124,9.161291,3.307317
K,125,6.907711,3.693722
K,126,5.791977,3.049552
K,127,5.804404,0.254939
K,129,4.332509,0.25489
K,130,2.145717,0.944382
K,131,3.400736,1.674164
K,132,4.532682,2.322599
K,134,9.096427,0.254975
K,135,10.566924,0.254982
K,136,6.673815,1.543598
K,137,8.118164,1.821488
K,138,8.214504,1.320731
K,139,6.77015,1.042869
K,140,2.017839,1.165
K,141,3.282236,1.895
K,142,4.399409,2.54
K,143,5.663806,3.27
K,144,6.780979,3.915
K,145,8.045376,4.645
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K,146,9.080276,5.2425
K,147,9.244732,3.066355
K,148,6.726643,1.29413
K,149,8.170171,1.571848
K,150,10.212714,1.96481
K,151,4.34,0.0
K,1562,6.81,0.0
K,153,9.1,0.0
K,154,10.57,0.0
K,155,9.6565,1.8386
K,156,9.6321,1.2458

C*** Define model line and arc segments for materiat 1

L2
L,2,140
L,140,5
L5141
L1418
L,8,142
L,142,11
L,11,143
L,143,14
L,14,144
L,144,17
L,17,145
1.,145,20
1.,20,146
L,146,23
1,149,258
L,155,150
L,164,28
L.29,147
L,147,32
L,150,34
L,35,36
L,36,37
L,37,38
1,38,39
L,38,40
1.,40,41
L4142
L,42,43
L4344
L,44,45
L,45,46
L,153,48
148,154
L,152,51
L,51,52
L,52,163
1,151,556
L,55,152
L,57,58
L,58,151
L,60,61
1.,61,62
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1.,62,63
L,63,64
L,156,65
1.,65,66
1.,148,68
L,68,149
L,70,148
L,72,73
L,73,74
L7476
L,75,76
L,76,77
L77,79
L,78,79
L,79,80
L,81,82
1,82,83
1.,83,84
1,84,85
L,85,86
L,86,87
L.87,88
L,88,89
L,89,90
1,90,91
L,91,92
L,92,94
L.93,94
1.,94,95
L,95,96
L,97,98
1,98,99

LARC,57,1,100,1.500

LARC,96,23,100,11.259
LARC,80,96,100,11.259
LARC,34,80,107,11.260
LARC,66,34,107,11.260
LARC,46,66,100,11.260
LLARC,28,46,107,11.260

1,20,94
L.,146,95
L,95,99
1,99,32
L,32,79
L,79,150
L,160,65
L,77,147
L,64,25
L,25,76
L,76,29
L,29,97
1,97,92
1,92,145
1.,94,98
1.98,147
L,17,91
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1,144,90
L,14,89
L,143,88
L,11,87
L,87,72
L,72,70
L,70,60
1,60,40
L,40,152
L4151
1.,39,56
1.,38,161
L,37,58
L,2,81
L,81,36
L.,140,82
1,5,83
L,141,84
L.8,85
1,142,86
1,74,68
1,68,62
1.,42,52
L,43,153
L,44,48
L,45,154
L,89,73
L,73,148
L,90.74
L6141
L,63,42
1,64,43
L,65,45
L8337
L,84,38
L,85,39
L,75,149
L,149,63
L,148,61
L,25,155
L,64,156
L,77,155
1.,165,156
LATT,1,1.1
LSEL,U,LINE, ALL
ALLS

C*** Define areas for ventilation holes and and support rod holes
KWPLAN,-1, 151, 55, 38

pcirc,.255
KWPAVE,
pcire,.255
KWPAVE,
pcirc,.2656
KWPAVE,
peire,.255

1 Vent holes have 0.51 in diameter
152

153

154
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KWPAVE, 140
KWPLAN-1, 140, 5, 130
pcirc,.265
KWPAVE, 141
pcirc,.255
KWPAVE, 142
pcirc,.255
KWPAVE, 143
peirc,.255
KWPAVE, 144
pcire,.255
KWPAVE, 145
pcire,.255
KWPAVE, 146
pcirc,.251

KWPAVE, 148

KWPLAN,-1, 148, 68, 73
pcire,.255

KWPAVE, 149

pcirc,.255

KWPAVE, 150

pcirc,.265

KWPLAN,-1, 147, 32, 98
peire,.255
WPLANE,,0,0,0,1,0,0,0,1,0

/com Break up inner arc
FLST,2,1,4,0RDE,1
FITEM,2,76
FLST,3,1,4,0RDE,1
FITEM,3,22
LSBL,P51X,P51X, , ,KEEP

nummerg,kp

C*** Define Areas
AL,1,113,114,22,203
AL,2,115,59,113
AlL,3,116,60,115
AL,4,117,61,116
AL,117,5,118,62
AL,6,119,63,118
AL,7,103,64,119
AL,8,102,65,103
AL,9,101,66,102
AL,10,100,67,101
AL,11,99,68,100
AL,12,96,69,99
AL,13,83,70,96
AL,14,84,72,83
AL15,77,73,84
AL,22,23,112,40,204
AL,60,133,23,59,114
AL,61,134,24,133
AL,62,135,25,134
AlL,64,104,105,106,107,26,135,63

1 Support rod sits in hote w/ 0.502 in diameter
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AL,65,66,126,51,104
'AL,67,68,128,52,126
AL67,128,52,126
AL,68,69,95,94,93,54,53,128
AL,70,97,74,95
AL,72,85,75,97
AL,75,86,20,98
AL74,08,19,94
AL,73,78,58,87,86,85
AL,19,80,55,93
AL,20,87,56,80
AL,58,79,21,88
AL,24,111,41,112
AL,25,110,38,111
AL,26,108,39,110
AL51,127,50,105
AL,50,138,42,106
AL42,129,27,107
AL,27,109,35,108
AL,52,120,48,127
AL48,121,43,138
AL,53,136,49,120

AL 49,137,44,121
AL,43,44,130,28,129
AL,28,122,36,109
AL,54,92,16,136
AL,16,91,45,137

AL 45,131,29,130
AL,29,123,37,122
AL,56,88,17,141
AL,17,89,46,142
AL,46,132,31,30,131,140
AL,30,124,33,123
AL,31,125,34,124
AL,32,82,18,125
AL,21,80,47,89

AL47.81,32,132 '0@@ECCEERRREE

AL,55,141,139,92
AL,139,142,140,91

ISUBTRACT AREAS FOR HOLES

FLST,2,2,5,0RDE,2

FITEM,2,17

FITEM,2,-18

ASBAPSIX, 5

FLST,2,2,5,0RDE,2

FITEM,2,19

FITEM,2,-20

ASBAPSIX, 6

FL8T,2,2,5,0RDE,2

FITEM,2,21

FITEM,2,-22

ASBAPSIX, 7

FLST,2,2,5,0RDE,2

FITEM,2,23

FITEM,2,-24
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ASBAP5IX, 8
FLST,2,2,5,0RDE,2
FITEM,2,25
FITEM,2,-26
ASBAPSIX, 9
FLST,2,2,5,0RDE,2
FITEM,2,27
FITEM,2,-28
ASBA,P51X, 10
FLST,2,2,5,0RDE,2
FITEM,2,29
FITEM,2,-30
ASBA,P51X, 11
FLST,2,4,5,0RDE 4
FITEM,2,41
FITEM,2,-42
FITEM,2,44
FITEM,2,-45
ASBAPSIX, 15
FLST,2,4,5,0RDE,4
FITEM,2,50
FITEM,2,-51
FITEM,2,54
FITEM,2,-55
ASBAP51X, 12
FLST,2,4,5,0RDE 4
FITEM,2,56
FITEM,2,-57
FITEM,2,60
FITEM,2,-61
ASBAPSIX, 13
FLST,2,4,5,0RDE 4
FITEM,2,46
FITEM,2,64
FITEM,2,-65
FITEM,2,70
ASBAPSIX, 14
FLST,2,2,5,0RDE,2
FITEM,2,47
FITEM,2,-48
ASBAPSIX, 1
FLST,2,2,5,0RDE,2
FITEM,2,48
FITEM,2,53
ASBAPSIX, 2
FLST,2,2,5,0RDE,2
FITEM,2,63
FITEM,2,67
ASBAP51X, 3
FLST,2,2,5,0RDE,2
FITEM,2,68
FITEM,2,-69
ASBAPSIX, 4

/com Combine little lines remaining after area subtraction

lcomb,208,159,0
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Icomb,161,163,0
lcomb,164,167,0
fcomb,166,171,0
lcomb,169,175,0
lcomb,172,173,0
lcomb,196,215,0
Icomb,195,143,0
Ilcomb,145,147,0
lcomb,148,151,0
icomb,183,176,0
lcomb,187,200,0
lcomb,180,202,0
lcomb,190,182,0
lcomb,192,193,0
ficomb,209,191,0
lcomb,213,212

lcomb,155,150,0
lcomb,181,199,0
lcomb,210,211,0
lcomb,186,185,0
lcomb,216,196

lcomb,214,194

icomb, 127,138

Icomb,201,189

/com DEFINE NUMBER OF ELEMENTS ALONG LINES WHERE div IS THE NUMBER OF divISIONS
1 Variables used for number of divisions

div=3

div2=3

lesize,all,,,div

lesize,77,,,div+div2
lesize,82,, div+div2

lesize,205,,,2*div
lesize,159,,,2*div,.6

lesize,3,,.2*div,1.5
lesize,161,,,2*div,.6

lesize,5,,,2*div
lesize,164,,,2*div

lesize,7,,,2*div,1.5
lesize,166,,,2*div

lesize,9,,,2*div
lesize,169,,,2*div

lesize,11,,,2*div,2
lesize,172,,,2*div,1.5
lesize,69,,,div,1.4

lesize,89,,,div,2

lesize,96,,,2*div
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lesize,174,,,div

lesize,88,,,2*div,2
lesize, 143,,,2*div,0.5

lesize,111,,,2*div,1.9
lesize,145,,,2*div,0.4

lesize, 108,,,2*div,1.9
lesize,148,,,2*div,0.5

lesize,123,,,2*div
lesize,150,,,div

lesize,185,,,2*div,1.8
lesize,187,,,2*div,0.6
lesize,184,, div
lesize,105,,,div,0.6
lesize,90,,,2*div
lesize,182,,,2*div,1.5
lesize, 120, ,div,0.5

lesize, 188,,,2*div
lesize,212,,,2*div
lesize,210,,,2*div
lesize, 127,,,2*div

lesize, 196,,,2*div
lesize,136,,,2*div
lesize,192,,,2*div
lesize,194,,,2*div,.6

lesize,176,,,div
lesize,177,,.2%div
lesize,181,,,2%div
lesize,15,,,2*div
lesize,180,,,2*div

ILEGS
lesize,76,,,div2
lesize,208,,,div2
lesize,207,,,div2

lesize,2,,,div2
lesize,115,,,div2
lesize,160,,,div2

lesize,4,,,div2
lesize,117,,,div2
lesize,162,,,div2

lesize,8,,,div2
lesize,118,,,div2
lesize,165,,,div2

lesize,8,,,div2
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lesize,102,,,div2
lesize,168,,,div2

lesize,10,,,div2
lesize,100,,,div2
lesize,170,,,div2

lesize,21,,,div2
lesize,17,,,div2
lesize,89,,,div2

lesize,41,,,div2
lesize,38,,,div2
lesize,144,,,div2

lesize,39,,,div2
lesize,35,,,div2
lesize,146,,,div2

lesize,20,,,div2
lesize,51,,,div2
lesize,19,,,div2
lesize,52,,,div2

lesize,50,,,div2
lesize,188,,,div2
llesize,189,,,div2
lesize 48,,,div2

lesize,16,,,div2
lesize,36,,,div2

lesize,14,,,div2
lesize,178,,,div2
lesize,84,,,div2

div=3
lesize,60,,,div,1.1

! Concatenate lines for meshing around holes

LCCAT,59,113
LCCAT,60,116
LCCAT,61,116
LCCAT,62,118
LCCAT,63,118
LCCAT,64,103
LCCAT,65,103
LCCAT,66,101
LCCAT,67,101
LCCAT,68,99

LCCAT,69,98

LCCAT,70,83

LCCAT,72,83

L.CCAT, 13,176
LCCAT, 24,112
LCCAT,25,110

1Semi-Circles
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LCCAT,26,110
LCCAT,27,109
LCCAT,29,122
LCCAT,30,124
LCCAT,31,124
LCCAT,33,150

lecat, 51,105 !Circles
tccat,52,120
iccat, 42,106
lccat, 43,121

lecat, 53,120
lccat, 54,92
iccat 45,91
iccat 44,121

lccat, 56,141
tccat,58,79
lccat, 80,47
lccat, 46,142

lecat, 94,74
lccat, 75,86
lccat, 87,56
lccat, 55,93

tFurther divide areas for meshing

LSTR, 91, 75
ASBL, 38, 220, KEEP

FLST,3,1,8
FITEM,3,-.121506936787,.418478241865E-01,
KL, 220, .4121569573320922

LSTR, 97, 104

FLST,3,1,8
FITEM,3,-.268913607302,-.441304327785,
KL, 135, .7083258400780824

LSTR, 111, 70

ASBL, 35, 222, KEEP
ASBL, 50, 221,,KEEP

fcom MESHING

eshape,2
amesh,5,9
amesh,17,21
amesh,74,75
AMESH,1,2
AMESH, 14
AMESH,46,48
AMESH,10,22,12
AMESH,3,49,46

1 Define element shapes as square
! Mesh areas that are ready to be meshed
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amesh,23,30
amesh,11,13
amesh,15,46,15
amesh,41,42
amesh,44
amesh,72,73

lesize,221,,,div2 Prepare and mesh areas 35 and 53
lesize, 135,,,div2

lesize,225,,,2*div2

Iccat,93,94

amesh,35

amesh,53

lesize,128,,,3*div2  !Prepare and mesh area 4
lecat, 135,225
amesh,4

lesize,126,,,3*div2 Prepare and mesh area 37
amesh,37

lesize,104,,,2*div2 IPrepare and mesh area 36
lecat, 65,66
amesh,36

lesize,107,,,div2 Prepare and mesh area 52
lesize,129,,,div2
amesh,52

lesize,224,,3*div2-2  IPrepare and mesh area 51
lesize,222,,,2*div2

lccat, 63,64

lccat, 104,106

amesh,51

lesize,223,,,div2 tPrepare and mesh area 38
Iccat, 26,107
amesh,38

lesize,134,,,8 Prepare and mesh area 34
lccat, 223,224
amesh,34

lesize,133,,,6,.65 Prepare and mesh area 33
amesh,33

LESIZE,23, , 6,6 IPrepare and mesh area 32
LESIZE 114, , 2,1,

lecat, 59,60

amesh,32

lesize,203,,,5 Prepare and mesh area 16
lecat, 113,114
amesh,16

lesize,40,,,9

REVISION 0 7

2

PREPARED BY / DATE BW 4/17/97 | ZGS 7/14/9

10y 02/09/99

CHECKED BY/ DATE JIN 4/117/97 | HSA 7/14/9

kés#—02/09/98

PAGE 69
OF 73




PARSONS

CLIENT: DE&S Hanford FILE NO: KH-8009-8-06
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8

lecat, 22,23

amesh,31 IPrepare and mesh area 31

amesh,39 Prepare and mesh area 39

lesize,85,,,1

amesh,40 Prepare and mesh area 40

lesize,28,,,6

lesize,36,,,6

lecat 43,44

amesh,58,59 IPrepare and mesh areas 58-59

amesh,62 Prepare and mesh area 62

lccat, 140,46

lccat, 30,31

amesh,66 Prepare and mesh area 66

lesize,81,,,3

amesh,71 IPrepare and mesh area 71

! Divide area 43 into more areas and mesh it
FLST,3,1,8
FITEM,3,.597694620324,~.798913007197E-01,
KL, 78, .4806523926516597

LSTR, 32, 122

ASBL, 43, 238, keep

lesize,238,,,3

lesize,239,,,3

lesize,240,,,4

lccat, 85,86

amesh,50,54,4

! Delete the already meshed trapezoidal areas around the support rod hole
t and replace them with 1.313" diameter holes

K,500,9.080276,5.2425

kwpave, 500
KWPLAN,-1,
peirc,1.313/2
FLST,2,2,5,0RDE,2
FITEM,2,10

FITEM,2,22
ACLEAR,P51X

ADELE, 43
FLST,2,2,5,0RDE,2
FITEM,2,10

FITEM,2,22
FLST,3.2,4,0RDE,2
FITEM,3,241

FITEM,3,-242
ASBL,P51X,P51X
WPLANE,,0,0,0,1,0,0,0,1,0
FLST,2,2,4,0RDE,2
FITEM,2,241

FITEM,2,251

500, 22, 117
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L.COMB,P51X, ,0
FLST,2,4,4,0RDE 4
FITEM,2,96
FITEM,2,176
FITEM,2,241
FITEM,2,247
LESIZE,P51X, , 6,1,
FLST,2,3,4,0RDE,3
FITEM,2,245
FITEM,2,-246
FITEM,2,250
LESIZE,P51X, , ,3,1,
amesh,43

FLST,2,2,4,0RDE,2
FITEM,2,248
FITEM,2,-249
LESIZE,P51X, , .2,1,
LCCAT,72,83
AMESH,55

FLST,2,2,4,0RDE,2
FITEM,2,176
FITEM,2,241
LESIZE,P51X,, 8,1,
AMESH,56

FLST,2,1,4,0RDE,1
FITEM,2,252
LESIZE,P51X, , ,2,1,
FLST,2,1,4,0RDE,1
FITEM,2,77
LESIZE,P51X, , 5,1,
FLST,2,2,4,0RDE,2
LCCAT,73,77
AMESH,57

Define Components

{This is where the support rod is attached to the plate
ASEL,S,AREA, 43,56,13

CM,rod, AREA

fThis is where the plate contacts the support rod from below
kse!,S,KP,,27,49,22
CM,support,KP

IThis is where the plate contacts the support rod from below
LSEL,S,LINE,,203,204
CM,ctr_tube,LINE

IThis is the areas of the plate not in contact with the support rod
alls

cmsel,u,rod

CM,plate,area

alls
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Icom Boundary Conditions

t Edges (symmetry conditions)
csys,1

nsel,s,loc,y,0 10 deg edge
csys,1
nrotat,all
d,all,uy
d,all,rotx
d,all,rotz
nsel,s,loc,y,30
csys,1
nrotat,all
d,all,uy
d,all,rotx
d,allrotz
nsel,all

130 deg edge

! Center Tube constraint
csys,1
nsel,s,loc,x,1.49,1.51
csys,1

nrotat,all

d,all,rotx,0
d,ali,roty,0
d,all,rotz,0

d,all,uz,0
nsel,r,Joc,y,0
Id,all,ux,0

alls

save
finish

/solu

t Apply pressure load of fuel carried by plate

CMSEL,S,PLATE
sfa,all,2,pres,fuel_prs
alls

acel,,,1
solve
save
finish

fpost1
set,last
shell,top
pms,prin
shell,mid
prs,prin
shell,bot
pms,prin
save
finish
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1. INTRODUCTION

This calculation documents the evaluation of the Mark 1V scrap basket for lifting and

deadweight loads. The evaluations are performed based on the criteria of the ASME Code.

2,

3.

1.

REFERENCES

“Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,”
Specification HNF-S-0426, Revision 5 , December 1998.

“K-Basin Spent Nuclear Fuel Scrap Basket”, Prepared for U.S.D.0O.E. (Richland
Operations) by DE&S Hanford, Drawing Number H-2-828075, Revision 1.

ASME Boiler and Pressure Vessel Code, Section |l - Materials, Part D - Properties,
1998 Edition.

ASME Boiler and Pressure Vessel Code, Section lll, Subsection NG, “Core Support
Structures”, 1998 Edition.

ASME Boiler and Pressure Vessel Code, Section Ill, Subsection NF, “Component
Supports”, 1998 Edition.

Not used

Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, S5th
Edition, McGraw-Hill Book Company, New York, 1975.

AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel
Construction, Chicago, illinois

“MCO Mark IV SNF Scrap Basket”, Drawings No. H-2-828075 & “K-Basin SNF Scrap
Basket Mark 1A” Drawings No. H-2-828065, Revision 3.

ASSUMPTIONS

As noted in analysis.
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4, GEOMETRY

The primary 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”. The Center Pipe is attached to the bottom
plate through a conical lip tightened with a 3.00 -8 Class 2 thread.
Section Properties are:
4=Z(0p* - 1p?)
4 \
V4 Y N2
= Z((2.75 i)’ ~(1751n)")
=353in’
1=Z(op* - 1p*)
64
= EEZ (@75in)" ~(1751m)")
=235in*

_ [235 iny
- V 353in®

=815in

Bottom Plate

The bottom plate is a 1.20” thick plate with 1/2” diameter holes
(pattern shown on drawing).
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Shroud The shroud is 0.125 in. thick copper. The OD of the shroud is 22.625 in.

and is 26.40 in. high. Other section properties are:
ID=0D-2t
=22625in-2(0125in)
=22375in
IR=ID/2
=1119in

4=7(op* - 1p?)

=Z{(22625m)" ~(22375m)')
=884 in?

Support Posts

There are 6 support posts located 60° apart around the periphery of the
bottom plate. The posts are stainless steel and have a minimum diameter
of 1.31in.

Fines Divider Tube

The fines divider tube is rolled copper plate. Itis 26.25 in. high and is
0.125 in. thick. When rolled its outer diameter is 7.85 in.

Stiffener Plates

There are 6 copper radial stiffener plates connecting the fines divider tube
to the shroud. The stiffener plates are 0.25 in. thick copper and 26.25 in.
high.

Bottom Screen

The bottom screen is stainless steel and is sandwiched between the
bottom plate and the stiffener plates.

Shroud to Bottom Plate
Connection

The shroud is fastened to the bottom plate by means of a screws similar
to the shroud attachment in the MK1A scrap basket.

REVISION

0 1 2 PAGE 6

PREPARED BY / DATE

BW 4/17/97 | ZGS 9/02/97 | #=—02/12/99 OF 12

CHECKED BY / DATE

JN 4/17/97 | 1IDM 9/02/97 (82 B 02/12/99




CLIENT:

® IPARSONS

Duke Engineering Services Hanford

FILE NO:

KH-8009-8-07

PROJECT: MCO Final Design

DOC NO:

HNF-SD-SNF-DR-003, Rev. 2, Appendix 9

5. MATERIAL PROPERTIES

The Mark IV scrap basket structural components may be fabricated from Type 304L or Type
304 stainless steel. Only Type 304L material properties are used in this analysis to
preserve conservatism. The non-structural shroud, divider plates and fines divider tube are
all fabricated from copper to enhance the heat transfer properties of the basket.

For this analysis, only elastic modulus and allowable stress values are needed. Values are
taken from Section |l, Part D of the Code (See [3]) and are listed in Table 2.

Table 2

ASME Code Material Properties for Type 304L Stainless Steel
Temperature E Sn S, S,
oF °C Table TM-1, 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
270 132 27.2E+06 16.7 ksi 19.8 ksi 62.5 ksi
300 - 27.0E+06 16.7 ksi 19.1 ksi 60.9 ksi

Notes 1: Underlined values determined by linear interpolation, all
other values taken from Section Ii, Part D of the ASME Code.

2: Value of E taken from Table TM-1 for Material Group G.
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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 of 3 material yield and 5 on material ultimate strength”. Furthermore, “these
safety factors apply from 5°C to 132°C”. Thus criteria is equivalent to an allowable stress
of the lesser of S,/3 or §,/5. At the maximum [ifting temperature of 100°C, the allowables

are:

[

y:

3
S, _

21.0ksi

w

65.6ksi

=7.00ksi

=13.10ksi

5
= use P, + P, <7.00ksi

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 132°C.
The specification does not provide criteria for the Mark IV baskets under these loads, thus
the normal (L.evel 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.

In addition to self weight, the Mark IV scrap basket must be able to support the weight of 4
additional Mark 1V baskets. Under these compressive loads, stability of the basket must be

evaluated.
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Table 3
Allowable Stresses - Deadweight

Design/Level A Stress Limits
Temperature S Pu P. (PhorP)+P,
°F °C [Table 2] (Sm) (1.5 Sm) (1.5 Sy)
270 132 16.7ksi | 16.7ksi | 25.1ksi 25.1 ksi

Notes 1: Design & Level A Stress Limits from NG 3221 & NG-3222,
respectively.
2: Axial compressive stresses must be limited to 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) (column type members)
3: Pure shear is limited to 0.6S,, per NG-3227.2.2

7. LOAD CONDITIONS & COMBINATIONS

The Mark 1V scrap baskets are evaluated for two load cases:

1. Lifting of the basket and contents while at 100°C. This loading is evaluated using criteria
based on the safety factors listed in Section 6.1 above.

2. Deadweight of the basket and contents while at 132°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 its 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.
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8. STRESS ANALYSIS - HAND CALCULATIONS

The Mark |V scrap basket is evaluated using the results of the MK IV Storage Basket, as
evaluated in Appendix 8.

8.1 Center Pipe, Support Rods, Bottom Plate, Center to Bottom Plate
Attachment

The structural portion of the Mark IV Scrap Basket is identical to the Mark IV Storage
Basket. The weight of the Mark IV Scrap Basket is less than the weight of the Mark IV
Storage Basket, therefore the stresses in the Mark IV Scrap Basket are bounded by the
analysis results of the Mk IV Storage Basket as evaluated in Appendix 8 and no further
analysis is required.

8.2 Basket Subassembly

Since the basket subassembly, shroud and dividers are fabricated from copper (non ASME
Code material), and their connecting welds are not structural welds, no analysis is required.
Welds shall be inspected using surface visual examination.

8.3 Shroud to Bottom Plate Connection

The shroud is fastened to the bottom plate by screws is a pattern identical to the MK 1A
scrap basket. This attachment was evaluated in Appendix 7, Section 8.4.1 and no further
analysis is required.

8.4 Thermal Expansion

As stated above, the shroud, divider plates and fines divider tube are fabricated out of
copper and the bottom plate out of type 304L stainless steel. Since copper has a higher
coefficient of thermal expansion than stainless steel, a thermal expansion analysis must be
performed. An evaluation is performed for a temperature difference of 200°F (going from
70°F to 270°F). This thermal analysis is provided for information and operational duties
since the copper components are non-structural items.

8.4.1 Vertical Expansion

For the stainless steel plate :
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o = 9.70 X 10% infin/°F Stainless steel coefficient of thermal expansion
AT = 200°F Temperature differential
L = 1.20 inches Bottom plate height
ALy = o L AT =0.002 in. Vertical expansion of bottom plate

For the copper shroud:

o, = 10.0 x 10% infin/°F Copper coefficient of thermal expansion
AT = 200°F Temperature differential

L., =26.4 inches Shroud height

ALy, = e L, AT =0.053 in. Vertical expansion of copper shroud

Therefore, the total vertical thermal expansion for the stainless steel and the copper at the
circumference of the basket is:

AL=AL,+AL,=0.055Iinches

The stainless steel post has a vertical thermal growth of
L, =278 inches
ALy, = ag L, AT = 0.054 inches

One can conclude that there is no differential expansion between the center post and the
shroud. Therefore, the one-haif inch vertical gap left for the center post expansion is
adequate to ensure no interference fit between the shroud and the bottom plates of the
adjacent baskets.

842 Radial Expansion

For the stainless steel plate :
s = 9.70 x 10% in/in/°F Stainless steel coefficient of thermal expansion
AT = 200°F Temperature differential
Ry = 11.31 inches Bottom plate outside radius

ALy = g Rye AT = 0.022 in. Radial expansion of bottom plate

For the copper shroud:

o, = 10.0 X 10% infin/°F Copper coefficient of thermal expansion
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AT = 200°F Temperature differential l
Ryvous = 11.31 inches Shroud outside radius

ALy = 0ty Repous AT = 0.023 in. Radial expansion of copper shroud [

The copper shroud is expected to expand radially 0.023 inches while the stainiess steel
MCO shell and basket bottom plate are expected to expand by approximately 0.022 inches.
As these values are very comparable, the fabrication gaps will remain open and no
undetermined loads will be applied to the MCO shell from unexpected basket expansion
loads.
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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 rupture discs are included in the evaluation. The structural adequacy evaluation is
based upon Subsection NB of Section lli 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. Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack, HNF-S-
0426, Duke Engineering and Services Hanford, Richland, Washington. Revision 5, December
1998.

2. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section I, Materials, Part D~
Properties, American Society of Mechanical Engineers, New York, New York.

3. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section Ill, 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 Introduction 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.

9. IFl, 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.
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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-Seize”
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 132°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 three process ports
and one plugged port 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 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 vaives during
handiing operations.
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The top of the process 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 300 Ib/in.

Process Port Cover Plate
N

over Plate Bo!
1
V.

1 é

N~ [P i |

Shield
Plug

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
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 (with the exception of the valve containing the rupture disc) are

identical in the thread region. The valve at Port 2 contains an internal hex recess to operate
the vaive.
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The rupture disc type valve bodies are two pieces which are welded together by a full-
circumference structural fillet weld. This weld is considered a socket weld. The critical loading |
for this weld is the torque applied during insertion and removal.

A plugged port has a threaded portion (1-1/16—12 thread) which is smaller than the 1-7/8-in
process valve threads and is also addressed in the calculations below.

L5. MATERIAL PROPERTIES

The materials included in the shield plug interface components are listed in Table 1. The
structural propetties of interest for F304L Stainless Stee! are provided in Table 2 and properties
for Type 304L Stainless Steel are provided in Table 3. The cover plate bolt and process valve
material properties at the MCO design temperature of 132°C are listed in Table 4. it is noted
that the process valves are constructed from SA-193, Grade B8S or B8SA. 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.

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 3, were applied to the attachment welds. I

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 18Cr-8Ni-4Si-N SA-193-B8S or B8SA
Process Valves 18Cr-8Ni-4Si-N SA-193-B8S or B8SA
Process Port Cover Plate 304L SS SA-240 or SA479

Table 2. ASME Code Material Properties for Type F304L Stainless Steel(SA-182, t > 5in.)

Temperature E Su Sy Sy

oF °C Table TM-1, Group G | Table 2A, page 322 | Table Y-1, page 524 [ Table U, page 441
70 — 28.3E+06 16.6 ksi 25.0 ksi 65.0 ksi
100 — — 16.6 ksi 25.0 ksi 65.0 ksi
200 - 27.6E+06 16.6 ksi 21.3 ksi 61.5 ksi
212 100 27.5E+06 16.6 ksi 21.0 ksi 60.9 ksi
270 132 27.2E+06 16.6 ksi 19.8 ksi 58.0 ksi
300 — 27.0E+06 16.6 ksi 19.1 ksi 56.5 ksi

Note: Underlined values determined by linear interpolation, all other values taken from
Section I, Part D of the ASME Code.
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Table 3. ASME Code Material Properties for Type 304L Stainless Steel (SA-240 or SA-479)

Temperature E Sy Sy Sy

oF °C Table TM-1, Group G | Table 2A, page 322 | Table Y-1, page 524 |Table U, page 441
70 — 28.3E+06 16.7 ksi 25.0 ksi 70.0 ksi
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
270 132 27.2E+06 16.7 ksi 19.8 ksi 62.5 ksi
300 — 27.0E+06 16.7 ksi 19.1 ksi 60.9 ksi

Note: Underlined values determined by linear interpolation, all other values
taken from Section I, Part D of the ASME Code.

Table 4. ASME Design Temperature Material Properties for Cover Plate Bolts and Process
Valves.

Material Elastic Modulus, psi S, psi

(270°F) (270°F)

SA 193 Grade B8S or 27.2x10° 11,600
B8SA (Bolting)

Note: For F304L, 304L, SA193 Grade B8S or B8SA materials, the mean coefficient of thermal
fexpansion from 70°F to 270°F is 8.94 x 10-6 infin/°F [2] Table TE-1.
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6. ACCEPTANCE CRITERIA

For the process port valves, cover plates, and cover plate bolts, the design load condition is
450 psi design pressure at 132°C combined with the preload necessary to seat the seal.
Critical loading for strength considerations is the peak preload caused by the maximum torque
and the highest preload to torque factor. Torsional stresses in the process valve bodies are
also addressed. It is conservatively assumed that the preload is applied at the fult 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 Performance Specification [1] specifies that the MCO is to be designed to the
requirements of Subsection NB of the ASME Code, the ASME Code requirements are also
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 fo the process valve bodies.

A rupture disc is included in one of the process valve designs, which results in a two-piece
design assembled with a seal weld at the edge of the disc and a structural fillet weld. The
structural weld is subjected to both torque loading and the design pressure. The weld is
performed using an electron beam process weld which has to be UT examined. 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 concemns relative to the
structural adequacy of the rupture disc valve structural weld.

REVISION 0 1 PAGE 10

2
PREPARED BY /DATE BW 4/18/97 |HSA 7/14/98 #8512/08/99 OF 35

CHECKED BY / DATE CT 4/18/97 |ZGS 7/14/98 |} 02/08/99




DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 10 |

CLIENT: DE&S Hanford, Inc.
PROJECT: MCO Design

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 132°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 valve opening.

As stated in Section 6, the critical loading for the process valves and cover plate bolts is the
maximum torquing preload at the design 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.
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Calculation Parameters:

ny =4
Ay = %-(.490 -in)?

A, =0.189 i’
in2
A o 1= 0.998 -

e in

inZ
A=142—
it in

1 l3=0.5()in

d g :=3555 -in
tp = 1.00 -in

dyp =0625 -in

d e = 4375 -in

b
fsp := 300 E
pres :=45()l—b2

mn

JS. 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

Minimum number of bolts

Bolt area above threads (Root area = 0.202 in?)

5/8-11 UNC thread stripping area, Reference 9

Internal thread stripping area, Reference 9

Bolt thread length

Outside diameter of seal
Plate thickness
Nominal boit diameter

Diameter of bolt circle

Minimum seal preload, see Appendix 14

Design pressure
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St Sy =11,600—  SA 193 BBS or B8SA bolt material, Sm, @ design temp. = 270°F

S p = 16600— F304L forging, @ design temperature = 270°F
m
S..i= 1570022 304L (Cover Plates) @ design temperature = 270°F
mn
@, = 8.94- 10°® _'% 304L mean thermal expansion coefficient, 70 to 270°F
in-
o, = 8.94 10°® l—nii SA 193 Gr B8S or B8SA bolt expansion coefficient, 70 - 270°F
in-
E, 1=27-2~106~% SA 193 Gr B8S or B8SA bolt, Elastic Modulus, 270°F
m
K pip= 0-11 Minimum nut factor, "Never-Seize" lubricant, Table
5.1 of Reference 7
K max = 021 Maximum nut factor, Reference 7
K mean = 0.17 Mean nut factor, Reference 7.

Note that Type 304 is also acceptable as an alternate to 304L for the cover plates.
8.1.1 Cover Plate Bolts

Boit 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 opres Pressure load

H=4.467-10°-1b

Hp=ndgfg Minimum preload to seat the seal
REVISION 0 1 2 PAGE 13
PREPARED BY /DATE BW 4/18/97 |HSA 7/14/98 |4is4-02/08/99 OF 35
CHECKED BY / DATE CT 4/18/97 |ZGS 7/14/98 | 3j,) 02/08/99




B IpARSONS

CLIENT: DE&S Hanford, Inc. FILENO: KH-8009-8-08
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 10

H, =3351-10° -Ib

.=H+Hp
req” g

A
mb

Ay = 0.674 - in?

req
nyAp

Ratio:=

Ratio = 0.892 Adequate Bolt Area for preload + pressure

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
As the thermal expansion coefficient is the same for the bolt and the cover

plate, there is no relative thermal loading. o, =0

2) Preload
Torque, per bolt, required to assure required minimum preload {fsp) on seal and maintain

the pressure load:

= _Ya)

1,

4467 + 3351 625
=—0. 7)( )

4 12
= 173 b.ft.
Maximum preload per bolt for a torque of T;,;: (See Section 8.4)

T =17 +2=19 b.ft

Use K, =0.11
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Pbolt(max) ( 11)( 62 ) (12)

=3316 Ib.
Maximum combined in-service stress in bolts:

Pbolﬁ(mzx)
St =7 A
t Ab

3316
T 0189
=17,547 psi

Comparing the total in-service stress to the allowable of 2S,:

_ Obtot
TS,

Ratio = 0.756 Cover bolts OK for in-service loading

CHECK BOLT THREAD STRIPPING:

S, = 11,600 psi Boilt stress allowable
St = Boiom Thread stress, bolt

(A tores)

_ 3316

~ (0.998)(0.50)

b

= 6645-,1;2—
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. _ e
Ratio 06,
Ratio = 0.955

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:=03

M
L] p= 6- max
tp2
[ 2665-—IE
p .2
in
c
Ratio:= P
1.5~Smp
Ratio = 0.106

Thus, the cover plate has a large margin, relative to Code allowables.
I8.2 Process Valve Plug Evaluation. H-2-828047 ltem 6 & 7

The process valve plug is threaded and was evaluated using bolt requirements (NB-3230).
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Parameter Definitions:

dp = 1875 -in Valve nominal diameter (1 7/8-12 UN-2A Thread)

1thr ead = 1.5554 Valve thread engagement length

A o =253 " Tensile area of valve/bolt (solid), Reference 10

A ysol 4 : . N
dogiz —— Valve plug effective outside diameter

T

d oge = 1795 -in

d, = 0.64-1 Valve plug radial hole diam. (3 holes @ 120 degrees)

d ;=100 -in Valve plug inside diameter

2
Tt'di deﬁ"di
Avnet:=Avsol‘T'3’dh'( P

= 09814 Valve plug net area @ radial holes

Avnet
b
Spy=11600-—  SA-193, Gr B8S or B8SA, Sm @ design temp. (270°F)
m
B, = 2721052 ici i
= 2721 “—  Valve plug modulus of elasticity & design temp. (270°F)
n
press := 450 E
in®

d ¢ := 200 -inConservative seal diameter

Required Valve Plug Area:
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Per ASME Code requirements, bolt (valve plug) area must be sufficient to carry the required
seal load plus the design pressure load (450 psig).

H = %.d Sz.pm Pressure load
H=14137b
Hp=ndofg Minimum preload to seat seal

Hp =1.885-10° -Ib

H+H
= P
. s mv
Areq = 0.284 in’
req = 0284 in

A
Ratio = — 3

A vnet
Ratio = 0.290 Net area of plug is adequate for axial ioading

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.

2) Preload

Torgue required to maintain required minimum preload (fsp) on seal and restrain pressure:

T, =(H+ Hp)(Km)(%)
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=88 Ib.ft.

Maximum preload:
Use K, = 0.11

T = 105 Ib.ft. (See Section 8.4)

(T )02)

(K )(d,)

__(105(12)
(0101879

max

= 6109 Ib.

Maximum combined in-service stress in plug:

Ratio = S btot
28 4v
Ratio = .268 Process valve plug meets Code bolt stress requirements
REVISION 0 1 2 PAGE 19
PREPARED BY / DATE BW 4/18/97 |HSA 7/14/98 2/08/99 OF 35
CHECKED BY / DATE CT 4/18/97 |2GS 7/14/98 1&9 02/08/99




= I PARSONS

CLIENT:  DE&S Hanford, Inc. FILENO: KH-8009-8-08
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 10 |

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 (Thread Zone): |

Conservatively assume that the minimum cross-section of the valve plug experiences the full
torque. A reasonable value of the shear stress produced by this torque can be obtained from
Reference 8, p. 752, for a hollow shaft with two holes:

dh = 0.64-1 Hole diameter
dpepr=d h'wE
d, 1= 0.7841 Two-hole equivalent diameter
Sherr = 0.437

deﬁ'

d:
L —os57

d eff

From Table A-16 of Reference 8, an effective J coefficient, A, was obtained:

A:=0.58 Approximate, use 0.5
T .deff
n 2
T =
0.5
7 =1896 %

tgon = 0.6 (DS

Ratio =

Tallow
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=.136

Although the torsional stress is small, it is additive to the preload stress and potentially the
pressure stress. Combining the valve plug axial and torsional stresses follows below.

2

S btot S btot 2

6 iF Tk 1
2 4

=6759 ,11?24
m

Pn=061-09

1b.
=7291 —
m’
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P

Ratio = ——=
2:8 oo

Ratio = 0.314

Thus, the valve plug is adequate for a combined axial and torsional stress (105 ft-Ib torque).

Check Valve Plug Adequacy - Torque on Internal Recess (Port 2 only):

As the clearance between the internal recess and the drive key is increased, the distance

between the centerline and the point of contact decreases. For a given applied torque, the
contact load will increase proportionately.

Internal recess maximum opening = 0.885 in.
Minimum distance across flats of drive key = 0.865 in.

0.865

A= Cos30 = 0.499 in.
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B =258 _usin
2
L = VAT - B2 = /(0.499)" - (0.443) = 0232 1n.

With a maximum applied torque of 105 fi-Ib, the contact load, P is:

_ Torque  10512)
T os) 600232

= 907 Ib.

Conservatively consider the valve head as a circular ring with dimensions:
inner radius =r, = 0.443 in.

1269
outer radius =r, = = 0.635 in.

The torsional stress is:
2T 2(105(12))

T= ”((r°)4 _(ri)") = 77,-((0.635)4 —(0-443)4)

The radial loads will cause bending stresses in the outer portion of the valve head:

= 6465 psi

Reference 4, Table VI, Case 9:
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1 1
Maximum moment in ring = E(W)(R)(E— Cote)
W =907 Ib.

0443+ 0.
R= +0.635

2 = 0539 in.
0 = 30° = 0.524 radians

Cot6=1.732
M, = l(907)(539)(L 1732) = 43.12in-1Ib
max = 524 Aem

Taking the section width as the 0.500 recess depth and r, -1, = 0.635 - 0.443 = 0.192 as the
section thickness:

o =M 6(4312)
® (1) 050(0192)

=14,035 psi

Combining into a principal stress:

2 2
14035  [(14035 .
Sprincipal = %+ (%) +(2) = — (—2—) +(6465) = 16560 psi

_ 16560
2(11600)

=0.714
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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, this 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).

d 4= 1312 -in

d; = 1.03:

= x 4 4
J--g‘(do -di)

3:= 0.180-in

T max = 105-f1b Maximum torque (Section 8.4)

d o
T —
max 2
T:=
J
b
7= 4.582~103-_2

m

T allow =2°06°S

|
T tow 1‘392.104-_2
in
Ratio = —
T allow
Ratio = 0.329 Hex head torsional stress OK
REVISION 0 1 2 PAGE 25 i
PREPARED BY /DATE BW 4/18/97 |HSA 7/14/98 | #<k02/08/99 OF 35 !
CHECKED BY / DATE CT 4/18/97 |ZGS 7/14/98 | 31) 02/08/99 I




B PARSONS

CLIENT:  DE&S Hanford, Inc. FILENO: KH-8009-8-08

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 10

Weld Sizing for Rupture Disc Process Valve, H-2-828047 Items 4 & 5 (Part of Item 1):

The process valve which contains a rupture disc, requires a two-piece construction connected
with a fillet weld, treated as a socket weld. This weld potentially carries both the pressure
loading and the torsional stress during torquing (removal).

d,=2.00 Structural weld diameter
T max = 105-f1b Maximum preload torque (above)

The nut and body are welded as a socket connection with a 1/8” filiet weld:

t, = 1/8in (min)

Tmax . . .
fo = Circumferential force/in @ weld

"3
£, = 200.5 2

in
fW

Tw = —_'Q,, (.707) Circumferential shear stress in weld

3 Ib
T = 22710 = Weld shear stress
in

This weld also carries the axial pressure loading.

pres := 450 L2
in?
d_, =2.004 (Conservative Seal Diameter)
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2

4 geal
pres-m-
T 12—
wp -d oty
b

in

Tiot =t Twp
Tyor = 4070 psi

Leot

ratio = (0-6)2)0-4Xs,,)

Ratio = 0.731

8.3 Plug, H-2-828041 Item 31

Parameter Definitions:

Conservatively adding the torsional and axial shear stresses:

Stress ratio using 0.6 x 2 x S, aliowable per ASME
NB-3227.2 and 0.4 weld quality factor per Table
NG-3352-1 for surface penetrant examination only.

Weld OK for torsion + pressure |

d,=1.063 in Thread area nominal diameter (1-1/16-12UN-2A)

Lhread = 0-724 Valve thread engagement length

d = 1.0084-i Min. pitch diameter, p. 1777 of Reference 10

A= 0.756-it Tensile area of plug
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d .= (Avsol>‘(4)
eff 1‘:
dg=09811 Plug effective outside diameter
d, =01251 Plug radial hole
d,:=0.1251 Plug inside diameter
2
n di .
Aunet = Aysol = - dh'(deff‘ d')
Aggr = 0633 Cross sectional area, threaded region
d;:=0.1251i Inside diameter, threaded region
b
Smp = 11600-—  SA-193, Gr B8S or B8SA, Sm @ design temp. (270°F)
m
press := 450 l_b2
in
d =120i Conservative seal diameter
Required Plug Area:
H = —Z:—~d 2 pres Pressure load
H=508.9 b
Hp=ndofg Minimum preload to seat seal
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H, = 1.131-10° 1
H+H
Areq:z P P

mv

.2
Areq = 0.141 in

A
Ratio:= —24

Ratio = 0.223

Check Plug Adequacy for In-Service Loads

1) Thermal Loading

Body area is adequate for preload + pressure

No thermal loading (expansion coefficients are same)

2) Preload

Torque required to achieve required preload (fsp) on seal and maintain pressure:

T, =(H+ Hp)(Kmm)(;l—;)

=(508.9 +1131)(o.17)(

=247 Ib.ft.

Maximum preload for T, torque:

1.063)
12

Tow = 40 Ib.ft. (See Section 8.4)

T,
F - = o maX
(K ) )
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Fee = 4105 Ib.

Maximum combined in-service stress in holder body:

E'Tj

Oyt =

Avncl

4105
0.637

Ib.
6444 —
in

Comparing the total in-service stress to the allowable of 25y

Ratio = 0.278

Body meets Code bolt stress requirements for maximum loading

Check Thread Stripping in Plug:

Fp = 41051b,
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il
A, =177 3—;— Approximate external thread stripping area

Lnage = 0721 Thread engagement length
F
g pmax
A et'lengage
Ib.
= 3221 —
m
Ratio := 175
06-2:8 o
Ratio = 0.463 Thread stripping OK

Check Plug 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.

5510~ @]

J:=0.091 int

The effect of the radial hole is taken from Reference 8, a solid circular bar with a radial hole in
torsion:

d _.125 127

D 981 °

K=29

T, = 578 b Maximum torque (jteratively obtained)
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dO
Tmax'z.K
T =
J
Ib.
= 11,118 —
in

Combining torsional stress with preload stress:

1b.
Oyp = 6444?
© btot = © bp
2
_ Ybtot  (C btot 2
Cli=——+ [——+1
2 4

Ib.
= 14,820 —
m

2

_ S btot S btot 2

T 5= D) - 2 + T
1b.
= -8379 —
in

Pp=c1-03

Ib.
= 23,200 —
in’

Ib
S, = 11,600
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Ratio:=
S m
Ratio = 1.000 Thus, a tordue of 57.8 fi-Ibs is the maximum allowed.

8.4 Torque Recommendations

The minimum torque values, T, required to seat the seals and maintain the pressure loading is
established above for the cover plate bolts, process valves, and rupture disc holder. Itis
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
number. 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:
Recommended Torque is 17 £ 2 Ib.ft. (See Section 8.1.1)

Process Valves:

2(11,600
At a stress intensity of 2S,,, the torque is (%)(105) =391 Ib.ft.

Thus, a torque of 391 Ib.ft. will cause the axial stress fo reach the allowable stress of 2 S,
However, as shown above, the rupture disc valve hex head will be overstressed by a torque
exceeding 319 Ib.ft. A reasonable recommended torque is 100 + 5 Ib.ft.). The need for a
testing/calibration program, discussed above, is especially important for the process valves
because the geometry is significantly different from a solid cylinder.

Plug:
As shown in Section 8.3, a minimum torque of 24.7 Ib.ft. is required to preload the seal and a
torque in excess of 57.8 Ib.ft. will overstress minimum cross section. To assure an adequate

REVISION 0 1 2 PAGE 33
PREPARED BY / DATE BW 4/18/97 |HSA 7/14/98 @4’02/08/99 OF 35
CHECKED BY / DATE CT 4/18/97 |ZGS 7/14/98 |44\, 02/08/99




B I PARSONS

CLIENT: DE&S Hanford, Inc. FILENO: KH-8009-8-08

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 10

preload and to avoid damaging the seal and/or the holder, a torque magnitude of 35 + 5 ft-lbs)
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
(9.12 in. on one side and 16.38 in. on the other side).

Ly =912 in.
L,y =1638in.
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 paraliel to the weld axes. Moment equilibrium requires that the force
on each weld be equal.

W ¢:=50-1b

Maximum filter weight, Reference 1

W g0t
T2

F:

F=2525-10° b

Fi
I+3 -
WL gy -0.125 -in-0.707

3 1b
0= 3.133:10° =

m

The inertia force, being in the same plane as the welds, results in a shear stress with a throat
stress allowable of 0.6Sy,.

n=0.35 Weld efficiency factor, surface visual inspection
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S, = 16700 1—b2
in F304L @ design temperature (270°F)
L3
Ratio:= ————
0.6:S pn

Ratio = 0.893 Filter attachment welds OK
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1. INTRODUCTION

The Multi-Canister Overpack (MCO) assembly is a single purpose Spent Nuclear Fuel
(SNF) package that is capable of maintaining subcriticality at all times and maintaining 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 132°C (270°F) with full internal vacuum and 0 psig external pressure.

3. MCO at 132°C (270°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.

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 5, December 1998.

2. ASME Boiler and Pressure Vessel Code, Section Hf - Materials, Part D - Properties,
1998 Edition.

3. ASME Boiler and Pressure Vessel Code, Section H! - Division 1, Subsection NB, 1998
Edition.

4. Swanson Analysis System, Inc., ANSYS® Engineering Analysis System User’s
Manual, Volumes |, Il and IH, Version 5.4, December 1997.
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a

5. Duke Engineering Services Hanford, Specifications Drawings, Drawing H-2-828041,

Revision 2B.

3. ASSUMPTIONS

1. Pressure is applied uniformly

2. Others as noted

4. MATERIAL PROPERTIES

The MCO assembly is fabricated from Typé 304L stainless steel, except for the jacking

screws which are fabricated ASTM A193 Grade B8S. The MCO shell is fabricated from dual
certified 304/304L stainless steel. For this analysis, values for material properties are taken

from Section |1, Part D of the Code (See [2]) and are listed in Table 1.

The shield plug is fabricated out of SA-182 F304L, the locking ring out of SA-182 F304N,
the collar out of dual certified 304/304L and the lifting cap out of SA-182 F304L.

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 Level A stress intensity limits, as listed in Table 2 below.
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Table 1: ASME Code Material Properties for MCO.
SA - 182 F304L Forging (Shield Piug)

70°F 200°F 300°F 270°F

E - psi 28.3 x 10° 27.6 x 10° 27.0 x10° 27.18 x 10°
Sy - psi 16,700 16,700 16,700 16,700
Sy~ psi 25,000 21,300 19,100 19,760
Sy~ psi 65,000 61,500 56,500 58,000

Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10

70°F 250°F 300°F 270°F

a-infinl°F 8.46 x 10° 8.90 x 10° 9.00x10~° 8.94x 10°¢

SA - 182 F304N Forging (Locking Ring)

70°F 200° F 300°F 270°F

E - psi 28.3 x 10° 27.6 x10° 27.0 x10° 27.18 x 10°
Sy - psi 23,300 23,300 22,500 22,740
Sy~ psi 35,000 28,700 25,000 26,110
Sy~ psi 80,000 80,000 75,900 77,130

Mean Coefficient of Thermal Expansion from 70° to Temp. - in/in/°F x 10°

70°F 250°F 300°F 270°F

o-infin/°F 8.46 x 10° 8.90 x 10° 9.00 x 10 8.94 x 10°

SA-182 F304 Forging (Shell Collar)

70°F 200°F 300°F 270°F
E - psi 28.3x10° 27.6 x 10° 27.0 x 10° 27.18 x 10°
Sy - psi 20,000 20,000 20,000 20,000
Sy psi 30,000 25,000 22,500 23,250
S,- psi 75,000 71,000 66,000 67,500
Mean Coefficient of Thermal Expansion from 70° to Temp. - in/in/°F x 10°
70°F 250°F 300°F 270°F
a-infin/°F 8.46 x 10° 8.90 x 10° 9.00 x 10°° 8.94 x 10°
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SA - 193 Grade B8S or B8SA (Bolting)

70°F 200° F 300° F 270°F
E - psi 28.3 x 10° 27.6 x 10° 27.0x10° 27.18 x 10°
Sy - psi 16,700 13,000 11,000 11,600
Sy~ psi 50,000 — — —_
Sy- psi 95,000 — — —
Mean Coefficient of Thermal Expansion from 70° to Temp. - infin/°F x 10°
70°F 250°F 300°F 270°F
a«-infin/°F 8.46 x 10° 8.90 x 10° 9.00 x 10°¢ 8.94 x 10°

Table 2: Allowable Level A Stress Intensity Limits for Type 3041

6.

Allowable Stress intensity Limits (ksi)
Stress Intensity Formula 132°C (270°F) 75°C (167°F)
P 1.08y 16.7 16.7
P 1.5 Sy 251 251
P +Pg 1.5 Sy 251 25.1
P +Ps+Q 3.0 8y 50.1 50.1
Py#+Ps+Q+F N/A'
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 [3]. The internal design pressure of the MCO is 150 psi. There is

! Not applicable because fatigue is not being considered.
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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 sheli R = 11.50 inches, the area of the bottom plate is:
Age = 7{R?) = 41548 in?

Therefore, the pressure from the fuel on the bottom plate, P, is

W,
Pr = —£ = 3851psi or 39.00 psi
ABP

The fuel is conservatively assumed fo act as a fluid, resulting in lateral pressure against the
shell walls. Therefore, the total internal pressure is 150 + 39 = 189 psi.

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

where p = internal pressure = 189 psig (See Section 7.2, Load Case 3)
R = Mean Radius = (24.00+23.00)/4 = 11.75 in.
T = thickness of MCO shell = 0.5 in.

Therefore
(189)(11.75) .
=—————"=4442 psi
% =050 P
REVISION 0 1 2 PAGE 9
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T

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

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
Pa = '—D—) =181 pSi
{2

This value is greater than the 40 psi maximum external pressure, therefore the cylindrical
portion of the shell is adequate for external pressure.

7. STRESS ANALYSIS

A stress analysis of the MCO assembly is performed using the computer analysis program
ANSYS, Reference 5. For normal conditions five load cases are evaluated as described in

Section 7.2.
REVISION 0 1 2 PAGE10 |
PREPARED BY /DATE ZGS 4/17/97 | ZGS 7/14/98| mec 02/04/99 OF 129 |
CHECKED BY / DATE JN O 4117/97 | HSA TH4/98Jg¢s  02/04/99 i




CLIENT:

DE&S HANFORD, INC.

®_PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

7.1 Computer Model

The ANSYS model is built using two-dimensional axisymmetric elements. To mode} 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.

éQ 02/04/99
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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, L.ower Section
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7.2 Load Cases

Five Process Operating Condition load cases are analyzed in this calculation.

1. Fullinternal 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, +Py).

2. Fullinternal vacuum with 0 psig external pressure; equivalent to external pressure of
14.7 psi or 15 psi, at 132°C (270°F) uniform temperature. All stresses for this load case
are classified as primary stresses.

3. 189 psi internal pressure at 132°C (270°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 132°C (270°F) and shield plug at 32°C (90°F), at 189
psi internal pressure. All stresses for this load case are classified as primary plus
secondary (P +Py+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 MCO132.inp and
MCO132.0ut, respectively.

For Load Case 4, the corresponding ANSYS input and output files are POC4.inp and
POC4.out, respectively.

For Load Case 5, the corresponding ANSYS input and output files are TG275.inp and
TG275.0ut, respectively.
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7.3 Results

Stresses are reported for the nodes 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
P, is compared to the allowable membrane stress, S,; the membrane plus bending stress,
P, +Pg, is compared to 1.5S,,. For load case 5 the total stress P +Py+Q, is compared to 3S,,.

The results show that for all load cases, the computed stress intensities are lower than the
allowable stress intensities.

[ REVISION 0 1 2 PAGE16 |
PREPARED BY / DATE ZGS 417/97 | 2GS 7/14/98| y+ 02/04/99 OF129 |
CHECKED BY / DATE IN_ 4117097 | HSA 711419825 02/04/99 |




" _JPARSONS

CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 [
Table 3: 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
(collar) 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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In calculating the stress ratios, the following apply:

Type 304L: Sy = 16.7 ksi @ 75°C (167°F)
Sy = 16.7 ksi @ 132°C (270°F)

Type 304: S,y = 20.0 ksi @ 75°C (167°F)
8y = 20.0 ksi @ 132°C (270°F)

Type 304N: Sy = 23.3 ksi @ 75°C (167°F)
S = 22.74 ksi @ 132°C (270°F)

Table 4: 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 0.10
Lower Shell (304) 1.02 0.05 1.88 0.05
Middle Shell (304) 1.01 0.05 1.03 0.03
Upper Shell/Cofiar (304) 6.26 0.31 9.60 0.32
Shield Plug (304L) 6.17 0.37 7.08 0.28
Locking Ring (304N) 1.08 - 0.05 1.56 0.04
P, P, + P,
Note: Stress Ratio= 24 or L& Note: Sy at75°C (167°F)
Sy 158,
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Table 5: Summary of Maximum Stress Intensities for Load Case 2

Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio
Bottom Plate (304L) 0.35 0.02 0.96 0.04
Lower Shell (304) 0.38 0.02 0.71 0.02
Middle Shell (304) 0.38 0.02 0.39 0.01
Upper Shell/Collar (304) 561 0.28 8.87 0.30
Shield Plug (304L) 6.30 0.38 7.05 0.28
Locking Ring (304N) 1.14 0.05 1.62 0.04
Note: Stress Ratio = EM- or M Note: 8y at 132°C (270°F)
Sy 158,, .

Table 6: Summary of Maximum Stress Intensities for Load Case 3

Component Py (ksi) Stress_ Ratio P, +Pg (ksi) Stress Ratio

Bottom Plate (304L) 2.83 0.17 9.35 0.37

Lower Shell(304) 4.60 0.23 10.72 0.36

Middle Shell (304) 4.62 0.23 4.71 0.16

Upper Shell/Collar (304) 5.04 0.25 8.40 0.28

Shield Plug (304L) 5.20 0.31 7.20 0.29

Locking Ring (304N) 1.37 0.06 1.93 0.06

Note: Stress Ratio = f'i or M Note: Sy at 132°C (270°F)

Su 158,
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Table 7: Summary of Maximum Stress Intensities for Load Case 4

Component Py (ksi) Stress Ratio P +Pg (ksi) Stress Ratio
Bottom Plate (304L) 2.87 0.17 9.56 0.38
Lower Shell (304) 460 0.23 8.76 0.29
Middle Shell (304) 4.62 0.23 4.70 0.16
Upper Shell/Collar (304) 5.43 0.27 8.97 0.30
Shield Plug (304L) 4.84 0.29 6.95 0.28
Locking Ring (304N) 1.62 0.07 3.02 0.09
Note: Stress Ratio = g:— or %53— Note: Sy at 132°C (270°F)

Table 8: Summary of Maximum Stress Intensities for Load Case §

Differential Temperature

I
Component P,+Py+Q (ksi) Stress Ratio |
Bottom Plate (304L) 26.66 0.53 ]
Lower Shell (304) 9.65 0.16 |
Middle Shell (304) 481 0.08 |
Upper Shell/Collar (304) 8.99 0.15 |
Shield Plug (304L) 14.20 0.28 |
Locking Ring (304N) 2.54 0.04 |
Note: Stress Ratio = i’%’zig_ Note: Sy at 132°C for Shell, rest at 32°C I
M
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Figure 4: Load Case 1 — Upper Section Stress Intensities
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Figure 5: Load Case 1 -- Lower Section Stress Intensities
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Figure 6: Load Case 2 - Upper Section Stress Intensities
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Figure 7: Load Case 2 — Lower Section Stress Intensities
REVISION 0 1 2 PAGE 24
PREPARED BY / DATE ZGS 4/17/97 | ZGS 7/14/98|yug . 02/04/99 OF 129
CHECKED BY / DATE N 4/17/97 | HSA 7/14/98

é@ 02/04/99




CLIENT:
PROJECT:

DE&S HANFORD, INC.

B I pPARSONS

FILE NO:

KH-8009-8-09

MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

1 ANSYS 5.4
NOV 19 1998
12:19:35
PLOT NO. 1
gl%)éL : SOLUTION
a4 SUB =1
TIME=1
SINT (AVG)
—— 4 PowerGraphics
EFACET=1
AVRES=Mat
A DMX =.291833
SMN =1.552
SMX =16080
B A =894.789
A /\ =2681
v ) b Zeoos
=6254
yd E  =8041
F =9827
A G =11614
. . \ H  =13400
< I =15187
A
Q
q
MCO DESIGN- 132 DEGREES C, 189 PSi PRESSURE ¢
Figure 8: Load Case 3 — Upper Section Stress Intensities
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Figure 9: Load Case 3 — Lower Section Stress Intensities
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Figure 10: Load Case 4 — Upper Section Stress Intensities
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Figure 11: Load Case 4 — Lower Section Stress Intensities
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CLIENT:

DE&S HANFORD, INC.

1_|pARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

MCO DESIGN— 100 C TEMPERATURE DIFFERENTIAL, 189 PS! PRESSUﬁE

Figure 12: Load Case 5 — Upper Section Stress Intensities

ANSYS 5.4
NOV 19 1998
12:38:47

PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =50
TIME=1

SINT (AVG)
DMX =.291144
SMN =118.927
SMX =25860
v =1
*DIST=12.796
*XF  =6.242
*F  =155.8
PRECISE HIDDEN
A =1549

B =4409

C =7269

D =10129

E =12989

F o =15849

G =18710

H  =21570

| =24430
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CLIENT:

DE&S HANFORD, INC.

B _PARSONS

FILE NO:

KH-8009-8-08

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL, 189 PSI PRESSURE

ANSYS 5.4

NOV 19 1998
12:40:19

PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =50
TIME=1

SINT (AVG)
DMX =.291144
SMN =118.927
SMX =25860
NV =1
*DIST=12.796
*F =6.55
*YF  =8.084
PRECISE HIDDEN
A =1549

B =4409

C  =7269

D =10129

E =12989

F o =15849

G =18710

H =21570

I =24430

Figure 13: Load Case 5 — Lower Section Stress Intensities
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PROJECT: MCO Final Design
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CLIENT:

DE&S HANFORD, INC.

2 _|PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Creation Date / Time:

KH-8009-8

ANSYS®-PC

54

Windows 95 ®, Pentium® Processor

KH-8008-8-09

POCH1.inp

Load Case 1: 40 psi, 75°C

11 November 1998 1:11:29 PM

Mtk € G 241
Prepared By: Michael E. Cohen Date
zl+ /o9
Checked By: Zachary'a Sargent / Date
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B | pPARSONS

CLIENT: DE&S HANFORD, INC. FILE NO:

KH-8009-8-09

PROJECT: ~MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

LISTING OF POC1.INP FILE

IBATCH,LIST

IFILENAM,POC1

IPREP7

ITITLE,MCO DESIGN- 75 DEGREES C, 40 PS| EXTERNAL PRESSURE, NO LIFT
TREF,70

TUNIF,167

JCOM **** ELEMENT TYPES ****

ET,1,42,,1 ! Shelt

ET,2,42,,,1 ! Shield Plug

ET,3,42,,,1 ! Lifting & Locking Ring

ET 412 ! Gap Elements Between Shield Plug & Shell
KEYOPT 4,7,1

ET,5,42,,1 ! Boit

JCOM **** REAL CONSTANTS FOR GAP ELEMENTS ****
R,4,-90,1.0¢8,-0.06,3.0 ! Shell/Shield Plug, initially Open .06"

R,5,0,1.0¢8,2.75¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 ! Sealing Surface, closed

ICOM *** MATERIAL PROPERTIES ***#*+#xsssx
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

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¢+06,25.8¢+06
MPDATA,EX,1,7,25.3¢+06,25.1¢+06,24.8¢+06,24.5¢+06

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

{COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin.J(F) ****
! SA240 Gr 304L
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00¢-06,9.19e-06,9.37e-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76¢-06

1 SA193 Gr BSM
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-06,9.69¢-06,9.76e-06,9.81e-06

ICOM**+*mxess SHELL GEOMETRY ****awsamasaans
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CLIENT: DE&S HANFORD, INC.

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.; HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

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 ! Qutside Radius at Collar Sealing Surface
IR3=12.25 ! Inside Radius at Collar-Lifting Ring Weld

JCOM *** BOTTOM COVER PLATE [DWG SK-2-300378] ****
N,1,-1.32 1 Row 1

N,2,1.25,-1.32

N,3,2.43,1.32

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,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,53,1R1.17

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 !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
FiL1,100,140,20,,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
REVISION 0 1 2 PAGE 34
PREPARED BY /DATE ZGS 417197} ZGS 7/14/98 02/04/99 OF 129
CHECKED BY / DATE JN  4/17/97 ] HSA 7/14/98 265 02/04/99




CLIENT:

DE&S HANFORD, INC.

PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

FILL

ICOM *** BASE OF CASK THROAT-ELEVATION: 138 INCHES ****
! Transition to Double Row

N,217,IR,142.68
N,219,0R,142.68
FILL
FILL,190,217,8,,3,3,1

! Vertical Fill

ICOM **** BOTTOM OF COLLAR TRANSITION ****
! Start of Transition to Large O.D &
! Assumed Location of Shield Plug Taper

N,235,IR,146.06
N,237,0R,146.06
FILL
N,238,IR,146.68
N,240,0R,146.68
FILL
FILL,217,235,5,,3,3,1

1 Horizontal Fill
! Vertical Fill

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

N,241,IR,147.31
N,243,0R,147.31
FILL

ICOM *** COLLAR SEALING SURFACE ****

N,247,IR,149.63
N,249,iR2,149.63
FILL

! End of Transition to Large O.D &

t Assumed Location of Shield Plug Taper

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

! Inside Radius of Sealing Surface
! OQutside Radius at Sealing Surface
! Horizontal Fill

ICOM **** THICK WALL AT COLLAR TRANSITION ****
! Nodes 250-259 Coincident w/240-249 (by 3)

NGEN,2,10,240,249,3
N,255,0R2,147.31
N,261,0R2,149.63
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,950,0R2,146.68
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

! Outside Surface
! Qutside Surface

ICOM *=* 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
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CLIENT: DE&S HANFORD, INC. FILE NO:  KH-8009-8-09

PROJECT: ~MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

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,(0OR2-IR2)/2
NGEN,3,1,274,295,3,(0OR2-1R3)/2

)

ICOM**+exxxsx | 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, i1

ICOM *** TOP EDGE ***
N,401,RING1,6.13

CSsYS,0

N,404,9.375,168.13

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

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
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PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

N,448,RING5,4 ! 0.D of Ring
CSYS,0 ! Bolt Extension
N,924,10.25,152.00

N,925,11.625,152.00
FILL,910,924,6,2
FILL,911,925,6,,2
N,525,10.25,151.874
N,527,11.625,151.874
FILL

! Bottom of Bolt Extension

ICOM **** BOTTOM OF LIFTING/LOCKING RING ****

CSYS,11
NGEN,2,70,441,448,1,,-4
FILL,441,511,6,,10,8,1

com*
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

SHIELD PLUG (offset y by 158.25) s+rsesases

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 11d Small Opening
NGEN,2,10,706,713,1,0.9515 1 Center of Opening

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

{ Od Small Opening

! Double Nodes @ Bolt for Gap elements

! Bottom Surface of Lifting/Locking Ring
! Fill in Lifting/L.ocking Ring

REVISION 0
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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
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,863,365,1
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

! Under Boit

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

FILL,889,415,1,890
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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,880,892,1,836
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,892,904,1,598
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 ****
CP,1,UY,508,277 1 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,1,1,7
CP,10+1,UY,445+10%,910+2*|
*ENDDO

*DO,,1,7
CP,17+1,UY,447+10*1,911+24
*ENDDO

*DO,11,7
CP,24+1,UX,445+10*,910+2*1
*ENDDO

*DO,1,1,7
CP,31+1,UX,447+10%1,911+2"1
*ENDDO

NALL

EALL

REVISION
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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

JCOM **** 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
EGEN,4,1,-1
E,980,981,248,247
EGEN,2,1,-1
E,982,983,260,249
E,983,984,261,260
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PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

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,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 ****

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,381,882,877,404
E,414,889,882,881
E,382,883,878,877
E,$89,890,883,882
E,883,884,405,878
E,890,415,384,883
E,384,885,879,405
E,415,891,885,384
E,885,886,880,879
E,891,892,886,885
E,386,887,406,880
E,392,416,387,886
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,394,895,890,339
E,901,902,895,894
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PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

E,895,896,415,890
E,902,425,896,895
E,896,897,891,415
E,425,903,897,896
E,397,898,892,891
E,903,904,898,897
E,898,899,416,892
E,904,426,899,898
E,431,432,422,421
E,905,423,422
£,432,905,422
E,432,433,905
E,905,906,800,423
E,433,908,906,905
E,906,907,424,900
£,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,488,478,917,918
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,A56,457,447,446

EGEN,8,10,1

JCOM#*+tsxs22xxx END) OF LOCKING/LIFTING RING *+++s+esssens

ICOM “*** SHIELD PLUG ELEMENTS ****

TYPE,2

MAT,1
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E,602,622,621,601
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,S,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+*txtanxass END OF SHIELD PLUG **nsniosaex

ICOM****rssasssr CONTACT ELEMENTS **arssrtrnss
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,815,401
E,816,501
E817,511

ICOM **** BETWEEN SHIELD PLUG & BOTTOM OF BOLT

REAL,5

E,845,525
E,852,526
E,859,527

REVISION

0

1

2
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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)

E,863,980

ICOM **** BETWEEN SHIELD PLUG AND SEAL LIP

TYPE4
REAL,6
E,247,862
E,248,870
E,249,875

[COM?#*+tatasrts END GAP ELEMENTS *++ssersinsas

ICOMarramaser BOUNDARY CONDITIONS AT AXIS (X=0) *wrrsessanx

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

/SOLUTION

SOLUTION PHASE

AIRARKRIRIRK

ICOM **** APPLYING 40 PS| EXTERNAL PRESSURE ****

NALL

EALL
NSEL,S,L.0C,X,0,11.425
NSEL,R,LOC,Y,-1.31,-1.33
SF,ALL,PRES,40

NALL

EALL

NSEL,S,LOC,X,11.422,12.01

NSEL,R,LOC,Y,-1.33,-0.31
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC.X,11.99,12.01
NSEL,R,LOC,Y,-0.33,146.1

! Bottom Plate

! 30 d Chamfer

! Outside shell

REVISION

0

1

2

PREPARED BY / DATE

ZGS 4117197

ZGS 7/14/98

W 02/04/99

CHECKED BY / DATE

JIN  4/17/97

HSA 7/14/98

265 02/04/99

PAGE 44
OF 129




CLIENT:

®_PARSONS

DE&S HANFORD, INC.

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

SF,ALL,PRES 40

NALL

EALL
NSEL,S,LOC,X,11.99,12.627
NSEL,R,LOC,Y,146.05,146.69
SF,ALL,PRES,40

NALL

EALL

NSEL,S,LOC X,12.623,12.627
NSEL,R,LOC,Y,146.67,156.01
SF,ALL,PRES 40

NALL

EALL
NSEL,S,LOC,X,12.24,12.626
NSEL,R,LOC,Y,155.99,156.01
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.624,12.24
NSEL,R,LOG,Y,155.99,156.01
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.374,9.626
NSEL,R,LOC,Y,155.99,157.13
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,9.374,10.20
NSEL,R,LOC,Y,157.12,157.14
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,LOC,X,7.93,10.20
NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,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

! Outside Shell Transition

! Outside Shell

1 Top of Shell

! Top of Locking Ring

! Transition to Lifting Ear

! Underside of Lifting Ear

! Side of Lifting Ear

! Top of Lifting Ear

! Top of Shield plug

! Side of Siphon Port (Top)

REVISION

0 1

2
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SF,ALL,PRES,40

NALL

EALL

NSEL,$,L.0C X,5.88,7.27
NSEL,R,LOC,Y,167.12,157.14
SF,ALL,PRES,40

NALL

EALL
NSEL,$,L0C,X,5.88,5.90
NSEL,R,LOC,Y,156.13,157.14
SF,ALL,PRES,40

NALL

EALL

NSEL,$,L0C,X,5.4,5.9
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,40

NALL

EALL
NSEL,S,LOC,X,5.46,5.47
NSEL,R,LOC,Y,153.0,156.37
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,S,LOC.X,3.13,3.58
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,40

NALL

EALL
NSEL,S,L0C,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
NSEL,R,LOC,Y,157.12,158.14

! Siphon Port Step (Top)

! Side of Siphon Port (Mid)

! Siphon Port Step (Mid)

! Bottom Siphon Port (Side)

1 Bottom Siphon Port

! Bottom Siphon Port (Side)

1 Siphon Port Step (Mid)

! Side of Siphon Port (Mid)

! Siphon Port Step (Top)

1 Side of Siphon Port (Top)

REVISION

0

1

2

PREPARED BY /DATE

ZGS 417197

ZGS 7/14/98
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CHECKED BY / DATE
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SF,ALL,PRES,40

NALL

EALL

NSEL,S,L0OC,X,0,1.8 ! Top of Shield Plug
NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,40

NALL

EALL

SOLVE

SAVE

FINISH

ICOM ** POSTPROCESSING ***
IPOST1
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
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

! Bottom Plate

! Lower Shell

! Mid Shell

! Upper Shell
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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,748,308
PRSECT
LPATH,730,810
PRSECT
LPATH,736,315
PRSECT
LPATH,869,874
PRSECT
LPATH,870,875
PRSECT
LPATH,431,434
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT
SAVE

! Shield Plug

1 Locking Ring

REVISION
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Run Date / Time:

\;\,\M\?,VW

KH-8009-8

ANSYS®-PC

5.4

Windows

95 ®, Pentium® Processor

KH-8009-8-09

POC1.otf

Load Case 1 Output

13 November 1998 4:16:45 PM

2! ﬂ‘ﬂ
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Checked By: Zachary G. Sgrgent Dafe
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Project Number:
Computer Code:
Software Version;

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Creation Date / Time:

KH-8009-8

ANSYS®-PC

54

Windows 85 ®, Pentium® Processor

KH-8009-8-09

POC2.inp
Load Case 2:

15 psi, 132°C

11 November 1998 1:11:29 PM

Wi LJZA\ 2 (4149
Prepared By: Michael E. Cohen Date

’}&2——7

Checked By: Zachary G. Saﬁent -~

2/4/49
Déte
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LISTING OF POC2.INP FILE
IBATCH,LIST

IFILENAM,POC2

IPREP7

ITITLE,MCO DESIGN- 3756 DEGREES C, 15 PS! EXTERNAL PRESSURE, NO LIFT
TREF,70

TUNIF,270

ICOM **** ELEMENT TYPES ****

ET,1,42,,,1 t 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,5.42,,,1 ! Bolt

ICOM **** REAL CONSTANTS FOR GAP ELEMENTS ***
R,4,-90,1.0e8,-0.06,3.0 t Shell/Shield Plug, Initially Open .06"
R,5,0,1.0¢8,2.75¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0E8,0,2.0 | Sealing Surface, closed

ICOM *+wrionnx MATERIAL PROPERTIES *+#isias
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,1,7,25.3¢+06,25.1e+06,24.80+06,24.5e+06

ICOM { SA-193
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8¢+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-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53¢-06,9.61e-06,9.69¢-06,9.76¢-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

ICOMr+rn 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
REVISION 0 1 2 PAGE 51
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IR3 =12.25 ! inside Radius at Collar-Lifting Ring Weld
JCOM ~** BOTTOM COVER PLATE [DWG SK-2-300378]
N,1,,-1.32 { Row1

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
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

! Middle Row

! Shell Stub/Weld

JICOM ** 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

/COM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****
N,217,IR,142.68 1 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 &
REVISION 0 1 2 PAGE 52
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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 I Verticat 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 t 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 ! Qutside Radius at Sealing Surface

FILL ! Horizontal Fill

JCOM *** THICK WALL AT COLLAR TRANSITION ***
NGEN,2,10,240,249,3 I 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,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,2,8,262,,,,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,(CR2-IR3)/2

ICOM#wsssats LOCKING & LIFTING RING GEOMETRY

RING1=7.94

RING2=9.375

RING3=9.625
REVISION 0 1 2 PAGE 53
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RING4=10.19
RING5=12.23
LOCAL,11,0,,152.00
CsYS,11

! Local System 2=0 at Base of Ring

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 ****
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 t Outside Edge of Boit Hole
FILL

N,910,10.9375-.6875,4

N,911,10.9375+.6875,4

N,448,RING5,4 10.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
N,527,11.625,151.874
FILL

! Bottom of Bolt Extension

ICOM ** BOTTOM OF LIFTING/LOCKING RING **
C8YS,11
NGEN,2,70,441,448,1,,4
FILL,441,511,6,,10,8,1

! Bottom Surface of Lifting/L.ocking Ring
! Fill in Lifting/Locking Ring

JCOM*++rwwrs 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
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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,-8.75
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
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,-1.984
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

! Id Large Opening

! 1d Medium Opening
1 id Smail Opening

! Center of Opening

1 Od Small Opening

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
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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

ICOM **** REFINING LIFTING EAR ****
C8YS,0
N,877,9.53,158.13
N,889,9.53,157.63
N,901,9.53,167.13
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 ***

/COM *** BETWEEN LIFTING/LOCKING RING & SHELL ***

CP,1,UY,508,277
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

1 Start Threads

/COM *** 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,1,1,7
CP,10+,UY,445+10*1,910+2%
*ENDDO

*DO,L,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+,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

E11,31,30

E,11,32,31

ICOM **** SHELL ™
E,50,61,54,53
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

/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 ****

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
£,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,908,434,807,906
E,441,442,432,431
EGEN,2,1,11
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,5
E,455,456,446,445
EGEN,8,10,-1
E,456,457,447,446
EGEN,8,10,-1

ICOM*+*+++=2* END OF LOCKING/LIFTING RING ** et

ICOM **** SHIELD PLUG ELEMENTS **

TYPE,2

MAT1
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
EGEN4,1,-1

com

ICOMwaws CONTACT ELEMENTS

END OF SHIELD PLUG ***+inn:

/COM **** BETWEEN LOCKING RING & SHIELD PLUG ***

TYPEA4

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,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

{COM *** BETWEEN SHIELD PLUG & SHELL (BELOW SEAL)

REVISION
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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,8,LOC,X,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALL,UY,O
NALL

EALL

SAVE

FINISH

BOUNDARY CONDITIONS AT AXIS (X=0) #*++#ravis

AR ERIRRS

e .
/SOLUTION

SOLUTION PHASE

ICOM *** APPLYING 15 PSI EXTERNAL PRESSURE ****
NALL

EALL
NSEL,S,L.OC,X,0,11.425
NSEL,R,LOC,Y,-1.31,-1.33
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,11.422,12.01
NSEL,R,LOC,Y,-1.33,-0.31
SF,ALL,PRES,15

NALL

EALL
NSEL,S,L0C,X,11.99,12.01
NSEL,R,LOC,Y,-0.33,146.1
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,11.99,12.627
NSEL,R,LOC,Y,146.05,146.69
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,12.623,12.627
NSEL,R,LOC,Y,146.67,156.01
SF,ALL,PRES,15

NALL

EALL

! Bottom Plate

130 d Chamfer

! Outside shell

{ Outside Shell Transition

! Qutside Shell
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NSEL,S,L0C,X,12.24,12.626
NSEL,R,LOC,Y,155.99,156.01
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,9.624,12.24
NSEL,R,LOC,Y,155.99,156.01
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,9.374,9.626
NSEL,R,LOC,Y,155.99,157.13
SF,ALL,PRES,15

NALL

EALL
NSEL,$,L0C,X,9.374,10.20
NSEL,R,LOC,Y,157.12,157.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,10.18,10.20
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,L0C,X,7.93,10.20
NSEL,R,LOC,Y,158.12,158.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,7.26,7.90
NSEL,R,LOC,Y,158.12,168.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,7.26,7.27
NSEL,R,LOC,Y,157.12,158.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,5.88,7.27
NSEL,R,L.OC,Y,157.12,167.14
SF,ALL,PRES,15

NALL

EALL
NSEL,S,L.0C,X,5.88,5.80
NSEL,R,LOC,Y,156.13,157.14
SF,ALL,PRES15

NALL

EALL

NSEL,S,LOC,X,5.4,5.9
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,15

NALL

EALL
NSEL,$,LOC.X,5.46,5.47

! Top of Shell

{ Top of Locking Ring

! Transition to Lifting Ear

! Underside of Lifting Ear

! Side of Lifting Ear

! Top of Lifting Ear

! Top of Shield plug

! Side of Siphon Port (Top)

1 Siphon Port Step (Top)

1 Side of Siphon Port (Mid)

! Siphon Port Step (Mid)

| Bottom Siphon Port (Side)
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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
NSEL,R,LOC,Y,153.0,153.2
SF,ALL,PRES,15

NALL

EALL
NSEL,$,L0C,X,3.55,3.57
NSEL,R,LOC,Y,153.0,156.37
SF,ALL,PRES,15

NALL

EALL
NSEL,S,LOC,X,3.13,3.58
NSEL,R,LOC,Y,156.13,156.15
SF,ALL,PRES,15

NALL

EALL
NSEL,S,L0C,X,3.13,3.15
NSEL,R,1.OC,Y,156.13,157.14
SF,ALL,PRES,15

NALL

EALL
NSEL,$,LOC,X,1.75,3.15
NSEL,R,L.OC,Y,157.12,157.14
SF,ALL,PRES,15

NALL

EALL

NSEL,S,L0C,X,1.6,1.8 1 Side of Siphon Port
NSEL,R,LOC,Y,157.12,158.14

SF,ALL,PRES,15

NALL

EALL

NSEL,S,LOC,X,0,1.8 ! Top of Shield Plug
NSEL,R,LOC,Y,158.12,158.14

SF,ALL,PRES,15

NALL

EALL

SOLVE

SAVE

FINISH

1 Siphon Port Step

! Siphon Port Step

ICOM *** POSTPROCESSING *™*
IPOST1 ’
SET,LAST
ITYPE,ALL,HIDC
IGLINE,ALL,0
RSYS,0
PLNSOL,S,INT
IDSCALE,,20
IREPLOT
LPATH,1,41
PRSECT
LPATH,6,46

! Bottom Plate

! Bottom Siphon Port

! Bottom Siphon Port (Side)

(Mid)

! Side of Siphon Port (Mid)

(Top)

(Top)
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—

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,801,613
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
PRSECT
LPATH,406,426

! Lower Shell

! Mid Shell

! Upper Shell

! Shield Plug

! Locking Ring
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PRSECT
LPATH,404,424
PRSECT
PRSECT

SAVE
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COMPUTER RUN COVER SHEET
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COMPUTER RUN COVER SHEET

Project Number: KH-8009-8

Computer Code: ANSYS®-PC

Software Version: 54

Computer System: Windows 95®, Pentium® Processor
Computer Run File Number: KH-8009-8-09

Unique Computer Run Filename: MCO132.inp

Run Description: Load Case 3: 189 psi, 132°C
Creation Date / Time: 11 November 1998 1:11:29 PM
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LISTING OF MCO132.INP FILE

IBATCH,LIST

JFILENAM,MCO132

IPREP7

ITITLE,MCO DESIGN- 132 DEGREES C, 189 PSI PRESSURE
TREF,70

TUNIF,270

icom ELEMENT TYPES **ttitinis

ET,1.42,,1 ! Shell & Collar

ET,2,42,,1 ! Boits

ET,3,42,,1 ! Locking Ring

ET,4,42,,1 ! Shield Plug & Guard Plate
ET,5,12 1 Gap Elements
KEYOPT,5,7,1

icom REAL CONSTANTS FOR GAP ELEMENTS
R,4,-90,1.08,-0.045,3.0 { Shell/Shield Plug, Initially Open 0.045"
R,5,0,1.0e8,2.75¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.08,0,2.0 ! Sealing Surface, closed
R,8,0,2.42¢7,0,2.0 ! Seal Spring, Max. Stiffness
ICOM MATERIAL PROPERTIES

/COM *** MATERIAL 1, 304L STAINLESS STEEL
MP,DENS,1,493/1728 1304L SS

MP,NUXY,1,0.3

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 ***
MPDATA,EX,1,1,28.3¢+06,28.1e+06,27.6¢+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 *** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.finJ(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

/COM **** MATERIAL 2, SA-193 GRADE B8S ***
MP,DENS,2,473/1728
MP,NUXY,2,0.3

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

ICOM ! SA-193
MPDATA,EX;2,1,28.3e+06,28.1e+06,27.6¢+06,27.0¢+06,26.5¢+06,25.8¢ +06
MPDATA,EX,2,7,25.3e+06,25.1e+06,24.8+06,24.5¢+06

REVISION 0 1 2

PREPARED BY /DATE ZGS 4/M7/97 | ZGS 7/14/98] < 02/04/99

CHECKED BY / DATE JN  4/17/97 | HSA 7/14/98 Zé} 02/04/99

PAGE 68
OF 129




CLIENT:

DE&S HANFORD, INC.

G
PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

1 SA193 Gr B8M

MPDATA,ALPX,2,1,0,8.54e-06,8.76e-06,8.97¢-06,9.21e-06,9.42¢-06
MPDATA,ALPX,2,7,9.60e-06,9.69¢-06,9.76¢-06,9.81e-06

ICOM *** MATERIAL 4, F304N ***

MP,DENS,4,493/1728
MP,NUXY,4,0.3

1304L SS

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 ***
MPDATA,EX,4,1,28.3¢+06,28.1e+06,27.6e+06,27.0¢+06,26.5¢+06,25.8e+06
MPDATA,EX,4,7,25.3¢+06,25.1¢+06,24.8e+06,24.5¢+06

ICOM *** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) *™*
MPDATA,ALPX,4,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19e-06,9.37¢-06
MPDATA,ALPX,4,7,9.53¢-06,9.61e-06,9.69e-06,9.76¢-06

ICOM *** MATERIAL 5, 304L STAINLESS STEEL ***

MP,DENS,4,493/1728
MP,NUXY ,4,0.3

1 304L SS

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

ICOM ~* MEAN COEFFICIENTS OF THERMAL EXPANSION (in.jinJ(F) ***

! SA240 Gr 304L

MPDATA,ALPX,5,1,0,8.55¢-06,8.79¢-06,9.00e-06,2.19¢-06,9.37¢-06
MPDATA,ALPX,5,7,9.53¢-06,9.61e-06,9.69¢-06,9.76¢-06

ICOM SHELL GEOMETRY

IR=11.49 ! Internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ Bottom

IR2=12.02 ! Inside Radius at Collar Sealing Surface

OR2=12.655 ! Outside Radius at Collar Sealing Surface

IR3=12.284 ! Inside Radius at Collar-Lifting Ring Weld

IR4=12.174 tInside Radius

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

N,1,,-1.32 !Row1

N,2,1.25,-1.32

N,3,2.13,-1.32

N,10,11.423,-1.32

FILL

N,41,0.00,-0.19 ! Row 3

N,42,1.25,-0.19

N,43,2.13,0.69
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N,50,IR,0.69
FILL,43,50
N,52,0R,0.69
FILL,50,52

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
FILL,50,53,1,1101
FILL,51,54,1,1102
FILL,52,55,1,1103

! Middle Row

! Shell Stub/Weld

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
FiLL,59,62,1,1110
FilLL,61,64,1,1112
FILL,1110,1112
FILL,62,65,1,1113
FILL,64,67,1,1115
FILL,1113,1115

ICOM **** SINGLE ROW SHELL ***

N,100,IR,7.18
N,140,IR,71.68
N,180,IR,136.68
N,101,0R,7.18
N,141,0R,71.68
N,181,0R,136.68

!inside

! Qutside

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

ICOM *** DOUBLE ROW SHELL ***

N,190,IR,137.18 ! Transition to Double Row
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N,182,0R,137.18

FILL

ICOM **** BASE OF CASK THROAT~ELEVATION: 138 INCHES ***
N,217,IR,142.68 1 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 Filt

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 ! 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
FIL.L.,237,990,1,991

{COM = COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ™
NGEN,2,3,259,,,,0.175 ! Nodes 262

ICOM *** COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) ™
NGEN,2,9,262,,,,1.655 ! Nodes 271

FILL,262,271,2

NGEN,3,1,259,271,1,(OR2-IR2)/2

{COM *** COLLAR AT BASE OF THREADS ***
N,274,IR4,151.68
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N,1000,IR2,151.58

/COM **** TOP TO COLLAR (WELD CLOSURE) ****
N,277,IR4,152.26
N,280,IR4,162.95
N,283,IR4,153.63
N,286,IR4,154.32
N,289,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,292,IR3,155.30
N,295,IR3,155.875
N,300,IR3,154.725
NGEN,2,1,274,289,3,0.27
NGEN,2,1,275,290,3,0,211
NGEN,3,1,292,295,1,(0OR2-1R3)/2

JCOM +iwmni: | OCKING & LIFTING RING GEOMETRY
RING1=7.8775 ! Inner Radius
RING2=9.375 ! Inside Lip

RING3=8.625 ! Inside Lip, Bottom of Transition
RING4=10.19 ! Outside Lip

RING5=12.065 ! Outside Radius No Thread:
RING6=12,174 ! Outside Radius

LOCAL,15,0,,151.58 ! Local System z=0 at Base of Lifting Ring

ICOM **** TOP EDGE ***
N,401,RING1,6.50
CSYS,0
N,404,RING2,158.08
FILL,401,404,,,1
N,405,9.53,168.08
N,900,8.75,158.08
N,901,8.97,158.08
N,406,RING4,158.08

ICOM *** LIFTING SURFACE ***
CSYS,15
N,421,RING1,5.50
N,424,RING2,5.50
FILL,421,424
N,425,9.53,5.50
N,904,9.75,5.50
N,905,9.97,5.50
N,426,RING4,5.50
FiLl.,401,421,1,,10,6,1
FILL,900,904,1,902
FILL,901,905,1,903
N,431,RING1,6.50-1.56
N,434,RING2,6.50-1.56
FILL

{COM **** BOLTING SURFACE ****
N,441,RING1,4.37

N,444,RING3,4.37
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FILL

NGEN,2,10,441,444,,,-0.38
NGEN,2,10,451,454,,,-0.64
NGEN,2,10,461,464,,,-0.61
NGEN,2,10,471,474,,,-0.69
NGEN,2,10,481,484,,,-0.68
NGEN,2,10,491,494,,,-0.69
NGEN,2,10,501,504,,,-0.68

N,445,10.875-0.75,4.37
N,447,10.875+0.75,4.37
FILL
N,910,10.875-0.75,4.37
N,911,10.875+0.75,4.37
N,912,10.875-0.75,3.99
N,913,10.875+0.75,3.99
N,455,10.875-0.75,3.99
N,457,10.875+0.75,3.99
FILL,455,457
N,914,10.875-0.75,3.35
N,915,10.875+0.75,3.35
N,465,10.875-0.75,3.35
N,467,10.875+0.75,3.35
FiLL,465,467
N,916,10.875-0.75,2.74
N,917,10.875+0.75,2.74
N,475,10.875-0.75,2.74
N,477,10.875+0.75,2.74
FILL.,475,477
N,918,10.875-0.75,2.05
N,919,10.875+0.75,2.05
N,485,10.875-0.75,2.05
N,487,10.875+0.75,2.05
FILL,485,487
N,920,10.875-0.75,1.37
N,921,10.875+0.75,1.37
N,495,10.875-0.75,1.37
N,497,10.875+0.75,1.37
Fil.L,495,497
N,922,10.875-0.75,0.68
N,923,10.875+0.75,0.68
N,505,10.875-0.75,0.68
N,507,10.875+0.75,0.68
FILL,505,507
N,924,10.875-0.75,0.00
N,925,10.875+0.75,0.00
N,515,10.875-0.75,0.00
N,517,10.875+0.75,0.00
FILL,516,617
N,525,10.125,-0.119
N,527,11.625,-0.119
FILL,525,527

! Inside Edge of Bolt Hole
! Outside Edge of Bolt Hole

! Double Nodes @ Bolt for Gap elements

of Bolt E

ICOM **CHAMFER AND THREADS*™**
1 0.D of Ring at Chamfer

N,448,RINGS-.22,4.37
N,458,RING5,3.99
N,469,RINGS,3.35
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N,468,RINGS,3.35
N,479,RINGS6,3.145
N,478,RINGS6,2.74
N,488,RINGS,2.05
N,498,RING6,1.37
N,508,RINGS,0.68
N,518,RING6,0.00

! Top of Threads

! Bottom of Threads

ICOM *rwwrsias SHIELD PLUG *rns

PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.8775
LOCAL,20,0,,158.21

! Local System z=0 at Top Left of Shield Plug

ICOM **** NODES AT PLUG AXIS (r=0) ***

N,601

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604,1
N,607,0,-6.75
N,610,0,-8.405
FILL,607,610,2,608,1
N,611,0,-9.374
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,2,20,642,663,1,0.6875
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,730,736,5,731,1
N,737,5.4665,-6.75
N,740,5.4665,-8.405
FILL,737,740,2,738,1
N,741,5.4665,-9.374
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
N,786,7.571,0.00
N,787,7.671,-0.50
N,788,7.571,-1
N,789,7.571,-1.55

!1d Large Opening

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

t Od Small Opening
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N,790,7.571,-2.10
N,791,7.571,-2.60
N,792,7.571,-3.10
N,793,7.571,-3.60
N,794,7.571,-4.10
N,795,7.571,-4.90
N,796,7.571,-5.55
N,797,7.671,-6.75

N,806,PLUGR4,0.00

N,550,PLUGR4,-0.13
N,807,PLUGR4,-0.63
N,808,PLUGR4,-1.13
N,809,PLUGR4,-1.69
N,810,PLUGR4,-2.26
N,811,PLUGR4,-2.64
N,812,PLUGR4,-3.28
N,813,PLUGR4,-3.89
N,814,PLUGR4,4.58
N,815,PLUGR4,-5.26
N,816,PLUGR4,.5.95
N,817,PLUGR4,-6.75

ICOM *** UNDER LOCKING RING "
N,824,8.5017,-6.75
N,827,8.5017,-8.405

FILL

N,828,8.5017,-9.374
N,830,8.5017,-10.5

FiLL

NGEN,2,20,778,783,1,0.306
NGEN,2,20,798,803,1,0.3065
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.5001
NGEN,2,7,845,851,1,0.750 ! Under Bolt
N,859,11.625,-6.75
N,860,11.625,-7.302
N,861,11.625,.7.854
N,862,PLUGR2,-8.405
N,1100,PLUGR2,-8.83
N,863,PLUGR2,-9.374
N,865,PLUGR3,-10.5

FILL,863,865
N,866,PLUGR1-0.27,-6.75 ! Seal Tab
N,869,PLUGR1-0.27,-8.405
FILL,866,869,2,867,1
N,870,PLUGR1-0.27,-8.56
NGEN,2,5,866,870,1,0.27

JCOM “* FILTER GUARD PLATE ****

LOCAL,40,0,,147.71 1 Local System z=0 at Bottom Left of Shield Plug
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATE5=11.25
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N,1200,PLATE4,-0.85
N,1202,PLATES,-0.85

FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,-5.75
N,1222,10.75,-5.75
N,1223,10.915,-5.75
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FILL,1216,1222,1,1219
N,1237,6.4375,-4.25
FILL,1212,1237,3,12254
N,1248,3.578,-4.25
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,-2.375
N,1254,2.625,-2.575
N,1256,2.625,4.25
FILL,1254,1256
N,1257,2.625,4.5
N,1259,2.625,-5.75
FILL,1257,1259
NGEN,2,10,1253,1259,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,-2.375
N,1284,0.6575,-2.575
N,1260,2.125

N,1270,1.357

N,1280,0.6575

N,1290,0.273
NGEN,3,1,1260,1290,10,,-0.5625

/COM ™** COUPLING NODES ****

J/COM *~* BETWEEN LIFTING/LOCKING RING & SHELL ***

ICOM *** BETWEEN BOLT & LOCKING RING ***

CP,54,UY,445,910 !inner Nodes
CP,55,UX,445,910

CP,56,UY,447,911 ! Quter Nodes
CP,57,UX,447,911

!

*DO,I,1,7 ! Going Down The Bolt

CP,57+1,UY,445+10",910+2*]
*ENDDO
1

DOL1,7

CP 64+, UY,447+10"1,91142°]
*ENDDO

1

D047

CP,71+1,UX,445+10°,910+241
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*ENDDO
!

D07

CP,78+,UX,447+10*,911+2"]

*ENDDO
!

CP,100,UY,479,289
CP,101,UY,478,286
CP,102,UY,488,283
CP,103,UY,498,280
CP,104,UY,508,277
SAVE

! Threads

JCON| #rwswrstanion B} EMENT GENERATION *+atswisss

icom

TYPE,1
MAT,1

E1,2,22,21
EGEN,10,1,-1
E,11,32,31
E,21,22,42,41
EGEN,11,1,-1

E,50,51,1102,1101
EGEN,5,3,-1
E,1101,1102,54,53
EGEN,5,3,-1
E,51,52,1103,1102
EGEN,5,3,-1
E,1102,1103,55,54
EGEN,5,3,11
E,65,66,100,
E,66,101,100
E,66,67,101
E,100,101,1117,1116
E,1116,1117,1119,1118
EGEN,8,4,-1
E,1118,1119,103,102
E,102,103,1121,1120
E,1122,1123,105,104
E,104,105,1125,1124
E,1126,1127,107,106
E,106,107,1129,1128
E,1130,1131,109,108
E,108,109,1133,1132
E,1134,1135,111,110 |
E,110,141,1137,1136
E,1138,1139,113,112
E,112,113,1141,1140
E,1142,1143,115,114
E,114,115,1145,1144
E,1146,1147,117,116
EA16,117,119,118
EGEN,32,2,-1

SHELL

! Plane42 -

1 Type 304L/304 Properties Stainless Steel

! Bottom Plate

! Bottom Shell

REVISION
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E,180,181,191
E,190,180,191
E,181,192,191
E,190,191,194,193
EGEN,9,3,-1
E,191,192,195,194
EGEN,9,3,-1

TYPE,1
MAT,1

E,217,218,221,220
EGEN,9,3,-1
E,218,219,222,221
EGEN,9,3,-1
E,244,245,986,985
E,985,986,981,980
E,980,981,248,247
EGEN,2,1,-3
E,237,991,251,250
E,991,990,251
E,250,251,254,253
E,251,990,255,254
E,263,254,257,246
E,254,255,258,257
E,246,257,988,987
E,257,258,989,988
E,987,988,983,982
E,988,989,984,983
E,982,983,260,259
E,983,984,261,260
E,259,260,263,262
EGEN,9,3,1
E,271,274,1000
E,260,261,264,263
EGEN,12,3,1
E,286,300,289
E,286,287,290,300
E,300,290,293,292
E,292,293,296,295

ICOM *rwwwiiwss | QCKING RING

TYPE,3
MAT, 4

E,411,412,402,401
EGEN,11,10,-1
EGEN,3,1,11
E,414,415,405,404
EGEN,2,10,-1
E,415,902,900,405
E,425,904,902,415
E,902,903,901,900
EGEN,2,2,-1

t Collar

! Type 304/304L.

1 F304N

! Top Going Down and
! Left to Right

REVISION
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PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

E,903,416,406,901
E,905,426,416,903
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,913,458,448,911
E,915,468,458,913
E,917,478,468,915
E,919,488,478,917
E,921,498,488,919
E,923,508,498,921
E,925,518,508,923
SAVE

ICOM NITRONIC 60 BOLTS (MODELED AS RING) ** s
TYPE,2
MAT,2 ! SA-193

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

ICOM SHIELD PLUG **aswesmes
TYPE4
MAT,1 1 304L

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,632,1270,652
E,1270,653,652

E,643,663,662,642
EGEN,10,1,+1
EGEN,2,20,-10
E,653,1260,652
E,1260,673,672,652
E,673,693,692,672
E,684,704,703,683
EGEN,10,1,-1
E,707,717,716,706
EGEN,7,1,1
E,717,737,736,716
EGEN,7,1,-1
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E,731,751,750,730
EGEN,13,1,-1
EGEN,4,20,-13
E,749,769,768,748
EGEN,2,1,-1
EGEN,3,20,-2
E,767,787,786,766
EGEN,2,1,-1
EGEN,2,20,-1
E,787,807,550,786
E,550,806,786
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,3,1,-1
EGEN,2,7,-3
E,867,872,871,866
EGEN,4,1,-1
E,1100,862,855
E,856,1100,855
E,856,863,1100
E,857,864,863,856
EGEN,2,1,-1

SAVE

/ICOM
TYPE4
MAT,5

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
EGEN,4,1,-1
E,1291,1281,1280,1290
EGEN,2,1,-1

ICOM

CONTACT ELEMENTS

FILTER GUARD PLATE *asssy

REVISION
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ICOM ** BETWEEN SHIELD PLUG & SHELL ***
TYPE,5

REAL.4

E,871,271

E,872,268

E,873,265

E,874,262

E,1100,980

ICOM **** BETWEEN SHIELD PLUG & SEAL LIP =
TYPE,5

REAL,6

E,248,870

E,249,875

TYPE,5
REAL,8
E,247,862
E,248,869

J/COM **** UNDER THE BOLT ***
TYPE,5

REAL,5

E,845,525

E,852,526

E,859,527

ICOM *+** BETWEEN LOCKING RING & PLUG ***
TYPE,S
REAL,4
E,550,401
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

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

NALL

MERGING COINCIDENT NODES e+

REVISION 0 1
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ICOM
C8YS,0
NSEL,S,LOC,X,0
D,ALL,UX,0

NALL

EALL
NSEL,S,NODE,,10
D,ALL,UY,0

NALL

EALL

SAVE

BOUNDARY CONDITIONS

ICOM ** LOAD 1: 189 PSI INTERNAL PRESSURE ***

NSEL,S,NODE, 41
NSEL,A,NODE, 42
NSEL,A,NODE, 43
NSEL,A,NODE, 44
NSEL,A,NODE, 45
NSEL,A,NODE, 46
NSEL,A,NODE, 47
NSEL,A,NODE, 48
NSEL,A,NODE,,49
NSEL,A,NODE,,50
NSEL,A,NODE,,1101
NSEL,A,NODE,,53
NSEL,A,NODE,, 1104
NSEL,A,NODE,,56
NSEL,A,NODE,,1107
NSEL,A,NODE,,59
NSEL,A,NODE,,1110
NSEL,A,NODE, 62
NSEL,A,NODE,,1113
NSEL,A,NODE,,65
NSEL,A,NODE,,100
NSEL,A,NODE,, 1116
NSEL,A,NODE,,1118
NSEL,A,NODE,, 102
NSEL,A,NODE,, 1120
NSEL,A,NODE,,1122
NSEL,A,NODE,,104
NSEL,A,NODE,,1124
NSEL,A,NODE,,1126
NSEL,A,NODE,,106
NSEL,A,NODE,, 1128
NSEL,A,NODE,,1130
NSEL,A,NODE,,108
NSEL,A,NODE,,1132
NSEL,A,NODE,,1134
NSEL,A,NODE,,110
NSEL,A,NODE,,1136
NSEL,A,NODE,,1138
NSEL,A,NODE,,112
NSEL,A,NODE,,1140
NSEL,A,NODE,,1142
NSEL,A,NODE,,114

! Bottom Plate

! Junction at Shetll
! Bottom Shell
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NSEL,A,NODE,,116
NSEL,A,NODE,, 1144
NSEL,A,NODE,,1146
NSEL,A,NODE,,118
NSEL,A,NODE,,120
NSEL,A,NODE,,122
NSEL,A,NODE,,124
NSEL,A,NODE,,126
NSEL,A,NODE,,128
NSEL,A,NODE,,130
NSEL,A,NODE,,132
NSEL,A,NODE,,134
NSEL,A,NODE,,136
NSEL,A,NODE,,138
NSEL,A,NODE,,140
NSEL,A,NODE,, 142
NSEL,A,NODE,, 144
NSEL,A,NODE,,146
NSEL,A,NODE,, 148
NSEL,A,NODE,,150
NSEL,A,NODE,,152
NSEL,A,NODE,,154
NSEL,A,NODE,,156
NSEL,A,NODE,, 158
NSEL,A,NODE,,160
NSEL,A,NODE,,162
NSEL,A,NODE,,164
NSEL,A,NODE,,166
NSEL,A,NODE,,168
NSEL,A,NODE,,170
NSEL,A,NODE,,172
NSEL,A,NODE,,174
NSEL,A,NODE,,176
NSEL,A,NODE,,178
NSEL,A,NODE,,180
NSEL,A,NODE,,182
NSEL,A,NODE,,184
NSEL,A,NODE,,186
NSEL,A,NODE,,188
NSEL,A,NODE,,190
NSEL,A,NODE,,193
NSEL,A,NODE,,196
NSEL,A,NODE,,199
NSEL,A,NODE,,202
NSEL,A,NODE,,205
NSEL,A,NODE,,208
NSEL,A,NODE,,211
NSEL,A,NODE,,214
NSEL,A,NODE,,217
NSEL,A,NODE,,220
NSEL,A,NODE,,223
NSEL,A,NODE, 226
NSEL,A,NODE,,229
NSEL,A,NODE,,232
NSEL,A,NODE,,235
NSEL,A,NODE,,238
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NSEL,A,NODE,,241
NSEL,A,NODE,,244
NSEL,A,NODE,,985
NSEL,A,NODE,,980
NSEL,A,NODE,, 247
NSEL,A,NODE,,248
NSEL,A,NODE,,870
NSEL,A,NODE,,869
NSEL,A,NODE,,862
NSEL,A,NODE,,1100
NSEL,A,NODE,,863
NSEL,A,NODE,,864
NSEL,A,NODE,,865
NSEL,A,NODE,,1202
NSEL,A,NODE,,1205
NSEL,A,NODE,,1208
NSEL,A,NODE,, 1211
NSEL,A,NODE,, 1214
NSEL,A,NODE,, 1217
NSEL,A,NODE,,1220
NSEL,A,NODE,,1223
NSEL,A,NODE,,1222
NSEL,A,NODE,, 1221
NSEL,A,NODE,, 1228
NSEL,A,NODE,,1232
NSEL,A,NODE,,1236
NSEL,A,NODE,,1240
NSEL,A,NODE,, 1244
NSEL,A,NODE,,1248
NSEL,A,NODE,,1252
NSEL,A,NODE,,1259
NSEL,A,NODE,,1269
NSEL,A,NODE,,1279
SF,ALL,PRES,189
NALL

EALL

ICOM **** SOLUTION ***

ISOLUTION
SOLVE

! Shell at Sealing Surface

t Seal Stop (Plug)

! Piug Taper

! Start Plug Bottom
1 Side of Guard Plate Ring

! Bottom of Guard Plate

ICOM *** POSTPROCESSING **

POSTY
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
PRSECT

! Bottom Plate

REVISION
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LPATH,50,52
PRSECT
LPATH,53,55
PRSECT
LPATH,62,64
PRSECT
LPATH,65,67
PRSECT
LPATH,100,101
PRSECT
LPATH,122,123
PRSECT
LPATH,134,135
PRSECT
LPATH,156,167
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
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
PRSECT
LPATH,406,426
PRSECT

t Lower Shell

! Mid Shell

! Upper Shell

! Shield Plug

t Locking Ring

REVISION
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LPATH,404,424

PRSECT

SAVE
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CLIENT: DE&S HANFORD, INC.

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

COMPUTER RUN COVER SHEET

Project Number: KH-8009-8
Computer Code: ANSYS®-PC
Software Version: 54
Computer System:

Computer Run File Number:
Unique Computer Run Filename:
Run Description:

Run Date / Time:

Windows 95®, Pentium® Processor

KH-8009-8-09
MCO132.otf

Load Case 3 Output

13 November 1898 4:38:52 PM

Pl X & L 2[4/
Prepared By: Michael E. Cohen Date

7 2lg/ts
Checked By: Zachary G. yargent/ Date
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PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Creation Date / Time:

KH-8009-

8

ANSYS®-PC

54

Windows 95®, Pentium® Processor

KH-8009-8-09

POCA4.inp

Load Case 4: 189 psi, 132°C

11 November 1998 1:11:29 PM

\/\M 2) \C\’z/\‘ 2 ( 4 { 49
Prepared By: Michael E. Cohen Date
= 2yfon
Checked By: Zachary G. Sar&nt Date
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LISTING OF POCA4.INP FILE

IBATCH,LIST

IFILENAM,POC4

IPREP?

ITITLE,MCO DESIGN- 132 DEGREES C, 182 PS] PRESSURE, LIFT, PRELOAD
TREF,70

TUNIF,270

ETAN=0.006 ! Tangent modulus

ICOM ELEMENT TYPES

ET,1,42,,1 ! Shell & Collar

ET,242,,1 ! Bolts

ET,3,42,,,1 f Locking Ring
ET,4,42,,1 ! Shield Plug

ET,5,12 ! Gap Eiements
KEYOPT,5,7,1

ICOM REAL CONSTANTS FOR GAP ELEMENTS

R,4,-90,1.0¢8,-0.045,3.0
R,5,0,1.0e8,2.75¢-03
R,6,0,1.0e8,0,2.0
R,8,0,2.42¢7,0,2.0

! Shell/Shield Plug, Initially Open 0.045"
! L. Ring/Shield Plug, Under Bolt, Preloaded
! Sealing Surface, closed
! Seal Spring, Max. Stiffness

ICOM *+++renmo MATERIAL PROPERTIES

ICOM **** MATERIAL 1, 304L STAINLESS STEEL ****
MP,DENS,1,493/1728 1304L 88
MP,NUXY,1,0.3

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

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

ICOM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./inJ(F) ***
1 SA240 Gr 304L :
MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00¢-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76e-06

JCOM *** MATERIAL 2, SA-193 GRADE B8S *~*
MP,DENS,2,473/1728
MP,NUXY,2,0.3

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

REVISION 0 1 2

PREPARED BY / DATE

ZGS 4117197

ZGS 7/14/98

W 02/04/99

CHECKED BY / DATE

JN 417197

HSA 7/14/98

'Z§$ 02/04/99

PAGE 89
OF 129




CLIENT: DE&S HANFORD, INC.

PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

ICOM 1 SA-193

MPDATA,EX,2,1,28.3¢+06,28.1¢+06,27.6e+06,27.0e+06,26.5¢+06,25.8e+06

MPDATA,EX,2,7,25.3¢+06,25.1e+06,24.8¢+06,24.5¢+06

1 SA193 Gr B&M

MPDATA,ALPX,2,1,0,8.54¢-06,8.76¢-06,8.97¢-06,9.21¢-06,9.42¢-06
MPDATA,ALPX,2,7,9.60e-06,9.69¢-06,9.76¢-08,9.81e-06

JCOM **** MATERIAL 4, F304N **
MP,DENS,4,493/1728 13041 S8
MP,NUXY,4,0.3

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, *~*

MPDATA,EX 4,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8¢+06

MPDATA,EX4,7,25.3¢+06,25.1+06,24.8¢+06,24.5¢+06

ICOM ** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ****

MPDATA,ALPX,4,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,4,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76e-06

ICOM SHELL GEOMETRY

IR=11.49 ! Internal Sheli Radius @ Bottom
OR=12.000 1 Shell Outside Radius @ Bottom
IR2 = 12.02 ! Inside Radius at Collar Sealing Surface

OR2 =12.655 ! Outside Radius at Collar Sealing Surface

IR3 =12.284 ! Inside Radius at Collar-Lifting Ring Weld

IR4=12.174 ! Inside Radius

ICOM ** BOTTOM 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

FIiLL

N,41,0.00,-0.19 I Row 3
N,42,1.25,-0.19

N,43,2.13,0.69

N,50,IR,0.69

FiLL,43,50

N,52,0R,0.69

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

FILE,10,32,1,11

N,53,IR,1.17

N,55,0R,1.17 ! Sheli Stub/Weld
FILL,53,55
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FILL,50,53,1,1101
FiLL,51,54,1,1102
FILL,52,55,1,1103

JCOM *+** SHEL L. [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
FILL,59,62,1,4110
FILL,61,64,1,1112
FILL,1110,1112
FILL,62,65,1,1113
FILL,64,67,1,1115

FILL,1113,1115

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
FIiLL,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,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 1 Start of Transition to Large O.D &

N,237,0R,146.06 { Assumed Location of Shield Plug Taper

FILL
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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
FiLLl ! Horizontal Fill

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

JCOM *** 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 Horizontat 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 ! 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,253,265,1,,1,3,3
FILL,237,990,1,991

ICOM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ****
NGEN,2,3,259,,,,0.175 ! Nodes 262

/COM *~* COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) ***
NGEN,2,9,262,,,,1.655 ! Nodes 271

FILL,262,271,2

NGEN,3,1,259,271,1,(0OR2.IR2)/2

ICOM ** COLLAR AT BASE OF THREADS ***
N,274,1R4,151.58
N,1000,IR2,151.58

/COM *** TOP TO COLLAR (WELD CLOSURE) ***
N,277,IR4,152.26
N,280,IR4,152.95
N,283,IR4,153.63
N,286,IR4,154.32
N,289,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,292,IR3,155.30
N,295,IR3,155.875
N,300,IR3,154.725
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NGEN,2,1,274,289,3,0.27
NGEN,2,1,275,290,3,0.211

NGEN,3,1,292,295,1,(OR2-IR3)/2

ICOM
RING1=7.8775
RING2=9.375
RING3=9.625
RING4=10.19
RING5=12.065
RING6=12.174
LLOCAL,15,0,,1561.58

ICOM *** TOP EDGE ****
N,401,RING1,6.50
CsYS$,0
N,404,RING2,158.08
FILL,401,404,,1
N,405,9.53,158.08
N,900,9.75,158.08
N,901,9.97,168.08
N,406,RING4,158.08

LOCKING & LIFTING RING GEOMETRY

! Inner Radius
! inside Lip

! inside Lip, Bottom of Transition

! Qutside Lip

! Outside Radius No Threads

I Qutside Radius

! Local System 2=0 at Base of Lifting Ring

ICOM **** LIFTING SURFACE ***

CSYS,15
N,421,RING1,5.50
N,424,RING2,5.50
FILL,421,424
N,425,9.53,5.50
N,904,9.75,5.50
N,905,9.97,5.50
N,426,RING4,5.50
FILL,401,421,1,,10,6,1
FILL.,900,904,1,902
FILL,901,905,1,903
N,431,RING1,6.50-1.56
N,434,RING2,6.50-1.56
FiLL

ICOM * BOLTING SURFACE ™™

N,441,RING1,4.37
N,444,RING3,4.37

FILL .
NGEN,2,10,441,444,,,-0.38
NGEN,2,10,451,454,,,-0.64
NGEN,2,10,461,464,,,-0.61
NGEN,2,10,471,474,,,-0.69
NGEN,2,10,481,484,,,-0.68
NGEN,2,10,491,494,,,-0.69
NGEN,2,10,501,504,,,-0.68

N,445,10.875-0.75,4.37 ! Inside Edge of Bolt Hole

N,447,10.875+0.75,4.37 ! Outside Edge of Bolt Hole

FILL

N,910,10.875-0.75,4.37 | Double Nodes @ Bolt for Gap elements

N,911,10.875+0.75,4.37
REVISION 0 1 2
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N,912,10.875-0.75,3.99
N,913,10.875+0.75,3.99
N,455,10.875-0.75,3.99
N,457,10.875+0.76,3.99
FILL,455,457
N,814,10.875-0.75,3.35
N,915,10.876+0.75,3.35
N,465,10.875-0.75,3.35
N,467,10.876+0.75,3.35
FILL,465,467
N,916,10.875-0.75,2.74
N,917,10.875+0.75,2.74
N,475,10.875-0.75,2.74
N,477,10.876+0.75,2.74
FILL,475,477
N,918,10.875-0.75,2.05
N,919,10.875+0.75,2.05
N,485,10.875-0.75,2.05
N,487,10.875+0.75,2.05
FILL,485,487
N,920,10.875-0.75,1.37
N,921,10.875+0.75,1.37
N,485,10.875-0.75,1.37
N,497,10.875+0.75,1.37
FILL.,495,497
N,922,10.875-0.75,0.68
N,923,10.875+0.75,0.68
N,505,10.875-0.75,0.68
N,507,10.876+0.75,0.68
FILL,505,507
N,924,10.875-0.75,0.00
N,925,10.875+0.75,0.00
N,515,10.875-0.75,0.00
N,517,10.875+0.75,0.00
FILL,615,517
N,525,10.125,-0.119
N,527,11.625,-0.119
FILL,525,527

! Bottom of Bolt Extension

ICOM ***CHAMFER AND THREADS"**
N,448,RING5-.22,4.37 ! 0.D of Ring at Chamfer
N,458,RINGS5,3.99
N,469,RINGS,3.35
N,468,RING6,3.35
N,479,RINGS6,3.145
N,478,RINGS6,2.74
N,488,RING6,2.05
N,498,RING6,1.37
N,508,RING6,0.68
N,518,RING6,0.00

1 Top of Threads

! Bottom of Threads

JCON #rernincer SHIELD PLUG #ssrswriar
PLUGR1=11.975

PLUGR2=11.45

PLUGR3=11.25
REVISION 0 1 2 PAGE 94
PREPARED BY / DATE ZGS 417/97 | ZGS 7/14/98| \w(~ 02/04/99 OF 129
CHECKED BY / DATE IN  4/17/97 § HSA 7/14/98]2¢5 02/04/99




CLIENT:

DE&S HANFORD, INC.

B _IPARSONS

FILENO:  KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

PLUGR4=7.8775
L.OCAL,20,0,,158.21

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

N,602,0,-1
N,603,0,-1.994
N,606,0,4.994
FILL,603,606,2,604,1
N,607,0,-6.75
N,610,0,-8.405
FILL,607,610,2,608,1
N,611,0,-9.374
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
NGEN,2,10,706,713,1,0.9515

! Id Small Opening
1 Center of Opening

N,730,5.4665,-1.994
N,736,5.4665,4.984
FILL,730,736,5,731,1
N,737,5.46€5,-6.75
N,740,5.4665,-8.405
FILL,737,740,2,738,1
N,741,5.4665,-9.374
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
N,786,7.671,0.00
N,787,7.571,-0.50
N,788,7.571,-1
N,789,7.671,-1.55
N,790,7.571,-2.10
N,791,7.571,-2.60
N,792,7.671,-3.10
N,793,7.671,-3.60
N,794,7.571,4.10
N,795,7.571,-4.90
N,796,7.6571,-5.55
N,797,7.571,-6.756

1 Od Small Opening

N,806,PLUGR4,0.00

N,550,PLUGR4,-0.13
N,807,PLUGR4,-0.63
N,808,PLUGR4,-1.13

ILocal System z=0 at Top Left of Shield Plug
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1

N,809,PLUGR4,-1.69
N,810,PLUGR4,-2.26
N,811,PLUGR4,-2.64
N,812,PLUGR4,-3.28
N,813,PLUGR4,-3.89
N,814,PLUGR4,-4.58
N,815,PLUGR4,-5.26
N,816,PLUGR4,-5.95
N,817,PLUGR4,-6.75

ICOM **** UNDER LOCKING RING ****

N,824,8.5017,-6.75
N,827,8.5017,-8.405

FILL

N,828,8.5017,-9.374
N,830,8.5017,-10.5

FILL
NGEN,2,20,778,783,1,0.306
NGEN,2,20,798,803,1,0.3065
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.5001
NGEN,2,7,845,851,1,0.750
N,859,11.625,-6.75
N,860,11.625,-7.302
N,861,11.625,-7.854
N,862,PLUGR2,-8.405
N,1100,PLUGR2,-8.83
N,863,PLUGR2,-9.374
N,865,PLUGRS3,-10.5
FILL,863,865
N,866,PLUGR1-0.27,-6.75
N,863,PLUGR1-0.27,-8.405
FILL,866,869,2,867,1
N,870,PLUGR1-0.27,-8.56
NGEN,2,5,866,870,1,0.27
SAVE

ICOM *** COUPLING NODES ***

1 Under Bolt

! Seal Tab

ICOM **** BETWEEN LIFTING/LOCKING RING & SHELL *
ICOM **** BETWEEN BOLT & LOCKING RING ***

CP,54,UY,445,910 ! Inner Nodes
CP,55,UX,445,910

CP,56,UY,447,911 { Outer Nodes
CP,57,UX,447,911

!

*DO,1,1,7 ! Going Down The Bolt
CP,57+,UY,445+10%,910+2*]

*ENDDO

!

*DO1,7

CP,84+,UY,447+10%,911+2%
*ENDDO
!

*DO,1,1,7
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CP,71+,UX,445+10*,910+2%
*ENDDO
!

*DO,I1,7

CP,78+,UX,447+10*,911+2*

*ENDDO

!

CP,100,UY,479,289 I Threads
CP,101,UY,478,286

CP,102,UY,488,283

CP,103,UY,498,280

CP,104,UY,508,277

SAVE

ICOM -tk E] EMENT GENERATION *oosons
/COM SHELL

TYPE,1 ! Plane42 -
MAT,1 ! Type 304L/304 Properties Stainless Steel

E,1,2,22,21 ! Bottom Plate
EGEN,10,1,-1

E,11,32,31

E,21,22,42,41

EGEN,11,1,-1

E,50,51,1102,1101 ! Bottom Sheil
EGEN,5,3,-1
E,1101,1102,54,53
EGEN,5,3,-1
E,51,52,1103,1102
EGEN,5,3,-1
E,1102,1103,55,54
EGEN,5,3,-1
E,65,66,100,
E,66,101,100
E,66,67,101
E,100,101,1117,1116
E,1116,1117,1119,1118
EGEN,8,4,-1
E,1118,1119,103,102
E,102,103,1121,1120
E,1122,1123,105,104
E,104,105,1125,1124
E,1126,1127,107,106
E,108,107,1129,1128
E,1130,1131,109,108
E,108,109,1133,1132
E,1134,1135,111,110
E,110,111,1137,1136
E,1138,1139,113,112
E,112,113,1141,1140
E,1142,1143,115,114
E,114,115,1145,1144
E,1146,1147,117,116
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E,116,117,119,118
EGEN,32,2,-1
E,180,181,191
E,190,180,191
E,181,192,191
E,190,191,194,193
EGEN,9,3,-1
E,191,192,195,194
EGEN,9,3,-1

TYPE
MAT,4

E,217,218,221,220
EGEN,9,3,-1
E,218,219,222,221
EGEN,9,3,-1
E,244,245,986,985
E,985,986,981,980
E,980,981,248,247
EGEN,2,1,-3
E,237,991,251,250
E,991,990,251
E,250,251,254,253
E,251,990,265,254
E,253,254,257,246
E,254,255,258,257
E,246,257,988,987
E,257,258,989,988
E,987,988,983,982
E,988,989,984,983
E,982,983,260,259
E,983,984,261,260
E,259,260,263,262
EGEN,9,3,-1
E,271,274,1000
E,260,261,264,263
EGEN,12,3,-1
E,286,300,289
E,286,287,290,300
E,300,290,293,292
E,292,293,296,295

ICOM

TYPE,3
MAT,4

E,411,412,402,401
EGEN,11,10,-1
EGEN,3,1,-11
E,414,415,405,404
EGEN,2,10,-1
E,415,902,900,405
E,425,904,902,415

LOCKING RING

! Collar
13041

! F304N

! Top Going Down and
! Left to Right

REVISION
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E,902,903,901,900
EGEN,2,2,-1
E,803,416,406,901
E,905,426,416,903
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,913,458,448,911
E,915,468,458,913
E,917,478,468,915
E,919,488,478,917
E,921,498,488,919
E,923,508,498,921
E,925,518,508,923
SAVE

ICOM NITRONIC 60 BOLTS (MODELED AS RING) **+its
TYPE,2
MAT,2 1 SA-193

E,455,456,446,445
EGEN,8,10,-1

E 456,457,447 446
EGEN,8,10,1
SAVE

ICOM SHIELD PLUG **swawanax
TYPE,4
MAT,1 1304L

E,602,622,621,601
EGEN,12,1,1
EGEN,2,20,-12
E,643,663,662,642
EGEN,11,1,-1
EGEN,2,20,-11
E,684,704,703,683
EGEN,10,1,-1
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
EGEN,4,20,-13
E,749,769,768,748
EGEN,2,1,-1
EGEN,3,20,-2
E,767,787,786,766
EGEN,2,1,1
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EGEN,2,20,-1
E,787,807,550,786
E,550,806,786
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,3,1,-1
EGEN,2,7,-3
E,867,872,871,866
EGEN,4,1,-1
E,1100,862,855
E,856,1100,855
E,856,863,1100
E,857,864,863,856
EGEN,2,1,-1
SAVE

ICOM CONTACT ELEMENTS
/COM ~*+* BETWEEN SHIELD PLUG & SHELL, ***
TYPE,S

REAL,4

E,871,271

E,872,268

E,873,265

E,874,262

E,1100,980

ICOM *+* BETWEEN SHIELD PLUG & SEAL LIP ****
TYPE,S

REAL,6

E, 248,870

E,249,875

TYPE,S
REAL,8
E,247,862
E,248,869

ICOM **** UNDER THE BOLT ***
TYPE,5

REAL,S

E,845,525

E,852,526

E,858,527

ICOM =+ BETWEEN LOCKING RING & PLUG ***
TYPE,5

REAL.4

E,560,401

REVISION 0 1 2 PAGE 100

PREPARED BY / DATE ZGS 4/17/97 | ZGS T7/14/98| e 02/04/99 OF 129

CHECKED BY / DATE JN - 4/17/97 | HSA 7/14/98|z6( 02/04/99 |




CLIENT: DE&S HANFORD, INC.

PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

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

JCOM wrrwsrwswns MERGING COINCIDENT NODES #tisrions
ESEL,S,TYPE,,1

NSLE

NUMMRG,NODE

EALL

NALL

IcoMm
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=Q) *iries

¥
JOOM*+otrsrtias

ISOLUTION

Ak AR

SOLUTION PHASE

JCOM *** LOAD 1:
NSEL,S,NODE, 41
NSEL,A,NODE, 42
NSEL,A,NODE, 43
NSEL,A,NODE, 44
NSEL,A,NODE, 45
NSEL,A,NODE, 46
NSEL,A,NODE, 47
NSEL,A,NODE, 48
NSEL,A,NODE,,49
NSEL,A,NODE,,50
NSEL,A,NODE,,1101
NSEL,A,NODE,,53

NSEL,ANODE,, 1104
NSEL,A,NODE,,56

NSEL,A,NODE,,1107
NSEL,A,NODE,,59

150 PSI INTERNAL PRESSURE ****
| Bottom Plate

! Junction at Shell
f Bottom Shell

REVISION 0 1

2

PREPARED BY /DATE ZGS 4/M7/97 | ZGS 7/14/98

wh 02/04/99

CHECKED BY / DATE JIN  4/17/97 | HSA 7/14/98

&S 02/04/99

PAGE 101
OF 129




CLIENT: DE&S HANFORD, INC.

® _/PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

NSEL,A,NODE,,1110
NSEL,A,NODE,,62
NSEL,A,NODE,,1113
NSEL,A,NODE,,65
NSEL,A,NODE,,100
NSEL,A,NODE,,1116
NSEL,A,NODE,,1118
NSEL,A,NODE,,102
NSEL,A,NODE,,1120
NSEL,A,NODE,, 1122
NSEL,A,NODE,,104
NSEL,A,NODE,,1124
NSEL,A,NODE,,1126
NSEL,A,NODE,,106
NSEL,A,NODE,,1128
NSEL,A,NODE,,1130
NSEL,A,NODE,,108
NSEL,A,NODE,,1132
NSEL,A,NODE,,1134
NSEL,A,NODE,,110
NSEL,A,NODE,,1136
NSEL,A,NODE,,1138
NSEL,A,NODE,,112
NSEL,A,NODE,, 1140
NSEL,A,NODE,,1142
NSEL,A,NODE,,114
NSEL,A,NODE,,116
NSEL,A,NODE,,1144
NSEL,A,NODE,,1146
NSEL,A,NODE,,118
NSEL,A,NODE,,120
NSEL,A,NODE,, 122
NSEL,A,NODE,,124
NSEL,A,NODE,,126
NSEL,A,NODE,,128
NSEL,A,NODE,,130
NSEL,A,NODE,,132
NSEL,A,NODE,,134
NSEL,A,NODE,,136
NSEL,A,NODE,,138
NSEL,A,NODE,,140
NSEL,A,NODE,,142
NSEL,A,NODE,,144
NSEL,A,NODE,,146
NSEL,A,NODE,,148
NSEL,A,NODE,,150
NSEL,A,NODE,,152
NSEL,A,NODE,,154
NSEL,A,NODE,,156
NSEL,A,NODE,,158
NSEL,A,NODE,,160
NSEL,A,NODE,,162
NSEL,A,NODE,,164
NSEL,A,NODE,,166
NSEL,A,NODE,,168
NSEL,A,NODE,,170
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NSEL,A,NODE,,172
NSEL,A,NODE,,174
NSEL,A,NODE,,176
NSEL,A,NODE,,178
NSEL,A,NODE,,180
NSEL,A,NODE,,182
NSEL,A,NODE,,184
NSEL,A,NODE,, 186
NSEL,A,NODE,,188
NSEL,A,NODE,,190
NSEL,A,NODE,,193
NSEL,A,NODE,,196
NSEL,A,NODE,,199
NSEL,A,NODE,,202
NSEL,A,NODE,,205
NSEL,A,NODE,,208
NSEL,A,NODE,,211
NSEL,A,NODE,,214
NSEL,A,NODE,,217
NSEL,A,NODE,,220
NSEL,A,NODE,,223
NSEL,A,NODE,,226
NSEL,A,NODE,,229
NSEL,A,NODE,,232
NSEL,A,NODE,,235
NSEL,A,NODE,,238
NSEL.A,NODE,,241
NSEL,A,NODE,,244
NSEL,A,NODE,,985
NSEL,A,NODE,,980
NSEL,A,NODE,,247
NSEL,A,NODE,,248
NSEL,A,NODE,,870
NSEL,A,NODE,,869
NSEL,A,NODE,,862
NSEL,A,NODE,,1100
NSEL,A,NODE,,863
NSEL,A,NODE,,864
NSEL,A,NODE,,865
NSEL,A,NODE, 858
NSEL,A,NODE,,851
NSEL,A,NODE,,844
NSEL,A,NODE,,837
NSEL,A,NODE,,830
NSEL,A,NODE,,823
NSEL,A,NODE,,803
NSEL,A,NODE,,783
NSEL,A,NODE,,763
NSEL,A,NODE,,743
NSEL,A,NODE,,723
NSEL,A,NODE,,713
NSEL,A,NODE,,693
NSEL,A,NODE,,673
NSEL,A,NODE,,653
NSEL,A,NODE,,633
NSEL,A,NODE,,613

! Shell at Sealing Surface

! Seal Stop (Plug)

1 Plug Taper

! Start Plug Bottom

REVISION
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SF,ALL,PRES,18¢
NALL

EALL

LSWRITE,1

SAVE

JCOM *** LOAD 2: LIFTING LOAD ***

NSEL,ALL
NSEL,S,NODE,,204
NSEL,A,NODE,,905
NSEL,A,NODE, 425
NSEL,A,NODE, 426
SF,ALL,PRES,587.25
NALL

EALL

LSWRITE,2
LSSOLVE,1,2
SAVE

FINISH

ICOM **** POSTPROCESSING

{POST4
SET,LAST
ITYPE,ALL,HIDC
IGLINE,ALL,0
RSYS,0
PLNSOL,S,INT
IDSCALE,,20
/REPLOT
LPATH,1,41
PRSECT
LPATH,6,46
PRSECT
LPATH,10,50
PRSECT
LPATH,50,52
PRSECT
LPATH,50,55
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,170,174
PRSECT
LPATH,180,181
PRSECT
LPATH,202,204

! Bottom Plate

! Lower Shell

! Mid Shell

1 Upper Shelt

1 24000#/40.87 IN~2 (SHOE WIDTH SMEARED AROUND
! CIRCUMFERENCE OF LIFTING EAR)
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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
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
PRSECT
LPATH,406,426
PRSECT
LPATH,404,424
PRSECT

SAVE

! Shield Plug

! Locking Ring
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Run Date / Time:

Pdan s %, QA

KH-8009-8

ANSYS®-PC

54

Windows 95®, Pentium® Processor

KH-8008-8-09

POC4.otf

Load Case 4 Output

16 November 1998 10:51:53 PM
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Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Creation Date / Time:

NG R

KH-8009-8
ANSYS®-PC

54

Windows 95®, Pentium® Processor

KH-8009-8-09
TG275.inp

Load Case 5: Differential Temperature

11 November 1998 1:11:29 PM
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

IBATCH,LIST
IFILENAM,TG275
IPREP?7

LISTING OF TG275.INP FILE

ITITLE,MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL, 189 PSI

TREF,70
IETAN=0.006

JCOM *rwmiy Bt EMENT TYPES *rttesrtwss

ET,1,55,,,1
ET,2,55,,,1
ET,3,55,,,1
ET,4,55,,,1
ET,5,32

! Shell & Coltar
! Bolts

! Locking Ring

! Reference Temperature of 70 F
! Tangent moduius

! Shield Plug & Guard Plate

! Gap Elements

JCOM *rwwrwwiminss REAL CONSTANTS FOR GAP ELEMENTS *itiwss
! Shell/Shield Plug

R4.1
R,5,0,1.0e8,2.75¢-03
R,6,0,1.0¢8,0,2.0

ICOM

MATERIAL PROPERTIES *# s

ICOM *** MATERIAL 1, 304L STAINLESS STEEL ~**

MP,DENS,1,493/1728
MP,NUXY,1,0.3

1304L SS

ICOM *~* DEFINING TEMPERATURES FOR MPDATA ~**
MPTEMP,1, 70,100,200,300,400,500

MPTEMP,7,600,650,700,750

ICOM *** DEFINING ELASTIC MODUL! FOR 304L ™
MPDATA,EX,1,1,28.3¢+06,28.1¢+06,27.6¢+06,27.0e+06,26.50+06,25.8¢+06
MPDATA,EX,1,7,25.3¢+06,25.1e+06,24.8e+06,24.5¢+06

! L. Ring/Shield Plug, Under Bolt, Preloaded
1 Sealing Surface, closed

ICOM =+ MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin.J(F) ****

1 SA240 Gr 304L

MPDATA,ALPX,1,1,0,8.55¢-06,8.79¢-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,1,7,9.53¢-06,9.61¢-06,9.69¢-06,9.76e-06

/COM **** THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-(F) 304+
MPDATA,KXX,1,1,0.716,0.725,0.775,0.817

ICOM **** MATERIAL 2, SA-193 GRADE B8S ***

MP,DENS,2,473/1728
MP,NUXY,2,0.3

ICOM ** DEFINING TEMPERATURES FOR MPDATA ***
MPTEMP,1, 70,100,200,300,400,500

MPTEMP,7,600,650,700,750

fcom 15A-193

MPDATA EX,2,1,28.3¢+06,28.1e+06,27.6e+06,27.0e+06,26.5¢+06,25.8¢+06
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il

MPDATA,EX,2,7,25.3e+06,25.1€+06,24.8¢+06,24.5¢+06

1 SA193 Gr B8M
MPDATA,ALPX,2,1,0,8.54e-06,8.76e-06,8.97¢-06,9.21e-06,9.42e-06
MPDATA,ALPX,2,7,9.60e-06,9.69¢-06,9.76¢-06,9.81¢-06

1COM = THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-{F) SA-193 **
MPDATA,KXX,2,1,0.716,0.725,0.775,0.817

ICOM *** MATERIAL 4, F304N
MP,DENS,4,493/1728 1304L SS
MP,NUXY ,4,0.3

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

JCOM ** DEFINING ELASTIC MODUL| FOR 304L **
MPDATA,EX 4,1,28.3¢+06,28.1¢+06,27.6+06,27.0¢+06,26.5¢+06,25.8e+06
MPDATA,EX,4,7,25.3e+06,25.1e+06,24.8e+06,24.5¢+06

ICOM *** MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ***
MPDATA,ALPX,4,1,0,8.55e-06,8.79¢-06,9.00¢-06,8.19¢-06,9.37e-06
MPDATA,ALPX,4,7,9.53¢-06,9.61e-06,9.69¢-06,9.76e-06

ICOM ** THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-{F) 304N****
MPDATA,KXX,4,1,0.716,0.725,0.775,0.817

Icom ~+ MATERIAL 5, 3041 STAINLESS STEEL =™
MP,DENS,4,493/1728 13041 S8
MP,NUXY,4,0.3

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

ICOM =+ DEFINING ELASTIC MODULI FOR 304L ™
MPDATA,EX,5,1,28.3e+06,28.1¢+06,27.6e+06,27.0¢+06,26.5¢+06,25.8e+06
MPDATA,EX,5,7,25.3¢+06,25.1¢+06,24.8e+06,24.5¢+06

JCOM *~* MEAN COEFFICIENTS OF THERMAL EXPANSION (in.fin./(F) ~~*
1 SA240 Gr 304L
MPDATA,ALPX,5,1,0,8.55¢-06,8.79e-06,9.00e-06,9.19¢-06,9.37¢-06
MPDATA,ALPX,5,7,9.53¢-06,9.61e-06,9.69¢-06,9.76e-06

JCOM =+ THERMAL CONDUCTIVITY COEFFICIENTS (Btu/Hr-in.-(F) 304L***
MPDATA,KXX,5,1,0.716,0.725,0.775,0.817

ICOM SHELL GEOMETRY

IR=11.48 { internal Shell Radius @ Bottom

OR=12.000 ! Shell Outside Radius @ B

IR2 = 12.02 ! Inside Radius at Collar Sealing Surface

OR2 =12.655 ! Outside Radius at Collar Sealing Surface

IR3=12.284 ! Inside Radius at Collar-Lifting Ring Weld

iR4=12.174 ! Inside Radius
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JCOM *** BOTTOM 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

N,41,0.00,-0.19
N,42,1.26,-0.19
N,43,2.13,0.69
N,50,IR,0.69
FILL,43,50
N,52,0R,0.69
FILL,50,52

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,53,56
FILL,50,53,1,1101
FILL,51,54,1,1102
FILL,52,55,1,1103

! Row1

Row3

! Middie Row

! Shell Stub/Weld

/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
FILL,53,56,1,1104
FILL,55,58,1,1106
FILL,1104,1106
FILL,56,59,1,1107
FILL,58,61,1,1109
Fil.L.,1107,1109
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
N,140,IR,71.68
N,180,IR,136.68
N,101,0R,7.18
N,141,0R,71.68
N,181,0R,136.68

! Inside

! Qutside

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

REVISION

0

1

2

PREPARED BY / DATE

ZGS  417/97

ZGS 7/14/98

Vet 02/04/99

CHECKED BY / DATE

JN 417197

HSA 7/14/98

75 0204159

PAGE 110
OF 129




PARSONS
CLIENT: DE&S HANFORD, INC.

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

FILL,104,106,2,1124,2
FILL,106,108,2,1128,2
FILL,108,110,2,1132,2
FILL,140,112,2,1136,2
FILL,112,114,2,1140,2
FiLL,114,116,2,1144,2
NGEN,2,1,1116,1146,2,0.50

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,217,1R,142.68 1 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 0.0 &
N,237,0R,146.06 1 Assumed Location of Shield Piug Taper
FILL

N,238,IR,146.68

N,240,0R,146.68

FiLL { Horizontat Fill

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

/COM **** TOP OF COLLAR TRANSITION **

N,241,IR,147.31 1 End of Transition to Large O.D &
N,243,0R,147.31 1 Assumed Location of Shield Plug Taper
FILL ! Horizontal Fill

NGEN,2,3,241,243,1,,0.75
ICOM ** COLLAR SEALING SURFACE **

N,247,1R,149.63 ! Inside Radius of Sealing Surface
N,249,IR2,149.63 ! Outside Radius at Sealing Surface
FILL 1 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 Surface
N,261,0R2,149.63 1 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
FIL.L,237,990,1,991
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ICOM *** COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) ***

NGEN,2,3,259,,,,0.175

! Nodes 262

ICOM **** COLLAR AT TOP EDGE OF PLUG (1.44" above bottom Edge) ***

NGEN,2,9,262,,,,1.655
FILL,262,271,2
NGEN,3,1,259,271,1,(OR2-IR2)/2

! Nodes 271

/COM ** COLLAR AT BASE OF THREADS ***

N,274,1R4,151.68
N,1000,IR2,151.58

ICOM **** TOP TO COLLAR (WELD CLOSURE) ***

N,277,IR4,152.26
N,280,IR4,152.95
N,283,1R4,153.63
N,286,IR4,164.32
N,289,IR4,154.725
N,290,12.47,154.725
N,291,0R2,154.725
N,292,IR3,155.30
N,295,IR3,155.875
N,300,IR3,154.725
NGEN,2,1,274,289,3,0.27
NGEN,2,1,275,290,3,0.211
NGEN,3,1,292,295,1,(0OR2-IR3)/2

ICOM
RING1=7.88
RING2=9.375
RING3=9.625
RING4=10.1¢
RING5=12.065
RING6=12.174
LOCAL,15,0,,151.58

/COM *** TOP EDGE ™™
N,401,RING1,6.50
C8YS,0
N,404,RING2,158.08
FILL,401,404,,,1
N,405,9.53,158.08
N,900,9.75,158.08
N,901,9.97,158.08
N,406,RING4,158.08

JCOM *** LIFTING SURFACE *
CSYS,15

N,421,RING1,5.50
N,424,RING2,5.50

FILL,421,424

N,425,9.53,5.50

N,$04,9.75,5.50

N,905,9.97,5.50
N,426,RING4,5.50

LOCKING & LIFTING RING GEOMETRY **ioxtwin

! Inner Radius
! inside Lip
1 Inside Lip, Bottom of Transition
t Outside Lip
! Outside Radius No Threads
1 Qutside Radius
! Local System z=0 at Base of Lifting Ring
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CLIENT:

DE&S HANFORD, INC.

PARSONS

FILE NO:

KH-8008-8-09

PROJECT:

MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

FiLL,401,421,1,,10,6,1
FILL,900,904,1,902
FILL,901,905,1,903
N,431,RING1,6.50-1.56
N,434,RING2,6.50-1.56
FILL

/COM *** BOLTING SURFACE ****

N,441,RING1,4.37
N,444,RING3,4.37

FILL
NGEN,2,10,441,444,,,-0.38
NGEN,2,10,451,454,,,-0.64
NGEN,2,10,461,464,,,-0.61
NGEN,2,10,471,474,,,-0.69
NGEN,2,10,481,484,,,-0.68
NGEN,2,10,491,494,,,-0.69
NGEN,2,10,501,504,,,-0.68
N,445,10.875-0.75,4.37
N,447,10.875+0.75,4.37
FiLL
N,910,10.875-0.75,4.37
N,911,10.875+0.75,4.37
N,912,10.875-0.75,3.99
N,913,10.875+0.75,3.99
N,455,10.875-0.75,3.99
N,457,10.875+0.75,3.99
FILL,455,457
N,914,10.875.0.75,3.35
N,915,10.875+0.75,3.35
N,465,10.875-0.75,3.35
N,467,10.875+0.75,3.35
FILL,465,467
N,916,10.875-0.75,2.74
N,917,10.875+0.75,2.74
N,475,10.875-0.75,2.74
N,477,10.875+0.75,2.74
FILL,475,477
N,918,10.875-0.75,2.05
N,919,10.875+0.75,2.05
N,485,10.875-0.75,2.05
N,487,10.875+0.75,2.05
FILL,485,487
N,920,10.875-0.75,1.37
N,921,10.875+0.75,1.37
N,495,10.875-0.75,1.37
N,497,10.875+0.75,1.37
FILL,495,497
N,922,10.875-0.75,0.68
N,923,10.875+0.75,0.68
N,505,10.875-0.75,0.68
N,507,10.875+0.75,0.68
FILL,505,507
N,924,10.875-0.75,0.00
N,925,10.875+0.75,0.00
N,515,10.875-0.75,0.00

! Inside Edge of Bolt Hole
! Outside Edge of Bolt Hole

! Double Nodes @ Bolt for Gap elements
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5
PARSONS

CLIENT: DE&S HANFORD, INC.

FILE NO:  KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

N,517,10.875+0.75,0.00
FILL,515,517
N,525,10.125,-0.119
N,527,11.625,-0.119
FiLL,525,527

! Bottom of Bolt Extension

ICOM ***CHAMFER AND THREADS™**
N,448,RING5-.22,4.37 ! 0.D of Ring at Chamfer
N,458,RINGS,3.99
N,469,RINGS,3.35
N,468,RING§,3.35
N,479,RINGS,3.145
N,478,RINGS6,2.74
N,488,RING6,2.05
N,498,RING6,1.37
N,508,RING6,0.68
N,518,RINGE,0.00

! Top of Threads

1 Bottom of Threads

JCOM *rwwmimismins GHIELD PLUG **+iiosioss
PLUGR1=11.975
PLUGR2=11.45
PLUGR3=11.25
PLUGR4=7.8775
LOCAL,20,0,,158.21

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

N,602,0,-1
N,603,0,-1.994
N,606,0,-4.994
FILL,603,606,2,604,1
N,607,0,-6.75
N,610,0,-8.405
FiLL,607,610,2,608,1
N,611,0,-9.374
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
NGEN,2,20,662,673,1,0.6875
NGEN,2,20,683,693,1,0.4236
NGEN,2,10,706,713,1,0.9515

11d Large Opening

! Id Medium Opening
! 1d Smail Opening
{ Center of Opening

N,730,5.4665,-1.994
N,736,5.4665,-4.994
FILL,730,736,5,731,1
N,737,5.4665,-6.75
N,740,5.4665,-8.405
FILL,737,740,2,738,1
N,741,5.4665,-9.374
N,743,5.4665,-10.5

t Od Small Opening

1 Local System 2=0 at Top Left of Shield Plug

FiLL,741,743
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CLIENT:

DE&S HANFORD, INC.

PARSONS

FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

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
N,786,7.671,0.00
N,787,7.571,-0.50
N,788,7.571,-1
N,789,7.571,-1.55
N,790,7.671,-2.10
N,791,7.571,-2.60
N,792,7.571,-3.10
N,793,7.5671,-3.60
N,794,7.671,4.10
N,795,7.571,4.90
N,796,7.571,-5.55
N,797,7.671,-6.75

N,806,PLUGR4,0.00

N,550,PLUGR4,-0.13
N,807,PLUGR4,-0.63
N,808,PLUGR4,-1.13
N,809,PLUGR4,-1.69
N,810,PLUGRA4,-2.26
N,811,PLUGR4,-2.64
N,812,PLUGR4,-3.28
N,813,PLUGR4,-3.89
N,814,PLUGR4,-4.58
N,815,PLUGR4,-5.26
N,816,PLUGR4,-5.95
N,817,PLUGR4,-6.75

ICOM *+ UNDER LOCKING RING ***

N,824,8.5017,-6.75
N,827,8.5017,-8.405

FiLL

N,828,8.5017,-9.374
N,830,8.5017,-10.5

FILL
NGEN,2,20,778,783,1,0.306
NGEN,?2,20,798,803,1,0.3065
NGEN,3,7,824,830,1,0.5616
NGEN,2,7,838,844,1,0.5001
NGEN,2,7,845,851,1,0.750
N,859,11.626,-6.75
N,860,11.625,-7.302
N,861,11.626,-7.854
N,862,PLUGR2,-8.405
N,1100,PLUGR2,-8.83
N,863,PLUGR2,-9.374
N,865,PLUGR3,-10.5
FILL,863,865
N,866,PLUGR1-0.27,-6.75
N,869,PLUGR1-0.27,-8.405
FILL,866,869,2,867,1

! Under Bolt

! Seal Tab
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" PARSLONS

CLIENT:  DE&S HANFORD, INC. FILE NO:  KH-8009-8-09
PROJECT: ~ MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11
N,870,PLUGR1-0.27,-8.56

NGEN,2,5,866,870,1,0.27

JCOM *** FILTER GUARD PLATE

LOCAL,40,0,,147.71 | Local System 2=0 at Bottom Left of Shield Plug
PLATE1=0.273

PLATE2=0.6575

PLATE3=1.357

PLATE4=10.25

PLATE5=11.25

N,1200,PLATE4,-0.85
N,1202,PLATES5,-0.85

FILL
NGEN,5,3,1200,1202,,,-0.85
NGEN,2,3,1212,1214,,,-0.25
N,1221,PLATE4,-5.75
N,1222,10.75,-5.75
N,1223,10.915,-6.75
FILL,1215,1221,1,1218
FILL,1223,1217,1,1220
FiLL,1216,1222,1,1219
N,1237,6.4375,4.25
FilLL,1212,1237,3,1225,4
N,1249,3.578,4.25
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,-2.375
N,1254,2.625,-2.575
N,1256,2.625,4.25
FiLL,1254,1256
N,1257,2.625,-4.5
N,1259,2.625,-5.75
FILL,1257,1259
NGEN,2,10,1263,12569,1,-0.5
NGEN,2,10,1263,1269,1,-0.768
N,1283,0.6575,-2.375
N,1284,0.6575,-2.575
N,1260,2.125

N,1270,1.357

N,1280,0.6575

N,1290,0.273
NGEN,3,1,1260,1290,10,,-0.5625

/COM *** COUPLING NODES ***
JCOM *** BETWEEN LIFTING/LOCKING RING & SHELL
/COM *** BETWEEN BOLT & LOCKING RING ™**

CP,54,TEMP,445,910 ! Inner Nodes
CP,56,TEMP,447,911 ! Outer Nodes
!

*DOL1,7 ! Going Down The Bolt
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CLIENT:

DE&S HANFORD, INC.

PARSONS

FILE NO: KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

—

CP,57+],TEMP,445+10*,910+2*|

*ENDDO
!
*00O,1,1,7

CP,64+|, TEMP,447+10%1,911+2*

*ENDDO
1

CP,100,TEMP,479,289
CP,101,TEMP,478,286
CP,102,TEMP,488,283
CP,103,TEMP,498,280
CP,104,TEMP,508,277
SAVE

{ Threads

JCOM *rwwwssmaiek B) EMENT GENERATION wrrssast

Icom

TYPE,1
MAT,1

E,1,2,22,21
EGEN,10,1,-1
E,11,32,31
E,21,22,42,41
EGEN,11,1,11

E,50,51,1102,1101
EGEN,5,3,-1
E,1101,1102,54,53
EGEN,5,3,-1
E,$1,52,1103,1102
EGEN,$,3,-1
E,1102,1103,55,54
EGEN,5,3,-1
E.65,66,100,
£,66,101,100
E,66,67,101
E,100,101,1917,1116
E,1116,1117,1119,1118
EGEN,8,4,-1
E,1118,1119,103,102
E,102,103,1121,1120
E,1122,1123,105,104
E,104,105,1125,1124
E,1126,1127,107,106
E,106,107,1129,1128
E,1130,1131,109,108
E,108,109,1133,1132
E,1134,1135,111,110
E,110,111,1137,1136
E,1138,1139,113,112
E,112,113,1141,1140
E,1142,1143,115,114
E,114,115,1145,1144
E,1146,1147,117,116
E,116,117,119,118

SHELL

! Plane42 -
! Type 304L/304 Properties Stainless Steel

| Bottom Plate

! Bottom Shell
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PARSIONS

CLIENT:  DE&S HANFORD, INC. FILENO:  KH-8009-8-09
PROJECT: ~MCO Final Design DOC. NO. HNF-SD-SNF-DR-003, Rev. 2, Appendix 11
EGEN,32,2,-1
E,180,181,191
E,190,180,191

E,181,192,191
E,190,191,194,193
EGEN,9,3,-1
E,191,192,195,194
EGEN,8,3,-1

TYPE,1 1 Collar
MAT,1 ! Type 304/304L

E,217,218,221,220
EGEN,9,3,-1
E,218,219,222,221
EGEN,9,3,-1
E.244,245,986,985
E,985,986,981,980
E,980,981,248,247
EGEN,2,1,-3
E,237,991,251,250
E,991,990,251
E,250,251,254,253
E,251,990,255,254
E,253,254,257,246
E,254,255,258,257
E,246,257,988,987
E,257,258,989,988
E,987,988,983,982
E,988,989,984,983
E,982,983,260,259
E,983,984,261,260
E,259,260,263,262
EGEN,9,3,-1
E,271,274,1000
E,260,261,264,263
EGEN,12,3,-1

E, 286,300,289
E,286,287,290,300
E,300,290,293,292
E,292,293,296,295

ICOM *wswmmiis § OCKING RING *asramnins

TYPE,3
MAT4 1 F304N

E,411,412,402,401 1 Top Going Down and
EGEN,11,10,-1 { Left to Right
EGEN,3,1,-11

E,414,415,405,404

EGEN,2,10,-1

E,415,902,900,405

E,425,904,902,415

E,902,903,901,900
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CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09

PROJECT: ~MCO Final Design DOG. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

EGEN,2,2,-1
E,903,416,406,901
E,905,426,416,903
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,913,458,448,911
E,915,468,458,913
E,917,478,468,915
E,919,488,478,917
E,921,498,488,919
E,923,508,498,921
E,925,518,508,923
SAVE

JCOM +smrasssss NITRONIC 60 BOLTS (MODELED AS RING)

TYPE,2
MAT,2 1 SA-193

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

JCOM *++wmmvioiik SHIELD PLUG *rsssrs

TYPE.4
MAT,1 1304L

E,602,622,621,601
EGEN,11,1,-1
EGEN,2,20,~11
E,813,1290,612
E,1290,1280,632,612
E,1280,633,632
E,633,1270,632
E,632,1270,652
E,1270,663,652

E,643,663,662,642
EGEN,10,1,-1
EGEN,2,20,-10
E,653,1260,652
E,1260,673,672,652
E,673,693,692,672
E,684,704,703,683
EGEN,10,1,-1
E,707,717,716,706
EGEN,7,1,-1
E,747,737,736,716
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1

EGEN,7,1,-1
E,731,751,750,730
EGEN,13,1,-1
EGEN,4,20,-13
E,749,769,768,748
EGEN,2,1,-1
EGEN,3,20,-2
E,767,787,786,766
EGEN,2,1,-1
EGEN,2,20,-1
E,787,807,550,786
E,550,806,786
E,818,825,824,817
EGEN,6,1,-1
EGEN,5,7,-6
E,853,860,859,852
EGEN,3,1,-1
EGEN,2,7,-3
E,867,872,871,866
EGEN4,1,-1
E,1100,862,855
E.856,1100,855
E,856,863,1100
E,857,864,863,856
EGEN,2,1,1

SAVE

JCOM wrexssewmnss EIL TER GUARD PLATE *eetasas

TYPE,4
MAT,S

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

EGEN,4,1,-1

E,1291,1281,1280,1290

EGEN,2,1,+1
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ICOM

CONTACT ELEMENTS

/COM ** BETWEEN SHIELD PLUG & SHELL

TYPE,S
REAL.4
E,871,271
E,872,268
E,873,265
E,874,262
E,1100,980

ICOM ~ BETWEEN SHIELD PLUG & SEAL LIP

TYPE,S
REAL,4
E,247,862
E,248,870
E, 249,875

ICOM *** UNDER THE BOLT ***

TYPE,S
REAL,4
E,845,525
E,852,526
E,869,527

JCOM ~** BETWEEN LOCKING RING & PLUG ***

TYPE,5

REAL,4

E,550,401
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

JCOM *+rewswsasirs MERGING COINCIDENT NODES *sssesy

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

NALL

FINI

i
JOOM* sttt

ISOLUTION

SOLUTION PHASE

A AR R AR

REVISION
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DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

1

ANTYPE,STATIC,NEW
OUTRES,ALL,LAST

JCOM **** TEMPERATURE DIFFERENTIAL 32 C @ CENTER, 132 C OUTSIDE ***
!

NSEL,S,NODE,,601,613 t Centerline, 32C=90F
NSEL,A,NODE,,1,41,20

D,ALL,TEMP,90

NALL

EALL

NSEL,S,NODE,, 10,11 ! Outside Shell from Bottom to Top
NSEL,A,NODE,,32,52,20

NSEL,A,NODE,,1103,1115,3

NSEL,A,NODE,,55,67,3

NSEL,A,NODE,,101,181,2

NSEL,A,NODE,,1117,1147,2

NSEL,A,NODE,,192,237,3

NSEL,A,NODE,,890,991

NSEL,A,NODE,,265,297,3

NSEL,A,NODE,,984,989,5

D,ALL, TEMP,270 1@132C (270 F)

NALL

EALL

SOLVE

SAVE

FINI

JCOM ***snssmiins STRUCTURAL ANALYSIS **iiwsioks

ICOM *** PREPROCESSOR ***

IPREP7

JCOM wswwamnix B] EMENT TYPES *tstesases

ET,1,42,,,1 i Switches

ET,242,,1 ! Thermal Elements PLANE5S
ET,3,42,,,1 t to

ET,4,42,,1 ! Structural Elements PLANE42
ET,5,12 ! Switches LINK32 to CONTACT12
KEYOPT,5,7,1

JCOM *++wesrans REAL CONSTANTS FOR GAP ELEMENTS
R,4,-90,1.0e8,-0.045,3.0 1 Shell/Shield Plug, Initially Open 0.045"
R,5,0,1.0€8,2.95¢-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded
R,6,0,1.0€8,0,2.0 { Sealing Surface, closed

ICOM **** COUPLING NODES ***

JCOM **+* BETWEEN LIFTING/LOCKING RING & SHELL
ICOM *+* BETWEEN BOLT & LOCKING RING ****

CP,54,UY,445,910 ! Inner Nodes

CP,55,UX,445,910

CP,56,UY,447,911 ! Outer Nodes

CP,57,UX,447,911

!

*DO,1,1,7 t Going Down The Bolt

CP,57+1,UY,445+10*1,810+2"1
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1

*ENDDO
1

*DO,I1,7
CP,64+1,UY,447+10%,911+2*|
*ENDDO

!

*DO,1,1,7
CP,71+1,UX,445+10*,910+2*
*ENDDO

1

*DO,I1,7
CP,78+I,UX,447+10%,911+2*1
*ENDDO

!

CP,100,UY,479,289
CP,101,UY,478,286
CP,102,UY,488,283
CP,103,UY,498,280
CP,104,UY,508,277

SAVE

! Threads

JCOM »mxsstst GONTACT ELEMENTS *oiiaiin

JCOM ~* BETWEEN SHIELD PLUG & SHELL ***
TYPE,S

REAL 4

E,871,271

E,872,268

E,873,265

E,874,262

E,1100,980

ICOM *** BETWEEN SHIELD PLUG & SEAL LIP ™
TYPE,S

REAL.6

E,247,862

E,248,870

E,249,875

JCOM *** UNDER THE BOLT ™
TYPE,5

REAL,S

E,845,525

E,852,526

E,859,527

/COM **** BETWEEN LOCKING RING & PLUG ***
TYPE,S

REAL.4

E,550,401

E,807,411

E,808,421

E,809,431

REVISION 0

1
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PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

E,810,441
E,811,451
E,812,461
E,813,471
E,814,481
E,815,491
E,816,501

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,0

ALLS

SAVE

FINi

ICOM **** SOLUTION ***

/SOLY

LDREAD,TEMP,LAST,,,,TG275,RTH

NEQIT,50
NSUBST,50

ICOM **** 189 PSI INTERNAL PRESSURE ***

NSEL,S,NODE,,41
NSEL,A,NODE, 42
NSEL,A,NODE, 43
NSEL,A,NODE, 44
NSEL,A,NODE, 45
NSEL,A,NODE, 46
NSEL,A,NODE,,47
NSEL,A,NODE,,48
NSEL,A,NODE, 49
NSEL,A,NODE,,50
NSEL,A,NODE,,1101
NSEL,A,NODE,,53
NSEL,A,NODE,,1104
NSEL,A,NODE,,56
NSEL,A,NODE,,1107
NSEL,A,NODE,,59
NSEL,A,NODE,,1110
NSEL,A,NODE,,62
NSEL,A,NODE,,1113
NSEL,A,NODE,,65
NSEL,A,NODE,,100
NSEL,A,NODE,,1116
NSEL,A,NODE,, 1118
NSEL,A,NODE,,102
NSEL,A,NODE,,1120
NSEL,A,NODE,;1122
NSEL,A,NODE,,104
NSEL,A,NODE,, 1124

! Bottom Plate

t Junction at Shell
! Bottom Shell

! Transfer Temperatures to Structural Model

! Reads in Temperatures from TG275.RTH file.

REVISION

0

1

2

PREPARED BY /DATE

ZGS  4NM797

ZGS 7/14/98

e 02/04/99

CHECKED BY / DATE
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NSEL,A,NODE,, 1126
NSEL,A,NODE,,106
NSEL,A,NODE,,1128
NSEL,A,NODE,, 1130
NSEL,A,NODE,,108
NSEL,A,NODE,,1132
NSEL,A,NODE,,1134
NSEL,A,NODE,,110
NSEL,A,NODE,,1136
NSEL,A,NODE,, 1138
NSEL,A,NODE,,112
NSEL,A,NODE,,1140
NSEL,A,NODE,, 1142
NSEL,A,NODE,,114
NSEL,A,NODE,,116
NSEL,A,NODE,,1144
NSEL,A,NODE,, 1146
NSEL,A,NODE,,118
NSEL,A,NODE,,120
NSEL,A,NODE,,122
NSEL,A,NODE,, 124
NSEL,A,NODE,,126
NSEL,A,NODE,,128
NSEL,A,NODE,,130
NSEL,A,NODE,,132
NSEL,A,NODE,,134
NSEL,A,NODE,,136
NSEL,A,NODE,,138
NSEL,A,NODE,,140
NSEL,A,NODE,,142
NSEL,A,NODE,,144
NSEL,A,NODE,,146
NSEL,A,NODE,,148
NSEL,A,NODE,,150
NSEL,A,NODE,, 152
NSEL,A,NODE,,154
NSEL,A,NODE,,156
NSEL,A,NODE,,158
NSEL,A,NODE,,160
NSEL,A,NODE,, 162
NSEL,A,NODE,, 164
NSEL,A,NODE,,166
NSEL,A,NODE,,168
NSEL,A,NODE,,170
NSEL,A,NODE,,172
NSEL,A,NODE,,174
NSEL,A,NODE,,176
NSEL,A,NODE,,178
NSEL,A,NODE,,180
NSEL,A,NODE,,182
NSEL,A,NODE,,184
NSEL,A,NODE,,186
NSEL,A,NODE,,188
NSEL,A,NODE,,190
NSEL,A,NODE,,193
NSEL,A,NODE,,196

REVISION 0 1 2 PAGE 125
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NSEL,A,NODE,,199
NSEL,A,NODE,,202
NSEL,A,NODE,,205
NSEL,A,NODE,,208
NSEL,A,NODE,,211
NSEL,A,NODE,,214
NSEL,A,NODE,,217
NSEL,A,NODE,,220
NSEL,A,NODE,,223
NSEL,A,NODE,,226
NSEL,A,NODE,,229
NSEL.A,NODE,,232
NSEL,A,NODE,,235
NSEL,A,NODE,,238
NSEL,A,NODE,,241
NSEL,A,NODE,,244
NSEL,A,NODE,, 985
NSEL,A,NODE,,980
NSEL,A,NODE,,247
NSEL,A,NODE,,248
NSEL,A,NODE,,870
NSEL.,A,NODE,,869
NSEL,A,NODE,,862
NSEL,A,NODE,,1100
NSEL,A,NODE,,863
NSEL,A,NODE,,864
NSEL.A,NODE,,865
NSEL,A,NODE,,1202
NSEL,A,NODE,,1205
NSEL,A,NODE,,1208
NSEL,A,NODE,,1211
NSEL,A,NODE,,1214
NSEL,A,NODE,,1217
NSEL,A,NODE,,1220
NSEL,A,NODE,, 1223
NSEL,A,NODE,, 1222
NSEL,A,NODE,, 1221
NSEL,A,NODE,, 1228
NSEL,A,NODE,, 1232
NSEL,A,NODE,,1236
NSEL,A,NODE,,1240
NSEL,A,NODE, 1244
NSEL,A,NODE,, 1248
NSEL,A,NODE,,1252
NSEL,A,NODE,,1259
NSEL.,A,NODE,, 1269
NSEL,A,NODE,,1279
SF,ALL,PRES,189
NALL

EALL

SOLVE

SAVE

FINE

! Shell at Sealing Surface

! Seal Stop (Plug)

! Plug Taper

! Start Plug Bottom

1 Side of Guard Plate Ring

t Bottom of Guard Plate

ICOM *** POSTPROCESSING ***

IPOST1

REVISION

0

1

2

PREPARED BY / DATE

ZGS 4117197

ZGS 7/14/98

weC 02/04/99
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PLNSOL,S,INT
{TYPE,ALLHIDC
IGLINE,ALL,0
RSYS,0
[DSCALE,,10
IREPLOT
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
LPATH,606,706
PRSECT
LPATH,706,736
PRSECT
LPATH,766,806
PRSECT
LPATH,748,808
PRSECT

! Bottom Plate

! Lower Shell

t Mid Shel!

! Upper Shell

1 Shield Plug

REVISION

0

1

2

PREPARED BY / DATE

ZGS 4/17/97

ZGS 7/14/98

W 02/04/99

CHECKED BY / DATE

N 4n7/97
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LPATH,730,810
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

SAVE

FINI

! Locking Ring

REVISION

0

1

2

PREPARED BY /DATE
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FILE NO:

KH-8009-8-09

PROJECT: MCO Final Design

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11

Project Number:
Computer Code:
Software Version:

Computer System:

COMPUTER RUN COVER SHEET

Computer Run File Number:

Unique Computer Run Filename:

Run Description:

Run Date / Time:

ML & LA—

KH-8009-8

ANSYS®-PC

54

Windows 95®, Pentium® Processor

KH-8009-8-09

TG275.0tf

Load Case 5 Output

16 November 1998 10:58:29 PM

L{q(i‘\

Prepared By: Michael E. Cohen

Date

Yyfer

Checked By: Zachary G- Sargent /

Déte

REVISION 0 1 2
PREPARED BY /DATE 2GS 4NT7/97T | ZGS T7/14/98) et 02/04/99
CHECKED BY / DATE JIN  4/17/97 | HSA 7/14/98

g@ 02/04/99
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Document No. HNF-SD-SNF-DR-003
Rev. 2, Appendix 12

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

Micheael Pruitt

A-12-1



Document No. HNF-SD-SNF-DR-003
Rev. 2, Appendix 13

MULTI-CANISTER OVERPACK DESIGN REPORT

MAIN SEAL DATA

CARBONE LORRAINE
Product: Helicoflex Seals
Model/Part No.: H-305236 REV NC (includes U260418 Retainer clip and screw)
Address: Helicoflex

2770 The Boulevard

P.0O. Box 9889

Columbia, SC 28209
Telephone: (803) 783-1880
Fax: (803) 783-4279
Contact: Michel LeFrancois

A-13-1
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IFAX

TO: GERARD ANTHIONE
NORTH WEST COMPONENTS
14661 NE 35TH ST
BELLEVEUE WAS8007
USA

Phone 425.861.7272

Telgfax 425.861.7474

/@73 STAN CROW

Garlock Helicoflex

HNF-SD-SNF-DR-003, Rey. 2.
Appendix 13 '

| pate  3/11/98

l Number of pages including this sheat2” 3

Paul Hardaway

Nuclear Applications Specialist
Garlock Helicoflex

2770 The Boulevard
Columbia, SC 29209

USA

FROM:

Phone
Telefax

803 783 1880
803 783 4279

SUBJECT: SAMPLE SEAL LEAK TEST

Gerard,

Here is the load deflection leak test curve. It was done with a sample seal with a
.176" cross section and silver jacket. The seal OD was 3.470” This was chosen as
a good representative of the seal designed for the MCO cask. All theoretical
values are proven to be within 10% of the empirical data or better.

Calculated ¥2 load......l16900 lbs

Tested Y2 load..........16100 1lbs

Calculatsd e2........0.0357 (0.031” +/- 0.004~)

Tested e2..... ceeee.s0.0347

¥l Calculated........3500 lbs

Y1l Tested..... +ees...600 lbs {under vacuum)

Tested el......c.....0.024"

Tested e0......... ... 0.016"

/3.

MAR-11-1598 14:45 4 5

1 803 763 4279

Bl P.21




Garfock Helicoflex

HNF-SD-SNF-DR—OO3, Rev, 2
; : Appendix 13 '
Equipment used: Tinius Olsen and Balzers helium leak detector.
Resulting leak rate at 16100 lbs and 0.034” compression = 1.2x107"° ce/sec
Please call with any gquestions.
Best Regards,
A-13-4 R

MAR~11~199g i4:45 1 803 783 42739
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Document No. HNF-SD-SNF-DR-003

Rev. 2, 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
Part Number Information

Boss Seal, C-Seal 02.062 OD Face Type,
Internal Pressure

C-Seal, 3.520 OD Face Type, Internal Pressure

C-Seal 1.156 OD Boss Type, Internal Pressure with
Split Liner for MS 33649-12 Fitting

Boss Type C-Seal, 1.843 OD Face Type, Internal
Pressure with Split Liner

A-14 -1

PSI part number 13632

PSI part number 13503

PSI part number 801A91-
0012-A (INCO 718)

PSI part number 14119



HNF-§D-SNF-DR-003,

Rev. 2,
Appendix 14
EEOMETRIC TOLERANCES TO ANSI YI4.5M-1982 | T REVISIONS
BA — 0102001 LTR DATE ECO NO APPROVAL
PRIOR TO FORMING A 06FEBS8 010082
oB
SEAL DIMENSIONS
AVG 0D AVE MIN 1D FREE
-ZA- -ZR- HEICGHT
7 sEE NoTE A\ A | SEE NoTE A\ B\see naTE A
+.0001 | 969
2.062 005 . 0622002
SECTION 2-2
SPLIT LINER
20 MIN' 1D
NOTES: ~D-
L. TIG WELDING PRIOR~TO~FORMING PERMITTED.
MAXIMUM QUT-OF-ROUNDNESS OF DIAMETERS: .016 1.800

3 INDIVIDUALLY PACKAGE PER STANDARD AEP METHODS.

4. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER.

5. SEALING SURFACES TO CONFORM TO QCS 85345,

DIMENSIONS ARE PRIOR TO PLATING.

PLATING REQUIRED OVER THIS AREA AS SPECIFIED IN BLOCK BELOW.
£8)

PLATING OPTIONAL AND MAY BE INCOMPLETE IN THIS AREA. FOR RECOMMENDED CAVITY

SEE DRAWING 13632-1

LIST OF MATERIALS

2 i 13634 SPLIT CENTERING LINER STAINLESS STEEL 300 SERIES
! | 136321 C—-SEAL INCONEL 718 PER AMS 5596
{TEM {REQ'D PART NUMBER DESCRIPTION MATERIAL
MATERIAL: HEAT TREATMENT, C-SEAL: PLATING:  GOLD PLATE PER PSA 0974
SEE LIST PER PS 0880, SECTION 0.0 | E5E .0010-,00i5 THICK
OTHERWISE SPECIF
OIMENS 1ONS ARE IN INGHES %EG&G AEROSPACE & ENGINEERED PRODUCTS
TOLERANCES ON < PRESSURESCIENCE
LINEAR DIMENSIONS ANGLES 11642 OLD BALTIMORE PIKE, BELTSVILLE, MARYLAND 20705~1294
X XX XXX PHONE (301) 837-4010 _FAX {301 937-0134
+ + +
;UAUTY‘ 'C/—L N C~-SEAL 02.062 OD FACE TYPE
sl xale | 13 weOf
MEGR S el (/2 EEBOT INTERNAL PRESSURE
e G [Saread BOSS SEAL
MHECKED C3 £56898
DRAWN C FEROUZ | OSFEBSS CODE TDENT NO W6 SIZE DRAWING NO
&RDQA\-\(Q 213 13604 15284 A 18682
\\_![[- Ty SCALE:  NONE SHEET O1 OF Oi

~ PROJECT 10813 DIE SIZ'E.= 02.062/062/10UIQ/GZ~-RHT2



HNF-SD-SNF-DR-003,

&

PLATING REQUIRED OVER THIS AREA AS SPECIFIED.
PLATING OPTIONAL AND MAY BE INCOMPLETE IN THIS AREA.
/\ 4. INDIVIDUALLY PACKAGE PER PSI SPECIFICATION.

5. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER.

)
B0° g VARIATION IN BASE MATERIAL HEIGHT SHALL BE LESS THAN
000570 5° AROUND ENTIRE FERIMETER OF THE SEAL

7. TIG WELDING PRIOR TO FCRMING PERMITTED.

@3.555+.005
f————7~R .045 MAX.

Rev.2,
Appendix 14
REVISIONS
LTR DATE ECC NO. APPR'L
seA A N e
DIMENSIONS _C_
! SEE NOTE SEE NOTE
4 B 13.520/3.510] 3.310 |.128/.122
PLATING {3.519) | (3.305) | (.129)
NOTES:
REQUIRED OUT OF ROUNDNESS CF DIAMETERS : . 100-.130

RECOMMENDED
CAVITY DETAILS

Z0 //W
C
2 g
t %% C ‘

.1002.003 N N

j—@ 3. zso MAX -——l

MATERIAL:SINCEE) 750 PLATING: 0800 HEAT TREATMENT:

PER AMS 5398 SILVER PER PSA 090

.0152.001 THK .0015-.0025 THK PER PS 0830 SECT. 11.2
UNLESS OTHERWISE SPECIFIED T
DIMENSIONS ARE IN INCHES EG&G PRESSLEE SCIENCE
TOLERANCES ON

LINEAR_DIMENSIONS ANGLES | 11842 OLD BALTIMORE PIKE, BELTSYILLE. MARYLAND 20705-1294

X XX XXX PHONE (301) 837-4010 Fax {301} 937-0134
* £.01 =, 1°

008 C-SEAL
OA_ DZffa 19-17-96
MG R-E.h'«:.s—,xa-se 3.520 O.D. FACE TYPE, INTERNAL PRESSURE
ENG 722/ 770277,
CHECKED | $'art | GloGL CODE ICENT NO OWS SIZE DRAWING NO.
DRAWN H_PCRTER 10 SEP 66
APPROVI 7258719 Bs 1 5284 A 1 3503
SCALE: NCNE [ EsT wr N/a L8 JsHEET 1 CF 1

P31 PROJECT MO:

-~ R -

10709 DIE Si2E CODE: 03.520/125/15P1-S5PaUHT2



HNF-SD-SNF-DR-003,

Rev. 2,
Appendix 14
@ A I REVISIONS
QS B POR,IOO;OT%, FORMING LTR DATE ECO NO APPROVAL
/d§ SEAL DINENSIONS
AYG 0D AVG MIN 1D FREE
} -A- ~8- HEIGHT
Z\\Z // see NoTE A\ | see note A\ ~C~
BEFORE 1156 063
= PLATING| (isa) | (05D (e
SECTION Z-Z
~—pwr AFTER
¢ D PLATING {1.1I57) {1.043) {.064)
NOTES: —
L TIG WELDING PRIOR TO FORMING PERMITTED. SPLIT LINER
MAXIMUM OUT-CF-ROUNDNESS OF DIAMETERS: .007 MIN 10
3. INDIVIDUALLY PACKAGE PER STANDARD AEP METHOOS. -D-
4. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER.
5. SEALING SURFACES TO CONFORM TG AZP SPEC QCS 85345. 895
/8y PLATING REQUIRED OVER THIS AREA AS SPECIFIED PER AEP SPEC PS 8558l
/A PLATING OPTIONAL AND MAY BE INCOMPLETE IN THIS AREA.
8. MINIMUM INSTALLATION TORQUE REQUIRED: 680 IN-LBS. GAP BECONES ZERO

EFORE MIN TORQUE

IS REACHED

_/

CAVITY DETAILS

LIST OF MATER—I-EXLS REAT TREATMENT, SEAL®
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EG&G Pressure Science has been a supplier of nigh performance metailic
sazls since 1988, Typical apgpiicaticns for these saals have been in serospace,
industrial, main frame csmputer and semicenducicr grecessing eguicment. Qver
the past 37 years, a large bedy of empirical, agplicaticn-specific data has been
gathered on the periormancs of £G&G seals; this cemtined with acancmical
mass-custemizaticn of core sesling ‘echncicgies has led to the positive reputaticn
enjcyed by EG&G Pressure Science and to competitive advantages fer our
customers.

A Prassure Sciancs C-Seal was chosen for this aczlication Secause near
zerc leakage may e cttained in 3 cavity with a rough surface finish (up tc 84
RMS). This is aczempiished oy plating the sezl with 3 seft metailic piating that is
smeare< during cempressicn of the seal. Ceid ziating is usad on this seal
tecsuse of the maximum temperatura reguirement [geid Stating is used up te
140G 7). C-Sesis underge scme plastic defermaticn wien instailec atthe 10 ¢
20% sgueeze reccmmended. however wien re-usad i their criginal cavilles, they
returm o their original icad.

in an effert 'o mest the rg-sazistility requirements {at lezst 5 re-seals while
maintaining 1 x 10~ ¢z per secand Heiium) on the Frassure Science SERIES 6
AN fitting seal (bcss size 12 &24), thrze differant sesl face angles were
considered, A standard MS23€48 tess (30° angled face) and 2 medifled
MS33€48 pess (with a 48° angied facs) were tested, and comcared with data
frem 2z cavity with garalle! sealing aces {C° angle). These tesis were pericrmed
using a Varian Vacuum Preducts Mass Scecremeter Leak Detesiar, using
Heliurn at 100 gsi. All ‘hree cenfiguraticns were capatie of contzining the
maximum leakage c beicw 1 x 107 ez per second Heilum ¢n the ‘nitial seal. The
fixture with paralle! seaiing facss (C° angle) was capatie of 10 resaals, staying it
the ¢ x 107 range. The other wc corfiguraticns wers capatie of UL (© eight
reseals in the 1 x 1C” range, if everything was aligned and re-seated very
carefuily. The pretiem with the “conical” shaced cavity (20°- 427 angled facas) is
that the seai can saat un-garallei to the icp (flat surface) sealing face. The
degree cf cffsat possitie is nct encugh o affect the initial instailation /
compressicn of the seai. However encz the seai has teen defermed, anew
seating pesilicn with a different ameunt sf offset may creste a gap thatin scme
lecadens arcund e circumference ¢f the seal is aither farger or smailer than the
previcus gac. This could creste large leax fathis or 'ccally cver compress the
seal. Evidence cf “us hapgening 15 the seal free height variaticn after multiple
reseals {as much as .0C57). Ncrmal free height variaticn of a compressed C-Seal
is atcut .001 inches tctal.
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MCO INTERNAL HEPA FILTER SPECIFICATION
1.0 INTRODUCTION
1.1 BACKXGROUND

The MCO internal filter is required for radioactive contaminant fitration inside the MCO to protect procass
equipment rom contaminatica. The fiiter(s) will be Jltering a sanurated steam atmosphere ac steam flows of 100
actual cubic fest per minute (ACFM) at temperatures a0t to exceed $0°C and belium flows of 20 ACFM at
temperatures 1ot to exceed 375°C inside a vacuum chamber. The filter(s) shall provide HEPA removal efficiency of
0.3 micron (pm) particles and have 1 40 gram loading capacity with 10 inches water column differential pressure at
35 ACFM air flow. The filter(s) shall be sized such that 11.5 inches water colurm differential pressure at 100
ACFM air Sow clean. The filter{s) shall be capable of regeneration by back flow of gas or liquid, and be moistwre
repellant torsaturated steam. The filter/manifold(s) shall not be larger than the eavelop 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/manifoid(s) shall be constructed of ail 316 stainless steel. The fiiter structure shall alse witkstand a 100g drop
and majntain a minimum of $0% of flow and filter loading capacity but HEPA efficiency is not required o be
maintained after the drop.

2.0 REQUIREMENTS

2.1 FILTER DOCUMENTATION REQUIREMENTS

The bidders shall provide documentation and/cr test restlts for the foilowing requirements squivaleat to or
superseding the documents described below with their proposals:

2.1.1  Filter Air{low Resistance

Test reports or Qow versus differential prassure curves for a clean airflow (Helium, steam) to mezc 115
inches water columa ot 100 ACFM air.

133
[
¥

Filter Removal Efficiency

Test reports documenting DQP, or other approved tast material of methodology, 0.3 wm particulats removal
efficiency of 99.97%.

3
b
[

Filter Loading Capacity

Test reports documenting filter loading capseity in accordance with standzrd SAE J716 or ASHRAE 52-76
using ASERAE fine test dust.

2.1.4  Filter Moisture Repellency

Test report shall document filter eFiciency and diffesential pressure performance while subjected to water
spray or the filters shall provide prevention of filter wetting from splashing liquid.

A-1S-D
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2.1.6

Filter Regenerability

Test reports documenting filter regeneration (minimally 70% clean differential pressure, loading capacity
recovery, and 99.97% particulate removal efficiency after regeneration) per ASHRAE 52-76.

Filter Rough Haadling

Certificate of Conformance, test reports, or engineering calculations shall be provided confirming the filter
will withstand a 100g drop or 100 times the fiiter(s) weight in beading and maintain 50% of original rated
flow and 50% of filter loading capacity after the drep. The filter shail sustain no visible integrity loss
(cracks or punctures in the filter media, endeaps, or manifold hardware.)

Fiiter Heating Resistance

Test reports documenting resistance to heated air or helium at 20 ACFM and maintain particulate removal
efFiciency after 240 hours of 375°C per standards UL-586 and MIL-F51068.

2.2 FILTER DESIGN REQUIREMENTS

2.2.1

Fiiter Airflow Resistance

The fiiter(s) shall be sized for a clean airflow (Helium, steam) of 11.5 inches water column at 100 ACFM
air.

Filter Removal Efficiency

The ‘itex(s) shall be designed to withstard a2 DOP challenge, or other approved test material, of 3.3 pm
particulate and remove 99.97% of the particulate.

Fiiter Loading Capacity and Surface Area Maximization

The filter(s) shail provide maxircum resistances of 10 inches water column when loaded with 40 grams of
ASHRAE fine test dust at 35 ACFM air in accordanes with standard SAE J726 or ASHRAE 52-76. The
filter(s) shall also be designed to provide a maximum surface ares square footage.

Fiiter Moisture Repellency

The filter(s) shall previde maximum repellency of 10 inches water column when the filter is chailenged with
superszturated steam containing a2 minimum 1 gram of entrained water per 1 cubic foot of air at 35 ACFM
or the filter shall prevent liquid penetration from external splashing.

Fifter Regenerability

The filter(s) shall be capable of reverse back puising with gas to regain minimally 70% loading capacity as
specificd in Section 2.2.2 and differential pressure and 99.97% particulate filtration per ASHRAE 52-76.
The gas reversc back pulse shall consist of rapid application of reverse flow of helium or argon to the filter

2
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manifold (2l filters) from 2 reservoir with a maximum size of 3 cubic feet, at 2 maximum initial pressure of
100 psi through a 20 foot length of ! inch ID maximum discharge line.

225 Fiiter Heating Resistance

The filter shall be designed to with stand scsistance to hsated air or helium at 20 ACFM and maintain
particulate removal efficiency after 240 hours of 375°C per standards UL-586 and MIL-F31068.

2.2.6 Filter Design Basis Accident Functionality

The filter/manifoid(s) shall be designed to withstand a 100g drop or 100 times the filter(s) weight in
bending and maintain 30% of original rated (low and 30% cf filter loading capacity aftzr the drop. The
drop or force loading to the filter shall be applied midway cn the filter in a radial direction normal o the
lengitudinal filter s, The filter shall also be designed to physically withstand forces related to a 1035
kPa (150 psig) pressure spike transient and maintain $0% Sow and 50% loading capacity after the
pressurized pulse. The intent of this requirement is 1o maintzin 2 high removal efficiency (non-HEP A
rated) by assuring no visitle holes, puncrures, eracks, or éxtensive deformations that circumvent or block
the fiiter Jow path.

2.3 CONSTRUCTION REQUIREMENTS
231 Filter Media

Toe Slter(s) shall be all stainless stasl construction~316L, or otker suitable corrosion resistant materials.
Filter ead caps (if required) shall be constructed from 316L stainless steel and NOT attached to filter media
by epoxies or sealants. Rolled or metallic end cap bonding such as welding or brazing may be appropriate.
I weid donding is utilized, it is suggested that low carben base matenals such as 316L or other similar
corresicn resistant materials be used.

2,32 Filter Mounting Hardware

4 The filter(s) mounting hardware (i.¢. supports, manifolds, etc.) shall be constructed from 316L stainless
steel, other low carbon base, cr ccrrosion resistant material (painted surfacss shall not be acceprable). The
filter(s) shall be mounted 1o manifold in such a manner 10 prevent build-up of excess fres water inside the
manifold. The filter(s) shall be mounted near (+/- 0.0625 inches) the bortom of the manifold and the
manifold angled such that any frez water in the manifold will drain back into the filter media. The total
weight of the filter and mounting hardware shall nct exceed 22.7 kz (50 Ibs). Refer to drawing H-2-828049
for filter envelop space, mounting suggestions, and additicnal construction suggestions.

2.3.3  Filter Environmental Conditions

The Siters shall be designed and constructed to withstand the following 2nvironmental conditions:

. Design Basis Accident equal to a 100g drop or 100 times the fiiter(s) weight in bending per design
stated above: .
. Temperature ranges from -20 to 375°C (375°C for 1 time period of 240 bours);
3
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Internal to external accidental pressure spike transient of 1035 kPa (150 psig) as described above;
and

All gas atmospheres such as Nitrogen, Hydrogen, Helium, Argon, Oxygen, air, and steam.

N 1S4
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1.0 INTRODUCTION AND SUMMARY

This evaluation provides an assessment of dose as a function of plug thickness for the K Basin
Mutltiple Canister Overpack (MCO), including an initial assessment of areal and centerline doses.
Based on input from Westinghouse Hanford Company, areal averages were calculated for the more
complex plug designs. The emphasis has been on obtaining the thickness that will result in an
average dose rate of 100 mrem/hr or (30 mrenvhr) at contact on the plug for peak loads and nominal
loads of fuel, respectively. The calculations are based on the design planned by Parsons
Infrastructure & Technology Group and summarized in Table 1-1 below. This report provides a
summary of the technical assumptions, basis, and results of the calculations.

Table 1-1.

Source Term Cleaned and reloaded Mark IV fuel elements;
5.43 MTU; 11 energy bins; 8.29 x 10+15
photons/s

Model Geometry 27cm SS lid; 4 instrument 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
8 rings

Requirement --< 100 mrem/h contact, areal < 7 mrem/h photons and neutrons

average (Peak Load0

Requirement -- < 30 mrem/h contact, areal <2 mrem/h photons and neutrons

average (Nominal Load)

2.0 GENERAL APPROACH

For modeling purposes, each fuel element in the MCO is assumed to be 2 concentric shells of
uranium, and each of these shells are treated as separate sources for analyses. This calculation
uses MCNP 4A to allow a more realistic model of the MCO and to directly determine the
impacts of scattering. The MCNP software is a Monte Carlo shielding analysis program, which
assesses the shielding based on nuclear interactions. Figure 1-1 summarizes the presumed
geometry of the fuel. The density of the uranium, steel, and air matrix is listed in Section III.
Fifty-four fuel elements are assumed per layer, four layers, and no gap between layers. The
center space (number 28 in Figure 2-1B) is occupied by an air filled stand pipe.

The basic assumptions are summarized below:
. The shielding calculation used the extremely conservative activity concentrations in

Table 3.8 of WHC-SD-SNF-TI-009, Rev. 0. These values were used to ensure a
corresponding level of conservatism in the results. The photon emissions of these

10f23
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radionuclides were placed in 12 energy bins from 100 keV to 3 MeV. If the total yield
fraction is less than 1 X 10 the contribution is treated as zero.

Nominal fuel calculations are based on the an average 4-tier Concept B MCO of Mark IV
fuel, as specified in Table 3.8 of WHC-SD-SNF-TI-009, Rev. 0.

The dose is calculated by determining the energy absorbed per gram in the plastic
material used in the ICRU sphere.

The dose assumes a layer of this material directly above the top of the MCO.

Three different thickness of material were assumed (i.e., lcm, 15¢m, and 30 cm) to
provide a result comparable to the 15 cm radius ICRU sphere. Note that the detectors are
cylindrical rings except for the inner most detector, which is a disk. The diameters of
these rings were 1, 5, 10, 15, 20, 25, 30, and 32.5 cm in radius.

For the neutron dose assessment, the dose is assumed to be 10% of the gamma dose based
on the information in the procurement documentation.

The geometry and shield data used in calculating the shielding are summarized in Figures 2-1A
through 2-1D. The general model of the MCO, lid, and fuel used in the calculations is shown in
Figure 2-1E. The current design is summarized in the drawings included in the reference listing.

20f23
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Figure 1-1
Fuel Geometry Information
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Figure 2-1A
MCO Geometry
(Full length vertical cross section, dimensions in cm)
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Figure 2-1B
MCO Geometry
(Fuel element horizontal cross section, dimensions in inches. Number 28 is an open pipe.)
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Figure 2-1D
MCO Geometry
(Lid Horizontal cross section, dimensions in inches)
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Figure 2-1E
Model of MCO and Fuel Used for Calculations
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3.0 SHIELDING ANALYSIS

The shielding analysis used MCNP 4A, a computer application developed by Los Alamos
National Laboratory. This computer program is documented in “MCNP 4A Monte Carlo
N-Particle Transport Code System,” Radiation Shielding Information Center (RSIC) document
CCC-200 (see references). This software was validated in the Parsons Infrastructure &
Technology Group Computer Software Validation Record, consistent with the applicable
procedures. The verification of performance (completed under another DOE contract and part of
a prior task) was documented in the Parsons Infrastructure & Technology Group Computer
Software Verification Record number PD-A-VV-003.

The MCNP 4A output files, which include a reflection of the input deck, are maintained in the
Parsons Infrastructure & Technology Office in Richland, Washington as part of the quality
records associated with this calculation.

3.1 Source Term

The fission and activation product inventory from Table 3.8 of WHC-SD-SNF-TI-009, Rev 0,
was used as the source term for this calculation. This source has been corrected for decay to
January 1, 1995, in this table. Loaded MCO handling will not begin until 1997; however, no
adjustment from January 1, 1995 to the 1997 time frame was made, as an additional means to
ensure conservatism. The uranium content in the fuel was based on the data in Table 3.8 of
WHC-SD-SNF-TI-009, Rev. 0. The emission spectra are based on the information in the
Brookhaven database (see Appendix A). The relative energy is calculated based on this data and
is summarized in Table 3-1 of this document. As indicated previously, the energy distribution is
binned as discussed in Section II. Each bin value represents the upper bound of the energy bin.
Therefore, the Cs-137 662 keV photon was treated as an 800 keV photon. This is conservative
by about a factor of 3-4. In the 600 keV bin, it would have been non-conservative by about a
factor of 2. The total fuel weight per MCO was 5.43 MTU. The total source strength was 8.294
x 10' photons per second.

Table 3-1.
Energy Distribution
Upper Energy Bound (keV) Fraction

100 0.089
200 .206
300 .0032
400 .00037
500 ) .19
600 .0047
800 496
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1000 .0031
1500 .0059
2000 .00076
2500 .0000083

32 Geometry

The geometry is shown in Figures 2-1A and 2-1B. It is assumed that the tolerance is 0.13 cm;
this is assumed to be the width of the gaps for assessing scattering. The ports at the top of the
MCO shield plug are assumed to be filled with inserts which reduce the holes passing through
the ports to one inch, except for the rupture disk port which has no insert. The port cover plates
are not in place in any of the calculations.

33 Material Densities

The MCNP input includes the density and the makeup of the materials. This information is
summarized in Table 3-2.

Table 3-2.
Material Properties
Material Density (g/cm?) | Material Constituents (Cross-section file number [i.¢.,
MCNP cross-section file]” and weight fraction)
Steel 8.03 26000 (1)
Air (gas) 0.001293 7000 (0.755), 8000 (0.232), 18000 (0.013)
Uranium 17.86 92000 (1)
Tissue 1.0 1000 (0.102), 6000 (0.123), 7000 (0.035), 8000
(ICRU) (0.72893), 11000 (0.0008), 12000 (0.0002), 15000
(0.002), 16000 (0.005), 19000 (0.003), 20000
(0.00007)
“The MCNP is the atomic number multiplied by 1000. For example, the atomic number of
carbon is 6, so the cross-section file number is 6000.

3.4  Analysis Basis

The shielding analysis was completed for each of the two uranium portions (i.e., concentric
shells) of each fuel element for the top layer or tier of fuel elements (see Appendix B). However,
to improve convergence of the results, the first 10 cm of each top tier fuel element is treated as a
separate source. Representative fuel elements were selected for running after the top 10 cm of
the first tier rather than running all 108 cases, as a means to reduce analysis time. The bottom 3
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tiers fuel element tiers are treated as a single unit and have negligible impact on the results, due
to self-shielding effects. Calculations relative to the bottom 3 tiers fue] elements are not included
in the spreadsheets referenced in the appendices of this document; however, they are included in
the computer output files maintained with the quality assurance records.

4.0 RESULTS

MCNP was used to calculate the energy deposition per photon in a 1cm, then 14cm, and an
additional 15 cm thick disk of ICRU tissue equivalent plastic. With the known photon flux the
energy deposition per unit time was then calculated. This was then converted to dose using the
definition of a rad which is 100ergs/g of energy deposition in tissue. The choice of the detector
thickness was chosen to provide worst case and an range which covers the ICRU 15 cm radius
sphere (i.e., the basis for deep dose). What we calculated was the average energy per gram of
tissue deposited in the first cm of tissue, a 15¢m thick layer of tissue, and a 30 cm thick layer of
tissue. This provides a accurate direct method of assessing dose; although using a ICRU sphere
center at each location would have been mor accurate, it was not technically feasible. This
approach is consistent with the current ICRP approach for assessing the dose used by EPA, DOE,
and NRC. The calculation of flux though a detector is an indirect rather than direct method Of
assessing the dose and may be less accurate.

The results of the calculations are summarized in Table 4-1. These results were calculated using
the spreadsheets referenced in Appendix B. As indicated in Section 2, data is given fora
disk/ring source lIcm, 15 cm, and 30 cm thick; areal averages are given in the last two rows. The
bottom row in this table includes the neutron dose consistent with the assumptions identified in
the proposal (i.e., the neutron dose is 10% of the photon dose). The dose measured by an
ionization chamber at about 1 to 2 inches above the MCO top would probably be similar to the
doses specified for 1 cm thick disk. The doses for the 15 and 30 cm disks would provide the
probable range of actual dose to an individual consistent with the ICRU model for deep dose.

The doses in Table 4-1 are for peak loading. The doses for the average fuel load would be about
26% of these values.

50 UNCERTAINTIES

The presence of a steel plug over the central cylindrical tube was not included in the original
model. The reduction in doses from this plug were estimated using MCNP as described in
Appendix C. This dose will range from 100% to 45% of the original values depending on the
location. In the central area, where most of the areal dose is generated, the dose will range from
about 100% to 65%. Overall, the plug introduces less than 10% measure of conservatism for the
doses. Convergence with this data is very high.

The MCNP software provides an assessment of convergence. When using a Monte Carlo
program it is necessary to use enough particles (i.e., case studies) to adequately represent the
behavior of the system (i.e., obtain convergence of the predicted results with the true results).
This must always be a compromise between the time required to run the calculation and the
amount of convergence obtained. Approximately 10,000,000 particles (i.e., cases studies) were

11 0f23
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run for each source term analyzed. This means since each fuel element or section of fuel element
(i.e., the upper 10 cm of the first fuel element) has an inner and outer portion each of these
portions were run for 10,000,000 particles. Because of the limitation of time the goal was to
achieve a convergence of about 0.3 or better for the most affected detector and less than 0.2 for
areas that are significant dose contributors. Other detectors would have lower convergences for a
specific source. Since the higher values of convergences have a larger uncertainty, the doses
were recalculated using values with convergence results of less than 0.3 for one of the analyses.
The results of this recalculation were comparable so it is reasonable to assume that the estimate is
reasonable and conservative. Since the basic source geometry is simple it is a reasonable
assumption that the area where there would be significant dose contributions would be the area
where the convergence is low, since the photon flux in these area is the highest. Note, the top
layer of source (i.e., the upper 10 cm of the first fuel element) requires 108 separate runs and
each run requires about 7 hours to complete so the 10,000,000 particles analysis reflects a
reasonable limit for this analysis.

The results for the MCO without the cap (Table 4-1) indicate a higher degree of accuracy. In this
scenario, convergence values are all lower than 0.3 except for the center detector (see Appendix
B). Since there is not fuel directly below the center detector, the detector is not a significant
contributor to the dose. This means that limited convergence for this case and any accompanying
inaccuracies will have no significant impact on the overall dose estimate. Also, better results and
convergence were possible in the calculations for this case from knowledge of the ratio of inner
cylindrical section contribution relative to the outer cylindrical section contribution that had been
ascertained from the first set of calculations (where the MCO cap was attached). With this ratio
pre-determined (the value is constant for all scenarios) the data could be consolidated for the fuel
sections, which had the impact of minimizing statistical uncertainties. Consequently, the
calculations for the scenario without the MCO cap in place have much lower uncertainties and
better accuracy, notwithstanding the same 10,000,000 particle case study Monte Carlo analysis
was used.

12 of 23
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Appendix A, Source Term

The determination of the source term was based on the Brookhaven National Laboratory data
from the Internet (i.e., www.nndc.bnl.com). This is the most current emission spectra data
available. The calculations were performed using an EXCEL 7.0 spreadsheet, containing 3
sheets. The calculation sheets are described below, and the spreadsheet output is available in the
Parsons Infrastructure & Technology Group QA and/or project files for Project KH-8009-8,
project number 730531.

Sheet 1 uses the photon data from sheet 2 to find the sum the photon emissions from each
radionuclide for each of the energy bins in Table 3-1.

Sheet 2 is the data downloaded from the Brookhaven database.

Sheet 3, Cells B4 to Y20 summarizes the photon emissions for each of the energy bins by
radionuclides from Sheet 1. Cells C6 to Y6 provide the activity of each radionuclide per MTU
based on the data specified in WHC-SD-SNF-TI-009, Rev 0. Cell Z6 is the total activity. Cells
AC4 to BA20 calculate the total photon emissions in each bin (i.e., BA4 to BA20 contain the
totals from cells AC4 to AZ20). Cells AC4 to AZ20 are the activities of the radionuclides times
the photon emissions in the bin divided by the total activity. Cells E36 to E48 normalize the
photon emissions to photon emission fractions based on cells BA4 to BA20.
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Appendix B, Calculation of Results

The calculations were performed using an EXCEL 7.0 spreadsheet, containing 4 sheets. The
calculation sheets are described below, and the spreadsheet output is available in the Parsons
Infrastructure & Technology Group QA and/or project files for Project KH-8009-8, project
number 730531. Sheets 1 and 2 address the dose with the cover cap in place and sheets 5 and 6
address the dose without the cap in place.

Dose With Cap

In Sheet 1 the energy flux absorbed (i.e., MeV/photon/g) and the value of the convergence from
the MCNP are included in the value column for each detector (i.e., see Table B-1 and Row 1 in
the spreadsheet). The energy flux absorbed is in the odd number rows and the convergence value
is in the even numbered columns for the various detector cell numbers. The first two entries for
any MCNP celi (i.e., Column A) are the outer concentric ring of fuel material and the second two
are the inner ring of fuel material for a fuel element. Matrix Total adds the inner and outer ring
energy flux absorbed data. Odd number rows are set to one in the Convergence columns and the
first three rows in the Matrix Total columns are set to zero so they have no impact on the resuits.
The even numbered rows in the Convergence column are set to one if the convergence value is
zero (i.e., no data detected); otherwise they are set to the value of the convergences. Row 225
has the total energy flux absorbed and the lowest value of the convergence for MCNP cell for the
first layer of fuel (i.e., the top 10 cm of a first fuel element). Row number 450 has the same data
for the second layer of fuel (i.e., the balance of the top fuel element). Row number 457 has this
same data for both layers. The areas in light gray in the second layer are MNCP numbers; the
other values are based on these numbers as shown in Table B-2. Note that MCNP cell 28 has no
fuel in it so its values are zero - it is marked with dark gray.

Sheet 2 Rows 3 to 10 and columns E, L, and S contains the grand total energy flux absorbed.
The dose is then calculated in columns F, M, and T using the values shown in rows 14 to 38.
The lowest applicable convergence values from Sheet 1 are summarized in columns G, N, and U.
The total for each detector is then calculated in row 11. Row 12 is the cumulative dose from a
lem thick, 15 cm thick, and 30 cm thick detector. Similar values were calculated below this with
the cover cap off using a Microshield correction factor for the reduced shielding (see Appendix C
for the Microshield runs) and then for the same calculation using this Microshield data for cover
cap off but with an additional 4 cm of shielding over the first 25 cm of the MCO top.

Dose Without Caj

The layout and calculations in sheets 5 and 6 are the same as sheets 1 and 2 discussed above
except as described below. The dose from the inner cylinder is based on the dose from the outer
cylinder, corrected based on the relative ratio between the inner and outer cylinders from sheet 1
and averaged over all values with a convergence value of less than 0.3.

18 0f23
Al - 30



HNF-SD-SNF-DR-003, Rev. 2, Appendix 16

Table B-1.
Detectors
Inner Radius (cm) Outer Radius (cm) | Detector Thickness (cm) MCNP Cell
Number for
Detector

0 1 1 40

1 5 1 41

5 10 1 42
10 15 1 43

15 20 1 44
20 25 1 45
25 30 1 46
30 325 1 47

0 1 14 48

1 S 14 49

5 10 14 50

10 15 14 51

15 20 14 52
20 25 14 53
25 30 14 54
30 325 14 55

0 1 14 56

1 5 15 57

5 10 15 58

10 15 15 59

15 20 15 60
20 25 15 61

25 30 15 62
30 325 15 63

19 of 23

N D/




HNF-SD-SNF-DR-003, Rev. 2, Appendix 16

Table B-2.
MCNP Cell Equivalence for Second Layer
MCNP Cell Basis for Cell To Which This Applies
Unanalyzed Cells
(2+17+24)/3 1,3,4,10,16,32,39,40,46,47,52,51,53,54,55,
25 8,31,48, 58
33 6,7,11,15,18,23,38,41,45,49,50
(26+30+44)/3 12,13,14,19,22,26,30,34,37,42, 43,44,
31 20,21,27,28,29,35,36
20 0f 23
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Appendix C
Ratio Based Internal Central Cylinder Plug
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Appendix C, Ratio Based Internal Central Cylinder Plug

Sheet 7 contains the MCNP run results with no cap on the MCO and no lid. The fuel is bare
except for the small plug over the center cylinder (the “AP##” files) and the same case with this
small plug removed (the “AP##a” files). The ratio is calculated in the indicate column. The next
two columns are the ratio minus the layer specific mean and minus the general mean,
respectively. The calculations of the mean and standard deviation are shown, as well as the
projected error from averaging, which is assumed to be twice the standard deviation.

Sheet 7 used data with no top or cap but with the plug in place. These values are calculated
based on the steel plug compared to the ratio with a plug made only of air. This was calculated
for cells 2, 7, 13, and 20. The results for the first layer are summarized in Table C-1 and
indicates the cells to which they would apply. Sheet 7 of the EXCEL spreadsheet can be found
in the project files.

22 0f 23
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MULTI-CANISTER OVERPACK DESIGN REPORT

WAREHOUSE PLAN FOR MULTI-CANISTER OVERPACK

(Please refer to HNF-SNF-PLN-021, Rev. 2)
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MULTI-CANISTER OVERPACK DESIGN REPORT

This appendix deleted.
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MULTI-CANISTER OVERPACK DESIGN REPORT

MULTI-CANISTER OVERPACK
FABRICATION SPECIFICATION

(Please refer to HNF-S-0453, Rev. 3 TBD)

and

MULTI-CANISTER OVERPACK
SPENT NUCLEAR FUEL BASKETS
FABRICATION SPECIFICATION

(Please refer to HNF-3868 Rev. 0 TBD)
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