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1.0 MTRODUCTION 

The Multi-Canister Overpack @EO) is a storagdprocess 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 I 
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 handlingktorage 
baskets relative to the requirements set forth in the Performance Specification for the Spent 
Nuclear Fuel Multi-Canister Overpack (I-INF-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, thermdfluid 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 111 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 !4 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 Code 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 111, 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 

I 

1. I 
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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: 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
K. 
L. 
M. 
N. 
0. 
P. 
Q. 
S. 
T. 

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 DIying System 
Remote operators for Process Portslvalves with the cap off 
Remote operators for Process Ports/valves with the cap on 
Remote operators for Process Port covers 
Locking & Lifting Ring installatiodjacking 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 

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 SOS, SA-312 
304L/304 dual certified pipe or rolled SA-240 304L/304 dual certified plate. The bottom of the 
shell i s  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 F304LIF304 (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. I 
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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 I 
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 #lor 
#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. 
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 I 
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 aidmg in the removal of water during the dewatering and drying 
process. 

It provides a mechanical I 

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 I 
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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. I 

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 I 
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 I 
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 (132OC) 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. I 
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 I 
SA-193 BSS or BSSA 1 4  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 resulting 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 1R-inch diameter holes in the bottom support plate 
and allows for water draining. Neither the exminded 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 I 
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 I 
drop. All of the structural members of the Mark 1A basket are designed to meet ASME Section 
111, Subsection NG. NG-3000 requirements, supplemented by criticality control deformation I 
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 I 
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) 

I MarkIV I MarklA 
Length cm (in) Max I 66.3 (26.1) I 53.1 (20.91) - ~, ~ , ,  \ ,  

Diameter cm (in) I 6.15 (2.42) I 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. I 
2.11 MARK IV STORAGE BASKET 

The Mark IV storage basket is designed to hold up to 54 intact Mark IV fuel assemblies. Unlike 
the Mark 1A basket, the Mark IV basket has no deformation limits for criticality control and I 
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 1 1-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 IV 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 MARK IV 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 IA, 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. I 
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 I 
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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 confrne its contents during all normal operations and after being subjected to the 
design basis accidents described in Section 4.19.2 of Reference 6.1. The MCO shall be designed 
to facilitate confinement while process connections are being made and in conjunction with 
process piping during process operations. This confinement requirement does not apply to a 
pressure relief discharge path during actuation of any MCO or CVD pressure relief device. 
Refer to Section 4, Item 2. 

The MCO 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 shieldplug and the shell. The vessel is 
designed to and is to be fabricated in accordance with the ASME Code Section IIL Division I ,  
Subsection NB (Reference 6.2), as set forth in Reference 6. I .  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 1. 

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, shall not exceed 1 x 10.’ scc/sec. This gaseous 
leakage rate is based on a clean seal and a clean sealing surface at the final mechanical closure 
boundary and associated process boundaries. The MCO, when sealed by welding at the CSB 1 
weld station, shall be capable of not exceeding a maximum total leak rate of 1 x IO” scckec. 
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 I XI 0-5 scckec requirements, To provide additional 
containment all ports are designed to have covers with metal seals. These seals are capable, as 
is the main seal, of meeting the I x l W 5  scc/sec criteria. The shell is designed and analyzedfor 
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 
cask being designed with a collar that provides a ringjpoint load to the shell. The shell being 
fabricated from material with high elongation has the potential of deforming without breaching I 
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 scc/sec to verifi its containment capability. 
The closure cap will be leak tested a$er 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 I and discussed in Appendix 2 the MCO 
exterior is designed entirely out of austenitic stainless steel, which provides for a maintenance 
free package during its expected liftime for the expected environment. 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 hoistingfrom the locking ring. The shieldplug 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. 
snapped into place by the used of elliptical seals. The main seal is held into place by small clips. 

3.6 INTERCHANGEABILITY 

The cover plate seals are I 

To the maximum extent possible (design goal), MCO components with like functions shall be 
interchangeable (Le., 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 1 
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 I so that afrer 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 

I Parameter 

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-I2 insure that the MCO and the fuel baskets are fully I 
finctional for the environmental conditions stated above. All containment seals including the 
process plug seals are also selected for these conditions. 

3.8 TRANSPORTABILITY 

Condition 

Temperature (Air) 

Relative Humidity 

I Hanford Site: I 
Range: -33°C to 46°C (-27°F to 115°F) I 
Rate of Increase: 14°C (26°F) in 20 minutes 
Rate of decrease: 13°C (24'F) in 1 hour 

Range: 5 to 100% 
Rate of Change: Negligible 

Temperature (Water) Current Range: 6OC to 38°C (43OF to100"F) 
Maximum Allowable: 38°C (100'F) [see 3.1.3.3 of 
Performance Specification] 
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PH 

Electrical Conductivity 

Current Range: KE: 5.5 to 7.5 
KW. 5.5t07.5 

Allowable Range: KE and KW: 5.0 to 9.5 

Range: KE: Up to 5 pS/cm 
KW: Up to 2 pS/cm 

Note: pS/cm= micro Siemen per centimeter 

Chloride Content 1 less than 1 ppm 

Nitrate Content less than 1 ppm 

Phosphate Content I less than 1 ppm 

~~ ~~ 

Sodium Content 

Calcium Content 

Fluoride Content I .25 ppm 

1 PPm 

2 PPm 

Temperature 

Iron Content I 1 PPm 

10°C to 75°C (50°F to 167°F) 

Temperature (Tube) 

Temperature Cycling 

Temperature I 0°C to 75°C (32°F to 167°F) 

10" to 132°C (50°F to27O"F) 

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 I (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 I 
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 111, Rules for I 
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Construction of Nuclear Power Plant Components, Subsection NB (ASME 1998) under the I 
component safety group as guided by the NUREGKR 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 111 Code Cases shall be reviewed prior to using such 
Code Cases for safety class applications for the MCO. Use of additional applicable Section 111 
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. 

SystemIComponent 

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 
principIes and allowables of Section IIJ Subsection NB of the Code. General Service (GS) I 

Function ssc Failure Consequences 
Designation 

components require to be designed and fabricated to industrial codes according to "F-PRO- 
097. 

Seal MCO sc 

Shell 

Maintain MK IA SNF 
elements and scrap in a 
Critically Safe 
Configuration 
Hold MK IV SNF 
elements and scrap 

Hold scrap and dissipate 
heat generated internally 
within the basket 

Protect MCO pressure 
boundary prior to storage 

Process ports to 
accommodate gas flows 
in support of MCO 
processing 
Maintain most radioactive 

Shield Plug 

L&L Ring + Set Screws 

sc 

GS 

ss 

sc 

ss 

ss 

Cover Cap 

IA Baskets 

IV Baskets 

MKlA and IV Scrap 
Basket Copper Shroud 
Assembly 

Rupture Disk 

Plug Valves 

Process Internal Filter 

ContainiProtect SNF I sc 

Contain SNF, protect 
personnel 
Maintain pressure on 
main seal, allows for lift 

could exceed offsite exposure limits; 
loss of contingency protection against 

could exceed offsite exposure h i t s  
Release of radioactive contents which I 
could exceed offsite exposure limits 

Release of radioactive contents which I 
could exceed offsite exposure limits 
Loss of double-contingency protection I' against nuclear criticality accident 

No release consequences Mark IV fuel 
does not require criticality control 
features. 
No release consequences, copper is 
used for thermal conductivi&,-it is not 
a structural component on an 
assembled MCO 

in an uncontrolled release which could 

of radioactive materials into the 
environment which exceed exposure 
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SystemIComponent 

Seals excluding Main 
Shield Plug Sei1 ~ 

Long Process Tube 

Short Process Tube 

Long Process Tube Screen 

Main Shield Plug Seal 

Cover Plates 
Orifice Cover Plates 

CoverIOrifice Plate Bolts 

Aluminum Fuel Racks 

Guard Plate assembly on 
Shield Plug 

Function 

solid materials within the 
MCO 

Containment 

Bulk water removal, 
introduction of gases 
during processing, and 
reflooding, if necessary 
Possible SC water 
removal prior to shipping 
to CVD, connects to 
rupture disk as vent path, 
backup process exit 
Keep particles > 2 mm in 
diameter in the MCO 

Seals MCO shield plug to 
shell 

Provides leak tight seal 
Re:ulate gas flow from 
MCO 
Maintain Seal Pressure 

Provides positioning 
during initial loading 
Protects internal MCO 
process filter, short 
process tube and 2 mm 
screen 

ssc 
Designation 

ss 

ss 

ss 

ss 

ss 

ss 
ss 

ss 

GS 

sc 

Failure Consequences 

the MCO, pressure buildup within the 
MCO, loss of defense in depth 
protection for release of radioactive 
materials 
Possible contamination release 

Inability to remove water from MCO, 
inability to introduce gases to process 
MCO, prevents processing which puts 
the MCO into a safe configuration 
Rupture disk failure to relieve internal 
MCO pressure, inability to remove 
water prior to shipping to CVD 

Particles larger than 2 mm may leave 
the MCO allowing for potential 
radioactivity and potential criticality 
problems in the process system. 
Release of radioactive materials from 
the MCO, pressure buildup within the 
MCO, loss of defense - depth 
protection for release of radioactive 
materials 
Loss of redundant leak protection 
Valve with rupture disk becomes non- 
operational, causing possible release. 
Loss of double contingency protection 
against leakage andlor unregulated gas 
flow from MCO 
Has no effect on safety 

Potential damage to filter, short 
process tube, and screen. 
Keep top basket center tube stable and 
centered. 

I 
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 Murk IA baskets, 
respectively. The containment boundary is an SC item, since its failure would result in a 
potential release. The Mark 1A baskets require SC consideration since the geometric control is 
required for criticality control. The MCO and the Murk I A  fuel baskets are designed to the 

economically feasible the MCO vessel will be Code stamped. SS items are designed and Ifl 
technical requirements of the Code as set forth in the Performance Specification. 

fabricated to applicable sections of the ASME Code 
Specification. GS items such as the Mark N baskets, are evaluated to the applicable conditions I 
specified by the Performance Specifcution (lifting and handling). 

and as set by the Performance 
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3.9.2 MCO Design Criteria 

The MCO design shall implement the following criteria: 
ASME Section I11 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 
Processing operating pressure: full vacuum internal with 0 psig external pressure, up 
to 132°C 
Processing operating pressure: 75 psig internal with 0 psig external pressure up to 
132°C 
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 
Maximum allowed radial temperature gradient between the outside of the MCO % 
inch thick shell and the center of the MCO shield plug of IOOT, and a design radial 
temperature difference within the MCO shell wall of 5°C 

I 
I Refer to Section 4, Item 10-20. 

The design pressure of 450 psig and a design temperature of I32 T 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 ISOpsig 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 I 2  demonstrates the MCOs compliance 
with the applicabIe 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 specijcation will be 
issuedpermitting an ASME Section IIJ 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 IIJ 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 lbs or 17,394 lbs flooded. These weights are based on a 288 Mark IA 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 lbs dry or 20,457 lbs 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 IAji(e1 
(MCO Condition 2 in Appendix 3)3 dry, weighs approximately 17,867 lbs. The nominal MCO 
flooded with Shield Plug, no cover cap or locking ring and with Mark IAji(e1 (MCO Condition 3 
in Appendix 3) weighs approximately 18,264 lbs. The MCO with the Mark IVfiel, dry (MCO 
condition 2 in Appendix 3) weighs approximately 29,691 lbs. The MCO with the Mark N f i e l ,  
flooded (MCO Condition 3 in Appendix 3). weighs approximately 20,093 lbs. 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 bashzts 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 I60 inches. The maximum height of 
the MCO with the cover cap in place is less than 167.3 inches, as shown in Appendix I .  

I 

3.9.5 Diameter of the MCO 

The nominal outside diameter of the MCO is 24-inches. In no case, including post-accident I 
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 shieldplug 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 
signi3cant 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 dentind 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 I 
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 I 
and a forging collar at the top that mates with the shield plug and locking ring. The top closure 
permits fit11 access to the inside cavity for stacking of the fitel baskets. All welded components 
are made of 304U304 dual certified stainless steel. At the bottom of the caviv, 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 empty shell can be 
loaded into the cask by assembling the locking ring in place and grappIing 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 lifring ring in place. The use of other 
fixtures to lift the MCO increases the potential of damaging and distorting the collar area so that 
insertion of the locking ring would be vely dificult. 

3.11 MCO CLOSURE DESIGN 

I 

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 plugkhell 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 1 
shall be capable of withstanding the pressure rating of 450 psi at 132OC 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 10.’ scc/sec. 
Refer to Section 4, Item 17. 

The MCO closure consists of a shieldplug, locking ring and main seal as shown in Appendix I .  
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The shieldplug assembly rests on a seal ledge on the inside of the MCO collar. The shieldplug 
has a groove in the mating surface to this ledge which holds the main seal and prevents over 
crushing of the seal. The shieldplug 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 
I-% inch diameter set screws are tightened, generating a force between the shield plug and the I 
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 U8-inch gap 
between its bottom surface and the shield plug, the top surface of the locking ring is U8-inch 
below the top surface of the shield plug. The main seal is a Helicofrex seal. The seal will be 
installed to the manufacturek recommendation and in a manner which has been veriJied 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 facilip The details of the seal can be 
found in Appendix 13. 

The closure cap consists of a 304L stainless steel forging that mates with the MCO collar. 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 Ix10-7scc/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 I x IO -7 scc/sec it can be 
further 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 I 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 fucture during the installation of the cover cap. Analysis of the weld and 
the IiJing 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. Analysis is 
performed combining the lifting loads with the 45Opsig internal pressure at 132 “c. I 
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 111, Subsection NG (ASME 1998) under the component safety group as guided by 
the NUREGKR 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 111, 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 111, 
Subsection NG. During accident conditions the baskets designed for Mark IA 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 IA  baskets are designed to meet the applicable sections ofASME Boiler and Pressure 
Vessel Code, Section IIJ Subsection NG (ASME 1998), Reference 6.3. The evaluation of the 
baskets for the Service Level A and load conditions defined in the Performance Specification 
Reference 6. I are found in Appendix 7. The combined requirement of sequential loading from I 
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 j?om becoming 
disconnectedj?om one another permittingfitel 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 111, 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. I 
For consistency with the Mark 1A structural evaluations, the Mark IV baskets were evaluated to 
ASME Code, Section IIL 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 I 
qualification of the basket grapple interface will be performed by the CasHransportation 
subproject and will not be the responsibility of the MCO Design Agent). These safety factors I 
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 l/S-inch deep by 1-inch long radial groove beginning I-7/S-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 IA and the Mark N baskets were evaluated for lijiing in accordance with the 
requirements of the Performance Specifreation. The baskets were also evaluated for the abiliiy 
to support the fuel and the baskets above at I32 T. The evaluations can be found in Appendix 7 
for the Mark 1A baskets, Appendix 8 for the Mark IV Storage basket and Appendix 9 for the 
Mark NScrap basket. The adequacy of the lijiing groove per the Performance Specijkation is 
evaluated by the Buyer. I 

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: 

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. 
Type (2) must have the ability to hold 54 Mark IV intact-fuel elements, and does not 
need the exclusion void. 
Type (3) will hold Mark IA (higher enriched) scrap fuel (fragments), and must have a 
criticality control exclusion void per Section 4.19.3 of Reference 6.1 built into the I 
basket. 
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 I shows that the Mark IA storage basket can hold 48 Mark IA intact-fuel elements and 
has the criticality exclusion void required. The Mark 1A basket modification to hold Single Pass 
Reactor fuel is TBD. The Mark IV storage basket has the ability to hold 54 Mark IV intact-fuel 
elements. The Mark IA scrap basket has the same criticality exclusion void as the Mark I A  
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storage basket. The Mark Nscrap basket can holdfuel 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. 

AI1 baskets have a center support tube for axial support during lzjting 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. 

AI1 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 I ,  the interfaces between baskets are such that the tube, once started, will 
not hang up during the insertion operation. 

The loaded baskets shall be capable of being easily and safely handled in the basin water, reliably 
loaded and nested into the MCO/cask assembly in the K Basins load out pits, and engaged with 
the shield plug shieldguard 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 
dzferential thermal expansion of a I OOOC. 

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 $ow capability as the Buyer supplied preliminary 
design. Review by the Buyer indicates acceptability to criteria not presented in the Performance 
Specification. 

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

The baskets are fabricated from austenitic stainless steel, aluminum, and copper, and are I 
compatible with the MCO containment materials which are also fabricated from austenitic 
stainless steel. All major structural parts of both components are fabricatedfrom 304L or 304 
stainless steel. The scrap basket shroud subassembly is manufactured out of copper. The fie1 
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 integriy under I 
environmental and normal handling conditions. Appendix 9 shows that the Mark IA baskets will 
maintain the required structural integrity after the Design Basis Accident conditions specified in 
the Performance Specification. Reference 6. I .  

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. I 
Appendix 7 shows that the Mark IA 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. I maintains its processing capability by 
the use of a one inch XYSpipe for the long processing tube. The XYS 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 fabricatedpom 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 porn 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 signijkantly alter the properties of the MCO containment. The Mark 1A and 
Mark Nstorage baskets have non-structural aluminum fuel racks that are compatible with the 
fitel and MCO, as indicated in Appendix 2. 

The baskets’ bottom structural plate shall have a minimum weight not less than SO Ibs. (Note: 
Scrap baskets may include the weight of the gussets with the bottom plate to meet this 
requirement.) 
As can be seen in Appendix 3 the bottom plates of the Mark 1A and the Mark N baskets weigh I 
more than SOpounds. 

3.12.6 Mark IA and Mark JY 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 he1 corrosiodoxidation during the drying 
process. Thermal analyses, performed by the Buyer, have determined this can be accomplished 
by providing the equivalent to a minimum IB-inch thick, full height copper shroud around the 
perimeter of the basket, with six equally spaced %-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 l/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 I/l-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 %-inch pieces to approximately I-inch pieces. The total volume of the I 
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 I demonstrates that the scrap baskts meet the above requirements. The capaci@ of 
the screw attachments are demonstrated in Appendices 7 and 9. 

3.12.7 MARK 1A BASKETS MODlFIED 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-SUF-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 IA storage basket for the handling of Single Pass Reactororfitel 
(SPR) is TBD. The formal conceptual design is pendingorfitnding 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 MHM. 
Refer to Section 4, Item 19. 
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Source Term 

Model Geometry 

The shield plug assembly which consists of the shield plug, guard plate, internaljltersz 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 f ie1 orfragmenis. The I 
shieldplug is held in place with a locking ring that has a lifiing ring with a I2  ton capacity when 
gripped with six equally spaced grippers as specified. The demonstration of this capacity is 
shown in Appendix 6. I 
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. I 
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 5480.1 1, Radiation Protection for Occupational Workers (DOE 1988), Paragraph 9% 
HSRCM-I, Hanford Site Radiological Control Manual (RL 1994), Sections 111 and 311, 
WHCHNF-IP-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.c "Isolation and 
Decontamination." 

Cleaned and reloaded Mark N fuel elements: 
5.43 MTU; I I  energy bins; 8.29 x IO15 
photons/sec 
27 em SS lid; 4penehations; I inch central 
and lateral holes through lid; 4 em SSplate 

Detector Geomehy 
under jlters; collar in place. 
Tissue equivalent plastic in 3 thicknesses and 
8 rinuc 
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Port #2. Connects to a penetration that leads to the internal HEPA filter bank. 
1 inch diameter drilled penetration, and 
Port contains a process valve with a socket head. I 

This port connects to a I-inch diameter penetration to the HEPA filter bank. The port is 
accessed by aprocess valve that may be covered with blindjlange, as stated above. The process 
plug consists of a I-7/8 inch threadedplug 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 
allowingflow. 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 
five times. The torque required to seat the seal is evaluated in Appendix I O  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. 
Approximately .59 inch ID (1/2 inch sch. SO pipe) minimum diameter drilled I 
penetration 
Port contains a process valve, and 
Requires differentiation in connection for valve operator 

The center long process tube connects to a process valve on the exterior of the shield plug via 
0.609 inch diameter penetration. The process valve is the same as discussed above however the 
cover flanges are diferent. 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. 
1 inch diameter drilled penetration 
Port contains a safety class rupture disk that will be incorporated into a process valve 
head 
Provides backup port to Port #2 

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 I .  The rupture disk is the primarypressure relief 
device and is set at 1SOpsig. The coverplate has a four bolt pattern. I 
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 dyerent bolt patterns 
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I 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 documenfed in Appendix 14. I 
Provisions for pressurizing the MCO interior with an inert gas. 

The MCO can be pressurized by the gas of choice through any of theprocess 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 efzcient. 

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 NI4.5 and ASME 
Section V ,  Article IO,  I998 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 sensitive enough 
instrumentation were used to detect the I x IW5 scc/sec required leak rate. I 

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 ro 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 jinish to 
facilitate decontamination. 

I 
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 operatorfi.om the top per Appendix 
1. 

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

The shielding requirements are met with consideration of the process valves andpenetrations 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 coverflanges, 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 orijices 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 I ,  theprocess 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. 

Aspart of the shieldplug, there is a guardplate that protects thefilters as shown in Appendix I 
andAppendix 5. This provides for an air pocket that keeps the filters d v  when the shieldplug 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 installedprocess 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 "F-S-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. I 
The Internal HEPA Filter Specification, HNF-S-0556, is provided in Appendix IS .  Appendix I O  
provides verification that the structural attachment will support a filter assembly weighing up to 
50pounds for the maximum loading of IO1 g s .  

3.15 MATERIALS, PROCESSES, AND PARTS 

The MCO shell shall be fabricated from type 304/304L dual certified stainless steel. A11 I 
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 MCO shell and shield plug assembly are fabricated out of 304L stainless steel and the 
locking ring is made of 304N stainless steel io insure Compatibility. 304/304L dual ceriified 
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 ferriiic materials are used in 
the design. All materials are specified as either ASME (SA) or ASTM (A) materials, as shown in 

I 
I 
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Appendix I .  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 shieldplug. Harder material such as Nitronic 60 is usedfor the threadedfisteners. I 

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 I 
for Cleaning and Descaling Stainless Steel Parts, Equipment, and Systems" (ASTM 1996a), and 
ASME NQA- 1, Quality Assurance Requirements for Nuclear Facility Applications (ASME 
1994), shall be invoked for cleanliness control. Appendix D, MCO Corrosion Conditions, 
describes the corrosion environment encountered by the MCO during various phases of its 
operation. The MCO shall be designed and constructed to provide full service life under these 
corrosion conditions. The mechanical seal required for closure shall be of a material best suited 
for this application. 
Refer to Section 4, Item 25. 

Appendix A of the Performance Specifcation demonstrates the acceptability of austenitic 
stainless steel, specifcally 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 firnction ajier 
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 
speciJcation. 

I 

3.17 WELDED JOINTS 

All MCO fabricator pressure boundary welds shall be made in accordance with ASME Code, 
Section I11 requirements. All welds shall be sufficiently smooth to enable easy decontamination. I 
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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I Refer to Section 4, Item 26. 

All MCO pressure boundary welds are designed andproduced to ASME Section 111, Division I ,  
Subsection NB, except the field closure weld which is aficll 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 sysiem and the quality is insured by welding 
qualijkation 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 I I .  

3.18 DECONTAMINATION PROVISIONS 

MCO exposed surfaces shall facilitate their decontamination. All exposed surfaces shall be 
smooth without cracks or crevices. Blind or hidden comers 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. 

I 

3.19 SAFETY REQUIREMENTS 

Refer to Section 4, Item 28 

3.19.1 Safety Classification 

MCO components shall be c 

Access to all surfaces is available as can be seen in Appendix I .  

ss in accor ssified by safety < nce 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 Plug Assembly (excluding all port components, except the rupture 
disk) 
CoverCap 

The various components of the MCO are classiJied into safety classes in agreement to the above 
in section 3.9. I of this report. The applicable code requirements are then applied. The I 
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containment boundary components are designed and fabricated to ASME Code, Section Ill, 
Division I ,  Subsection NB and the Mark IA  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 @BAS) 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 111, 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 comer 
drops while the MCO is in the cask. However, the criticality control measures in 4.19.3 of 
Reference 6.1 shall be maintained.) 

Design Basis Fire -- Temperatures resulting from exposure to a design basis accidental fire 
on the outside of the transportation cask. [From 10 CFR 71.73 (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.) 

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.) 

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

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

Design Basis Drops -- The following design basis accident drops have been determined to 
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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 (e.g. MCO onto an MCO in the storage tube, and MCO 
impacting the inside top or bottom of the cask), the eccentricity of the drop is negligible and does 
not require consideration. 
Refer to Section 4, Item 29. I 
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Table 3. MCO and Component Accelerations (g's) Resulting From Design Basis Accident I 
Drops 

COMPONENT 

oaded MCO orizontal -- enical 

ark IA Baskei orizontal 
ithin MCO enical 

1 t o m e r  

ark IV Basket Rf;miz;ial 
kithin MCO 

)ROY INTO FOOT DROF 
CASK* I 

NIA I NIA 
54 

NIA 25 I NIA 

Bottom Basket 

Other Baskets 

Bottom Basket 

Other Baskes 

NIA I NIA 

g's DROP 
INTO CSB 

TOBE 

NIA 
35 (Spec) 

Lower MCO 
!8 (Calculation) 

Upper MCO 
NIA 

NIA 
35 (SPEC) 

NIA 

NIA 
35 (Spec) 

NIA 

WITH CASK"' 

101 
27 

Lid Up 33.5 
Lid down 27.4 

101 
27 

Bonom Basket 
27 

Other Baskets 
Lid down: top bskt 27.4; other 27.4 

Lid up: bonom brki33.5; others 33.5 

Bottom Basket 

Otherflaskets 
Lid down: top bskl27.4; others 27.4 

Lid up:bonom 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 <3Sg are being investigated.) 
( I )  Reference SARP Tables B7.2 1 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 Specijkation. The cask provides 
the containment in these load conditions. Additionally there is a high probabiliiy of localized 
denting of the MCO shell where it interacts with the ring inside the cask. The localized denting 
in the side wall will give stresses beyond those acceptable for Service Level D. However, due to 
the high elongation of the material and the limited amount of distortion (thickness of the ring;), 
no expected breach of containment by the MCO is expected. Since this is an inward denting, the 
circumference criteria for criticality is 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 io 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 IA 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 
andor 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 suflciently to be come uncoupled allowing 
the fuel particles bigger than 2 mm to enter into the center void. The Mark N baskets have no 
function in assuring criticality control per the Performance Specification and were not evaluated 
for other than lifring 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 1A 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 IA 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 IA baskets can be found in Appendix 7. The design and evaluation of the Mark IA baskets 
is based on the MCO being fi l ly 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 (Le. 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 primariIy 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 aflange with a I-inch diameter hole in it to provide the requiredflow 
restriction and protection. The rupture disk can be replaced by replacing the process valve plug. 
The plug can then be rejiirbished with a new rupture disk if desired and decontamination levels 
permitting. Appendix 12provides details on the rupture disk 

3.20 QUALITY ASSURANCE 

3.20.1 General Requirements 

I 

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

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

Studies, analyses, and design decisions are fully documented. 

Design meets performance requirements and design criteria. 

Design is complete, adequate, and properly documented. 

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 111, Division I. 

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 o f  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) Qualig 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 qua& assurance program has been implemented in the design and fabrication requirements 
for the MCO and its fuel baskets. Per DESH direction, a QA program having the applicable 
sections of 10 CFR 71, Subpart Hprogram is requiredfor the design of the MCO and baskets. 
The MCO fabrication, shall be in full compliance with the applicable codes which are ASME 
Code, Section IIL 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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DesignlInterface 
Parameter 

1. Design Life 

2. SNF Confinement 

3 .  SNF Containment 

4.0 COMPLIANCE MATRIX 

Requirement 

Maintain fuel 
elements and fuel 
fragments for 40 
years. Noknown 
factors prevent the 
MCO from being 
extended to 75 years. 

~ 

Confine contents 
during all normal 
operations and 
DBAs. 

Total gaseous leaks 
shall not exceed 
1 x scclsec. 
When sealed by 
welding, shall be 
capable of not 
exceeding a 
maximum total leak 
rate of 1 x 10” 
scckec. 

Source(s) 

P.S. 4.1, 
Rev. 5 

P.S. 4.2, 
Rev. 5 

P.S. 4.3, 
Rev. 5 
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How Design Complies 
with P.S. Requirement 

Material and design have 
no known aspects that 
will prevent compliance. 
Materials of construction 
were selected to resist 
corrosion. 

Confinement is 
demonstrated 
Appendices 4,5 and 1 1. 

All seals and closure are 
designed with 
capabilities of leak 
tightness better than 1 x 
10” scckec. 
The welded portion of 
the containment 
boundary is tested to 
demonstrated leak 
tightness better than 1 x 
10” scc/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 4.50 
psi. 
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Iesignllnterface 
'arameter 

Maintainability 

i. Human Factors 

5 .  Interchangeability 

7. Environmental 
Zonditions 

Requirement 

Designed to 
minimize the need 
for preventive 
maintenance, and 
allow replacement of 
the externally 
mounted rupture 
disk. 
Components shall be 
designed to facilitate 
handling and 
assembly with the 
use of appropriate 
handling equipment 
and also enable 
handling while 
wearing protective 
clothing used in 
radiation zones. 

To the maximum 
extent possible. (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.). 

Capable of 
performing its 
mission while 
subjected to the 
environmental 
conditions listed in 
Table 3.1. 

<ource(s) 

'S. 4.4, 
2ev. 5 

?.S. 4.5, 
Kev. 5 

P.S. 4.6, 
Rev. 5 

P.S. 4.7, 
Rev. 5 
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How Design Complies 
with P.S. Reauirement 

No preventive 
maintenance is expected. 
The rupture disk and 
holder is designed to be 
replaced as needed. 

The components can be 
easily handled and 
assembled with the 
appropriate handling 
equipment. 

All major components, 
MCO shell assembly, 
Shield Plug Assembly, 
Process valve plugs, 
cover caps, locking rings 
and all baskets are 
designed to be fully 
interchangeable. 

The MCO materials are 
fully compatible with the 
environmental conditions 
specified. 
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Desigdnterface 
Parameter 

8. Transportability 

9. Code 
Requirements 

10. Design Pressure 

11. Design 
Temperature 

12. Processing 
Operating Pressure 

13. Processing 
Operating Pressure 

Requirement 

Transportable by 
highway from the 
fabricator facility to 
the location within 
the Hanford site. 
ASME Boiler and 
Pressure Vessel 
Code, Section 111, 
Subsection NB; for 
the MCO 
containment. 

450 psig with the 
cover cap installed 
and 150 psig when 
sealed with the 
mechanical seal only. 

132°C 

Full internal vacuum 
25 psig external @ 
75°C 

Full vacuum internal 
0 psig external @ 
132OC 

Source(s) 

P.S. 4.8, 
Rev. 5 

P.S. 4.9.1, 
Rev. 5 

P.S. 4.9.2, 
Rev. 5 

P.S. 4.9.2, 
Rev. 5 

P.S. 4.9.2, 
Rev. 5 

P.S. 4.9.2, 
Rev. 5 

How Design Complies 
with P.S. Requirement 

The dimensions of the 
components shown in 
Appendix 1 makes them 
all transport compatible. 

The MCO containment 
meets the ASME Code 
requirements as specified 
in Section 111, 
Subsection NB within the 
limits of the Performance 
Specification. 

The MCO containment is 
designed for a 450 psig 
design pressure with 
cover cap installed and 
150 psig with only the 
mechanical seal in place. 

The MCO containment 
and components are 
designed for processing 
temperatures up to 
132°C. See Appendix 
11. 

The load conditions 
evaluated bound this 
condition. See Appendix 
11. 

The load conditions 
evaluated bound this 
condition. See Appendix 
11. 
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14. Processing 
Operating Pressure 

15.. Maximum temp 
gradient between 
MCO shell and cente1 
of shield plug. 

16. MCOShell 
Design 

17. MCO Closure 
Design 

Requirement 

75 psig internal, 0 
psig external, @ 
132°C 

100°C, thermal 
expansion of 0.65 
inch in axial 
direction. 

1 .O inch Minimum 
between inside of 
MCO bottom and 
bottom of lowest 
basket. 

Final welded closure 
cap. Mechanical 
closure prior to 
welding cover cap in 
place. 

Source(s) 

P.S. 4.9.2, 
Rev. 5 

P.S. 4.9.2, 
Rev. 5 

P.S. 4.10, 
Rev. 5 

P.S. 4.11, 
Rev. 5 

"F-SD-SNF-DR-003 
Rev.2 I 

How Design Complies 
with P.S. Requirement 

The design pressure and 
pressure bound this 
condition. See Appendix 
11. 

This load condition is 
evaluated in Appendix 
11. 

See Appendix 1 for 
compliance. 

See Appendix 1 for 
compliance. 
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Design/Interface 
Parameter 

18. Fuel Basket 
Design 

Requirement 

MKIA 304L or a 
material of equal or 
greater corrosion 
resistance properties. 
Service Level A 
requirements and 
Service Level D. 
ASME Boiler and 
Pressure Vessel 
Code, Section 111, 
Subsection NG, 
NUREGKR 3854, 
UCRL-53544; 
Capacity = 48 
elements. MKIV - 
FS of 3 and 5 for 
lifting 54 elements. 
MKIA Scrap - Same 
as MKIA except 
capacity is 575 kg. 
MKIV Scrap - Same 
as MKIV except 
capacity is 980 kg. 

Source(s) 

P.S. 4.12, 
Rev. 5 

with P.S. Requirement 
I 

See Appendix 1 for 
compliance with design 
requirements. Appendix 
7 demonstrates the Mark 
1A baskets capabilities to 
comply with the load 
requirements and 
applicable Code 
requirements. 

Appendices 8 and 9 
demonstrate the 
capabilities of the Mark 
IV basket to meet the 
required load conditions 
including lifting. The 
capacity of the Mark 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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)esign/Interface 
'arameter 

.9. MCO Shield 
'lug Design 

?O. Internal Process 
'ilter 

Requirement 

Designed to mate 
with open end of the 
MCO shell and also 
mates with the end 
effector on the top 
SNF fuel basket. 
One inch minimum 
free space between 
the bottom of the 
shield plug assembly 
and the top of the 
SNF elements or 
fragments. Feature 
an integrally 
machined 
axisymmetric lifting 
ring with a 12 ton 
lifting capacity. 10 
CFR 835, Subpart K, 
DOE Order 5480.1 1, 
Paragraph 9a; 
HSRCM- 1, Sections 

IP-1043, Section 8.0; 
and NRC Regulatory 
Guide 8.8, Section 
C.2.b, and C.2.f. 

llland311;HNF- 

The specification 
states these filters are 
rated as HEPA(i.e., 
0.3pm capture at 
99.97%efficiency) 
and have 
demonstrated flow 
capacity. Capable of 
withstanding a 100 G 
drop without damage. 

Source(s) 

P.S. 4.13, 
Xev. 5 

P.S. 4.14, 
Rev. S 

How Design Complies 
with P.S. Requirement 

The MCO Shield Plug 
assembly closes the fully 
open MCO, provides 
shielding, protects the 
HEPA filter bank, 
stabilizes the top fuel 
basket, allows for 
penetrations to the filter 
bank the process tube and 
the process tubes. The 
features of the shield 
plug assembly and the 
clearances between the 
fuel and the assembly can 
be seen in Appendix 1. 
The shield plug is held in 
place with jacking bolts 
(set screws) between it 
and the locking ring. The 
locking ring has a 
integral lifting ring that 
has in excess of a twelve 
ton capacity complying 
with Performance 
Specification 
requirements for lifting. 

The internal process 
filters are specified by 
the buyer. Details can be 
found in Appendix 15. 
The attachment 
capability of the 
manifold to withstand a 
100 g loading. (Actually 
the maximum loading is 
the lOlg horizontal 
loading is shown in 
Appendix 10. 
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Desigdnterface 
Parameter 

21. Design Goal 
MCO Weight 

22. MCO Height 

23. MCO Diameter 

24. Materials, 
Processes, and Parts 

Requirement 

Goal weights for 
MCO with MIUA 
fuel (dry) 16,082 Ibs., 
with MKIV fuel (dry) 
19,242 Ibs. 

160 inches with out 
cap. 167.30 inches 
with cap. 

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

MCO shell shall be 
fabricated from type 
304/304L stainless 
steel, All materials 
shall be 
ASME/ASTM 
certified materials. 

Source(s) 

P.S. 4.9.3, 
Rev. 5 

P.S. 4.9.4, 
Rev. 5 

P.S. 4.9.5, 
Rev. 5 

P.S. 4.15, 
Rev. 5 

How Design Complies 
with P.S. Requirement 

The nominal weight with 
shield plug and no cover, 
MK 1A fuel (dry is 
18,264 Ibs and with 
MKIV fuel (dry) is 
19,691 Ibs. 

As seen in Appendix 1. 
Maximum height without 
cap is 160 inches. 
Maximum height with 
cap is less than 167.3 
inches. 

The nominal OD is 24 
inches. 
Above the 148 inch 
elevation the maximum 
OD is 25.31 inches. 
Below 148 inches, the 
maximum circumference 
is less than 73.04 inches. 

All welded components 
of the MCO including the 
shell are fabricated from 
304/304L stainless steel. 
All materials are 
designated ASME (SA) 
or ASTM (A) as shown 
in Appendix 1. 
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>esignllnterface 
'arameter 

!5. MCO Corrosion 
:ontrol 

16. Welded Joints 

!7. Decontamination 
'rovisions 

Requirement 

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

ASME Section 111, 
Division 1, NB-3350. 
Butt welds to be 
ground flush to 
within .03 inches of 
basemetal. All 
MCO pressure 
boundary welds and 
welds bearing the 
weight of the fully 
loaded MCO must be 
designed for and pass 
100% volumetric 
examination per 
ASME requirements, 
except the field 
closure welds. 

All exposed surfaces 
shall be smooth 
without cracks or 
crevices. 

Source(s) 

P.S. 4.16, 
Rev. 5 

P.S. 4.17, 
Rev. 5 

P.S. 4.18, 
Rev. 5 

How Design Complies 
with P.S. Requirement 

Cleanliness is specified 
during fabrication 
handling , transportation 
and storage. This is 
covered in the 
Fabrication Specification 
and the Warehouse Plan. 
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. 

All pressure boundary 
welds are designed as per 
ASME Section I11 
Division 1, NB-3350 
welds. All pressure 
boundary welds and 
those bearing the weight 
of the fully loaded MCO 
meet the volumetric 
examination 
requirements of the 
ASME Code. All welds 
are flush within 0.03 
inches. The field closure 
welds will be examined 
per the requirements of 
Code Case N-595. 

As shown in Appendix 1 
all exposed surfaces are 
smooth and without 
cracks or crevices. 
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Source(s) 

P.S. 4.19, 
Rev. 5 

Requirement How Design Complies 
with P.S. Requirement 

The components are 
classified in accordance 
with the Performance 
Specification and the 
applicable sections of the 
ASME Code and Service 
Level conditions are 
comulied with. 

~ ~ 

HNF-PRO-704, 
Section 9.0; 10 CFR 
71.73 (3); Service 
Level D requirementI 
of the ASME B & 
PV Code, Section 111, 
Subsection NB. 

Temperature increase 
of 122°C for 180 
minutes after the fire. 

Acceleration of CSB 
of .35g. 
See Table 3 in 
Section 3.19.2. 

6.625 inch void space 
in center of MCO for 
MKIA baskets. 

P.S. 4.19.2, 
Rev. 5 

P.S.4.19.3 
Rev. 5 

The conditions resulting 
from the fire are bounded 
by other cases analyzed 
for. 
The loads for the drop 
conditions bound the 
earthquake conditions. 
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. 

Appendix 7 demonstrates 
that the void space is 
maintained even after 
sequential drops of 
vertical and then 
horizontal. Appendix 5 
demonstrates that the 
circumference 
reauirements are met. 
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DesignAnterface 
Parameter 

3 1. Overpressure 
Relief 

32. Q.A. 

Requirement 

MCO shall relieve 
internal pressure. 

Applicable sections 
oflO CFR 71 
Subpart H for design 
MCO containment 
shall fabricated. in 
accordance with 
ASME Code, Section 
111, Division I. MCO 
basket fabrication in 
accordance with 
Hanford 
Management 
Contract Quality 
Assurance Program 
Description (HNF- 
MP-599). 

Source($ 

P.S. 4.19.4, 
Rev. 5 

P.S. 5.0, 
Rev. 5 

How Design Complies 
with P.S. Requirement 

Relief device features, as 
specified in the 
Performance 
Specification, have been 
incorporated in the 
design. See Appendix 1. 

The QA requirements 
imposed by the 
Performance 
Specification were used 
in the design and are part 
of the fabrication 
specification. 
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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-S-0426, Rev 5, Performance Specification for the Spent Nuclear Fuel Multi- 
Canister Overpack, December, 1998 

ASME Code, Section 111, Division 1, Subsection NB, 1998 

ASME Code, Section 111, 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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7.0 APPENDICES 

Rev 2 MCO Drawing List 

Rev 2 MCO Assembly 

Rev 2 

Rev 2 

Rev 2 MCO Closure 

Rev 2 

Rev 2 

Rev 2 MCO Shell 

Rev 2 MCO Shell Bottom 

Rev 2 MCO Mechanical Closure Shield Plug 

Rev 2 
Rev 2 
Rev 2 MCO Internal Filter Guard 

Rev 2 MCO Process Valves 
Rev 2 MCO Process Port Cover Plates 

Rev 2 MCO Internal Filter Assembly 
Rev 2 MCO Basket Stabilizer Extension 

Rev.2 MCO Process Tube 
Rev 2 MCO Process Tube Guide Cone 

Rev 2 MCO Basket Support Plate 

Rev 2 K-Basin SNF Storage Basket Mark 1A 

Rev 2 

Rev 2 

Rev 2 

Rev 2 

Rev 3 K-Basin SNF Scrap Basket Mark 1A 

Rev 3 

Rev 3 

Rev. 2 I 

I 
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Sh4 Rev3 

Sh5 Rev3 

82-828070 Sh 1 Rev 1 MCO Mark IV Storage Basket 

Sh2  Rev1 

Sh3 Rev1 

Sh4  RevO 

H-2-828075 Sh 1 Rev 3 MCO Mark IV Scrap Basket 

Sh2  Rev3 

Sh3 Rev2 

Sh4 RevO 
. ,  Appendix 2 Material Evaluation 

Appendix 3 Weight Summary Calculation-01 Rev 2 

Appendix 4 MCO Closure Bolt Preload Modeling and Response Calculation-02 Rev 2 

Appendix 5 MCO Structural Drop Analysis Calculation-03 Rev 2 

Appendix 6 Stress Analysis of the Lifting Cap and Canister Collar Calculation-04 Rev 2 

Appendix 7 Stress Analysis of the Mark 1A Storage and Scrap Baskets Calculation-05 Rev 2 

Appendix 8 Stress Analysis of the Mark IV Storage Baskets Calculation-06 Rev 2 

Appendix 9 Stress Analysis of the Mark IV Scrap Basket Calculation-07 Rev 2 

Appendix 10 Stress Analysis of Shield Plug Interface ComponentsCalculation-08 Rev 2 

Appendix 11 MCO Thermal Stress Evaluation Calculation-09 Rev 2 

Appendix 12 Rupture Disk Data 

Appendix 13 Main Seal Data 

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

Appendix 15 HEPA Filter Data 

Appendix 16 K-Basin MCO Shield Plug Thickness Technical Evaluation 

Appendix 17 Warehouse Plan 

Appendix 18 Deleted 

Appendix 19 Fabrication Speciiication 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 hardness. 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 Casf Carbon Steel and Aluminum for Rack Insert in MCO 
Mark L4 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 IA and Mark NScrap 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, CZeaning, Descaling, and 
Passivation of Stainless Steel Parts, Equipment, and Systems (ASTM 1996a), and ASME NQA-I, 
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 o f  water in the K Basins ranges fiom 1 pS/cm to 
5 pS/cm, 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-O01, Multi-Function Waste Tank Facility 
Corrosion Test Report (Phase I )  (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 lo” 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 3 16 stainless steel in water saturated 
with chlorine at room temperature is 0.008 mm/yr (ASM 1987, p 1170-1 174), 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 3 16 
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. 

Iodine is a fission product generated during the irradiation of N Reactor fuel; each MCC will 
contain about 180 g (0.4 lb.) of iodine (Praga 1998). The iodine in light-water-reactor oxide fuel 
combines with cesium as cesium iodide (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 has no fuel pellets or bel-cladding gap. Iodine 
(or CsI) 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/cm2/h (ASM 1987, p 814) results in an upper bound estimate of 0.7 p h i  maximum 
iodine content in the 500 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 lb.) of 
cesium (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 phi.  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 p d y r  (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 @yr to 125 Vdyr (0.1 miVyr to 5 mivyr) 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 mmlyr (20 mivyr). 

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. 

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 
magniiude 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 (Goldrnann 199Sb). 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 (40.5 torr) prevents condensation inside the MCO. The single wet/dry cycle precludes 
significant buildup of chloride 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 
slightly cooler wall of the MCO could occur. The question then becomes whether this condensate 
could dissolve sufficient chloride ion f?om 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 (Blackbum 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 H2. 

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: 

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

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

Iodine gas that could be present because of the thermal environment and fuel corrosion. 

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 common 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 120OC (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 Ib.) 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., oxygen 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 (G05'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 lowest temperatures required 
for liquid eutectic formations obtained from binary-phase diagrams are 646°C (1,195"F) for 
aluminum-uranium and 725T (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 generation 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. 

Absence of sprinklers for fire protection. 

Prohibition against washing the deck. 

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-00 1, 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 OF). 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 E {Dot [exp(-Q/RT)])" 

where: 

x = hydrogen diffusion distance (cm) 
Do = diffusivity constant, 2 x 10" cm2/sec for 304L (Caskey 1985, p 828) 
t = time (sec) 
Q = activation energy, 50 kJ/mol for 304L (Caskey 1985, p 828) 
R = universal gas constant (8.314 J/mole"K) 
T = temperature (degrees Kelvin [K = "C + 2731). 

The Caskey conditions calculated were: a) 197°C (387P) 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 (1 15"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 (4). 

RA = 100 (A, - AJ/& 
Another measure of ductility that is used extensively in DP-1643 (Caskey 1983) is plastic strain to 
failure (Ef). 

E, = In (AJAJ 

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 -53°C (-63OF), which corresponds to a minimum in 
reduction-of-area (these values were calculated by converting Caskey's E, values [Caskey 19831 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 22OC (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 SI, 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,S2,83). 

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 like 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 S4,85). 
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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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 (Le., 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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Weight Summary 

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION: 

Calculate the nominal and maximum weight of the Multi-Canister Overpack. 
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INTRODUCTION 

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

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-SG, 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. 

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/in3, Reference 3), or the density of copper 
(0.322 Iblin3, 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 loaded 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 

Condition Nominal Weight (I&.) Maximum Weight (Ibs) Item 

MKlA Storage Basket Empty I 471.95 I 471.95 

MKIA Scrap Basket Empty 624.61 624.61 

Loaded 48 Fuel Assemblies 2378.03 2378.03 MKIA Storage Basket 

MKlV Storage Basket 227.82 I 227.82 Empty I 
MKlV Scrap Basket 432.11 I 432.11 Empty I 
MKlV Storage Basket Loaded 54 Fuel Assemblies I 3218.34 I 3218.34 

MCO Condition 1 1989.41 Empty, Shell, Collar, Bottom Plate, 
Support Plates, Guide Cone, Dry. 

1931.40 

MCO MCO Condition 1, filled with water and 
with six loaded MKIA Storage Baskets. 

17235.01 17293.02 

MCO MCO CondRion 1, filled with water and I 
with five loaded MKlV Storage Baskets. 

19064.13 19122.14 

MCO Condition 2 3468.79 3598.55 Empty, Shield Plug, Locking Ring with 
Screws, Shell, Collar, Guide Cone, 
Bottom Plate, Support Plates, Stabilizer 
Extension, Internal Filter, Process 
Valves, Guard Ring, Guard Plate and 
Dip Tube, Dry. 

MCO Condition 2, Dry and with six 
loaded MKlA Storage Baskets. 

MCO 17736.97 17866.73 

MCO 19560.49 I MCO CondRion 2, Dry and with five 
loaded MKlV Storage Baskets. 

19690.25 

MCO Condition 3 303.64 3152.84 Empty, Shell, Collar, Bottom Plate, 
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 
with six loaded MKIA Storage Baskets. 

18154.10 18263.32 

MCO MCO Condition 3, filled with water and 
with We loaded MKlV Storage Baskets. 

19983.85 20092.45 I 
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Table 2 - MCO Assembled with Canister Cover 

Item I Condition 

MCO 

N/A 

MCO condition 2, Dry, 
with six loaded MKIA 
Storage Baskets & 
Canister Cover. 

Nominal Weight (Ibs.) 

509.31 

18246.28 

MCO MCO Condition 2, Dry, 
with five loaded MKlV 
Storage Baskets & 
Canister Cover. 

20069.80 

Maximum Weight (Ibs) 

520.83 

18387.56 

2021 1.08 

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 2 to 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. 

In Table 1, it is assumed that the density of water is 62.3 lb/ff (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 stabilier extension, the dip tube and the internal filter. The nominal weight of the 
shield plug assembly is 1107.24 Ib. and the maximum weight is 1163.43 Ib. 

REVISION I I 1 I 7 I I PAGE6 



CLIENT: DE&S Hanford FILE N O  KH8009-8-01 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 3 

Appendix 

MCO Components Weight Summaries 
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1. INTRODUCTION 

The MCO assembly is a single purpose Spent Nuclear Fuel (SNF) container that is capable 
of maintaining subcriticality at all times and maintain SNF containment and confinement 
after being closed and sealed. The MCO assembly consists of a shell, a shield plug and 
one to six SNF baskets. After the MCO is loaded with fuel, the shield plug is installed with 
the containment seal, the locking ring screwed down by means of double lead buttress 
threads, and the jacking bolts (hereinto refered as the ‘bolts’) are inserted in the locking 
ring. The bolts are then torqued to achieve the necessary preload to 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. 
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4.  Maximum design temperature is 132°C (27OOF) 

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. 

c) 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. 

9 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) 1-112-8 UN - 2A set screws: 

The bolt diameter is 

D, = 1.50 in2 

Geometry of the bolt is per Reference 4, Section A, Table 1. 

The stress area is 

A, = 1.49 in2 

and the thread root area is 

4= 1.41 in2 

The thread stripping area for 2A external thread, per inch of engagement is 

As, = 2.57 in2/in. 

The thread stripping area for 2B internal thread, per inch of engagement is 

As, = 3.50 in2/in. 

OF 55 

7. MATERIAL PROPERTIES 

The material properties are taken from [5] and are summarized in Table 1. The loading 
temperature is 132°C (270°F) 

REVISION I 0 I 1 I 2 I I PAGE6 
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SA - 182 F304N Forging (Locking Ring) 

0 1 2 PAGE 7 
CJT 04/17/9 HSA 7/14/98 a) 02/04/99 OF 55 
BW 04/17/97 ZGS 7/14/98&-02 /04/99 

SA - 182 F304 Forging (Shell Collar) 

70" F 200" F 300° F 270" F 
E-psi 28.3 x IO' 27.6 x I O 6  27.0 x 10' 27.18 x IO' 

S. - psi 20,000 20,000 20,000 20,000 

S,- 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/OF x I O 6  

a-in/in/"F I 8.46~10'  1 8.90~10' I 9.OOx10' 8.94 x IO'  

70°F 250°F 300°F 270°F 
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Table 1: Material Properties for MCO Closure Components, cont’d. 

SA - 193 Grade B8S or B8SA (Bolting) 
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MinimumSealingLoad 3 500 -- 44) - 743.294) 
y, (test seal minimum) = 
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= 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 121. 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 ,/- [3]: 

y, (MCO seal) = 3382J0.186/ 0.176 

= 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-I. 

y, = 60.9 daN.Cm' = 347.7 Ib./in. = 348 Ib./in. 

9. LOAD COMBINATIONS 

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

10. ANALYSIS 

a) 
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: 

Preload required to seat the seal. 

Y, (test seal) = 16,900 Ib. Total Load 
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0.186 /- 0.176 
Y, (MCO seal) = 1633.1 

= 1679 lblin = 294 daN*cm-‘ 

The MCO seal specification shows a y, loadllength of 1700 Ibhn (298 daN-cm”). This 
value will be used in the analysis. The minimum load to seat the MCO seal is 
determined from y2 (seating load - Iblin) and D, (sealing diameter = 23.234 in). 

pMIN = (DS)(Y2)(n) Load required to seat the seal 

= (23.234 in)(1700 lblin)(n) 

= 1.241 x I O 5  Ib 

b) Minimum preload required to maintain the seal. 

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

SL = (DS)(Y,)b) Minimum sealing load 

= (23.234 in)(348 Ibhn)(x) 

= 2.540 x I O4 Ib 

The load generated by the internal design pressure is 

(z)( P)( (3.1 4 16)( 150 psi)(23234)* 
= 6.36 x lo4 Ib. - PL = - 

4 4 

The minimum total bolt load at closure temperature becomes 

LP,,, = PL + SL = 6.360 x I O 4  Ib + 2.540 x I O 4  Ib. 

LP,,, = 8.90 x I O 4  Ib. 



Checking the compliance with Subsection NB, NB-3231 161, which states that the design 
mechanical loads calculated based on the equations of Appendix E shall produce stresses 
less than the allowables from Section 11, 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, AR) is: 
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1.241 . I O 5  
OBOLT = - 

PAGE '12 
OF 55, 

- 

oBOLT = 4,890 psi 

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

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 allowable 
stresses at the design temperature, therefore, the requirement of the ASME Code, Section 
111, 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 [I], Table 5.1). 

The variance in the applied preload can come from different sources. A suggested way of 
handling the variance in the preload due to the variance in torquing the bolts is set forth in 
111. 



FILE NO: KH-8009-8-02 
I?IPARSL3NEi 

CLIENT: DE&S Hanford 
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 I 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Five variables are considered for determining the accuracy of the preload [I]. 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 [I] 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 f. 
3% is used (reported accuracy of the tool to be used by the buyer). Hence 

VTo,, =+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 Q%. Hence 

v,, = f. 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 f.30% be applied. Assuming the bolts are torqued several times 
before the closure torque is applied, the bolts are carefully lubricated and a torquing 
procedure is developed with the appropriate equipment which will minimize scatter, a value 
of +I 5% is used. This value is based on what is expected by the buyer from testing similar 
bolts. Hence 

V, = f. 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 

v, = 0.00 and v, = - 0.10 

- 
0 1 2 PAGE '13 
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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,, = 0.0166 (At maximum preload, see Table 2) V.,=O.OO 

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

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

2 PAGE ''T 
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v,, = f .\lVirnL f v;p f vc' 
V,, = ?  0.154 

BW 04/17/97 

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

ZGS 7/14/98 -2/04/99 - 

Negative scatter: 

v, = JVLL 4- v;p f vc' + v& 4- v -  
v, = -0.184 

Positive scatter: 

v, = J V h L  4- VZp f v,' f v:', 4- v:, 
V, = 0.155 

The nominal preload is then 

pm 124100 P,,, = -- (l-vm)- 1-T154 
P,,, = 1.467 x 1 O5 Ib 

And the maximum preload to seat the seal is 
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P,,,,= 1.693x1051b. 

As the friction force acts on the bolt end verses under the larger diameter of a standard bolt 
head, a "nut factor" of 0.1 17 is used. 

Wth a nut factor F = 0.1 17, the nominal torque to seat the seal becomes 

PAGE ?r 
OF 55 

- 

FDBPNoM 
18 

(0.117)(150 inj(1.467 x 10' lb) 
18 

- = 1430 in-lb TNoM = ~ - 

TNoM = 120 ft-lb ? 5% (? 10 ft Ib) 

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

(18)( ?)( 140 ft -lb)(l + 0.154) 

(0.117)(1.50 in) = 1.99 x lo5 lb P- = 

P,, = 2.0 x I O 5  Ib 



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

REVISION 0 1 

CHECKED BY I DATE BW 04/17/97 ZGS 
PREPARED BY I DATE CJT 0411 719 HSA 7/14/98 

~ ~~ ~~ ~ 

C,, = 3.457 x I O 4  Ib. 

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

CpLUG = AR( 19760) 

CPLUG = 2.786 x I O 4  Ib. 

2 PAGE T r  
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Thread Enaaaement 

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

If the thread engagement length Lm = 3.5 in. then the thread capacity is: 

For the internal thread: 

TH,, = (As, )(Lm)(0.6)(22,740) 

TH,, = 16.7 x I O 4  Ib. 

(F304N @27OoF) 

For the external thread: 

THcE = (AS, )(Lm)(0.6)(11600) (SA-I93 @ 270OF) 

THcE = 6.261 x I O 4  Ib. 

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

19,760 
8.01 1 

MSJOINT = --1=1.47 

The stress area in the thinnest wall of the shell, for one bolt, due to preload (tension only) is: 

TwaL = 0.373 in = Thickness of the wall 

DTwA,= 24.530 in = Diameter at the thinnest part of shell 

(Drawing H-2-828042) 

ATWALL = (7r)(DTwfi)(%) = 1.596 in2 



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

~ 

PREPARED BY I DATE 
CHECKED BY I DATE 

1 CJT 04/17/9 1 HSA 7/14/981%\ 02/04/991 
I BW 04/17/971 ZGS 7/14/981 &Q2/04/991 

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

OF 55 

11,296 
%vALL= - 

ATWW 

cmALL =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 reasonable amount of 
uncertainty into consideration for the actual preloading based on torquing of the jacking 
bolts. 

REVISION I 0 I 1 I 2 I I PAGE17 
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12. BOLT PRELOAD MODELING AND RESPONSE 

In order to evaluate the changes in bok 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. 
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12.1 

In order to meet the seal manufacturer's specifications 131, 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 model , the bolts are modeled as 
an equivalent ring, having the same area as the 18 1-112 inch bolts. The stress area of the 
equivalent bolt is 1.49 in2. Therefore, the area of the equivalent ring is: 

Jacking Bolt I Seal Model Development 

= 18(1.49 in2) = 26.82 in2 

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

TBR = qmg = 0393 inches ~(21.75) 
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dividing by (7tDE): 

KSTL = 224000 deflection stiffness per inch circumference, test seal, loading 
n (3.294) 

= 21,646 Iblinhn 

PAGE 19 

OF 55 

d,CO 
Ratio by 1% 

= 22,250 lblinlin 

KMCOL = k~co~(~) (Dwco)  

= 22,250(~)(23.234) 

= 1.624 x I O6 lblin 

Spring Rate during Unloading From Initial Seated Position: 

From force/deflection data [2]: 

K, 

dividing by (?rDTs): 

= 1.65 x I O 6  lblin - deflection s t i i ess  of test seal, unloading 

1'65'106 deflection stiffness per inch circumference, test seal, unloading 
ksm = n (3.294) 

= 1.5945 x 1 Os Ibhnhn 

7 

Ratio by - J? 
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= 1.639 x 1 O5 Ib/in/in 

KMCOU = h c o u ~ 4 ~ ~ s M c o ~  

= 1.639 x 1 O5 (z)(23.234) 

= 1 1 . 9 6 ~  I O 6  lblin 

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. 

load loss = (S&K-," 

= (.0073)(11.96 x IO6) 

= 87,308 Ib 

Final seal load = 124,000 - 87,308 

= 36,692 Ib 

2 PAGE 20 
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36692 Ib Ib 
A (23.234) in in 

:= 502 7-> 348 7 (minimum to ensure tight seal) Loadlinch = 

Therefore, the seal will remain leak-tight. 

12.2 

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 results are summarized in Table 2. 

ANSYS Preload I Pressure Response 



CLIENT 
PROJECT: 

Bolt Stress (psi) 

ANSYS Run Preload Preload % Change 
+Pressure 

Minbolt 4892 5161 +5.49 

Max b o I t 7880 801 1 +I .66 

IARSONI 
FILE N O  KH-8009-8-02 

Seal Load (Ib) 

Preload Preload + % Change 
Pressure 

132,280 129,480 -2.12 

197,380 195,460 -0.97 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

The change in the maximum bolt stress due to the addition of the pressure load is 
consistent with the values used in determining maximum bolt stress. 
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FILE NO: KH-8009-8-02 

REVISION 0 
PREPARED BY I DATE 
CHECKED BY I DATE 

CJT 04/17/9 
BW 04/17/97 

13. BOLT PRELOAD UNCERTAINTY 

The analysis uses five different uncertainties associated with developing the preload of the 
boltslset 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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COMPUTER R U N  COVER SHEET 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, Pentiurn@ Processor 

KH-8009-8-02 

MINBOLThp 

Analysis of MCO Closure Response, Minimum 
Bolt Load. 

18 November 1998 2:09:52 PM 

j&-/qq 
- -  

Prepared By: Zachary G. Sagent Dgte 

J u  PF 
Checked By: Hehy S. Averette 'Dke 
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/BATCH,LIST 
I F  ILENAM,minbolt 
PREP7 
/TITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE, 

TREF,70 
TUNIF,270 
ETAN=O.O5 !Tangent modulus 

ICOM * ELEMENT TYPES * 
~~,1,42,,,1 !Shell 
ET.2,42.,,1 !Shield Plug 
ET.3,42,,,1 
ET.4,12 
KEYOPT,4,7,1 
Er,5,42.,,1 ! Bolt 

ICOM - REAL CONSTANTS FOR GAP ELEMENTS - 
R,4.-90,1.0e9,-0.06.3.0 
R,5.0,1.0e9..007562 
R,6.0,1.0e9,-.009,2.0 
R,7,0,1.0e9,0,1.0 
r,8,0,2.42e7,,2.0 

ICOM MATERIAL PROPERTIES 
MP.DENS,I ,49011728 
MP,NUXY,I ,0.3 

MP,DENS,5,490/1728 ! SA193 Grade B8M 
MP,NUXY,5,0.3 

ICOM - DEFINING TEMPERATURES FOR MPDATA - 
MPTEMP,I, 70,100,200,300 

ICOM - DEFINING ELASTIC MODULI FOR 304,304L. 304N & SA-193- 
MPDATA,D(,I ,I ,28.3e+06,28.1 e+06,27.&+06,27.0e+06 

! Li ing & Locking Ring 
! Gap Elements Between Shield Plug &Shell 

! ShellIShield Plug, Initially Open .W 

! Sealing Stop, initially open, gap adjusted for max. stiffness 
! Gap Elements Under Bolt, Min. Preload Interference 

! Bottom MCO Plate, closed 
! Seal Spring, max. stiffness (unloading stiffness) 

! 304.304L & 304N SS 

lCOM - INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304,304L, 304N 8 SA-193- 
MPDATA,ALPX,I ,I ,8.46e-06,8.63eo6,9.08e-o6,9.46e-06 

ICOM ! SA-1 93 
MPDATA,ALPX,5,1.8.42e-06,8.59e-06.9.09e-O6,9.!5%06 



El PARS, 
CLIENT: DE&S Hanford 
PROJECT: MCO Fix.  - 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

IR3 = 12.25 

ICOM - BOlTOM COVER PLATE [DWG SK-2-300378]- 
N,1 ,,-I .32 
N,2,1.25,-1.32 

! Inside Radius at Collar-Lifting Ring Weld 

! Row 1 
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N.3,2.13,-1.32 
N.10.11.423,-1.32 
FILL 



...-.- FILE N O  KH-8009-8-02 
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PREPARED BY I DATE 
CHECKED BY I DATE 

N.237,0R,146.06 
FILL 
N,238,1R,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 ,lR,147.31 
N,243,0R,147.31 
FILL ! Horizontal Fill 
NGEN.2.3,241.243,1..0.75 

ICOM "" COLLAR SEALING SURFACE * 
N,247,1R,149.63 
N,249,1R2,149.63 
FILL ! Horizontal Fill 

/COM ""THICK WALL AT COLLAR TRANSITION - 
NGEN.2.10.240.249,3 
N,255,0R2,147.31 ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,0R2.148.06 
N,980,1R,149.38 
N,981 .I 1.755.149.38 
N,982.1R2,149.38 
N,983.12.317,149.38 
N,984,0R2,149.38 
N,990,0R2,146.68 
FILL,240,990,1,251 
NGEN.2,5,980.984.1,.-0.66 
FILL,246,258,1,257 
FILL,253.255,1 ,,I ,3.3 
FILL,237,990,1,991 

ICOM - C O M R  AT BOlTOM 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 
FILL,262,271,2 

ICOM "" COLLAR AT BASE OF THREADS - 
N,274,1R3,152.00 
N,1000,IW,152.00 

ICOM ""TOP TO COLLAR (WELD CLOSURE) - 
N,295.1R3,156.00 
FILL,274.295 
NGEN,3,1,259,295,3,(OW-lW)i2 
NGEN,3,1.274,295,3,(OR2-lR3)I2 

ICOM 
RING1=7.94 
RING2=9.375 
RINGS9.625 

!Assumed Location of Shield Plug Taper 

! End of Transition to Large 0.D 8 
!Assumed Location of Shield Plug Taper 

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

! Nodes 250259 Coincident wI240-249 (by 3) 

! Nodes 271 

LOCKING & LIFTING RING GEOMETRY _m__ 

RMSION 1 n 1 1 1 7 I I PAGE27 - - 
CJT 04/17/9 HSA 7/14/98 02/04/99 OF 55 
BW 0411 7/97 ZGS 7/14/98 #&Q 2/04/99 



RING4=10.19 
RING5=12.23 
LOCAL,11,0,,152.00 
CSYS,11 

ICOM ""TOP EDGE - 
N,401 ,RING1,6.13 
CSYS.0 
N,404,9.375,158.13 

! Local System z=O at Base of Ring 

REVISION 

PREPARED BY I DATE 
CHECKED BY I DATE 

FILLPOI ,404,,,1 
N,406,RING4,158.13 
FlLL,404,406,,,1 ! Top Edge 
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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 ,,1OS6,1 
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,RING5,4 ! 0.D of Ring 
CSYS.0 ! Bolt Extension 
N.924.10.875-.197,152.00 
N.925,10.875+.197,152.00 
FILL.910,924,6,,2 

! Inside Edgeof Bolt Hole 
! Outside Edge of Bolt Hole 

! Double Nodes @ Bolt for Gap elements 

FILL,911.925,6,,2 
N,525,10.875.197,151.874 
N.527.10.875+.197.151.874 

! Bottom of Bolt Extension 

FiLL 

ICOM - BOTOM OF LlFTlNGROCKlNG RING - 
CSYS.11 



ICOM * NODES AT PLUG AXIS (PO) * 
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 

CRIISION 
'REPARED BY / DATE 
:HECKED BY / DATE 

N,61 O,O,-8.25 
FILL,607.610,2,608 
N.611.0.-8.75 
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N;613;0;-10.5 
FILL61 1,613 

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,P,10,706,713,1.0.9515 

N,730,5.4665.-1.994 
N,736.5.4665,4.994 
FILL.730,736,5,731 
N.737,5.4665,-6.25 
N,740,5.4665,-8.25 
FlLL,737,740,2,738 
N,741,5.4665,-8.75 
N,743,5.4665,-10.5 
FlLL,741,743 
N,748.5.89,-1 .O 
NGEN.2,20,730,743,1.0.4235 
FILL.748.750 
N,766.7.265,0 
NGEN,2,20,748,763.1 ,I ,375 
FILL.766.768 

! Id Large Opening 

! Id Medium Opening 
! Id Small Opening 
! Center of Opening 

! Od Small Opening 
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FILL,866,869,2 
N,870,PLUGR1-0.288,-8.476 
NGEN,2,5,866,870,1,0.288 

OF 55 

ICOM - REFINING LIFTING EAR - 
CSYS,O 
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.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,433,434,1,908,1 
FILL,423.433,1,905 
FILL,905,907 

ICOM - FILTER GUARD PLATE - 
PLATE1=0.273 
PLATE2=0.6575 
PLATE3=1.357 
PLATE440.25 
PLATES1 1.25 

N.l200,PLATE4,146.78 
N,1202,PLATE5,146.78 
FILL . 
NGEN,5.3,1200.1202..,-0.85 

REVISION 1 0 1 1 1 7 1 I PAGE30 
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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 
FlLL,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,l237,1249,2,1241,4 
NGEN,Z,I ,1225.1249,4,.-0.25 
NGEN,2,2,1226,1250,4,.-1.25 
FILL,1226,1228,1,1227,,7,4 
N,1253,2.625,145.255 
N,1254,2.625,145.005 
N,1256,2.625,143.38 
FILL,1254,1256 
N.1257,2.625,143.13 
N.1259,2.625.141.88 
FILL,1257,1259 
NGEN,2,10,1253,1259,1.-0.5 
NGEN,2,10,1263.1269,1,-0.768 
N,1283,0.6575.145.255 
N,1284,0.6575.145.005 
N,1260,2.125,147.63 
N,1270,1.357,147.63 
N,1280,0.6575,147.63 
N,1290.0.273.147.63 
NGEN,3,1,1260,1290,1 O,,-0.5625 

ICOM - NODES AT BOTTOM GAP ELEMENTS - 
NGEN,2,2000,1,10.1 .,-I .OO 
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ICOM - COUPLING NODES - 
ICOM - BETWEEN LIFTINGAOCKING RING &SHELL - 
CP,1 ,UY,508,277 ! Start Threads 
CP,2,UY,498,280 
CP,3,W,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 
'D0,1,1,7 
cP,10+I,uY,445+10*1,910+2"2*1 
'ENDDO 
'D0.1.1.7 
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cP,24+I,ux,445+10*1,910+2*'1 
*ENDDO 

0 1 2 PAGE 32 

CJT 04/17/9 HSA 7/14/98 &\ 02/04/99 OF 55 
BW 04/17/97 ZGS 7/14/98 &--?I 2/04/99 

*D0,1,1,7 
cP,31+I,ux,447+10*1,911 +TI 
'ENDDO 
NALL 
EALL 

/COM - ELEMENT GENERATION FOR SHELL" 
TYPE,I 
MAT,I 

/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,Z,l,-I 
EGEN,5,3,-2 

/COM * FIRST TRANSITION ELEMENTS - 
E,65,66,100 
E,100,66,101 
E.67,101,66 

/COM*SlNGLE SHELL- 
E,100,101.103.102 
EGEN.40.2;l 

/COM ""SECOND TRANSITION ELEMENTS- 
E,190,180,191 
€,I 80,181 ,I 91 
E,181.192,191 

/COM -TOP SHELL (DOUBLE ELEMENT) * 
E,190.191.194,193 
EGEN,2,1 ,-I 
EGEN,7,3,-2 

ICOM - BOTTOM OF COLLAR - 
TYPE,I 
MAT,I 
E,211,212,215,214 
EGEN.2.1.-I 



~,257,2~,9ag.gaa 
~,ga5,9a6,9ai ,980 

E.gao,gai ,248,247 

~,9a3,9~,261,260 

EGEN,4,1 ,-I 

EGEN,2,1,-1 
E,982,983,260,249 

/COM COLLAR TRANSITION - 8 -  THREADED REGIONS 
E,237,991,251,240 
E,991,990,251 
E.240.251.254.253 

E,253,254.257,256 
EGEN,2,1.-1 
E.259.260.263.262 . .  
EGEN,z.I.-I 
EGEN,12,3,-2 
E,271,274,1000 

/COM -MERGE COINCIDENT NODES FOR SHELL"" 
ESEL.S.PIPE,,I 
NSLE 
NUMMRG,NODE, 
EALL 
NALL 
/COM * END OF SHELUCOLLAR ELEMENT GENERATION - 
/COM - LOCKINGAIFTING RING ELEMENTS - 
TYPE,3 
MAT,I 
E.411,412.402,401 
EGEN,2,1,-1 
EGEN.2.10.-2 
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E,1290,1280,632,612 
E,1280,633,632 
E,633,1270,632 
E.1270,652,632 
E.1270,653,652 
E.643,663,662.642 
EGEN,10,1,-1 
EGEN,2,20,-10 
E,673,693,692,672 
EGEN,2,20,-10 
E,653,1260,652 
E, 1260,672,652 
E, 1260,673,672 
E,707,717,716,7M 
EGEN,7,1,-1 
E.717.737.736.716 

RWlSlON 
PREPARED BY / DATE 
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EGEN,7,1.-1 
E,731.751,750,730 
EGEN.l3.1.-1 
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E,749.769,768.748 
EGEN,15,1,-1 
E,767.787,786,766 
EGEN.17.1.-1 
EGEN,2,20,-17 
E,818,825,824,817 
EGEN,6,1,-1 
EGEN,5,7,-6 
E.853,860,859,852 
EGEN,6,1,-1 
E,860,867,866,859 
EGEN,3,1,-1 
E,867,872,871,866 
EGEN,4,1,-1 
ICOM - END OF SHIELD PLUG ___* 

ICOM - FILTER GUARD PLATE 
E,1200,1201,858,851 
E.1201.1202,865,858 
E,1203.1204,1201,1200 
EGEN,2,1;1 
EGEN,6,3,-2 
E,1221,1222,1219,1218 
E,1222,1223,1220.1219 
E,1226,1215,1212.1225 
E,1227,1218,1215,1226 
E,1228,1221,1218,1227 
E,1230,1 226,1225,1229 
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 
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EGEN,4,1,-1 
E,1291,1281,1280,1290 
EGEN,2,1 ,-I 

ICOM ----. CONTACT ELEMENTS ___ 
ICOM "" BETWEEN LOCKING RING 8 SHIELD PLUG - 
TYPE,4 
REAL.4 
E,806,401 
E,807,411 
E.808,421 
E,809,431 
E,810,441 
E,811,451 
E,812,461 
E,813,471 
E,814.481 
E,815,491 
E.816,501 
E.817,511 

ICOM "" BETWEEN SHIELD PLUG 8 BOlTOM OF BOLT 
REAL,5 
N,3000.10.875.197,151.88 
E,3000,525 
E,852,526 
E,859.527 

/COM * BETWEEN SHIELD PLUG 8 SHELL (ABOVE SEAL) 
REAL.4 
E.271,871 
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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 
TYPE,4 
REAL,6 
E.248.870 
E.249,875 

ICOM"" BOlTOM GAP ELEMENTS 
TYPE,4 
REAL,7 
E,2001 , I  
EGEN.lO.l .-I 
NALL 
EALL 
ICOM END GAP ELEMENTS 

ICOM BOUNDARY CONDITIONS 
CSYS.0 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-02 
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 1 

WlSlON 
'REPARED BY / DATE 
ZHECKED BY / DATE 

NSEL,R,LOC,Y.-1.33,158.14 
D,ALL,UX,O 
NALL 
EALL 
NSEL,S,NODE,,2001,2010 
D,ALL.ALL,O 
EALL 
NALL 

ICOM - FINE TUNE SEAL & BOLT REGIONS - 
NMODIF,869,11.72,149.88 
NMODIF,870,11.72,149.65 
NPE,2 
EMODIF,420.1,3000,846.853,852 
E,845,846,3000,3000 
NPE,4 

0 1 2 PAGE 37 
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REAL,8 
E,248,869 
FIN1 

! seal spring 

ICOM SOLUTION PHASE ___m 

/SOLUTION 
TIME,I ! bok preload only 
LSWRITE.l 



CLIENT: D E S  Hanford FILE N O  KH-8009-8-02 
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 I 

REVISION 0 1 2 
PREPARED BY I DATE CJT 0411719 HSA 7/14/98 &( 02104199 
CHECKED BY I DATE BW 04/17/97 ZGS 7/14/98 #&02/04/99 

SF,ALL,PRES,I 50 
NALL 
EALL 
NSEL.S,LOC,X,11.44.11.69 
NSEL,R.LOC.Y,149.87,149.89 
SF.ALL,PRES,I 50 
NALL 

! Shield Plug (above seal) 

PAGE 38 
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EALL 
NSEL,S,LOC,X.Il.44,11.46 !Side of Shield Plug 
NSEL.R.LOC.Y.149.37.149.89 
SF,ALL,PRES,lSO ' 

NALL 
EALL 
NSEL.S,LOC,X,I 1.24,11.46 
NSEL.R.LOC,Y ,147.62.149.39 
SF,ALL.PRES,I 50 
NALL 
NSEL.S,LOC~,11.24,11.26 ! Guard Plate Ring 
NSEL,R,LOC,Y,143.12.147.64 
NALL 
EALL 
NSEL,S,LOC,X,10.914,11.26 ! Guard Plate Taper 
NSEL,R,LOC.Y,141.87,143.14 
SF.ALL,PRES,I 50 
NALL 
EALL 
NSEL,S,LOC,X.I.34.10.92 ! Guard Plate Bottom 
NSEL,R,LOC,Y,141.87,141.89 
SF,ALL,PRES.lSO 
NALL 

! Shield Plug Taper 

EALL 
LSWRITE.2 
LSSOLVE,12 1 FIN1 

POST1 ! Obtain BoltlSeal Response 
sET,1 
LPATH,525,527 ! Bolt Cross Section 
PRSECT 
LPATH.870.875 ! Seal StoD Cross Section 
PRSECT 
ETABLE.FORCE,SMISC,I ! Seal Normal Force 
ESEL,S,REAL,.8 
PRETAB 

I EALL 

I iiEii,i,527 ! Bok Cross Section 

I LPATH,870,875 ! Seal Stop Cross Section 
PRSECT 
ETABLE,FORCE,SMISC.I ! Seal Normal Force I ESEL.S.REAL.b 
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PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 1 

~ 

PREPARED BY I DATE I CJT 04/17/9 I HSA 7/14/981@) 02/04/991 
CHECKED BY I DATE IBW 04/17/971 ZGS 7/14/98w02/04/991 

COMPUTER RUN COVER SHEET 

OF 55 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date / Time: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, PentiumB Processor 

KH-8009-8-02 

MiNBOLT.out 

Analysis of MCO Closure Response, Minimum 
Bolt Load. 

24 November 1998 7:22:56 PM 

. .  -- 3/y/ff 
Prepared By: Zachary G. Sargetf / DLtd I 

Checked BY Henry 

RRllSlON I 0 I 1 I 2 I I P A G E 3 9  
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REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

COMPUTER RUN COVER SHEET 

0 1 2 PAGE 40 
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BW 04/17/97 ZGS 7 / 1 4 / 9 8 . ~ 2 / 0 4 / 9 9  

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, PentiumB Processor 

KH-8009-8-02 

MXBOLT.inp 

Analysis of MCO Closure Response, Maximum 
Bolt Load. 

24 November 1998 7:26:19 PM 

7 z/y 4" - 
Prepared By: Zachary G. Sargdnt Date 

- 
Checked By: Henry dAverette 
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'REPARED BY I DATE 
3HECKED BY I DATE 

LISTING OF MAXBOLT.INP FILE 

- t - 1 

CJT 04/17/9 I HSA 7/14/98 x\[ 02/04/991 
BW 04/17/97 I ZGS 7/14/98 &-+32/04/991 

OF 55 

IBATCH,LIST 
IFILENAM,maxbolt 
PREP7 
ITITLE,MCO DESIGN- 132 DEGREES C, 150 psi PRESSURE, 

TREF,70 
TUNIF,270 
ETAN=O.O5 ! Tangent modulus 

ICOM * ELEMENT TYPES - 
ET.1,42,,.1 !Shell 
ET.2,42,,,1 !Shield Plug 
Er.3,42,,,1 
ET.4,12 
KEYOPT,4.7,1 
ET.5,42,,,1 ! Bolt 

ICOM - REAL CONSTANTS FOR GAP ELEMENTS * 
R,4,-90,1.0e9,-0.06.3.0 
R,5,0,1.0e9,.011242 
R.6,0,1.0e9,-.009.2.0 
R,7,0,1.0e9,0,1.0 
r,8,0,2.42e7,,2.0 

ICOM MATERIAL PROPERTIES 
MP,DENS,I ,49011728 
MP,NUXY,I ,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 

ICOM - DEFINING ELASTIC MODULI FOR 304,304L, 304N 8 SA-I93 - 
MPDATA,EX,I ,I ,28.3e+06,28.1e+06,27.6e+06,27.0e+06 

ICOM ! SA-I93 
MPDATA,~.5,1,28.3e+06,28.le+O6,27.6e+O6,27.Oe+~, 

ICOM - INSTANTANEOUS COEFFICIENTS OF THERMAL EXPANSION, 304,304L, 304N & SA-193- 
MPDATA,ALPX, 1 ,I ,8.46d)6.8.63e06,9.08e-06.9.46e06 

! Liiing 8 Locking Ring 
!Gap Elements Between Shield Plug 8 Shell 

! ShelllShield Plug, Initially Open .06" 

! Sealing Stop, initially open, gap adjusted for max. stiffness 
! Gap Elements Under Bolt, Min. Preload Interference 

! Bottom MCO Plate, dosed 
!Seal Spring, max. st i iess (unloading stiffness) 

! 304,304L & 304N SS 

ICOM ! SA-I 93 
MPDATA,ALPX,5,1,8.42&6,8.59e-06,9.09~06.9.5~ 

ICOM ___t SHELL GEOMETRY ----..- 
IR=l 1.5 
OR=12.000 
IR2 = 12.02 
OR?. = 12.625 

! internal Shell Radius @ Bottom 
! Shell Outside Radius @ Bottom 

! Outside Radius at Collar Sealing Surface 
! Inside Radius at Collar Sealing Surface 

EVISION 1 0 1 1 1 7 1 I PAGE41 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-02 
PROJECT: MCO Final Design Doc. No. HNF-SD-DR-003, Rev.2, Appendix 4 1 

REVISION 
PREPAREDBY IDATE 
CHECKED BY I DATE 

IR3 = 12.25 

ICOM * BOlTOM COVER PLATE [OWG SK-2-3003781 - 
N.l ,,-I .32 
N,2,1.25,-1.32 
N,3,2.13,-1.32 
N,10,11.423,-I .32 
FILL 

N,41 ,O.OO,-0.44 ! ROW 3 
N,42,1.25,-0.44 
N,43,2.13,0.44 
N,50,IR.0.44 
FILL,43,50 
N,52,OR,0.44 
FILL,50,52 

! Inside Radius at Collar-Lifling Ring Weld 

! Row 1 

0 1 2 PAGE 42 
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BW 04/17/97 ZGS 7/14/98 " 2/04/99 

FILL.1.41,1,21,1,10 ! Middle Row 
FILL.10.50.1.30 



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

REVISION 0 1 2 
PREPARED BY I DATE CJT 04/17/9 HSA 7/14/98 &\ 02/04/99 
CHECKED BY I DATE BW 04/17/97 ZGS 7/14/98.&-0 2/04/99 

N.237.0R.146.06 !Assumed Location of Shield Plug Tawr 

PAGE 43 
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FILL 
N,238,1R,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 ,lR.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,l49.63 
N.249,1R2,149.63 
FILL ! Horizontal Fill 

ICOM -THICK WALL AT COLLAR TRANSITION - 
NGEN,2,10,240.249,3 
N,255,0RZ,147.31 ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,0R2.148.06 
N,980,1R,149.38 
N,981,11.755,149.38 
N,982.1RZ,149.38 
N,983.12.317,149.38 
N,984,0RZ,149.38 
N,990,0W,146.68 
FILL,240,990,1,251 
NGEN,2,5,980,984,1 ,,-OB 
FILL,246,258,1,257 
FILL,253,255,1 .,I ,3,3 
FILL.237,990,1,991 

ICOM -COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) - 
NGEN,2,3.259 ,,,, 0.245 

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

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

! Nodes 250-259 Coincident w/240-249 (by 3) 

! Nodes 262 

/COM - COLLAR AT TOP EDGE OF PLUG ( 2 " -  above boltom Edge) 
NGEN,2,9,262 ,,,, 2.00 
FILL,262.271,2 

! Nodes 271 

ICOM - COLLAR AT BASE OF THREADS - 
N,274,IR3.152.00 
N.1000,lRZ,152.00 

/COM -TOP TO COLLAR (WELD CLOSURE) - 
N.295.1R3.156.00 
FlLL,274.295 
NGEN,3,1,259,295,3,(ORZ-IRZ)/2 
NGEN,3,1.274,295,3,(0RZ-IR3)/2 

ICOM 
RINGl=7.94 
RING2=9.375 

LOCKING & LIFTING RING GEOMETRY m____ 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-02 
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REVISION 0 1 2 
PREPARED BY I DATE CJT 04/17/9 HSA 7/14/98 &\ 02/04/99 
CHECKED BY I DATE BW 04/17/97 ZGS 7/14/98 &OUO4/99 
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ICOM .- NODES AT PLUG AXIS (~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 
FlLL,607,610,2.608 
N,611,0,-8.75 
N,613,0,-10.5 
FILL,611,613 

RRllSlON 0 1 
PREPARED BY I DATE CJT 04/17/9 HSA 7/14/98 
CHECKED BY I DATE BW 04/17/97 ZGS 7/14/98 

ICOM - NODAL GENEWTION - 
NGEN.2.20.601.613.1.0.8825 

2 PAGE 45 
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#Q2/04/99 

NGEN;2;20;621;633;1;0.8825 
NGEN,2,20,642,653,1,0.6875 
NGEN,2,20,662,673.1,0.6875 
NGEN,2,20,683,693.1,0.4235 
NGEN,2,10,706,713,1,0.9515 

N,730.5.4665,-1.994 
N.736.5.4665,-4.994 
FILL,730,736,5,731 
N,737,5.4665,-6.25 
N,740,5.4665,-8.25 
FILL,737.740.2,738 
N,741,5.4665,-8.75 
N,743,5.4665;10.5 
FILL.741.743 

! Id Large Opening 

! Id Medium Opening 
! Id Small Opening 
! Center of Opening 

! Od Small Opening 

N,748.5.89,-1 .O 
NGEN,2.20.730,743,1,0.4235 
FILL.748.750 
N,766.7.265,0 
NGEN,2,20,748,763,1 ,I .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 .-A 
N,824,8.5017,-6.25 
N,827,8.5017,-8.25 
FILL 
N.828.8.5017,-8.75 
N,830,8.5017,-10.5 
FILL 
NGEN,3,7,824.830.1.0.5616 
NGEN,2,7,838.844.1.0.625 
NGEN,2,7,845,851,1,0.625 ! Under Bolt 
N,859,10.875+.197,-6.25 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-02 
PROJECT: MCO Final Desian Doc. No. HNF-SD-DR-003. Rev.2. ADoendix 4 I 

REVISION 0 1 
PREPARED BY I DATE CJT 04/17/9 HSA 7/14/98 
CHECKED BY I DATE BW 04/17/97 ZGS 7/14/98 

N,861,10.875+.197,-7.584 
N,862,PLUGR2,-8.25 
N,863.PLUGR2,-8.75 
N.865,PLUGR3,-10.5 
FILL,863,865,1 
N,866,PLUGR1-0.288,-6.25 
N,869,PLUGR1-0.288,-8.25 
FILL,866,869,2 
N.870,PLUGR1-0.288,-8.476 
NGEN,2,5,866,870.1,0.288 

/COM - REFINING LIFTING EAR - 
CSYS,O 
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 ,I 
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 
FlLL,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 

2 PAGE 46 
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CLIENT: DE&S Hanford FILE NO: KH-8009-8-02 
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3EVISION 
'REPARED BY I DATE 
:HECKED BY I DATE 

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,1226,1228,1,1~7,,7,4 
N.1253,2.625,145.255 
N,1254,2.625,145.005 
N,l256,2.625,143.38 
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 M. NODES AT BOTOM GAP ELEMENTS - 
NGEN,2,2000,1 ,10,1.,-1 .OO 

0 1 2 PAGE 47 
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ICOM - COUPLING NODES - 
ICOM 
CP,l ,UY,508,277 ! Start Threads 
CP,2,UY,498,280 
CP,3.UY,488.283 
CP,4,UY,478,286 
CP,5.UY,468.289 
CP,6,UY,458,292 

ICOM - BElWEEN BOLT & LOCKING RING - 
CP,7,UY,445,910 
CP,8,UX,445,910 
CP,9,W,447,911 
CP,10,UX,447,911 

BEMlEEN LlFTiNGROCKlNG RING 8 SHELL- 

*D0,1,1,7 
cP,10+I,uY,445+1(r1,910+2+1 
'ENDDO 
*D0,1.1,7 
CP,17+I,UY,447+10'1,911+2*1 
'ENDDO 
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REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

*ENDDO 
'D0,1,1,7 
cP,31 +I, ux,447+10'1,91 I +2*1 
'ENDDO 

0 1 2 PAGE 48 
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NALL 
EALL 

ICOM - ELEMENT GENERATION FOR SHELL - 
NPE,I 
MAT,I 

ICOM - BOlTOM 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 ,-I 
E,11,31,30 
E,11,32,31 

ICOM -SHELL- 
E.50.51,54,53 
EGEN,P,I.-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 

lCOM - SECOND TRANSITION ELEMENTS - 
E,190,180,191 
E,180,181.191 
E.181,192.191 

ICOM -TOP SHELL (DOUBLE ELEMENT) - 
E,I90,191,194,193 
EGEN,2,I ,-I 
EGEN,7,3,-2 

ICOM - BOlTOM OF COLLAR - 
TYPE,I 
MAT.1 
E,21 I ,212,215,214 
EGEN2.1,-I 
EGEN,11,3,-2 
E,244,245,986.985 
EGEN.Z.1 .-I 



CLmT:  DE&S Hanford FILE NO: KH-8009-8-02 
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REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

E,257.258,989,988 
E,985.986,981,980 
EGEN,4.1,-1 
E.980,981,248,247 
EGEN,2,1,-1 
E,982,983,260,249 
E,983,984,261,260 

ICOM - COLLAR TRANSITION &THREADED REGIONS - 
E,237,991.251,240 

0 1 2 PAGE 49 
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E,991,990,251 
E,240,251,254,253 
E.251.990.255.252 
E;253;254:257:256 
EGEN,2,1 ,-I 
E,259,260,263,262 
EGEN,2,1 ,-I 
EGEN,12,3,-2 
E,271,274.1000 

ICOM - MERGE COINCIDENT NODES FOR SHELL”” 
ESELSNPE.. 1 
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REVISION 
PREPARED BY 1 DATE 
CHECKED BY I DATE 

E,894,895,890,889 
E,901,902,895,894 
E,895,896,415,890 
E,902,425.896,895 
E,896,897,891,415 
E,425,903,897,896 
E.897,898,892,891 
E.903,904,898.897 
E,898,899,416,892 
E,904,426,899,898 
E.431,432,422,421 
E.905.423,422 
E,432.905,422 
E,432,433,905 
E.905.906,900,423 
E,433,908,906,905 
E,906,907,424,900 
E,908.434,907,906 
E,441,442,432,431 
EGEN,2,1.-1 
E.443,908,433 
E,443,444,434,908 
E,451,452,442,441 
EGEN,3,1,-1 
EGEN,7,10,-3 
E.454,912,910.444 
E,464,914,912,454 
E,474,916,914,464 
E,484.918,916,474 
E,494.920,918,484 
E,504,922,920,494 
E,514.924,922,504 
E,458,448.911,913 
E,468,458.913,915 
E.478,468.915,917 
E,488,478.917,919 
E,498,488.919,921 
E,508,498,921,923 
E.518,508,923,925 
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ICOM "" BOLT"" 
TYPE.5 
MATS 
E,455,456,446,445 
EGEN.8,I 0,-I 
E,456,457,447,446 
EGEN.8,10,-1 
ICOM END OF LOCKlNGRlFTlNG RING 

ICOM - SHIELD PLUG ELEMENTS - 
TYPE2 
MAT,I 
E,602,622,621,601 
EGEN,11,1;1 
EGEN.2.20.-11 
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E,1290,1280,632,612 
E,1280,633,632 
E,633,1270,632 
E,1270,652,632 
E,1270,653,652 
E,643,663,662,642 
EGEN,10,1,-1 
EGEN,2,20,-10 
E,673,693,692,672 
EGEN.2.20,-10 
E.653,1260,652 
E, 1260,672,652 
E,1260,673,672 
E,707,717,716,708 
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 ,-I 
E,767,787,786,766 
EGEN.17.1,-1 
EGEN,2,20,-17 
E.818,825,824.817 
EGEN.6.1 .-I 
EGENi5i7i-6 
E,853.860,859,852 
EGEN,6,1.-1 
E.860.867.866.859 
EGEN.3,l ,-I 
E,867,872,871,866 
EGEN.4.1 .-I . . .  
iCOM - END OF SHIELD PLUG ____ 
iCOM - FILTER GUARD PLATE ___* 

E,1200,1201,858,851 
E,1201,1202,865,858 
E,1203.1204,1201,1200 
EGEN,2,1,-1 
EGEN,6,3,-2 
E,1221,1222,1219.1218 
E,1222,1223,1220,1219 
E,1226,1215,1212,1225 
E,1227,1218,1215,1226 
E,1228,1221.1218,1227 
E,1230,1226,1225,1229 
EGEN.3.1,-I 
EGEN.6,4,-3 
E,1257,1250,1249~1256 
EGEN,3,1,-1 
E,1264,1254,1253,1263 
EGEN,6,1 ,-I 
E,1271,1261.1260.1270 
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EGEN,4,1,-1 
E.1291,1281,1280,1290 
EGEN.2,l ,-I 

ICOM CONTACT ELEMENTS 
ICOM ""BETWEEN LOCKING RING 8 SHIELD PLUG - 
TYPE,4 
REAL,4 
E.806401 
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 & BOlTOM OF BOLT 

OF 55 

REAL,5 
N,3000,10.875.197,151.88 
E.3000.525 
E;852,526 
E359.527 

ICOM "" BETWEEN SHIELD PLUG & SHELL (ABOVE SEAL) 
REAL,4 
E,271,871 
E,268,872 
E,265,873 
E,262,874 

ICOM - BETWEEN SHIELD PLUG & SHELL (BELOW SEAL) 
E.863.980 

lCOM - BETWEEN SHIELD PLUG AND SEAL LIP 
TYPE,4 
REAL,6 
E,248,870 
E,249,875 

ICOM - BOTTOM GAP ELEMENTS 
TYPEA 
REAL,7 
E,POOl,I 
EGEN,10,1,-1 
NALL 
EALL 
ICOM END GAP ELEMENTS 

ICOM __mf BOUNDARY CONDITIONS 
CSYS,O 
NSEL,S,LOC,X,O 
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NALL 

/COM * FINE TUNE SEAL & BOLT REGIONS"" 
NMODIF,869,11.72,149.88 
NMODIF.870,11.72,149.65 
TYPE2 
EMODIF,420,1,3000,846,853,852 
E,845.846.3000.3000 
TYPE,4 
REAL,8 
E,248.869 ! seal spring 
FIN1 
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ICOM ----- SOLUTION PHASE nnnmnrrnn+. 

/SOLUTION 
TIME,1 ! bolt preload only 
LSWRITE.l 
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SF,ALL,PRES. 150 
NALL 
EALL 
NSEL,S,LOC,X,11.44,11.69 !Shield Plug (above seal) 
NSEL,R,LOC,Y,I 49.87,149.89 
SF,ALL,PRES,I 50 
NALL 
EALL 
NSEL,S.LOC,X,11.44,11.46 
NSEL,R,LOC.Y,149.37,149.89 
SF,ALL,PRES,150 
NALL 

! Side of Shield Plug 

EALL 
NSEL,S,LOC,X,11.24,11.46 ! Shield Plug Taper 
NSEL.R.LOC,Y,147.62,149.39 
SF,ALL,PRES,IBO 
NALL 
NSEL,S.LOC,X,I 1.24,11.26 
NSEL,R.LOC,Y,143.12.147.64 

! Guard Plate Ring 

NALL 
EALL 
NSEL,S,LOC,X,10.914,11.26 ! Guard Plate Taper 
NSEL.R.LOC.Y,l41.87.143.14 
SFALL,PRES,IBO 
NALL 
EALL 
NSEL,S,LOC,X.I .34,10.92 
NSEL,R,LOC,Y,141.87,141.89 
SF.ALL.PRES,lSO 
NALL 

! Guard Plate Bottom 

EALL 
LSWRITE,P 
LSSOLvE.1.2 

POST1 ! Obtain BoltlSeal Response 
sET.l 
LPATH,525,527 ! Bolt Cross Section 
PRSECT 
LPATH.870.875 ! Seal Stop Cross Section 
PRSECT 
ETABLE,FORCE,SMISC,I ! Seal Normal Force 
ESEL,S,REAL..8 
PRETAB 
EALL 
SET2 
LPATH,525,527 ! Bolt Cross Section 
PRSECT 
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1. INTRODUCTION 

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

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

1. 

2. 

3. 

4. 

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

549 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. 

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. 

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. 

~~~~ ~ ~ ~- 

0 1 2 PAGE 5 
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2. 

1. 

2. 

3. 

4. 

5. 

6. 

REFERENCES 

“Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,” 
Specification HNF-S-0426, Revision 5, December 1998. 

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

ASME Boiler and Pressure Vessel Code, Section 111, Subsection NB - Class I 
Components, 1998 Edition with 1998 Appendix F. 
Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, @ Edition, 
McGraw-Hill Book Company, New York, 1989. 
Swanson Analysis Systems, Inc., ANSYSQ Engineering Analysis System User‘s Manual, 
Version 5.4, 1996. 

Parsons I & T, File KH-8009-8-05, Stress Analysis of the Mark IA Storage and Scrap 
Basket”, January 1999. 
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7. 

8. 

ASME Boiler and Pressure Vessel Code, Supplement No. 11, Code Cases for Nuclear 
Components, 1998 Edition. 

Appendix 1 of the MCO Design Report, MCO Drawings. 
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9. 

I O .  

3. 

1. 

2. 

3. 

4. 

5. 

6. 

4. 

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

Manual of Steel Construction, American Institute of Steel Construction, 9th Edition, 1989. 

ASSUMPTIONS 

Pressure is applied uniformly. 

The maximum weight of a fully loaded Mark IV 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 II, Part D of the 
ASME Code (See 121) and are listed in Table 11. 
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Table 1: ASME Code Material Properties, SA - 240 Type 304 Stainless Steel 

70" F 200" F 300" F 270" Fa 
28.3 x IO6 27.6 x IO6 27.0~ IO6 27.18 x IO6 
20,000 20,000 20,000 20,000 
30,000 25,000 22,500 23,250 
75,000 71,000 66,000 67,500 

8.46 x IO* 8.79 x IO* 9.00 x IO" 8.94 x I O 6  

I .  

Temp 

E - psi 
S, - psi 

Sr psi 
S,- psi 

a-inlinl°Fo 

70" F 200" F 300° F 270" Fo 

28.3 x IO6 27.6 x 1 O6 27.0 x IO6 27.18 x IO6 
16,700 16,700 16,800 16,700 
25,000 22,300 19,200 19,760 
70,000 66,200 60,900 62,490 

8.46 x I O 6  8.79 x IO" 9.00 x IO4 8.94 x I O 6  

Notes: 
0 Mean Coefficient of Thermal Expansion from 70°F to Temp 

0 Linearly interpolated between 200" F and 300" F. 
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Notes: 
0 Mean Coefficient of Thermal Expansion from 70°F to Temp 
0 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 [I]. Criteria for the evaluated drop loads must meet Section 111, Subsection NB of 
the ASME Code with Appendix F [3] and Section 4.9.5 of the MCO Performance Specification 
[I]. 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 n)". Ultimately the 
MCO shell inside diameter is not to exceed 23.25 inches. 



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

~ ~~~ 

Primary Membrane + Bending Stress 
Intensity (P,+P,) 

I Lesser of 3.6Sm and S, 

I I 
I n’a Primary Membrane + Secondary Stress I Intensity Range (P,+P,+Q) 

Stress Category 

Primary Membrane Stress Intensity (P,) 
Local Membrane Stress lntensitv (P,) 

Service Level D (Accident Conditions) 

Lesser of 2.4Sm and 0.7s” 
Lesser of 3.6s- and S.. 

Material 

Type 304 
Type 304L 

6. LOAD CONDITIONS & COMBINATIONS 

The MCO assembly is evaluated for the following conditions: 

1. 549 Bare Bottom End Drop without the lifting cap, 150 psi internal pressure, 132°C (270” 
F) temperature. 

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

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. 289 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 289 CSB drops bounds the 27g vertical drop with the cask. The 54g Bare bottom End 
Drop bounds the following mses: 

25 g vertical “Piston Drop” into cask 

Level D Stressa Limits (ksi) 

S, (ksi) P m  P L  p, (or PL) + p, 
20.0 47.25 67.50 67.50 
16.7 40.08 60.12 60.12 

REVISION 0 1 2 PAGE8 
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The drops of the MCO within the cask are evaluated as follows: 

For the 1019 horizontal drop, the cask spacer discs provide support and restrain _ r  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 549 drop bounds the 279 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 33.59 
corner drop with the lid up (angle of impact is 10.5" off vertical) since it is equal to 33.5g x 
Cosine(l0.5") or 32.99. The horizontal lOlg drop bounds the horizontal resultant of the 
33.59 corner drop since it is equal to 33.5g x Sine(l0.5") or 6.lg. The 28g CSB drop 
bounds the vertical resultant of the 27.49 corner drop with lid down (angle of impact is 
10.5" off vertical) since it is equal to 27.49 x Cosine(l0.5") or 26.99. The horizontal 1019 
bounds the horizontal resultant of this drop since it is equal to 27.49 x Sine(lO.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 33.59 and 27.49 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 

REV IS ION I 0 I 1 I 2 1 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 (lid down) in Table 3 of the MCO Performance 
Specification. 
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7.2 Method of Analysis 

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

7.3 Assumptions 

1. The fuel loads the plate uniformly 

2. The baskets provide structural capacity to distribute the fuel load. 

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

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

7.4 Geometry 

The support ring is a 1 inch thick ring 4.25 inches high and 22.50 in. OD. Drawing H-2- 
828046, Rev 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 
(27OoF), the material properties, as defined in Sections 4 and 5, are: 

E = 27.2~10~ psi 

S, = 19.76 ksi 

Su = 16.7 ksi 

Sv = 62.49 ksi 

v = 0.3 

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. 



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 t h e  entire weight of the payload. The area of the ring 
is: 

PREPARED BY I DATE 
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and 

F = (5 baskets)(3,225 lbs.)(28g) = 451,500 Ibs. 

The stress in the ring is: 

5=-= 451'500 Ibs = 6,684.9 psi or 6,685 psi 
A, 67.54in' 

The stress 5 is well below the allowables of Service Level D (See Table 444). Assuming a 
uniform axial load p. the change in the height dimension can be found by: 

From Roark's [4], Table 28, Case la ;  

R 10.25in 
t 1.00in 
-=-= 

where; 

p= Unit Load = 4517500 Ibs = 6,685 lbx' ("lX( 20.51225) 

Ring Height = 4.25 inches 

REVISION I 0 I 1 1 2 I 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 a s  follows: 

W,,,, = 88.1 1 Ibs (89 Ibs is conservatively used) 

W,, = 163.96 Ibs (164 Ibs is conservatively used) 

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

(155.20Zbs) +(81.12Zbs) 

CG = 3.99 inches 

The circumferential length of weld, where the diameter, D = 22.50 inches, is 
L, = x D = 70.7 inches 

and the weld section modulus is 

s,= -- d02 n(2250idz = 398 in2 - 
4 4 

The rules and stress limits which must be satisfied for welds for any Level A through D Service 
are those given in Table NF3324.5(a)-l multiplied by the appropriate base  material stress 
limit factor given in Table NF-3523(b)-I 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)-I: 

For the base  metal (Type 304L) S, @ 132OC = 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, = 0.4O(Sy,,,,) = 0.40(19.76 ksi) = 7.90 ksi 
For the weld metal, F, = 0.30(S,,,e,d) = 0.30(62.49 ksi) = 18.75 ksi 



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 . 1 6 7 3  if S, > 

1.2S, or 1.4, if S, I 1.2SY, where S, is the yield strength, in ksi, and S, is the ultimate tensile 
strength, in ksi, both at temperature.” 

1 .2S, = 1 q19.76) = 23.7 < S,, therefore 

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

For the base metal, Fw = 2(7,900 psi) = 15,800 psi 

For the weld metal, F, = 2(19,750 psi) = 39,500 psi 

(IOlg)(W,,,, + WpIATE)- - (IOlg)(89Ibs+1641bs) 

As stated above, 1019 side drop is the worst possible case and therefore is considered below. 

70.7in fw, = 
LW 

fw, = 361 Ib/in. 

(IOlg)(W,,,, + WPIAE)(CG) = (101g)(89lbs+1641bs)(3.99 in) 
s w  398 inz 

f,, = 

f,, = 257 Ib/in. 

fw = d m  = J(361 1%)’ + (257 1%)’ 

fw = 443 lblin 

The minimum weld size required is 

443J;i For the Throat = - = 0.0158 in 
39,500 

For the Base = - 443 - - 0.0280 in 
15,800 

However, the minimum weld size per AlSC Specification [IO], 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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415& For the Throat = - = 1.88 I 0.3125in 

For the Base = - 415 - - 1.33 
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 289 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 I 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: 

W,,, = Weight of fully loaded MCO = 19,703 Ib. 

G = G-load = 28 

oy = 304 minimum yield strength @ 132°C = 23,250 ksi 

OD,, = Shield plug outside diameter = 23.980 in. 

tss = Seal stop width = 0.270 in. 

A,, = Seal stop area = 20.1 1 in2 

h,, = Seal stop height = 0.155 in. 

os, = (wMco lG) = 27,433 psi 

The seal stop stress for a 289 drop is 

Ass 
Estimating the plastic strain by conservatively assuming a strain hardening slope of 1.6 x I O 5  
psi 161 gives: 

Ep = --G~ plastic strain, in/in 

oy = 304L minimum yield strength @ 132OC = 19,760 ksi 

sp = 0.048 inlin 

SP = (Ep)(hSS) plastic (non-recoverable) deformation, inches 

1.6 x 105psi 
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6,  = 0.00743 inches 

Stress, psi 

4 + 
EP Strain, inlin 

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. 
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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). 

REVISION 0 
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CHECKED BY I DATE JN 411 7/97 

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. 
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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 

PR Gp =- 
t 

where; 

p = internal pressure = 450 psig 



R = Mean Radius = (24.00+23.00)/4 = I I .75 in. 

T = thickness of MCO shell = 0.5 in. 

Therefore; 

~ 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 y 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: 
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A = MCO internal area = TCX- = 415.48 in2 
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W,= Maximum weight of a Mark IV basket = 3,225 Ibs 

G = g-load = 54 

K = Pressure Coefficient = 0.3 

y = Density of fuel = 0.217 Ib/in3 

h = height of basket = 28 inches is conservatively used 

The triangular pressure distribution is. 

P, = (K)(G)(Ah)( Y)+ P o  

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

P,,,, = (K)(G)(Ah)( y)+ Po = (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 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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deformation in a thin-walled pressure vessel, with a uniform radial pressure is used: 
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9R2 =- 
Ib  Et 

where; 

q = Internal pressure = 1,051 psi 

R = Radius of Curvature = 11.75 inches 

E = Young’s Modulus = 27.2 x I O 6  psi 

t = Wall thickness of the pressure vessel = 0.50 inches 

therefore; 

(450psi) x (1 1.5)’ 
(27.2 x 106psi) x (05in) 

= 0.00438 a,, = 

This radial displacement, calculated very conservatively, is well below the maximum of 0.125 
inches 
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h=O 

=E + P + 0.217X54X0.3xh 

h=25.741 

I 
Figure 1: Bare Bottom End Pressure Loading 
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(450psi) x (1 15)2 
(27.2 x 106psi) x (OSn) 

= 0.00438 
I 

,. ,. Y 24.14 1 TUBEDROP 

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 289 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 a t  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 a t  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 MCO 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, multiplied by the g-load and divided by the area 
of the shield plug or the lifting cap. 

Where the MCO being impacted does  not have the lifting cap, it is assumed that all the weight 
hits the shield plug first, and not the locking ring. From [I], the weight of a fully loaded MCO, 
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dry, with five loaded Mark IV baskets is 19,703 Ibs (20,000 Ibs is conservativley assumed). 
The area of the shield plug does not include the process ports, therefore it is 

A,, = 39.54 in2 

PEQ = (28)(20,000) = 560,000 Ibs 

The equivalent load applied is 

therefore; 

-- ‘EQ - 1371958 psi 
A S P  

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: 

hAP = 316.6 inz (does not include the access port hole through the cap) 

therefore; 

!!SL = 1,769 psi 

The bottom shell of the MCO sees a stress of PEJAsHELL equal to 
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11. ANSYSQ ANALYSIS 

In addition to the hand calculations described in Sections 8 and 9, an evaluation of the MCO 
assembly are performed using the ANSYSa, 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 I 0 I 1 I 2 I PAGE 21 
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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 andlor axial distortion of the bottom plate. 

Load Case 1 analyses the 549 bare bottom end drop of the MCO with a 150 psi internal 
pressure, without the lifting cap. Load Case 2 uses the same model to analyze the 549 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 549 bare bottom end drop of the MCO with a 150 psi internal 
pressure, without the lifting cap. Load Case 2 uses the same model to analyze the 549 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. It is; 
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(23.00)2 
4 

A, = MCO Bottom Plate area = nx - = 415.48 in' 

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

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 Ib, 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 I%, 
and considering the low stress ratios, the effect is negligible. Boundary conditions are applied 
as described in Section 1 I .  1.1. 

11.1.3CSB 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 289. 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 .I .I. 

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 andlor 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 289. 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 .I. 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 radial displacement of each analysis. The 
stress ratios in Table 888 through Table 11 11 11 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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Section 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

Table 5: ANSYS Model Stress Report Sections 
Axisymmetric Model, Load Cases 1,2 & 3 

Inside Node 
1 
9 

10 
50 

1101 
62 

134 
180 

202 
232 
249 
262 
274 
277 

:omponent 
lottom Plate 

15 

ower Shell 

292 

liddle Shell 

17 
18 
19 
20 
21 
22 
23 
24 

lpper Shell 

601 
603 
606 
766 
768 
750 
736 
869 

ihield Plug 

iuard Plate 
27 
28 
29 
30 

ocking Ring 

1290 
1282 
1283 
1274 
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25 I 870 
26 I 851 

31 I 1276 
32 I 431 

406 1 921 
35 404 

Outside Node 
41 
49 
50 
52 

1103 
64 

135 
181 

204 
234 
26 1 
264 
279 
279 
294 
641 
613 
683 
706 
806 
808 
810 
815 
874 
875 
865 

1260 
1262 
1263 
1254 
1256 
434 
426 
498 
424 
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Half-Symmetric Model, Load Case 4 
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Notes: 0 All sections listed are those defined at the 0" azimuth, and except those 
identified by $, are repeated at the 90" and 180° azimuth location 
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Bottom Plate 

Lower Shell 

CLIENT DE&S Hanford, Inc. FILE NO: 
'ROJECT MCO Design 

Max SI SR Max SI SR 
3,344 0.07 7,161 0.1 1 

19,930 0.42 22.310 0.33 

Table 8: Bare Bottom End Drop (54g), without Lifting Cap 
Summary of Maximum Stress Intensities (Load Case 1) 

Middle Shell 
Upper ShelVCollar 

Shield Plug 

COMPONENT I Membrane Stress 1 Membrane .t Bending Stress 
Intensities Intensities 

5,735 0.12 5,815 0.09 

4,604 0.10 7,239 0.1 I 
7,322 0.18 9.016 0.15 

Guard Plate 
Locking Ring 

312.9 0.01 700.2 0.01 
1,727 0.04 2,229 0.03 

I MaxSI I SR I Max SI 

TAable 9: Bare Bottom End Drop (54g) with Lifting Cap 
Summary of Maximum Stress Intensities (Load Case 2) 

SR 

COMPONENT I Membrane Stress I Membranei Bending Stress 
Intensities Intensities 

Bottom Plate I 3,933 I 0.08 1 8.441 0.13 
Lower Shell 
Middle Shell 

Upper Shell/Collar 

25,060 0.53 28,440 0.42 
10,710 0.23 10,950 0.16 
10,660 0.33A 11,160 0.24A 

Locking Ring I 2,099 I 0.05 I 2,703 I 0.04 

Guard Plate I 585 

A Stress ratio reflects the thickness ratio of the effective weld throat to the basic shell 
thickness (0.375 I0.500 = 0.75) in conjunction with the 0.90 stress reduction factor per 
code case N-595A. 1. b 

0.01 I 1.057 
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COMPONENT Membrane Stress Membrane + Bending Stress 
Intensities Intensities 

MaxSI I SR Max SI SR 
Bottom Plate I 8,522 I 0.18 I 12,030 1 I 
Lowershell I 16.930 I 0.36 I 19.730 

Upper ShelllCollar I 16,630 I 0.35 I 17,760 
I Middleshell I 16,450 I 0.35 I 16,520 I 0.24 1 

0.26 
Shield Plug 1 19,040 1 0.48 1 21.740 

I Guard Plate I 5,776 I 0.14 I 9,496 I 0.16 I 
0.36 

1 MaxSI I SR I Max SI 

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

SR 
I COMPONENT I Membrane Stress I Membrane + BendingStress 

Intensities Intensities 

Lower Shell 
Middle Shell 

Upper ShelVCollar 

21,170 0.45 
22,890 I ::: 1 20,640 0.44 20,850 

29,270 0.92A 39,080 0.86A 

Lifting Cap I 27,880 I 0.70 I 33,180 

Shield Plug I 1,477 1 0.04 I 3,230 1 z:B: I 
Guard Plate I 1,799 I 0.04 I 2,277 

0.55 
Locking Ring I 8,373 1 0.21 I 12,990 I 0.22 I 
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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 

549 Bare Bottom End Drop with Cap 
28g CSB Tube Drop with out Cap 
28g CSB Tube Drop with Cap 

0.008 
0.007 
0.008 

Load Case I Maximum Plate Deflection (in.) 
1 I 549 Bare Bottom End Drop without Cap I 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 parameterA is: 

A =  -- - 0.0052 
- R C  

T 

Where the minimum thickness of the MCO Shell, T = 0.485 in. and the inside radius of the 
MCO Shell, Rc =I 1.50 in. 

-- - 0.0052 
(1 1 50’) - 
L0.485) 

The corresponding value of B, obtained from HA-I of [2], at 132°C (270°F) is 11,300 psi 
(interpolated value). Per paragraph F-I 331.5 of [3], the allowable compressive stress is equ2 
to 150% 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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a$L OWL Et 
597,250psi - 1 = 0.154 - ~ + L O C L  0.003 = 0.2536 ~ -L = -- 

FS 
3000, 

E C Y  R A 

ZGS 4/17/97 ZGS 07/14/98 I &$ 02/09/99 OF 125 

JN 4/17/97 HA 07/14/98 

C Et 0.273 +g E ---- agLOhel agLqel awO$%,, C,Et -+-(~)=0.0105 0.27% 2.1 R3 k- 
FS FS FS R R M: R R M : t  

=o,o,28 0 

14. SHELL BOTTOM WELD ANALYSIS 

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. This is 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. 
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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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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date /Time: 

~~ ~~ 
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ANSY SWPC 

5.4 
Windows NT 4.0, Pentiurns II Processor 

KH-8009-8-03 

CSBCAP.inp 

MCO CSB Tube Drop with Lifting Cap 

12 December 1998 16:06:44 AM 
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Prepared By: Joseph C. Nichols Date' 
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Checked By: Mike Cohen Date 
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fini 
/cle 
/FILENAM, CSBCAP 
/PREP7 
/TITLE, 132 DEGREES C. 450 psi PRESSURE, Bare Bottom End Drop 
/COLOR,W,BLUE, 1 

TREF, 70 
TlJNIF.270 
ETAN=0.006 ! Tangent modulus 

/COM * * * *  ELEMENT TYPES * * * *  
ET.1.SOLID45 ! Shell & Collar 
ET, 2 ,  SOLID45 : Lifting Cap 
ET, 3,45 
ET,4,45 
ET.5.45 
ET, 6,45 
ET.7.52 ,,,, O...l 
et.8.14 
KEYOPT, 8,2,0 
KEYOPT, 8,3,0 

! Gap Elements 

/COM * * * * * * * * * * * * *  REAL CONSTANTS FOR GAP ELEMENTS * * * * * * * * * * * * *  
R,4,1.0e8,0.045,3.0 ! Shell/Sinield Plug, Initially Open 0.04!j1 
R.5.1.0e8, -2.75e-03 ! L .  Ring/Shield Plug, Under Bolt, Preloaded 
R,  6.1 .Oe8,0,2.0 ! Sealing Surface, closed 
R ,  7,l. Oe8.0,l. 0 ! Above Plug, Closed 
R ,  8.2.42e7 ! Seal Spring, Max. Stiffness 
R.  9.2.42.7/2 ! Seal Spring, Max. Stiffness 

R, 10.1.Oe8,0,1.0 ! Above Plug, Closed 

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

/COM +***  DEFINING EWSTIC MODULI FOR 334L & SA-193 **+*  
MPDATA,EX,1,1,28.3e+06,28.le+06,27.6e+06.27.0e+06,26.5e+06,25.8e+06 
MPDATA,EX,1,7,25.3e+06,25.le+06,24.8e+06,24.5e+06 

/COM **** MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) ****  
! SA240 Gr 304L 
MPDATA,ALPX,1,~,0.8.55e-06,8.79e-06,9.00e-06,9.i9e-06,9.37e-o6 
MPDATA,ALPX,1,7,9.53e-06,9.61e-06,9.69e-06,9.76e-06 
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/CON *t*********r* SSELL GEOMETRY ******r*******l* 

Ikll . 4 9  : Internal Shell Radius 8 aottom 
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 
IR4A2.174 ! Inside Radius 
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OF 125 

/COM * * * *  BOTTOK PIATE [DWG SK-2-3003781 * * * *  
B, 1, , -1.32 : ROW 1 
N, 2,1.25, -1.32 
N. 3,2.13, -1.32 
B, 10.11.423. -1.32 
FILL 

N.41, C .OO, -0.19 
N,42,1.25,-C.19 
M,43,2.13,0.59 
N, 50, IR, 0.69 
FILL,43,50 
N, 52, OR, 0.59 
FILL,5C,52 

! ROW 3 

FILL, 1,4l, 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,OR. 1.17 
FILL.53.55 
FILL,50,53,1,11C1 
FILL, 51,54,1,1102 
FILL,52,55,1,1103 

! Middle ROW 

! Shell Stub/Weld 
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N,100,IR,7.18 
N, 140, IR, 71.68 
N.180.IR.136.68 
N, 101, OR, 7.18 
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! inside 

: Outside 
N, 141,0R, 71.68 
N.181.OR.136.68 
F1LL,100,140,20,,2,2.1,2.0 
FiLL,l4O,180,19,,2,2.1,.5 
F1LL.100.102.2.1115.2 
PILL, 102,104,2,1120,2 
FILL, 104,105,2,1124,2 
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 : Transi 
N, 192,OR. 137.18 
FILL 

ion to DOL I Row 

/COM **** BASE OF CASK THROAT--ELEVATION: 138 INCHES ****  
N,217,1R,142.68 ! Transition to Double Row 
8,219,0R,142.68 
FILL 
FILL,190,217,8,,3,3,1 ! Vertical Fill 

/COM **** BOTTOM OF COLLAR TRANSITION * * * *  
N.235.iR.146.05 : Start of Transition to Large 0.D & 
N.237,OR. 146.06 : Assumed Location of Shield Plug Taper 
FILL 
N,238,IR,146.68 
N,240,0R,146.68 
FILL ! Horizontal Fill 
FILL,217,235,5,,3,3,1 ! Vertical Fill 

/COM ****  TOP OF COLLAR TRANSITION - * * *  
N.241.IR.147.31 ! End of Transition to Large 0.D & 
N, 24 3, OR, 14 7.3 1 
FILL ! Horizontal Fill 
NGEN,2,3,241,243,1,,0.75 

/COM **** COLLAX SEALING SURFACE * * * x  

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

/COM **** THICK WALL AT COLLAR TRANSITION * * * *  
NGEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 3) 
N,255,OR2,147.31 ! Outside Surface 
N, 26 l,OR2,14 9.63 ! Outside Surface 
N, 258.0R2.148.06 
N, 980, IR, 149.38 
N, 981,ll. 755,149.38 

! Assumed Location of Shield Plug Taper 
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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 
?ILL,246,258,1,257 
FILL,253,255,l,,1,3,3 
FILL.237.990.1.991 

/CON * * *+  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, I, 259,27 1,1, (OR2 - I82 ) /2 

/COM x * * *  COLLA9 AT BASE OF THREADS * * * *  
N, 274, IR4.151.58 
N, 1000. IR2.151.58 

/COM * * * *  TOP TO COLLAR (WELD CLOSURE) * * * *  
N.277.1R4.152.26 
N.280.1R4.152.95 
N, 283, IR4,153.63 
N, 286, IR4.154.32 
N,289,1R4,154.725 
N.290.12.47.154.725 
N, 291,082.154.725 
N,292,IR3,155.30 
N,295,IR3,155.875 
N.300.1R3.154.725 
N, 302, IR3,155.745 
N, 304,OR2,155.745 
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 ************* NODAL GENERATION 60 DEGREE SWEEP *a*********** 
NGEN,19,3000,1,1700,1,, -10 ! 5 Degree Increments 

0 1 2 PAGE 37 

ZGS 4/17/97 ZGS 07/14/98 d@h- 2/09/99 OF 125 

JN 4/17/97 HA 07/14/98 &@ 02/09/99 

NDELE,3041,108041,3000 
NDELE,3021,108021,3000 
NDELE,3001,108001,3000 
NDELE,4300,109300,3000 
NDELE,4299,109299,3000 

! Deleting Extra Nodes at Bottom Plate Axis 

! Deleting Nodes at Lifting Cap Axis 



CLIENT: DE&S Hanford, lnc. FILE NO: KH-8009-8-03 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

/COW * * * * * * * * * e * * =  ELEMENT GENERATION * * * * * * *+* * * * *  
/COM * * * * * * x * * * * x *  SHELL ***** -*******  

TYPE, 1 : SOLIC45 - 8 Node Brick 
E,2,3002,1,1,22,3022,21,21 ! 3ottom ?late 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

~repeat,18,3000,3000,.,3030,3000,, 

5,22,3022,21,21,42,3042,41,41 
*repeat,18,3000,3000,,,3000,300C!, 

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 
E,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 
~,10,11,3011,3010,3C,31,3031,3030 
EGEN,18,3000,-1 
E,32,11,31,31,3032,3011,3031,3031 
EGEN,18,3000,-1 
~,50,51,3051,3050,1101,1102,4102,4101 
EGEN.5.3;l 
EGEN, 18,3000, - 5  
E,1101,1102,4102,4101,53,54,3054,3053 
EGEN,5,3,-1 
EGEN, 18,3000, -5 
E, 51,52,3052,3051,1102,1103,4103,4102 
EGEN.5.3;l 
EGEN,18,3000,-5 
E,1102,1103,4103,4102,54,55,3055,3054 
EGEN, 5,3, - 1 
EGEN,18,3000, -5 
E,100,65,66,66,3100,3065,3065,3066 
EGEN,18,3000,-1 
E,67,101,66,66,3067,3101,3065,3~66 
EGEN,18,3000,-1 
E,100,101,66,66,3100,3101,3066,3066 
EGEN, 18,3 00 0, - 1 
E,100,101,3101,3100,1116,1117,4117,4116 
EGEN.18.3000,-1 
E, 1116,1117,4117,4116,1118,1119,4119,4118 
EGEN.8.4;l 
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 
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,116,117,3117,3115,118,119,3119,3118 
EGEN, 32,2, - 1 
EGEN,l8,3000,-32 
E, 180,190,191,191,3180,3190,319i. 3191 
EGEN.18.3000, -1 
E,180,181,191,191,3180,3181,3191,3191 
EGEN, 18,3 0 0 0, - 1 
E,181,192,191,191,3i81,3192,3191,3191 
EGEN, 18,3 003, - 1 
E, 190,191,3191,3190,193,194,3194,3193 
EGEN, 18,3, -1 
EGEN, 18,3 0 0 0, - 18 
E,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 
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 
EGEN, 2,1, - 1 
EGEN.18.3000,-2 
E,251,991,~90,990,3251,3591,3990,3990 
EGEN,18,3000,-1 
E,237,991,3991,3237,250,251,3251,3250 
EGEN,18,3000,-1 
E,25O,251,3251,3250,253,254,3254,3253 
EGEN, 2,3, -1 
EGEN, 18,3 000, - 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.256,257,3257,3256,987,588,3988,3987 
EGEN,18,3000,-1 
E,257,258,3258,3257,988,989,3989,3988 
EGEN.18.3000, -1 
E, 988,989,3989,3988,983,584,3984,3983 
EGEN, 18,3 000, - 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,983,984,3988,3983,260,261,3261,3260 
EGEN,18,3000,-1 
E,259,260,3260,3259,262,263,3263,3262 
EGEN.9.3;l 
EGEN, 18,3000, -9 
E,1000,274,271,271,4000,3274,3271,3271 
EGEN,18,3000, -1 
E,260,261,3261,3260,263,264,3264,3263 
EGEN,11,3,-1 
EGEN.18.3000, -11 

! Sealing Surface 

! Transition at Collar 

E,286,287,3287,3286,300,290,3290,3300 
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PREPARED BY I DATE 

CHECKED BY I DATE 
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FILE NO: KH-8009-8-03 
El PARSONS 

CLIENT DE&S Hanford, Inc. 
2ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

dsys , C 
ngen,4.11,1554,,,.558/3.-1.632/3 

ngen, 5,i1,1481,, , (3.03) /4 
ngen, 7,11,1525,, , , - (4.927) / 6  

n1=1488 
n2=1492 
*do, i, i, 10, i 
fill, nl, n2 
nl=nlT1l 
n2=n2-11 

*enddo 

PAGE 41 

OF 125 

0 1 2 

ZGS 4/17/97 

JN 4/17/97 

ZGS 07/14/98 $$$ 02/09/99 

HA 07/14/98 !?& 02/09/99 

ngen,2,11,1587,,,C.04,-.243 
ngen,2,11,1591,,,0.00,-.243 
fil1.1598.1602 
ngen, 4,11,1598,15C2,, 0 .OO, -1.343/3 
ngen,2,11,1631.1535,,0.00,-.358 

*get, nxl, node, 295, loc. x 
*get ,nx2, node, 1642, loc, x 
nrnodif.1543, (nxl-nx2)/2+nx2 
nrnodif.1544,nxl 
*get,nxl,node,296,loc,x 
nrnodif, 1645,nxl 

/COM C-WGING TO LOCAL COORDINATE SYSTEM 
LOCAL.30, l,, , , , -90 ! Cylindrical Coordinate for Nodal Sweep Pattern 
cscir, 30,1 
/COM *************  NODAL GENERATION 5 0  DEGREE SWEEP +*+**********  

ngen,2,18*3000,1301,1646,.,180 
nsel,s,node, ,55356,55432s 
nrnod.al1, ,180 

alls 
csys , 0 

nnum=55466 
*do, i, 1.11,l 

*get,nx,node,nnurn,loc,x 
nrnod,nnurn,nx-.2 
nnum=nnurn+l 

*enddo 

fi11,55301,55456,14,,11,11,1,.7 

alls 

/pnum, node, 0 
csys,30 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

alls 
fi11,1331,55301,17,,3000,11,1,1 
fill, 1312,55312,17,, 300r",11,1,1 
fi11,1323,55323,17,, 3000.11.1, i 
fi11,1334,55334,17, ,3000,11,1,1 
fili,1345.55345,17, ,3000, ll,l, 1 
fill, 1356,55356,17, ,3000,11,1,1 
fi11,1367,55367,17,, 3000,11,1,1 
fill,lj78,55378,17, ,3000,11,1,1 
fill, 1389,55389,17, ,3000. 11.1,l 
fi11,1399,55399,17, ,3000,11,1,1 
fill,l400,55400,17, ,3000,11,1, I 
fi11,1411,55411,17, ,3000,11,1,1 
fi11,1422,55422,17,,3000,11,1,1 
fi11,1433,55433,17,,3000,11,1,1 
fill, 1444,55444,17, ,3000,11,1,1 
fi11,1455,55455,17,, 3000,11,1,1 
fill, 1466,55156.17, ,3000,11,1,1 
fi11.1477.55477.17, ,3000,11,1,1 
fi11,1496,55496,17,,3000,3,1,1 
fi11.1507.55507.17, ,3000,3,1,1 
fi11,1518,55518,17,,3000,3,1,1 
fi11,1488.55488,17, ,3000,5,1,1 
fi11,1499,55499,17, ,3000,5,1,1 
fill, 1510,55510,17, ,3000,5,1,1 
fill, 1521,55521,17, ,3000.5.1.1 
fill, 1532,55532,17, ,3000. 5,l.l 
f i 1 1 , 1 5 4 3 , 5 5 5 4 3 , 1 7 , , 3 0 0 0 , 5 , 1 , 1  
fill, 1554,55554,17, ,3000,5,1,1 
fi11,1565,55565,17, ,3000,5,1,1 
fill, 1575,55576,17, ,3000,5,1,1 
fill,l587,55587,17,, 3000,5,1,1 
fill, 1598,55598,17, ,3000.5.1.1 
fi11.1509.55609.17, ,3000,5,1,1 
fi11,1620,55620,17, ,3000,5,1,1 
fi11,1631,55631,17, ,3000,5,1,1 
fill, 1542,55642,17,, 3000,5,1,1 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

csys. 0 
nsel,s,node, ,4345,4355 
nnurn=4 34 5 
*do, i, 1, 11,l 
*yet, nx, node, nnurn, loc. x 
nrnod,nnurn,nx-.2 
nnurn=nnum+l 

'enddo 
alls 
csys.30 
f i 1 1 , 4 3 4 5 , 5 5 3 4 5 , 1 5 , , 3 0 0 0 , 1 1 , 1 , 1  

csys, 0 
nsel,s,node,,4422,4432 
nnurn=44 2 2 
-do, i ,1,11,1 
*cret, nx, node, nnurn, 1oc.x 

0 1 2 PAGE 42 
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CLIENT: DE&S Hanford, Inc. FILE N O  
'ROJECT: MCO Design 

PREPARED BY I DATE 

CHECKED BY I DATE 

*get,nz,node,nnum,loc, z 
nmod,nnum,nx+.l5,,nz~.l 
nnum=nnum+l 

tenddo 
alls 
csys,30 
:ill,4422,55422,16, ,3OOC, 11,1,1 

csys, 0 
nsel,s,node,,4433,4443 
nnum=44 3 3 
*do, i , 1 , 11 , 1 
*yet,nx,node,nnum,loc,x 
*ye:, nz, node, nnum, loc. z 
nmod,nnum,nx+.25,,nz-.2 
nnum=nnum+l 

*enddo 
alls 
csys, 30 
fi11,4433,55433,16,, 3000,11,1, .9 

nsel, s, loc. y, 25 
nsel, r, 10c.x. 9.370,lO. 2 
nsel, r, loc, z, 163.7.154.8 
nmod,a11,,24.479 

nsel , s , loc, y, 3 5 
nsel, r, 10c.x. 9.370,10.2 
nsel, r, loc. 2.163.7.164.8 
nmod, all, ,35.521 

nsel, s, 10c.y. 25+60 
nsel, r, 10c.x. 9.370,lO. 2 
nse1.r. 10c.z. 163.7,164 . E  
nmod,a11,,24.479+60 

nsel.s.loc.y.35c60 
nsel, r,loc,x, 9.370,lO .2 
nsel,r,loc, 2,163.7,164.8 
nmod,a11,,35.521+50 

nse1,s. loc,y,25+2*60 
nsel, r, 10c.x. 9.370,lO. 2 
nsel, r, loc. z ,  163.7.154.8 
nmod,all,,24.479+2*60 

nsel, s ,  loc,y,35+2*60 
nsel,r, 10c.x. 9.370.10.2 
nsel, r, loc. z ,  163.7,164.8 
nmod,a11,,35.521+2*60 

alls 

type. 2 
!e.i,j.k,l.m.n,o.p 
alls 
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CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

esel,u,:ype,,l 
e,1323,4323,4312,1312,1324,4324,4313,1313 
egen,lO,l,all 
egeri.15,ll.all 
egen,4,11,3497,3498 
egen, 16,11,3489,3492 
egen,18,3OOC,all 

e,1312,4312,1301,1331,1313,4313,1302,13C2 
*repea:,18,3000,3C00,,,3000,300C,, 
egen,lO,l,-18 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

csys, 0 
nsel, s, loc. z, 0 
nplo 

alls 
numm, node 
nsle 
nsel, inve 
ndele.al1 

PAGE 44 

OF 125 

0 1 2 

ZGS 4/17/97 ZGS 0711ma 02/09/99 

JN 4/17/97 HA 0711419a I 02/09/99 

/COW * * * - * e * * * * * * *  LOCKING & LIFTING RING GEOMETRY * * * * * * * * * * e * *  
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=O at Base of Lifting Ring 

/COW * * * *  TOP EDGE *+** 
N, 1701, RING1.6.50 
CSYS, 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 

/COP4 * * * *  LIFTING SURFACE **** 
CSYS, 15 
N, 1721, RING1.5.50 
N.1724.RING2.5.50 
PILL.1721.1724 
N,1725,9.53,5.50 
N, 22C4,9.75,5.50 
N,2205,9.97,5.50 
N.1726.RING4.5.50 
FILL,1701,1721,1,,lC,6,1 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

FILL,2200,2204,1,2202 
FILL,2201,2205,1,2203 
N, 1731, RING?, 6.50-1.56 
N,1734,RIWG2,6.50-1.56 
FILL 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/COX * * * *  BOLTING SURFACE * - * *  
N, 1741, RINGl, 4.37 
W,l744,RING3,4.37 
FILL 
NGEN,2,10,1741,1744,,,-0.38 
NGEN,2,10,1751,1754,,,-0.64 
NGEN,2,10,1761,1764,,,-0.61 
NGEN,2,10,1771,1774,,,-0.64 
NGEN,2,10,1781,1784,,,-3.68 
NGEN,2,10,1791,i794,,;0.69 
NGEN,2,10,1801,1804,,,-0.68 
N.1745.10.875-0.75,4.37 
N,1747,10.875+0.75,4.37 
FILL 
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! Inside Edge of Bolt Hole 
! Outside Edge of 801: Hole 

N,2210,10.875-0.75,4.37 ! Double Nodes @ 801: for Gap elements 
N,2211,10.875+0.75,4.37 
N.2212.10.875-0.75.3.99 
N,2213,10.875+0.75,3.95 
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, 1757,10.875+0.75,3.35 
FILL, 1765,1757 
N,2216,10.875-0.75,2.74 
N,2217,10.875+0.75,2.74 
N,1775,10.875-0.75,2.79 
N,1777,10.875+0.75.2.74 
FILL.1775.1777 
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,lO. 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,l.O. 875-0.75.0.00 
N,2225.10.875+0.75,0.00 
N,1815,10.875-0.75,O.OO 
N,1817,10.875+0.75,0.00 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT. MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

FILL, 1815,1817 
N.1825.10.125,-0.105 
N,1827,11.525,-0.105 
FILL.1825.1827 
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OF 125 

! 3o:tom of Bolt Extension 

/Con **-*CHAMFER A" THREADS**-* 
N, 1748, RINGS-. 22,4.37 ! 0.D of Ring at Chamfer 
N, 1758.RING5.3.99 
N, 1759, RING5.3.35 
N, 1758, RING5, 3.35 ! Top of Threads 
N, 1779, RINGC, 3.145 
N, 1778, RINGC.2.74 
N.1788.RINGC.2.05 
N, 1798, RINGC, 1.37 
N,1S08,RING5,0.68 
N, 1818, RINGC, 0.00 ! Bottom Of Threads 

/cob1 * * * * * * * * * * * * *  SHIELD PLUG * * * + * t t t * * * f *  

PLUGR1=11.975 
PLUGR2=11.45 
PLUGR3=11.25 
PLUGR4=7.8775 
LOCAL, 2C,O, ,158.21 ! Local Sys:em z=O at Top Left of Shield Plug 

/Con * * * *  NODES AT PLUG AXIS (SO) ****  
N, 1901 
N, 1302.0, -i 
N, 1903,0, -1.994 
N.1906.0,-4.994 
FILL,1903,1906,2,1~04,1 
N, 1907,0, -5.75 
N.1910,O. -8.405 
F1LL,1907.1910,2,1908,1 
N, 1911,0, -9.374 
N, 1913,0, -10.5 
FILL.1911.1913 

/COM * * * *  NODAL GENERATION ****  
NGEN,2,13,1901,1913,1,0.273 
NGEN,2,13,1914,1925,1,0.8825-0.273 
NGEN,2,13,1927.1939,1,0.8825 ! Id Large Opening 
NGEN,2,13,1940,1952,1,0.5875 
NGEN,2,13,1953,1955,1,0.5875 ! Id Medium Opening 
NGEN,2,13,1955,1978,1,0.4235 ! Id Small Opening 
NGEN,2,10,1982,1991,1,0.9515 ! Center of Opening 

ndele, 1926 

N,2030,5.4555, -1.994 
N.2036.5.4665, -4.994 
FILL,2030.2035,5,2031,1 
N.2037.5.4565, -5.75 

! Od Small Opening 



CLIENT: DE&S Hanford, Inc. FILE N O  KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

N.2040.5.4665, -8.405 
FILL,2037,2040,2,2038,1 
N, 2041,5.4665, -9.374 
1,2043.5.4665. -10.5 
FILi.2041.2343 
N,2048,5.89, -1 .O 
NGEN,2,20,2030,2043,1,0.4235 
FILL,2048,2350 
N, 2066,7.265,0 
NGEN,2,20,2048,2063,1,1.375 
FILL.2066.2068 
N,2086,7.571,0.00 
N. 2087.7.571, -0.50 
N,2088,7.571,-1 
N,2089,7.571, -1.55 
N,2C90,7.571,-2.10 
N.2091.7.571, -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.2096.7.571,-5.55 
N,2097,7.571,-6.75 
N,2106,PLUGR4-.05,0.00 
N,1850,PLUGR4-.05,-0.13 
N, 2107, PLUGR4- .05, -0.63 
N, 2108, PLUGR4 - . 0 5, - 1.13 
N,2109,PLUGR4-.05, -1.69 
N,2110,PLUGR4-.05,-2.26 
N, 2111, PLUGXI- .05, -2.64 
N. 2112, PLUGR4- .05, -3.28 
N,2113.PLUGR4-.05,-3.89 
N,2114,PLUGR4-.05,-4.58 
N.2115,PLUGRI- -05, -5.26 
N,2116,PLUGR4-.05,-5.95 
N,2117,PLUGR4-.05,-6.75 

CHECKED BY I DATE 

/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 
NGIN, 3,7,2124,2130,1,0.5616 
NGEN,2,7,2138,2144,1,0.5001 

N,2159,11.625, -6.75 
N,2160,11.625,-7.302 
N.2161.11.625.-7.854 
N,2162,PLUGR2,-8.405 

NGEN,2,7,2145,2151,1,0.750 ! Under Bolt 

JN 411 7/97 HA 0711 4/98 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

PREPARED BY I DATE 

CHECKED BY I DATE 

N,2330,PLUGR2,-8.83 :used to be node 1100 

N,2163,PLUGR2,-9.374 
A, 2165, PLUGX3, -10.5 
FILL, 2163,2155 
N, 2156, PLilGX1- 0.27, -6.75 ! Seal Tab 
N,2169,PLUGR1-0.27,-8.435 
FILL,2166,2169,2,2167,1 
N,2170,?LUGR1-0.27,-8.56 
NGEN,2.5,2166,2170,1,0.27 

ZGS 4/17/97 ZGS 07/14/98 #S& 02/09/99 OF 125 

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

/CON * * * *  FILTER GUPRD PLATE * * * *  
LOCAL, 40,0, ,14 7.71 : Local System z=0 a: Botiom Le:: of Shield Plug 
PLATEl=O ,273 
PLATE2.0.6575 
PLATE3=1.357 
PLATE4-10.25 
PLATE5=11.25 

N, 2500, DLATE4, - 0.85 
N,2502,PLATE5,-0.85 
FILL 
NGEN,5,3,2500,25O2,,,-O.85 
NGEN,2,3,2512,2514,,,-0.25 
N, 2521, PLATE4, -5.75 
N, 2522,lO. 75, -5.75 
N,2523,10.915,-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,2553,2.625, -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 
1.2590.0.273 
NGEN,3,1,2560,2590,10,,-0.5625 

REVISION 1 0 1 1 1 2 1 PAGE 48 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
?ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

alls 
nsle 
nsel, inve 

csys.30 
nyen, 19,3000,1701,2592.1. ,lo 

/COM -*-*  COUPLING NODES * * * *  
/COW * * x *  BETWEEN LIFTING/LOCKING RING & SHELL * * * *  
/COW r * * *  BETEEEN BOLT & LOCKING RING * * * *  
alls 
nrot , all 
cpnum=54 
nnuml=1745 
nnum2=2210 
*DO, I, 1,19 
CP, cpnum,Uz, nnuml, nnum2 ! inner Nodes 
nnuml=nnum1+3000 
nnum2=nnum2+3000 
cpnum=cpnum+l 

*ENDDO 

nnuml=1745 
nnum2=2210 
*DO, I, 1,19 
CP, cpnum, Ux, nnuml, nnum2 ! Inner Nodes 
nnuml=nnuml+3000 
nnum2=nnum2+3000 
cpnum=cpnum+l 

*ENDDO 

nnuml=1747 
nnum2=2211 
*DO, I, 1,19 

CP, cpnum.uz.nnuml.nnum2 ! Inner Node$ 
nnuml=nnuml+3000 
nnum2=nnum2+3000 
cpnum-cpnumtl 

*ENDDO 

nnuml=1747 
nnum2=2211 
*DO, I, 1,19 
CP, cpnum, Ux, nnuml, nnum2 ! Inner Nodes 
nnuml=nnuml+3000 
nnum2=nnum2+3000 
cpnumncpnum+l 

'ENDDO 

nnuml=1745 
nnum2=2210 
*DO, I, 1,19 

*DO, j ,I, 7 ! Going Down The Bolt 
CP,cpnum,Uz,nnuml+lO*j,nnum2+2*j 
cpnum=cpnum+l 

REVISION 0 

PREPARED BY I DATE ZGS 4/17/97 

CHECKED BY I DATE JN 4/17/97 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

7 ENDDO 
nnuml=nnuml+3COC 
nnum2=nnum2+3COC 

*ENDDO 

OF 125 

0 1 2 

ZGS 4/17/97 ZGS 07/14/98 2/09/99 

JN 4/17/97 HA 07/44/98 02/09/99 

nnuml=1747 
nnum2=2211 
*DO, I, 1,19 
‘DO, j, 1.7 ! Going Down The Bolt 
C?, cpnum. Uz , nnuml-10 * j , nnum212 = j 
cpnum=cpnum+l 

*ENDDO 
nnuml=nnum1+300C 
nnum2=nnum2+3COC 

*ENDDO 

nnuml=l74 5 
nnum2=2210 
*DO,i,1,19 
*DO, j, 1.7 ! Going Down The Bolt 
C?, cpnum. Ux , nnumlt 10 * j , nnum2+2 * j 
cpnum=cpnum+l 

XENDDO 
nnuml=nnum1+3COC 
nnum2=nnum2+3COC 

*ENDDO 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

nnum2=nnum2+3000 
cpnum=cpnum+l 

*ENDDO 

! Threads 
nnuml=1788 
nnum2 =2 83 
*D0,1,1,19 

CP, cpnum, Uz, nnuml , nnum2 
nnuml=nnum1+3000 
nnum2=nnum2+3000 
cpnum=cpnum+l 

*ENDDO 

! Threads 
nnuml=1798 
nnum2=2 80 
*DO, I, 1,19 
CP,cpnum,Uz,nnuml,nnum2 
nnuml=nnum1+3000 
nnum2=nnum2+3000 
cpnum=cpnum+l 

-ENDDO 

! Threads 
nnuml=1808 
nnum2=277 
‘DO,I,1,19 
CP, cpnum,Uz,nnuml,nnum2 
nnuml=nnum1+3000 
nnum2=nnum2+3000 
cpnum=cpnum+l 

*ENDDO 

PAGE 51 

OF 125 

0 1 2 

ZGS 4/17/97 ZGS 07/14/98 02/09/99 

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

! F304N 

E,1711,1712,1702,1701,4711,4712,4702,47C1 ! Top Going Down and 
EGEN, 11 , 10 , - 1 ! Left to Right 
EGEN.3,l.-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,1754,2212,2210,1744,4754,5212,521C,4744 
E,1764.2214,2212,1754,4764,5214,5212,4754 
E,1774,2216,2214,1764,4774,5216,5214,4764 
E,1784,2218,2216.1774,4784,5218,5216,4774 
E,1794,2220,2218,1784,4794,5220,52l8,4784 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-803 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

E , 1 8 0 4 , 2 2 2 2 , 2 2 2 0 , 1 7 9 4 , 4 8 0 4 , 5 2 2 2 , 5 2 2 0 , 4 7 9 4  
E , 1 8 1 4 , 2 2 2 4 , 2 2 2 2 , 1 8 0 4 , 4 8 1 4 , 5 2 2 4 , 5 2 2 2 , 4 8 0 4  
E,2213,1758,1748,2211,5213,4758,4748,5211 
E,2215,1768,1758,2213,5215,4768,4758,5213 
E,2217,i778.1768,2215,5217,4778,4768,5215 
E,2219,1788,1778,2217,5219,4788,4778,5217 
E,2221,1798,1788,2219,5221,4798,4788,5219 
E,2223,1808,1798,2221,5223,4808,4798,5221 
E,2225,1818,1808,2223,5225,~818,4808,5223 
esel, s. type,, 3 
egen,18,3000,all 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/COM *************  N'ITRONIC 60 BOLTS (MODELED AS RING) ************ (  
TYPE, 4 
MAT, 1 ! SA-193 
E , 1 7 5 5 , 1 7 5 6 , 1 7 4 6 , 1 7 4 5 , 4 7 5 5 , 4 7 5 6 , 4 7 4 6 , 4 7 4 5  
EGEN, 8,10, - 1 
E,1756,1757,1747.1746.4756.4756,4?57,4747,4745 
EGEN, 8,10, -1 
esel,s,type,,4 
egen, 18,3000,all 

0 1 2 PAGE 52 

ZGS 4/17/97 ZGS 07/14/98 &-ll 2/09/99 OF 125 

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

,ICON * x * x * * t * t * * * *  SHIELD PLUG * * * * r * * * * i * + *  

TYPE, 5 
MAT, 1 ! 304L 

E ,  1915,4915,1902,1902,1914,4914,1901,19O1 
+repeat,18,3000,3000,,,3000,3000,, 
EGEN, 11,1, -18 

E , 1 9 2 8 , 4 9 2 8 , 4 9 1 5 , 1 9 1 5 , 1 9 2 7 , 4 9 2 7 , 4 9 1 4 , 1 9 1 4  
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN, 11,1, - 18 

E,2590 ,5590 ,1913 ,1913 ,1925 ,4925 ,1912 ,1912  
*repeat,18,3000,3000,,,3000,3000., 

E,2590,2580,5580,5590,1925,1938,4938,4~25 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 

E ,  2580,1939,1938,1938,5580,4939,4938,4938 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 

E,1939,2570,1938,1938,4939,5570,4938,4938 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 

e, 2570,1952,4952,5570,1938,1951,4951,4938 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 

E,1952 ,2560 ,1951 ,1951 ,4952 ,5560 ,4951 ,4951  
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 



FILE N O  KH-8009-8-03 CLIENT. DE&S Hanford, Inc. 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

E,1941,4941,4928,1928,1940,4940,4927,1927 

EGEN,11,1,-18 
*repeat.18,3000,3000.3030.3000,3000,3000,3000,3000,3000 

e, 1955,4955,4942,1942,1954,4954,4941. 1941 
*repeat,18,3000,3000,3000,3000,3000,3000,3o~o,3ooo 
EGEN, 10 , 1 , - 18 

PAGE 53 

OF 125 

0 1 2 

ZGS 4/17/97 ZGS 07/14/98 &2I09/99 

JN 4/17/97 HA 07/14/98 4 02109199 

e,1968,4968,4955,1955,1967,4967,4954,i954 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN.11.1,-18 

e,1982,4982,4969,1969,1981,4981,4958,1S68 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN.10.1,-18 

e,1965,4965,5560,2560,1964,4964,4951,1951 
*repeat,18,3000,3000,3000,3000,3000,;000,3000,3000 

e,1995.4995,4985,1985,1994,4994,4984,1984 
*repeat.18.3000,3000,3000,3000,3000,3000,3000,3000 
EGEN,7,1,-18 

e,2037.5037,4995,1995,2036,5036,4994,~9~~ 
*repeat.18.3000,3000,3000,3000,3000,;000,3000,3000 
EGEN.7.1,-18 

e,2051,5051.5031,2031,2050,5050,5030,2030 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN, 13,1, - 18 

e, 2069,5069,5049,2049,2068,5068,5048.2o48 
*repeat,18,3000,3000,3000,3000,3000,;000,3000,3000 
EGEN.15.1,-18 

e,2087,5087,5067,2067,2086,5086,5066,2066 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN, 17,1, - 18 

e,2086.1850.2106,2106,5086,4850,5106,5106 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 

e,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,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN, 6,1, - 18 
egen, 6,7, - 108 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
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e,2167,5167,5160,2160,2156,5166,5159,2159 
=repeat,18,30C0,3000,3000,3000,3000,300C,3000,3000 
EGEN, 3,1, - 18 

e,2172,5172,5167.2167,2171,5171,5166,2166 
*repeat,18,30C0,3CC0,3C3~,300C,3000,3003,3000,330C 
EGEN,4,1,-18 

REVISION 0 

PREPARED BY I DATE ZGS 4/17/97 

CHECKED BY I DATE JN 4/17/97 

/COM ***********r*  FILTER GUARD PLATE %****e***+***  

TYPE.6 
MAT, 1 

E,2500,2501,2158,2151,5500,5501,5158,5151 
*repeat,18,3000,3000,3000,3000,3000,3000,30~0,3000 
E,2501,2502,2165,2158,5501,5502,5165,5158 
*repeat,18,3000,3000,30C0,3000,3000,300C,3000,3000 
E,2503,25C4,2501,2500,5503,5504,5501,5500 
*repea:,18,3000,3000,300C,3000,3000,3000,3030,300C 
EGEN, 7,3, -18 
E,2504,2505,2502,2501,5504,5505,5502,5531 
~repea:,18,3000,3000,3000,3000,3000,3000,30C0,3C00 
EGEN.5.3,-18 

E,2526,2515,2512,2525,5526,5515,5512,5525 
*repeat,18,3000,3000,30C0,3000,3000,3000,3000,3000 
E,2527,2518,2515,2525,5527,5518,5515,5526 
*repeat,18,3000,300C,3000,3000,3000,3000,3000,3000 
E,2528,2521,2518,2527,5528,5521,5518,5527 
~repeat,18,3000,3000,3000,3000,3000,3C0C,300~,3000 
e,2530,2526,2525,2529,5530,5526,5525,5529 
*repeat,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN,3,1,-18 
EGEN, 6 , 4 ,  -54 

e,2557,2550,2549,2556,5557,5550,5549,5556 
*repeat,18,3000,3000,3000,3000,3000,3C00,30C0,3C00 
EGEN.3.1, -18 

OF 125 

1 2 

ZGS 07/14/98 2/09/99 

HA07/14/98 ,@d 02/09/99 

e,2554,2553,2563,2564,5554,5553,5563,5564 
*repeat,18,3000,300C,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, 4,1, - 18 
e,2581,2580,2590,2591,5581,5580,5590,5591 
+repea:,18,3000,3000,3000,3000,3000,3000,3000,3000 
EGEN,2,1,-18 
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csys , c 
!Generate the element 1n :he cap that were forgotten 
nsel , 5 , node, ,134 5,13 49 
ngen,2,13~0,all,,,1.072/2 
nsel,s,node, ,2645,2649 
ngen,2,9,all,,,1.072/2 

LOCAL,25,1,4.515,154.745,,,90 ! Local System at Top Left Corner of Cap (Cen:erline of 
Cap) 
nsel,s,node,,2645,2658 
ngen,9,15,all,,,,180/8 

type. 2 

e,1345,2545.2645.1345,1355,2560,2651,1357 
*repeat, 8,11,15,15,11,11,15,15,11 
egen, 4,1, -8 

e,2645,2654,2655,2646,2660,2659,2670,2561 
*repeat,8,15,15,15,15,15,15,15,15 
egen, 4,1, - 8 

/COM * * * * * * * * * * *+*  CONTACT ELEMENTS + * * * * % * * * e * * *  

alls 

/COM * * - *  BETWEEN SHIELD PLUG h SHELL * * * *  
TYPE, 7 
REAL, 4 
E.2171.271 
E,2172,268 
E,2173,265 
E,2174,262 
E,2300,980 
egen,19,3000,-5 

/COM * * * *  BETWEEN SHIELD PLUG & SEAL LIP * * * *  
TYPE, 7 
REAL, 6 
E,248,2170 
E.249.2175 
egen.19.3000, -2 

TYPE, 8 
REAL, 8 
E ,  247,2162 
E,248,2169 
egen,19,3000,-2 

esel,s,elem,,13392,13393 
esel,a,elem, ,13428,13429 
ernode, all, real, 9 

REVISION 1 0 1 1 1 2 1 I PAGE55 
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/CON * * * *  -VNDER THE BOLT * * * *  
TYPE, 7 
REAL, 5 
E ,  2145,1825 
E, 2152,1826 
E.2159.1827 
egen, 15,3000, -3 

/COM * * * *  BETWEEN LOCKING RING & PLUG * x * *  

TYPE, 7 
REAL, 4 
E,1850,1701 
E, 2107,1711 
E, 2108,1721 
E,2109,173i 
E,2110,i74i 
E.2111.1751 
E, 2112,1751 
E.2113.1771 
E, 2114,1781 
E.2115.1791 
E, 2116,1801 
egen.15.3000;ll 

csys, 0 
ngen, 2,50000,1,10,1, , - .1 
csys, 30 
ngen ,19 ,3000 ,60002 ,50010 ,1 , , 10  
type. 7 
real, 10 
e,1,50001 
egen, lO,l, -1 
egen,19,3000;9 

alls 
nsle 
nsel, inve 
NDEL, ALL 
esel, s ,  type, , 1,2 
nsle 
numrn,node, .002 
alls 
CSYS , 0 
NSEL, SI  LOC, 2.0 
D,ALL,UY 
NSEL,S,node,,60000,114010 
D,ALL,all 
ALLS 
d, 1, ux, 0 
alls 

fini 
/solu 
acel, ,1 
neqit, 50 
nsubst , 1 ,100,l 

REV IS ION 

PREPARED BY I DATE 

CHECKED BY I DATE 

0 1 2 PAGE56 I 
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~ 

PREPARED BY I DATE 

CHECKED BY I DATE 

SOLCONTROL,ON,l 
lswrite, 1 

/corn * * * *  Apply the weight of the impacting MCO as a pressure * * * *  
csys, 0 
NSEL,S,LOC,Y,164.74,164.76 
sf ,all ,pres, 1769 : 289 x 20,000 lb = 560,000 lb 

: Shield Plug Area = 316.6 inA2 
: PjA = 1,769 psi 

alls 
neqit, 5 0  
nsubst, 2,100.2 
SOLCONTROL.ON.1 
lswrite, 2 

ZGS 4/17/97 ZGS 07/14/98 &--D 2/09/99 OF 125 - 
JN 4/17/97 HA 07/14/98 C@ 02/09/99 

jcom * * * *  Apply Pressure Load * * * *  
prs=450 

csys, 30 
esel, s, type, .1 
nsle 
nsel, r, loc. x,  0,11.49 
nsel, r, loc, 2, .69,149.63 
sf, all, pres.prs 
nsle 
nse1.r. 10c.x.C. 12 .C2 
nsel,r , loc,z,149.63,151.58 
sf, all, pres.prs 
nsle 
nsel, r, loc,x, 0,12.174 
nsel, r, loc. 2.151.58,154.72 
sf, all, pres.prs 
nsle 
nsel, r, loc. x, 0,12.284 
nsel, r, loc, 2.154.72,155.75 
sf, all ,pres.prs 

alls 
nsel, s,node, ,1301,1642,ll 
*do, j ,1,18,1 

tenddo 
*do,j,l,S,l 

'enddo 
nsel, a, node, ,2645,2765,5 
sf,all,pres.prs 

nsel,s,node,,2673.2763,15 
prs:=prs*1.75*1.75*3.14159/4/9 
f, all, f z,prs: 

nsel,s,node..2658 

nsel,a,node,,1312+3000*j,1542+3C00*j,11 

nsel,a,node, .2653tj,2773+j,15 

nsel.a.node.2778 

RNISION 1 0 1 1 1 2 I PAGE 57 
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REVISION 0 

PREPARED BY I DATE ZGS 4/17/97 

CHECKED BY I DATE JN 4/17/97 

prsf=prs*1.75+1.75-3.14159/4/18 
f ,all, f z ,  prsf  

alls 
neqit,50 
nsubst ,2,100,2 
SOLCO3TROL.ON.l 
Iswrite, 3 

1 2 PAGE 58 

ZGS 07/14/98 02/09/99 OF 125 

HA 07/14/98 

/SOLU 
save 
lsso1ve. 1.3 

/post1 
s a t ,  first 
i=O 
j=i*9*3000 
LPATH,l+j,Ql+j 
PRSECT 
LPATH, S+j, 49+j 
PRSECT 
LPATH,lO+j,5O+j 
PRSECT 
LPATH,53+j,52+j 
PRSECT 
LPATH,1101+j,1103+j 
PRSECT 
LPATH, 52+ j , 6 4 +  j 
PRSECT 
LPATH, 134+j, l35tj 
PRSECT 
LPATH, 180+j, 181tj 
PRSECT 
LPATH,202+j,204+j 
ORSECT 
LPATH, 2 3 2 + j ,234 + j 
PRSECT 
LPATH,249+j,261+j 
PRSECT 
LPATH, 2 6 2+ j ,264 + j 
PRSECT 
LPATH,274+j,276-j 
PRSECT 
LPATH, 277c j , 2 7 9 +  j 
PRSECT 
LPATH,292+j,294+j 
PRSECT 
LPATH,1940,1927,1914,1~01,55914,55927,55940 
PRSECT 
LPATH, 1901+j, 1913cj 
PRSECT 
LPATH, 206 8+ j ,2 10 8+ j 
PRSECT 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

OF 125 

0 1 2 
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PREPARED BY I DATE 

CHECKED BY I DATE 

PRSECT 

0 1 2 PAGE 61 

ZGS 4/17/97 ZGS 07/14/98 .* 2/09/99 OF 125 

JN 4/17/97 HA07/14/98 dz;tJ 02/09/99 

i=2 
j=i*9*3000 
LPATH, i + j ,4 1 + j 
PRSECT 
LPATH, 9-  j ,491 j 
PRSECT 
LPATH,i3+j,SO+j 
PRSECT 
LPATH, 50-j152+j 
PRSECT 
LPATH ,1101 + j ,1103 + j 
PRSECT 
LPATH,622j,64+j 
PRSECT 
LPATH, 134+j, 135+j 
PRSECT 
LPATH, laO+j, 181tj 
PRSECT 
LPATH,202+j,204tj 
PRSECT 
LPATH,232+j,234+j 

LPATH,249+j,26i+j 
PRSECT 
LPATH,262+j,264+j 
PRSECT 
LPATH,274+j,276+j 
PRSECT 
LPATH,277+j,279+j 
PRSECT 
LPATH, 292+ j ,294+ j 
PRSECT 
LPATH,1901+j,1913+j 
PRSECT 
LPATH,2068+j,2108+j 
PRSECT 
LPATH,2169+j,2174+j 
PRSECT 
LPATH,2509+j,2511+j 
PRSECT 
LPATIi.2525tj .2528+j 
PRSECT 
LPATK,2549+j,2552+j 
PRSECT 
LPATH,2574+j,2583+j 
PRSECT 
LPATH.2500tj ,25C2+j 
PRSECT 
LPATH.1704ij.1724tj 
PRSECT 
LPATH, 1721+j, 1724tj 
PRSECT 
LPATH.1731+i.1734+i 

PRSECT 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

PRSECT 
LPATH, 1311,1301 
PRSECT 
LPATH, 1349,1345 
PRSECT 
LPATH.1393.1389 
PRSECT 
LPATII, 1437,1433 
PRSECT 
LPATH,1487+j,1485+j 
PRSECT 
LPATH, ;477+j, 1481.j 
PRSECT 
LPATII, 1587+], 1591ij 
PRSECT 
LPAT3,1598rj,1602+j 
PRSECT 
LPATH ,163 1 + j ,163 5t j 
PRSECT 
LPATH,302+j,304+j 
PRSECT 

set, next 
i=O 
j=i*9*3000 
LPATH, l+ j ,4 It j 
PRSECT 
LPATH, 9t j ,49+ j 
PRSECT 
LPATH, 10+ j ,50+ j 
PRSECT 
LPATH, SO+ j ,52+ j 
PRSECT 
LPATH.llOltj.llC3cj 
PRSECT 
LPATH, 62+ j ,64+ j 
PRSECT 
LPATH,134+j,135+j 
PRSECT 
LPATH, 18O+j, 181ij 
PRSECT 
LPATH,202+j,204rj 
PRSECT 
LPATH.232tj.234ij 
PRSECT 
LPATH.249+jr261+j 
PRSECT 
LPATH,262+j,264+j 
PRSECT 
LPATH,274+j,276+j 
PRSECT 
LPATH,277+j,279+j 
PRSECT 
LPATH, 2921 j ,294+ j 
PRSECT 
LPATH.1940.1927.1914.1901.55914.55927.55940 
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I 
PRSSCT 
LPATH, 19Ol+j, 1913-j 
PRSECT 

PRSECT 
LPATB, 2 15 Si. j ,2 174 + j 
PRSECT 
LPATH.2509-j.2511~j 
PRSECT 
LPATH,2525ijI 2528+$ 

LPATB, 206a-~,21oa~j 

PRSECT 
LPATTH,2549-],2552+j I PRSECT 
~p~TB,2574+j,2583+j 
PRSECT 
LPATI1.2500-j.2502tj 
PRSECT 
LPATB, 17G4+jI 1724+j 
PRSECT 
LPATH.172l-j.17241j 
PRSECT 
LPATI1,1731+j, 1734+j 
DRSECT 
LPATH, 1311,1301 
PRSECT 
LPATH.1349.1345 
PRSECT 
LPATI1.1353.1389 
PRSECT 
LPATH, 1437,1433 
PRSECT 
LPATH,1487~j,1495+j 
PRSECT 
LPATH, 1C77+jI 1161t3 
PRSECT 
LPATB, 1587+j, l55l+j 
PRSECT 
LPATH,l598tj,15C2+j 
PRSECT 
LPATH, 1531~),1635+j 
PRSECT 
L?ATH,302+j,3CI-j 
PRSECT I 
LPATS,llj,41+j 

LPATH,9+j,49-j 

LPATH, 10- j , 50t j 

LPATH,50+).52ij 
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LPATH, 1598+], 15C2tj 
PRSECT 
LPATH,1631+j.1635-~ 
PRSECT 
LPATB, 3 C2- j ,3 C4 + J 
PRSECT 

PREPARED BY 1 DATE I ZGS 4/17/97 I ZGS 07/14/98 02/09/99 I I&-'- 
CHECKED BY I DATE JN 4/17/97 HA 07/14/98 02/09/99 

i=2 
j=i*9*3CCC 
LPATH, 1- j ,41+ j 
PRSECT 
LPATH, 9 + j , 4  9+ j 
PRSECT 
LPATH, lctj, 5Ccj 
PRSECT 
LPATH, 5C+ j ,52 + j 
PRSECT 
LPATH,1101ij,11C3+j 
PRSECT 
LPATH, 6 2+ j ,54 + j 
PRSECT 
LPATH, 134+ j ,135- j 
PRSECT 
LPATH,180+j,18l~j 
PRSECT 
LPATH,ZC2tj,204+j 
PRSECT 
LPATX,232tj,234tj 
PRSECT 
LPATH.249tj ,251+j 
PRSECT 
LPATH, 2 62 + j ,2 64 t j 
PRSECT 
LPATH, 2 74 + j ,2 76 + j 
PRSECT 
LPATH, 2 77+ j ,2 79 + j 
PRSECT 
LPATH, 2 92 + j ,2 94 + j 
PRSECT 
LPATH, 1901+ j ,1913 + j 
PRSECT 
LPATH,2C68ij,21C8+j 
PRSECT 
LPATB ,216 9- j ,2 174 + j 
PRSECT 
LPATH,2509+j,2511+j 
PRSECT 
LPATH,2525+j,2528+j 
PRSECT 
LPATH,2549+j, 2552+j 
PRSECT 
LPATH.2574-j.2583tj 
PRSECT 
LPATH,2500rj,2502+j 
PRSECT 
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LPATH,1704~j,1724+j 
PRSECT 
LPATH, 172I7j, 1724+j 
PRSECT 
LPATH,1731-j,1734+j 
PRSECT 
LPATH.1311.1301 
PRSECT 
LPATH, 1349,1345 
PRSECT 
LPATH.1393.1385 
PRSECT 
LPATH, 1437.1433 
PRSECT 
LPATH,1487,j,1485+j 
PRSECT 
LPATH,1677+j,1481+j 
PRSECT 
LPATH.1587tj.159ltj 
PRSECT 
LPATH,1598+j,1602+j 
PRSECT 
LPATH, 163 I+ j ,16351 j 
PRSECT 
LPATH, 302+ j ,304t j 
PRSECT 

se:,last 
i=O 
j=i*9*3000 
LPATH,lTj,41+j 
PRSECT 
LPAT€!,9+j,49+j 
PRSECT 
LPATH,10+j,50+j 
PRSECT 
LPATH,50+j,52+j 
PRSECT 
LPATH,1101+j,1103+j 
PRSECT 
LPATH,52+j,64+j 
PRSECT 
LPATH,134+j,135+j 
PRSECT 
LPATH,18O+j,l8l+j 
PRSECT 
LPAT9,202+j,204+j 
PRSECT 
LPATH,232+j,234+j 
PRSECT 
LPATH,249+],261ij 
PRSECT 
LPATH, 262 + j ,264 + j 
PRSECT 
LPATH, 274+j .276+j 
PRSECT 

RNlSlON 
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PRSECT 
LPATII, 50ij. 52ij 
PRSECT 
LPATH, 1101-j, 1103-j 
PRSECT 
LPATB ,62 + j ,54 + j 
PRSECT 
LPATB ,134+ j ,135+ j 
PRSECT 
LPATH,180+j,181+j 
PRSECT 
LPATH, 2021 j ,204- j 
PRSECT 
LPATH,232+j,234+j 
PRSECT 
LPATH, 249+j,26Irj 
PRSECT 
LPATH,252+j,264ij 
PRSECT 
LPATH,274+jI 276+j 
PRSECT 
LPATH,277+j,279+j 
PRSECT 
LPATH, 2 92 + j ,2 94 i j 
PRSECT 
LPATH,l9Ol+j,lSl3+j 
PRSECT 
LPAT3,2058+j,2108+j 
PRSECT 
LPATH, 2159+j, 2174+j 
PRSECT 
LPATH.2509cj.2511tj 
PRSECT 
LPATH,2525+j,2528+j 
PRSECT 
LPATH,2549+j,2552+j 
PRSECT 
LPATH,2574+j,2583+j 
PRSECT 
LPATH,2500+j,2502+j 
PRSECT 
LPATH, 1704+j, 1724cj 
PRSECT 
LPATH,1721+j,1724+j 
PRSECT 
LPATH ,173 1+ j ,1734 + j 
PRSECT 
LPATH.1311.1301 
PRSECT 
LPATH,1349,1345 
PRSECT 
LPATH,1393,1389 
PRSECT 
LPATH,1437,1433 
PRSECT 
LPATH.1487-j.1885cj 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

PRSECT 
LPATH,1477+j,1481+j 
PRSECT 
LPATH, 1587+), 15911j 
PRSECT 
LPATH,1598+j, 1602+j 
PRSECT 
LPATH, 1631+j, 1635ij 
PRSECT 
LPATH,302+j,304+j 
PRSECT 

~ ~~~ 
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i=2 
j=i-9*3000 
LPATH, 1- j ,41+ j 
PRSECT 
LPATH, St j ,49+ j 
PRSECT 
LPATH,lO+j,SO+j 
PRSECT 
LPATH,50+j,52+j 
PRSECT 
LPATH, lloltj, 1103+j 
PRSECT 
LPATH, 621. j ,64 + j 
PRSECT 
LPATH,134+j,135+j 
PRSECT 
LPATH,18O+j,l8l+j 
PRSECT 
LPATH,202+j,204+j 
PRSECT 
LPATH, 23 2t j ,23 4 + j 
PRSECT 
LPATH, 24 9+ j ,26 1+ j 
PRSECT 
LPATH.262tj.264ij 
PRSECT 
LPATH,274+],276+j 
PRSECT 
LPATH,277+j,279+j 
PRSECT 
LPATH, 292+ j ,294 + j 
PRSECT 
LPATH,19Ol+j,l913+j 
PRSECT 
LPATH,2068+j,2108+j 
PRSECT 
LPATH, 2 16 9+ j ,2 174 + j 
PRSECT 
LPATH,2509+j,ZSll+j 
PRSECT 
LPATH,2525+],2528+j 
PRSECT 
LPATH,2549+j,2552+j 
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REVISION 
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PRSECT 
LPATH,2574+j,2583+j 
PRSECT 
LPATH,2500-j,2502+j 
PRSECT 
LPATII,i704+j,1724+j 
PRSECT 
LPATH, 172iij, 1724+j 
PRSECT 
LPATH,i731+j,1734+j 
PRSECT 
LPATH.1311.130i 
PRSECT 
LPATA, 1345.1345 
PRSECT 
LPATH.1353.1389 
PRSECT 
LPATH.1437.1433 
PRSECT 
LPATH,1487+j,1485+j 
PRSECT 
LPATH, 1477+j, 1481+j 
PRSECT 
LPATH,i587+j, 1591+) 
PRSECT 
LPATH,i598+j,1602+j 
PRSECT 
LPATH,i631+j,1635+j 
PRSECT 
LPATH, 3C2t j ,304+ j 
PRSECT 

f ini 
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COMPUTER RUN COVER SHEET 

ZGS 411 7/97 ZGS 0711419a *e 9/09/99 OF 125 

JN 4 1 m x  HA 07i1419a <W 02/09/99 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

KH-8009-8 

ANSYSo-PC 

5.4 

Windows NT 4.0, Pentiumo II Processor 

KH-8009-8-03 

CSBCAP.out 

MCO CSB Tube Drop with Lifting Cap 

18 December 1998 19:29:17 PM 

I 

Prepared By: Joseph C. Nichols Dde' 

/ /  
Checked By: Mike Cohen Date 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSe-PC 

5.4 

Windows NT 4.0, Pentiume I I  Processor 

KH-8009-8-03 

CSB.inp 

MCO CSB Tube Drop without Lifting Cap 

17 December1 998 13:26:35 
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LISTING OF CSB.INP FILE 
C .  , Llnl 

/cle 
/FILENAM, CSE 
/PREP7 
/TITLE,28g CSB DROP -132 DEGREES C, 150 psi PRESSbXE, NO CAP 
TREF, 70 
TUNIF,270 

ETAN=O. 006 ! Tangent modulus 

/COM **********e** ELEMENT TYPES **I**********  

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 : Gap Elements 
KEYOPT.5.7.1 

/COM e************  REAL CONSTANTS FOR GAP ELEMENTS *e**-********  

R.4, -90,l. Oe8, -0.045,3.0 ! Shell/Shield Plug, Initially Open 0.045” 
R,S,@,l.Oe8,2.75e-03 ! L. Ring/Shield Plug, Under Bolt, Preloaded 
R,5,0,1.0e8,0,2.0 ! Sealing Surface, closed 
R.7.0.1.0e8.0.1.0 !Bottom MCO Plate, Closed 
R.8.0.2.42e7.0.2.0 ! Seal Spring, Max. Stiffness 

/coM **I********** VATERIa PROPERTIES * * * * * * * * * * * * *  

/COM * * * *  MATERIAL 1, 304L STAINLESS STEEL * * * *  
MP, DENS, 1,49311728 ! 304i ss 
MP, NVXY, 1,o. 3 

/COM * *  DEFINING TEMPERATURES (MPDATA) FOR 304L/304 * *  
MPTEMP, 1, 70,100,200,300 

/COM * *  DEFINING ELASTIC MODULI FOR 304L/304 * *  
MPMTA,EX,1,1,28.3e+06,28.le+06,27.6e+06,27.Oe+06 

/COM * *  MEAN COEFFICIENTS OF THERYmL EXPANSION (in./in./(F) 304L/304 * *  
MPDATA,ALPX,1,1,8.46e-06,8.55e-06,8.79e-06,9.OOe-05 

/CON * * * *  MATERIAL 2, SA-193 GRADE E8S * * * *  
MP,DENS,2,473/1728 
MP,NVXY, 2,O. 3 

/CON * *  DEFINING TEMPERATURES (UPDATA) FOR SA-193 * *  
MDTEMP, 1,70,100,20@, 3 00 

/COM * *  DEFINING ELASTIC MODULI FOR SA-193 * *  
MPDATA,EX,2,1.28.3e+06,28.le+06,27.6e+06,27.Oe+06 

/CON *+ MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) SA-193 * *  
MPDATA.ULPX.2.1.8.55e-06.8.79e-06.9.00e-06.9.19e-06 
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/COM * * * t t * * x t - * f t  StJELL GEOMETRY i * x * + * + * i * r * x * * *  

IR=11.49 : Internal Shell Radius B Bottom 
OR=12.000 ! Shell Outside Radius e 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 

0 1 2 PAGE 74 
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/COM *lr* BOTTOM PTLATE 
N,l,,-l.32 
N, 2,1.25, -1.32 
N,3,2.13;1.32 
N,10,11.423,-1.32 
?ILL 

N,41,0.00,-0.15 
N,42,1.25,-0.19 
N.43.2.13.0.69 
N, 50, I?, 0.69 
FILL,43,50 
N, 52, OR, 0.69 
FILL, 50,52 

FILL, 1,41,1,21,1,10 
?ILL,10,50,1,30 
N, 32,12, -0.32 
FILL,30,32 
F1LL.10.32.1.11 
N, 53, IR, 1.17 
N, 55,OR, 1.17 
?ILL,53,55 
?ILL,50, 53,1,1101 
FILL, 51,54,1,1102 
FILL, 52,55,1,1103 

[D'N'G SK-2-3003781 ****  
: Row 1 

! ROW 3 

! Mid&le Row 

! Shell Stubmeld 

/COM * * * *  SHELL [DWGS SK-2-300379 h SK-2-3004611 * * * *  
N.65, IR, 6.68 
N.67.OR,6.68 
FILL 
FILL, 53.65.3. ,3,3,1 
?ILL,53,56,1,1104 
?ILL,55,58,1,1106 
FXLL,1104,1106 
?ILL,56,59,1,1107 
FILL, 58,61,1,1109 
?ILL,1107,1109 
FILL, 59,52,1,1110 
?ILL,61,64,1,1112 
?ILL,1110,1112 
?ILL,62,65,1,1113 
?ILL, 64, 67.1,1115 
FILL, 1113,1115 
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REVISION 

PREPARED BY I DATE 
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/COR * x * *  LIFTING SmFACE * * * *  
CSYS, 15 
N, 421,2ING1,5.50 
N.424.RING2.5.53 
FILL,421,424 
N,425,9.53,5. 5 0  
N, 904,9.75,5 .50 
N, 505,9.97,5.50 
N, 425, RiNG4,5.50 
FILL,401,42i, 1, ,lo, 6,l 
F1LL.900.904.1.902 
FILL,901,905,1,903 
N,431,RING1,5.50-1.55 
N.434.RING2.6.50-1.55 
FILL 

/CON * * * x  BOLTING SURFACE e 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,,,-O.69 
NGEN,2,10,481,484,,,-0.68 
NGEN,2,10,491,494,,,-0.59 
NGEN,2.10,501,504,,,-0.68 
N.445.13.875-0.75.4.37 ! Inside Edge of Bolt Hole 
N.447.10.875t0.75.4.37 ! Outside Edge of Bolt Hole 
FILL 
N.910.10.875-0.75.4.37 : Double Nodes 0 Bolt for Gap elements 
N.911.10.875t0.75.4.37 
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,515,10.875+0.75.3.35 
N,465,10.875-0.75,3.35 
N.467.13.875t0.75.3.35 
FILL,465,467 
N, 916,lO. 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.487.10.87510.75.2.05 
FILL, 485,487 
N,920,i0.875-0.75.1.37 
N.521.10.875+0.75.1.37 
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N,495,10.875-0.75,1 37 
N.497,lO. 875+0.75,1.37 
FILL.495.497 
N, 522,10. 875-0.75.0.58 
N, 923, 10. 875+0.75,0.68 
N, 505,lC. 875-0.75.0.68 
N,507,10.875+0.75,0.68 
FILL.505.507 
N, 924,lO -875-0.75.0 .OO 
N.925.10.875c0.75.0.00 
N, 515,10 .875-0.75,0 .OO 
81,517,10.875+0.75,0.00 
FILL.515.517 
N, 525,13.125, -0.119 ! Bottom of Bolt Extension 
N, 527,ll. 625, -0,119 
FILL,525,527 

/COX ****CHAMFER AND THREADS**** 
NJ.448,RING5-.22,4.37 : 0.D of Riq at Chamfer 
N.458.RIXG5.3.99 
N, 469, RINGS, 3.35 
N.468.RING6.3.35 ! 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 .OO ! Bottom of Threads 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

,,CO>1 ***********e*  SHIELD PLUG **********e** 
?LUGR1=11.975 
?LUGR2=11.45 
?LUGR3=11.25 
?LUGR4=7.8775 
LOCAL, 20,0, ,158.2 1 : Local System z=O at Top Left of Shield ?lug 

/COM * * * *  NODES AT PLUG AXIS (r=O) * * * *  
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,G. -10.5 
FILL,611,613 

/COM f * * *  NODAL GENEIlATION ****  
NGEN,2,20,601,613,1,0.8825 
NGEN.2.20.621.633.1.0.8825 ! Id Large Opening 
NGEN,2,20,642,653,1,0.6875 
NGEN,2,20,662,673,1,0.6875 : Id Medium Opening 
NGEN,2,20,683,693,1,0.4235 : Id Small Opening 

0 1 2 PAGE 78 

ZGS 4/17/97 ZGS 07/14/98 02/09/99 OF 125 f&f 
JN 4/17/97 HA 07/14/98 02/09/99 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 0 

PREPARED BY I DATE ZGS 4/17/97 

CHECKED BY I DATE JN 4/17/97 

NGBN.2.10.706.713.1.0.9515 : Center of Opening 

1 2 PAGE 79 

ZGS 07/14/98 02/09/99 OF 125 e 
HA 07/14/98 02/09/99 

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, 740,5.4555, -8.405 
FILL,737,740,2,738,1 
N. 741,5.4665. -9.374 
N.743,S ,4665. -10.5 
FILL, 741,743 

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,756,768 
8,786.7.571.0.00 
N, 787.7.571, -0.50 
N,788,7.571, -1 
N, 789,7.571, -1.55 
N, 790,7.571, -2.10 
N.751.7.571, -2.60 
N, 792,7.571. -3.10 
N, 793 I 7.571, -3.60 
N,794,7.571,-4.10 
N,795,7.571;4.90 
N.795.7.571, -5 .55 
N, 737.7.571, -5.75 

3. 748.5.89, -1.0 

: Od Small Opening 



REVISION 0 PAGE 80 1 2 

PREPARED BY 1 DATE I ZGS 4/17/97 I ZGS 07/14/98 I #&&,02/09/99 

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

OF 125 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
PROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

/CON * * * *  NODES BELOid Tire 3OTTOM PLATE FOR GAPS e**- 
NGEN,2,20OC, l,lO, 1, , -1.00 

/COX * * * *  COUPLING NODES * * * *  
/CON * * * *  BETWEEN LIFTINC-/LOCKING RING & SHELL * - * *  
/CON - ***  BETWEEN BOLT & LOCKING RING * * * *  

CP.54.W.445.913 ! Inner Nodes 
cP,55,ux,445,910 
CP.55.UY.447.911 ' Outer Nodes 
CP, 57, ux, 44 7,9 11 

REVISION 

PREPARED BY IDATE 

CHECKED BY I DATE 

*DO, I, 1, 7 ! Going DOWR Tie Bolt 

*ENDDO 
CP, 57+1,uY, 445+10*1,910+2*1 

0 1 2 PAGE 81 
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*DO, I, 1.7 
CP,64+I,UY,447+1O*i,911+2*1 
*ENDDO 

*DO, I, 1,7 
CP,71+1,UX.445+10*1,910+2*1 
*ENDDO 

*DO, I, 1,7 
CP ,78 +I, UX, 44 7 + 10 * I, 9 ll+2* I 
*ENDDO 

CP,lOO,UY,479,289 ! Threads 
CP. 101,UY. 478,285 
CP,102,W,488,283 
CP, 103.W.898.280 
CP,104,UY,508,277 



EGEN, 5.3, -1 
E.65.66.100, 
E.66.10i.100 
E,66,67,101 
E.130.101.1117.1116 
E.1115.1117.1119.1118 
EGEN,8,4,-1 
E,i118,1119,103,102 
E.102.103.1121.1120 
E, 1122,1123,105,104 
E, 104,1L?5,1125,112C 
E, i126.1127, 107,105 
E,116,107,1129,1128 
E, 1130,1131. 109,108 
E,i08,109,i133,1132 
E, l134,1135,111,110 
E, 110,111,1137,1136 
E.il38.1139.113.112 
E, 112,113,1141,1140 
E,1142,1143,i15,114 
E, 114, i15.li45.1144 
E, 1146. 1147,117,116 
E, 116,117,119,11S 
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,i91,i92,195,194 
EGEN, 9,3, -1 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

TYPE, 1 
FAT, 1 

0 1 2 PAGE 82 
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! Collar 
' FXM-19 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

EGEN, 9,3, - 1 
E,271,274,1000 
E,260,261,264,263 
cvEN, 12,3, -1 
E,285,300,285 
E,286,287,290,300 
E,300,290,293,292 
E.292.293.295.255 

-.- 

2 

PREPARED BY I DATE ZGS 4/17/97 ZGS 07/14/98 & 02/09/99 

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

/Con **tt*tr****X* LOCKING RZNG x * + * t * * * % * * * +  

TYPE, 3 
MAT, 1 

E,411,412,402,401 
EGEN,ll,lC,-l 
EGEN,3,1,-11 
E,414,415,405,404 
EGEN, 2,1, - 1 
EGEN, 2,10, - 2 
E,502,9C3,501,900 
EGEN,2,2,-1 
E.503.416.4C5.901 
E,505,426,416,903 
E,454,912,51C, 4 4 4  
E, 464,914,912,454 
E,474,916,914,464 
E,484,918,516,474 
E,494,920,518,484 
E,504,522,520,494 
E.514.924.922.504 
E, 913,458,448,911 
E,915,458,458,513 
E,917,478,468,515 
E,919,488,478,517 
E, 521,498,488,919 
E, 923,508,498,921 
E.525.518.508.523 

PAGE 83 

OF 125 

! F304N 

! Top Going Dovn and 
! Left to Right 

/con *************  NITRONIC 60 SOLTS (MODELED AS RING) t i * * * * * * * * * * *  

TYPE, 2 
VAT, 2 

E,455,456,445,445 
EGEN, 8.10, -1 
E,455,457,447,445 
EGEN, 8,lO. -1 

! SA-153 

TYPE.4 
MAT, 1 

REVISION 1 0 1 1 



CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
2ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

PREPARED BY I DATE 

CHECKED BY1 DATE 

E, 602,622,521,531 
EGEN, 11,1, -1 
BGEN, 2,20, -11 
E,613,1290,612 
2,1290,1280,632.5i2 
E.1280.633.532 
E, 533,1270,532 
E,632,1270,552 
E, 1270,553,552 

E,543,653,552,642 
EGEN, 10,1, - 1 
EGEN, 2,20, - 10 
E, 553,1250,652 
E, 1250,573,572,552 
E,573,653,592,572 
E,584,704,703,583 
EGEN, 10,1, - 1 
E,707,717,715,705 
EGEN. 7,1, -1 
E, 717,737,735,715 
EGEN.7.1;l 
E, 731,751,750,730 
EGEN, 13,1, -1 
EGEN,4,20, -i3 
E.745.755.758.748 
EGEN, 2,1, - 1 
EGEN,3.20,-2 
E.757.787.785.755 
EGEN, 2,1, - 1 
BGEN, 2.20,  -1 
E, 787,807,550,786 
E,550,805,785 
E,818,825,824,817 
EGEN, 5,1, -1 
EGEN.5.7,-6 
5,853,860,859,852 
EGEN, 3,l. -1 
EGEN, 2,7, -3 
E,867,872,871,865 
EGEN, 4,1, -1 
E, 1100,852,855 
E.855.1100.855 
2,855,853,1100 
1,857,864,863,855 
EGEN, 2,1, -1 

~ ~ 
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CLIENT DE&S Hanford, Inc. FILE N O  KH-8009-8-03 
?ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

EGEN.2.1;l 
EGEN, 6,3, -2  
E,1221,1222,1219,1218 
E,1222,1223,1220,12i9 
E, 1226.1215,12i2,  i 2 2 5  
E,1227,1218,1215,1226 
E, 1228,1221,1218,1227 
E.1230.1225.1225.1229 
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. i290 
EGEN. 2,1, -1 

0 1 2 PAGE 85 I 

/cox ******i****r* CONTACT ELEMENTS * * * * * i t * * * * * *  

/COM e*** BETWEEN SEIELD PLUG 6 SHELL * * * *  
TYPE, 5 
REAL, 4 
E,871,271 
E,  872,268 
E, 873,265 
E,874,262 
E,1100,980 

PREPARED BY I DATE 2/09/99 

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

I ZGS 4/17/97 I ZGS 07/14/98 

/COM I*** BETWEEN SHIELD PLUG 6 SEAL L I P  * * * *  
TYPE, 5 
REAL, 6 
E,248,870 
E,249,875 

OF 125 

TYPE, 5 
REAL., 8 
E,247,862 
E,248,869 



CLIENT DE&S Hanford, Inc. FILE N O  KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REAL, 4 
E.550.401 
E.807.411 
E,808.421 
E.809.431 
E,810,44l 
E,811,451 
E,812,461 
E,813,471 
E,814,481 
E.815.491 
E.815.501 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/CGM ***- BELOW BOTTOM PLATE * * * *  
TYPE, 5 
REAL, 7 
E,2001,1 
EGEN, 10, 1, -1 
NALL 
EALL 

0 I 2 PAGE 86 
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/CON *************  MERGING COINCIDENT NODES t i * * * * * * * * * * *  

ESEL, S I  TYPE, ,1 
NSLE 
NUMMRG , NODE 
W L L  
NALL 

/CON * t i * * * * r * * x * *  BOmTDmy CONDITIONS * * + . * * t t * x * * + *  

CSYS , 0 
NSEL, S,LOC,X, 0 
NSEL, R, LOC, Y, - 1.5,165 
D, ALL, UX , 0 
NALL 
EALL 
NSEL,S,NODE,,2001,2010 

NALL 
EALL 

D,ALL,ALL,O 

/COM * * * *  LOAD 1: 150 PSI INTERNAL DRF-SSURE **** 
NSEL,S,NODE, ,41 ! sottoin Plate 
NSEL,A,NODE, , 4 2  
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 



REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

0 1 2 PAGE 87 
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CLIENT: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 I 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

NSEL,A,WODZ,,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, ,22 0 
NSEL,A,NODE, ,223 
NSEL,A,NODE,,226 
NSEL,A,NODE,,229 
NSEL,A,NODE,,232 
NSEL, A, NODE, ,235 
NSEL, A, NODE, ,23 8 
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,,llOO 
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, ,12 14 
NSEL,A,NODE, ,1217 
NSEL,A,NODE, ,1220 
NSEL,A,NODE,, 1223 
NSEL,A,NODE,,1222 
NSEL,A,NODE,,1221 

PAGE 88 0 1 2 
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JN 4/17/97 HA 07/14/98 02/09/99 

! S h e l l  a t  S e a l i n g  S u r f a c e  

! S e a l  S t o p  ( P l u g )  

! P l u g  T a p e r  

! S t a r t  P l u g  a o t t o n  
! S i d e  o f  C-uard P l a t e  R i n g  

)f Guard  P l a t e  



CLIENI: DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

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, ,1265 
NSEL,A,NODE,, 1279 
SF,ALL,PRES,150 
NALL 
EALL 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/COW * * * *  LOAD 2: APPLYING EQUIVALENT 28g CSB DROP e=** 
NSEL, SI  NODE, ,601,641,20 
NSEL,A, NODE, ,766,806,20 

0 1 2 PAGE 89 
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SF,ALL,PRES, 14162 
NALL 
EALL 

save 
/COW * * * *  SOLUTION PHASE x * * =  

/SOLUTION 
SOLVE 
SAVE 
FIN1 

/COM *+* *  POSTPROCESSING * * * *  
/POST1 
SZT, LAST 
/TYPE, ALL, HIDC 
/GLINE,ALL, 0 
RSYS , 0 
PLNSOL, S I  INT 
/DSCALE, ,20 
/REPLOT 
NSEL,S, L0C.X. 11.49,ll. 51 
NSEL,R, LOC, Y, -0.33, 149.63 
PRNS, u, x 
NALL 
EALL 
NSEL,S, L0C.X. 1 356,11. 26 
NSEL,R, LOC,Y, 141.87.143.39 
PRNS,U,Y 
NALL 
EALL 
LPATH, 1,4 1 
PRSECT 
LPATH,9,49 
PRSECT 
LPATH,lO,SO 
PRSECT 
LPATH, 50,52 

! 285 x 20000 lb = 550, lb 
! Shie ld  Plug Area = 39.54 in-2 
' P/A = 14162 psi 



CLIENT DEgS Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT. MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

2RSECT 
LPATH,1101,1103 
PRSECT 
LPATH, 52,5': 
PRSECT 
LPATII, 134,135 
PRSECT 
LPATH, 160.181 
PRSECT 
LPATH,202,204 
PRSECT 
LPATH,232,234 
PRSECT 
LPATH.249.251 
PRSECT 
LPATH.262.264 
PRSECT 
LPATH,274,276 
PRSECT 
LPATH,277,279 
PRSECT 
LPATH,292,294 
PRSBCT 
LPATH.501.541 
PRSECT 
LPATH, 501.613 
PRSECT 
LPATA, 603,583 
PRSECT 
LPATH, 505,705 
PRSECT 
LPATH, 766,806 
PRSECT 
LPATH,768,808 
PRSECT 
LPATH, 750,810 
PRSECT 
LPATH. 735,815 
PRSECT 
LPATH, 659,874 
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 

0 1 2 PAGE 90 
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CLIENT: DEBS Hanford, Inc. FILE N O  KH-8009-8-03 
PROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

PREPARED BY I DATE 

CHECKED BY I DATE 

PRSECT 
L?ATH,4C5,425 
PRSECT 
LPATH,521,498 
PRSECT 
LPATA,404,424 
PRSECT 
SAVE 
FIN1 

~ ~ 

ZGS 4/17/97 ZGS 07/44/98 02/09/99 OF 125 # 
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REVISION I 0 I 1 I 2 I PAGE 91 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

COMPUTER RUN COVER SHEET 

0 I 1 I 2 I PAGE 92 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date /Time: 

PREPARED BY IDATE 

CHECKED BY I DATE 

KH-8009-8 

ANSYSo-PC 

5.4 

Windows NT 4.0, Pentiuma I1 Processor 

KH-8009-8-03 

CSB.out 

MCO CSB Tube Drop without Lifting Cap 

17 December 1998 13:27:48 

ZGS 4/17/97 ZGS 07/14/9K- 02/09/99 OF 125 

JN 4/17/97 HA 07/14/98 

,-%a \ OF 
W 

Prepared By: Joseph C. Nichols Date 

PW hllH e& 
Checked By: Mike Cohen 



COMPUTER RUN COVER SHEET 

REVISION 0 1 2 I PAGE 93 ' 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

PREPARED BY I DATE 

CHECKED BY I DATE 

KH-8009-8 

ANSYSe-PC 

5.4 

Window NT 4.0, Pentiume I I  Processor 

KH-8009-8-03 

BBED.inp 

MCO Bare Bottom End Drop 

17 December 1998 13:17:45AM 

ZGS 4/17/97 ZGS 0 7 / 1 4 / 9 8 ~ # - 0  2/09/99 I OF 125 

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

/&&M/P- &d - 
Checked By: Mike Cohen Date ' 



CLIENT DEBS Hanford, Inc. FILE NO: KH-8009-8-03 
PROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

REVISION 

LISTING OF BBED.INP FILE 
fini 
/cle 
/FILENAY, bjed 
/PREP7 
/TITLE,28g CSB DROP - 132 DEGREES C, 150 psi PRESSURE, NO a? 
TREF, 70 
TUNIF, 270 

ETAN=O. C06 ~ Tangent modulus 

/CON * I * * * * i r t * * l *  ELEMENT TYPES * * * l * * * * * * * x *  

ET, 1,42,, , 1 ! Shell & Collar 
ET,2,42,,,1 ! Bolts 
ET,3.42., ,1 ! Locking Ring 
ET.C,42,, ,1 : Shield Plug h Guard ?late 
ET,5,12 : Gap Elements 
KEYO?T,5,7,1 

/COM * * * * * * * x * * * * *  REAL CONSTANTS FOR GAP ELEMENTS * * * * * * * * * * * * *  
R,4,-90.1.0e8,-0.045,3.0 ! ShellIShield Plug, Initially Open 0.045" 
R. 5,O. l.Oe8.2.75e-04 ! L. Ring/Shield Plug, Unda Bolt, Preloaded 
R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed 
R,7,0,l.Oe8.0.1.0 !Bottom MCO Plate, Closed 
R,8,0,2.42e7,0,2.0 : Seal Spring, Max. Stiffness 

0 1 2 PAGE 94 

/CON ********et*** NqTERIAI, PROPERTIES * * * * i r * r * * * * *  

/CON * * * *  MATERIAL 1, 304L STAINLESS STEEL **** 
MP,DENS,1,493/1728 ! 304L S S  
M?, NUXY, 1,O. 3 

/COM * *  DEFINING TEMPERATWES (MPDATA) FOR 304LI304 * *  
MPTEMP, 1, 70,100,200,300 

/COM * *  DEFINING ELASTIC MODULI FOR 304L/304 * *  
MPDATA,EX,1,1,28.3e+06,28.le+06,27.6e+06,27.Oe~05 

/COM * *  MEAEj COEFFICIENTS OF TKERMAL EXPANSION (in.lin.l(F) 304Ll304 *+ 
MPDATA.ALPX,1,1,8.46e-06,8.55e-06,8.79e-06,9.0Oe-C6 

PREPARED BY I DATE I ZGS 4/17/97 I ZGS 07/14/98 109/99 

. CHECKED BY I DATE JN 4/17/97 HA 07/44/98 02/09/99 

/COM * * * *  MATERIAL 2, SA-193 GRADE B8S ***I 
MP.DENS,2.473/1728 
MP, NUXY, 2,O. 3 

/COM * *  DEFiNING TEMPERATURES (MPDATA) FOR SA-193 + *  

MPTEMP, 1,70,100,200,300 

/COM * *  DEFINING ELASTIC MODULI FOR SA-193 * *  
MPDATA.EX.2,1,28.3e+06,28.le+05,27.6e+06,27.Oe+06 

/COM * *  MEAN COEFFICIENTS OF THERMAL EXPANSION rin./in./!Fl 

OF 125 
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/Con * I r * * t e x * * r + *  SHELL GEOMETRY X*t**r**r****l*r 
IR=11.49 : Internal Shell Radius e Bottom 
OR=12.030 ! Shell Outside Radius e 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 

/COM * * * *  BOTTOM PLATE [DWG SK-2-3003781 **e* 
N,1,,-1.32 ! Row 1 
N.2.1.25,-1.32 
N,3.2.13,-i.32 
N,10,11.423,-1.32 
FILL 
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N.41.0.00,-0.19 
N,42,1.25,-3.19 
N.43.2.13,O. 59 
N.50, IR, 0.59 
FILL, 43,50 
N, 52,OR. 0.59 
FILL, 50.52 

FILL,1,41,i.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.OR.1.17 
FILL, 53,55 
FILL.50.53.1.1101 
FILL, 51,54,1,1102 
FILL, 52,55,1,1103 

! Row 3 

! Middle Row 

! Shell Stub/Weld 

/COM * * * *  SAELL [DWGS 93-2-300379 & SK-2-3004613 e*** 
N, 5 5 ,  IR, 6.68 
N, 57,OR. 5.58 
FILL 
FILL,53,65,3, ,3,3,1 
FILL,53,55,1,1104 
FILL,55,58,1,11C6 
FILL, 1104,1106 
FILL,56,59,1,1107 
FILL,58,61,1,1109 
FILL.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 
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RNiSlON 

/Cob! * * * *  SINGLE RON SHELL ***+ 
~ , i o o ,  I R , ~  . ia : Inside 
N, 140, IR, 71.68 
N, 180, IR, 136.68 
N, 101,OR. 7.18 : Outside 
N, 141,OR, 71.58 
N,181,OR,136.68 
FILL,100,140,20,,2,2,1,2.0 
FILL, 140,180,19, ,2,2,1, . 5  
FILL, 100,102,2,1116,2 
FILL.102.104.2.1120.2 
FILL,104,106,2,112L. 2 
FILL, 106,108,2,1128,2 
FILL.108.110.2.1132.2 
FILL,110,112,2,1136.2 
F1LL.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 ! Transition to Double Row 
N, 192,OR. 137.18 
FILL 

/COM * * * *  BASE OF CASK THROAT--ELEVATION: 138 INCHES * * * *  
N,217,IR,i42.68 : Transition to Double Row 
N, 219, OR, 142.68 
FILL 
?ILL, 190,217.8. ,3,3,1 ! Vertical Fill 

/Con **** BOTTOM OF COLLAR TRANSITION ****  
N.235. IR, 146.06 : Start of Transition to Large 0.D & 
N,237,OR. 146.06 : Assumed Location of Shield Plug Taper 
FILL 
N.238.IR.146.68 
N,240,OR, 146.68 
FILL ! Horizontal Fill 
FILL,217,235,5, ,3,3,1 ! Vertical Fill 

/COM **** TOP OF COLLAR TRANSITION * * * *  
N,241,IR,147.31 ! End of Transition to Large 0.D & 
N.243,OR. 147.31 ! Assumed Location of Shield Plug Taper 
FILL ! Horizontal Fill 
NGEN,2,3,241,243,1,,0.75 

/COM **** COLLAR SEALING SURFACE * * * *  
N,247, IR, 149.63 ! Inside Radius of Sealing Surface 
N,249,1R2,149.63 ! Outside Radius at Sealing Surface 
FILL ! Horizontal Fill 

/COM *+**  THICK WALL AT COLLAR TRANSITION **** 
NGEN, 2,10,24 0,24 9,3 ! Nodes 250-259 Coincident w/240-245 (by 3) 
N,255,082,147.31 ! Outside Surface 
B, 261.0R2.149.63 ! Outside Surface 
N,258,OR2.148.06 

~ ~~ ~~ 

PREPARED BY I DATE 

CHECKED BY I DATE 
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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, 455,497 
N.922,10.875-0.75.0.58 
N,923,13.875+0.75,0.68 
N, 505,lO. 875-0.75.0.68 
N,507,10.875+0.75,0.68 
FILL, 505,507 
N,524,10.875-0.75,0.03 
N.925.10.875t0.75.0.00 
8,515,10.875-0.75,O.OO 
N. 517,lO .875+0.75,0.00 
FILL.515.517 
N, 525,10.125, -0.119 
N,521.1i.625,-0.i19 
FILL, 525,527 
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! Bottom of Bolt Extension 

/COP4 ****CHAMFER AND THREADS***' 
N,448,RING5-.22,4.37 : 0.D of Ring at Chamfer 
N, 458, RINGS, 3.99 
N,459,RING5,3.35 
N,468,RING6,3.35 ! Top of Threads 
N,479.RING6,3.145 
N. 478. RING6.2.74 
N,488,RING5,2.05 
N.498.RING6.1.37 
N,508,RING6,0.68 
N, 518.RING6.0 .OO ! Sottorn of Threads 

/COM * * * t i *+ * * * * * *  SHIELD PLUG * * * * * * * * i t * * *  

PLUGRlsll.975 
PLUGR2=11.45 
PLUGR3311.25 
PLUGR437.8775 
LOCAL,20, 0, ,158.21 ! Local System z=O at Top Left of Shield Plug 

/COM **** NODES AT PLUG AXIS (r=Ol * * * *  
N, 601 
N.602.0, -1 
N,603,0,-1.994 
N.605.0, -4.994 
FILL,503,606,2,604,1 
N,507,0, -6.75 
N.610.0. -8.405 
F1LL.607.610.2.608.1 
N,611.0, -9.374 
N.613.0,-10.5 
FILL.611.613 

/CON ****  NODAL GENERATION * * * *  
NGEN,2,20,601,613,1,0.8825 
NGEN,2,20,621,633,1,0.8825 ! Id Large Opening 
NGEN,2,20,642,653,1,0.6875 
NGEN.2.20.662.673.1.0.6875 ! Id Medium 0;ieninq 
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NGEN,2,20,583,693,1,0.4235 
NGEN,2,10,706,713,1,0.9515 

N,730,5.4555,-1.994 
N,735,5.4555, -4.994 
FILL,730,736,5,731,1 
N, 737,5.4555, -6.75 
N, 7P0.5.4555, -8.405 
FILL,737,740,2,738,1 
N, 741,s .4655, -9.374 
N,743,5.4655,-10.5 
FILL.741.743 
N,748,5.89,-1.0 
NGEN,2,20,730,743,1,0.4235 
FILL, 748,750 
N, 755,7.255,0 
NGEN,2,20,748,763,1,1.375 
FILL,755,768 
3,785,7.571,0.00 
N, 787.7.571, -0.50 
N, 788.7.571. -1 
N, 789.7.571, -1.55 
N,790,7.571, -2.10 
N,791,7.57>, -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, 795,7.571, - 5 . 5 5  
N,797,7.571, -6.75 

N, 8 05, PLUGR4,O. 00 
N, 550, PLUGR4, - 0.13 
N. 807, PLUGR4 , -0.53 
N, 8 0 8 ,  PLUGR4, -1.13 
N,8C9,PLUGR4,-1.59 
N, 810, PLUGR4 , -2.2 6 
N,811,PLUGR4.-2.64 
N, 812, PLUGR4, - 3  .28 
N, 8 13, PLUGR4 , - 3 .89 
N,814,PLUGR4,-4.58 
N, 815, PLUGR4, -5.26 
N, 815, PLUGR4, -5.95 
N, 81 7, PLUGR4 , - 5.75 

/COM * * * *  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,2,20,778,783,1,0.305 
NGEN.2.20.798.803.1.0.3055 
NGEN,3,7,824,830,1,0.5615 
NGEN.2,7,838,844,1,0.5001 

~ 
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' Center of Opening 

: Od Small Opening 
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NG?,NN.2,7,8~5,851.1,C.750 : Under Bolt 
N, 859.11.625, -6.75 
N.860.11.625, -7.302 
8,861,11.625, -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,-5.75 ! Seal Tab 
N, 8 6 9 ,  PLVGR1-0 .27, - 8 . 4  05 
FILL,866,869,2,S67,1 
N , 87 0, PLUGRl - 0 .2 7, - 8 .55 
NGEN, 2,5,866,873,1,0.27 

/COM * * * *  FILTER GUARD PLATE ****  
LOCAL,40,0,,147.71 : Local System z=O at Bottom Left of Shield Plug 
PLATE1=0.273 
PLATE2=0.6575 
PLATE3r1.357 
PLATE4=10.25 
DLATE5=11.25 

N, 1200, PLATEQ, -0.85 
N, 1202, PLATE5, -0.85 
FILL 
NGEN,5,3,1200,1202,,,-0.85 
NGEN,2, 3,1212,1214,, , -0.25 
N, 1221, DLATE4, -5.75 
N, 1222,lO. 75, -5.75 
N, 1223,lO .915, -5.75 
FILL,1215,1221,l,l218 
FILL.1223.1217.1.1220 
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,-~.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 

REVISION 0 1 2 PAGE 101 1 1 1 
OF 125 
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NGEN,3,1,1260,1290,10,,-0.5625 

0 1 2 PAGE 102 

ZGS 4/17/97 ZGS 07/14/98 &- 02/09/99 OF 125 

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

/COM * * * *  NODES BELOW THE BOTTOFI PLATE FOR GAPS * * * *  
NGEN, 2,2000,1,10,1, , -1.00 

/COX * * * -  COUPLING NODES * * e *  
icon * * * *  BETWEEN LIFTING/LOCRING RING & SHELL * * * *  
/COM * *=*  BETWEEN BOLT & LOCKING RING * * * *  

C?.54,UY,445.910 ! Inner Nodes 
CP.55.UX.445.910 
CP,55,UY,447.911 ! Outer Nodes 
CP, 57, ux, 44 7,911 

*DO,I,1,7 ! Going Down The Bolt 
CP,57+1.UY,445+10*1.910+2*1 
*ENDDO 

*DO, I, 1,7 
CP, 64+I ;JY, 447ilO*I, 911+2*I 
*ENDDO 

'DO, I, 1,7 
C? ,7 1 + I , UX ,4  4 5 + 2 0 * I ,9 1 0 +2 * I 
*ENDDO 

*DO, I, 1,7 
CP.78+1,UX.447+10*1,911+2*1 
*ENDDO 

CP.100.w.479.289 ! Threads 
CP,lOl,UY,478,286 
CP,102,W,488,283 
CP, 103,W,~98,280 
CP,104,W,508,277 

/COM ******lf***** ELEMENT GENEWTION *f****t****+* 
/COM *************  SHELL * * * * * * * * * * * * *  

TYPE, 1 ! Plane42 - 
MAT, 1 ! Type 304L/304 Properties Stainless Steel 

E,1,2,22,21 ! Bottom Plate 
EGEN.10.1;l 
E,11,32,31 
E, 21,22,42,41 
EGEN,11,1,-1 

E,50,51,1102,1101 ! Bottom Shell 
EGEN, 5,3, -1 
E.1101.11C2.54.53 
$FEN, 5,3, -1 
E.51.52.1103.1102 
EGEN,5,3,-1 
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E,1102,1103,55,54 
EGEN, 5,3, -1 
E,65,65,100, 
E, 65,101,100 
E,66,67,101 
E, lOO,l!?l, 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,110,111,1137,1136 
E,1138,1139,113,112 
E, 112,113,1341,1140 
E,1142,1143,115,114 
E,114,115,1145,1144 
E,1146,1147,117,116 
E,115,117,119,118 
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 

~~ 
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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,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 

! Collar 
! FXM-19 
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E,259,260,253,252 
EGEN, 9,3, - 1 
E.271.274,lOOO 
E,260,261,254,263 
EGEN, 12,3, - 1 
E.286.300.285 
E,286,287,290,3CO 
E,30C,290,253,252 
E,252,253,256,255 

~~ 
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/(.OM ***t*t*****+* LOCKING RING ****l**x***x* 

TYPE, 3 
MAT, 1 

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, 502,5C3,501,9CO 
EGEN,2,2,-1 
E, 503,415,405,901 
E,505,425,416,933 
E,454,512,910,444 
E,464,914,912,454 
E.474,915,514,464 
E,484,918,516,474 
E,494,520,918,484 
E,504,922,520,494 
E,514,924,922,504 
E,913,458,448,911 
E,915,468,458,513 
E, 517,478,468,915 
E, 915,488,478,517 
E, 521,498,488,515 
E,923,508,498,921 
E, 525,518,5C8.523 

! F304N 

! Top Going Down and 
! L e f t  to Right 

/COM I************ NITRONIC 5 0  BOLTS (MODELED AS RING) * * * * * * * * * * * * *  

TYPE.2 
MAT, 2 

E.455.456.445.445 
EGEN, 8,10, - 1 
E,456.457,447.445 
EGEN, 8,10, -1 

! SA-153 
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YAT, 1 ! 304L 

E,602,622,621,631 
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 

2,643,663,662,542 
EGEN.10.1,-1 
EGEN.2.20,-10 
E.653.1260.652 
E,1260,673.672,652 
E, 673,693,692,672 
E, 684,7C4,703,683 
EGEN.10.1,-1 
E,707,717,716,706 
EGEN.7.1;l 
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, 767,787,785,766 
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 
6,857,864,863,856 
EGEN.2.1,-1 
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E.1203 .1204 .1201 .1200  
EGEN, 2 , 1 ,  -1 
EGEN, 6 , 3 ,  - 2  
E , 1 2 2 1 , 1 2 2 2 , 1 2 1 9 , 1 2 1 8  
E, 1 2 2 2 , 1 2 2 3 , 1 2 2 0 , 1 2 1 5  
E, 1 2 2 6 , 1 2 1 5 . 1 2 i 2 . 1 2 2 5  
E,  1 2 2 7 , 1 2 1 8 , 1 2 1 5 , 1 2 2 6  
E , 1 2 2 8 , 1 2 2 1 , 1 2 1 8 , 1 2 2 7  
E , 1 2 3 0 . 1 2 2 6 , 1 2 2 5 , 1 2 2 9  
EGEN, 3 , l .  -1 
EGEN, 6 , 4 ,  - 3  
E ,  1257 ,125C.  1 2 4 9 , 1 2 5 6  
EGEN, 3 , 1 ,  - 1 
E , 1 2 6 4 , 1 2 5 4 , 1 2 5 3 , 1 2 6 3  
BGEN, 6 , 1 ,  -1 
E , 1 2 7 1 , 1 2 6 1 , 1 2 6 0 , 1 2 7 0  
XGEN , 9 , 1 ,  - 1 
E , 1 2 8 1 , 1 2 7 1 , 1 2 7 0 , 1 2 8 0  
EGEN, 4,1, -1 
E.1291 .1281 .1280 .1290  
EGEN, 2 , 1 ,  -1 
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I /COM * * * * * * * * * * * * *  CONTACT ELEMENTS %*e********** 

/COM * * * *  BETNEEN SHIELD PLUG & SHELL le** 
TYPE, 5 
REAL, 4 
E . 8 7 1 . 2 7 1  

E , 8 7 3 , 2 6 5  
E , 8 7 4 , 2 6 2  
E . 1 1 0 0 . 9 8 0  

~ , 8 7 2 , 2 6 a  

/COM * * * *  SET'VIEEN SHIELD PLUG & S E X  L I P  * * * e  

TYPE, 5 
REAL, 6 
E, 2 4 8 , 8 7 0  
3 , 2 4 9 , 3 7 5  

TYPE, 5 
REAL, 8 
E, 2 4 7 , 8 6 2  
E , 2 4 8 , 8 6 9  

/COM **+* UNDER THE BOLT * * * *  
TYPE, 5 
REAL, 5 
E,  8 4 5 , 5 2 5  
E, 8 5 2 , 5 2 6  
E,  8 5 9 , 5 2 7  

/COM * * * *  BETWEEN LOCKING RING & PLUG **** I 



FILE NO: KH-8009-8-03 
[PIPARSONS 

CLIENT: DEIS Hanford, Inc. 
PROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 
CLIENT: DEIS Hanford, Inc. FILE NO: KH-8009-8-03 

PROJECT: MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 I 

TYPE, 5 
REAL,4 
E.550.401 
E.807.411 
E,808,421 
E,80S,431 
E.810.441 
E.811.451 
E.812.461 
E,813,471 
E,814,481 
E.815.491 
E, 816,501 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/COM ****  SELOW BOTTOM PLATE * * * *  
TYPE, 5 
REAL, 7 
E.2001.1 
EGEN, 10,1, -1 
NALL 
EALL 
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/COM **********e** MERGING COINCIDENT NODES ******e****** 
ESEL,S,TYPE,,l 
NSLE 
NUMMRG, NODE 
EALL 
NALL 

/COM *******e***** BO7JNDuY CONDITIONS ****+itl***t* 
CSYS, 0 
NSEL.S,LOC,X.O 
NSEL,R, L0C.Y. -1.5,165 
D.ALL.UX.0 
NALL 
EALL 
NSEL,S,NODE,,2001,2O10 
D,ALL,ALL, 0 
NALL 
EALL 
SAVE 



FILE NO: KH-8009-8-03 
El PARSONS 

CLIENT DE&S Hanford, Inc. 
PROJECT MCO Design DOC. NO.: HNFSDSNF-DR-003, Rev. 2 ,  Appendix 5 

RNlS lON 

PREPARED BY I DATE 

CHECKED BY I DATE 

NSEL,A,NODE,,46 
NSEL,A,NODE, ,47 
NSEL,A,NODE, ,48 
NSEL,A,NODE, ,49 
NSEL,A,NODE, ,50 
NSEL,A,NODE, ,1131 
NSEL,A,NODE,,53 
NSEL,A,NODE, ,110n 
NSEL,A,NODE.,56 
NSEL,A,NODE, ,1107 
NSEL,A,NODE, ,5S 
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, ,112 0 
NSEL,A,NODE, ,1122 
NSBL.A.NODE, ,104 
NSEL,A,NODE, ,1124 
NSEL,A,NODE, ,1126 
NSEL, A, NODE, ,106 
NSEL,A,NODE, ,1128 
NSBL,A,NODE, ,1130 
NSEL,A,NODE, ,108 
NSEL,A,NOCE, ,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 
BSEL,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 
NSBL,A,NODE, ,144 
NSEL,A,NODE,,146 
NSEL,A,NODE, ,148 
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! Junction at She1 
! Bottom Shell 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

PAGE 109 0 1 2 
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! Shell a t  Sealing Surface! 

! Seal  Stop (Plug1 

! Plug Taper 

! S t a r t  Pug Bottom 



IPARSPNS 
FILE NO: KH-8009-8-03 

RRllSlON 0 

NSEL, A, NODE, ,80 3 
NSEL,A,NODS, ,783 
XSEL,A,NODB,,763 
NSEL,A,NODE, ,743 
NSEL,A,NODE, ,723 
NSEL, A, NODE, ,713 
NSPL,A,NODE, ,653 
NSEL,R,NOCE, ,673 
NSEL,A,NODE, ,653 
NSEL,A,NODE, ,633 
NSEL,A,NODE, ,613 
SF,ASL, PRES. 150 

NSEL, S I  NODE,, 41,50 
SFCUM, ?RES,ADD ! at 54 g ' s  
SF, ALL, PRES, 2079.5 ! Vertical Pressure f r o m  5 Baskets 
NSEL,S,NODE,,50,55,3 
NSEL, A, NODE, ,1101,1113,3 
NSEL,A,NODE,,1116,1146,2 
NSEL,A,NODE, ,100,116.2 
SFCUM, ?RES,ADD ! at 54 g's 
sfgrad,pres, 0, y, .69, - .3*54* ,217 
sf, al1,pres. 500+.3=54* ,217'25,741 
alls 
LSWRITE, 1 

1 2 PAGE 110 

/COM * * * *  LOAD 3: APPLYING 54g ACCELErWTION * * * *  
ACEL, ,54 
LSWRITE, 2 

PREPARED BY I DATE 

CHECKED BY I DATE 
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NSEL, A, NODE, ,1113 
NSEL,A,NODE,,65 
NSEL,A,NODE, , lOC 
NSEL,A,NOCE, ,1116 
NSEL, A, NODE, ,1118 
NSEL,A,NODE,.102 
NSEL,A,N3DE,,1120 
NSEL,A,NODE, ,1122 
NSEL,A,NODE, ,104 
NSEL,A,NODE,,1124 
NSEL,A,NODE, ,1126 
NSEL,;I,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,B,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,.B.,NODE, ,158 
NSEL,A,NODE, ,160 
NSEL,A,NODE,,162 
NSEL,A,NODE,,164 
NSEL,A,NODE.,166 
NSEL,A,NODE,,168 



! Shell at sealing Surface 

! Seal Stop (Plug) 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

! Plug Taper 

! Start Pug Bottom 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

SFCUM, PRES,ADD ! at 54 9's 
SF,ALL, PRES, 2079.5 ! Vertical Pressure from 5 Baskets 
NSEL,S,NODE,,50,55,3 
NSEL,A,NOCE, ,1101,1113.3 
NSEL, A, NODE. ,1115,~146,2 
NSEL, A, NODE, , lOC, 116,2 
SFCIM,PRES,ADD ! at 54 g's 
sfgrad,pres, O,y, .69, - .3*54* .?17 
sf,all.pres,500t.3*54*.217*25.741 
alls 

/corn. add weight of lifting cap 
nsel, s ,  node I ,295,2 97 
sfgrad.pres, 0.y. .69,0 
sf, all ,pres, 947.4 

Ells 
LSWRITE, 3 

~ ~~ 
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fini 
/soiu 
save 
LSSOLVE.1.3 
FIN1 

/COM * * * *  POSTPROCESSING ****  
/POST1 
SET.2 
/TYPE,ALL, EIDC 
IGLINE.ALL.0 
RSYS. 0 
PLNSOL, S, INT 
/DSOZLE, ,20 
/REPLOT 
NSEL,S, LOC,X, 11.49.11.51 
NSZL.R,LOC,Y,-O.33,149.53 
PRNS,U,X 
NALL 
EALL 
NSEL,S, L0C.X. 1.356.11.26 
NSEL,R, LOC,Y, 141.87.143.39 
PRNS,U, Y 
N U L  
EALL 
LPATH.1.41 
PRSECT 
LPATH, 9,49 
PRSECT 
LPATH, 10,50 
PRSECT 
LPATH, 50,52 



CLIENT DE&S Hanford, Inc. FILE NO: KH-8009-8-03 
'ROJECT MCO Design DOC. NO.: HNFSDSNF-DR-OOJ, Rev. 2 ,  Appendix 5 

REVISION 

PRSECT 
LPATH, 1101,1103 
PRSECT 
LPATB.62.64 
PRSECT 
LPATB, 134,135 
PRSECT 
LPATH, 180,181 
PRSECT 
LPATH,232,204 
PRSECT 
LPATiil, 232,234 
PRSECT 
LPATH,245,261 
PRSECT 
LPATH, 2 6 2,264 
PRSECT 
LPAT2.274.276 
PRSECT 
LPATH.277.275 
PRSECT 
LPATH, 292,294 
PRSECT 
LPATA.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,1250,1260 
PRSECT 
LPATH, 1282,1262 
PRSECT 
LPATH, 1283,1263 
PRSECT 
LPATH.1274.1254 
PRSECT 
LPATH.1276.1256 
PRSECT 
LPATH,431,434 

0 1 2 PAGE 114 

PREPARED BY I DATE 

CHECKED BY I DATE 

I ZGS 4/17/97 

JN 4/17/97 

ZGS 07/14/98 I@- 02/09/99 

HA 07/14/98 02/09/99 

OF 125 
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PRSECT 
LPATH.406.426 
PRSECT 
LPATH, 921,498 
PRSECT 
LPATH.434.424 
PRSECT 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

SET, 3 
/TYPE,ALL, HIDC 
/GLINE,ALL, 3 
RSYS, 0 
PLNSOL, S ,  INT 
/DSCALE,,20 
/REPLOT 
NSEL,S, L0C.X. 11.49.11.51 
NSEL,R,LOC,Y,-0.33.149.63 
PRNS, U, X 
NALL 
EALL 
NSIL, S ,  LOC, X, 1 356,ll. 26 
NSEL,R,LOC,Y,141.87,143.39 
PRNS,U,Y 
NALL 
EALL 
LPATH,l,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,232,204 
PRSECT 
LPATH.232.234 
PRSECT 
LPATH ,24 9,261 
PRSECT 
LPATH,262,264 
PRSECT 
LPATH,274,276 
PRSECT 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

LPATH,277,279 
PRSECT 
LPATH.292.294 
PRSECT 
LPATH,601,641 
PRSECT 
LPATA,601,613 
PRSECT 
LPATH, 6 0 3 , 6 8 3  
PRSECT 
LPATH, 605,705 
PRSECT 
LPATH, 766,806 
PRSECT 
LPATH, 768,808 
PRSECT 
LPATH.750.810 
PRSECT 
LPATH, 736,815 
PRSECT 
LPATH, 865,874 
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, 1276,1255 
PRSECT 
LPATH ,43 1,434 
PRSECT 
LPATH,406,426 
PRSECT 
LPATH,921,498 
PRSECT 
LPATH,404,424 
PRSECT 
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PREPARED BY I DATE 

CHECKED BY I DATE 

COMPUTER RUN COVER SHEET 

ZGS 4/17/97 ZGS 07/14/98 OF 125 

JN 411 7/97 HA 0711 4/98 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

KH-8009-8 

ANSYSo-PC 

5.4 
Windows NT 4.0, Pentiumo II Processor 

KH-8009-8-03 
BBED.out 

MCO Bare Bottom End Drop 

17 December 1998 13:21:45 PM 

kM JOE nllc&Ls 
Prepared By: Jose/ph C. Nichols Date' ' 

Checked By: Mike Cohen Date ' 

REVISION I 0 I 1 I 2 I PAGE 11 7 
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REVISION 0 1 2 

PREPARED BY I DATE ZGS 4/17/97 ZGS 07/14/98 @ 02/09/99 

CHECKED BY I DATE JN 4117197 HA07114198 d&fTRl 09/99 

COMPUTER RUN COVER SHEET 

PAGE 118 

OF 125 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date /Time: 

KH-8009-8 

ANSYSm-PC 

5.3 

Windows 95, Pentiumm I I  Processor 

KH-8009-8-03 

MCObtm990204.inp 

Support Plate Weld Analysis Input 

9 February 1999 9:31:45 AM 

Prepared By: Dwight Barlow Date 

v 
Checked By: Hedy Averette 'Date 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

/BATCH, LIST 
/title.MCO SHELL BOiTOM, 990209B 
/COM MCO SHELL BOTTOM, 450 PSI. 270F, 5 /16  WELD 
/COM fn = MCObtrn990204 
/FILENAME,MCObtm990204 
/PREP7 

/triad,ltop 

*afun,deg 
/COM ELEMENT TYPES 
ET,I,SOLID 45 ! SHELL BTM 
ET,L,SOLID 45 
ET,3,SOLID 45 ! PROCESSTUBE GUIDE 
ET,4,SOLID 45 ! SHELL WALL 
ET,B,SOLID 45 
ET,G,SOLID 45 ! GUIDE WELD 

ET,7,SHELL63 
R,7,.1 

/COM NO REAL CONSTANTS REQD 

/COM MATERIAL PROPERTIES, SA-I82 F304L AT 270F 

MP,NUXY,I ,.3 
MP,DENS.1,.283 

ICOM NODES 

/CON SHELL BOTTOM 

N,4,1.25,0,0 
FILL 
N,6,2.13.0,0 
FlLL.4.6 

! BASKET SUPT PLATE 

! BASKET SUPT WELD 

! FOR MODEL CONSTRUCTION ONLY 

MP,EX,I ,27.18E+6 

N,1,0,0,0 
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N,15,10.58.0,0 
FILL, 6,15 
N,19,11.4049,0,0 
FILL,15,19 

N.101.0.1.13.0 
N i l  04;1:25,1:13,0 
FILL 
N, 1 0 6 2  13.2.01 .O 
FILL,104.106 
N,115,10.58,2.01.0 
FILL, 106,115 
N,116,11.0125,2.01 ,O 
N,119,12.04,2.01,0 
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FILL,116,119 

FILL,I, 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 ,O 
N,125,12.04.2.51 ,O 
FILL 
N,126,11.5125,2.74,0 
N,128,12.04,2.74,0 
FILL ! TOP OF SHELL WELD 

~ 

RNlSlON 

PREPARED BY I DATE 

CHECKED BY 1 DATE 

N,129,11.4925,3,0 ! SHELL WALL 
N,130,12.04,3,0 
NGEN,7.2,129,130,1,0,.85,0 

~ ~~ ~ ~ 
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lCOM CYLINDRICAL COORD SYSTEM 
CLOCAL,11,1,,,,, -90 

NGEN,2,1400,1,142,1,0,30,0 1 FAR SIDE NODES 

CSYS,O 

NSEL,S,LOC,Z,-.OI,.OI ! FRONTFACE 
NSEL,R,LOC,X.2.1.10.6 !UNDER WELD 

NSEL,R,LOC,Z,-.O1 ..01 ! RIB 

! AT GLOBAL ORIGIN, Z IS GLOBAL Y 

! GLOBAL CART COORD SYST 

NGEN,2,200,ALL,. ,O,O,-.25 

NGEN,2,400,ALL ,,,,, -.5625 ! 5/16 WELD 

NSEL,S,LOC.Z,-.01,.01 
NSEL, R.LOC.X,10.6,13 
CSYS.11 ! CYL. 
NGEN,3,200,ALL,,,O,I .52,0 
NALL 

FILL,406,1406,4,606,200,6.20 
FILL,415,1425,4.625,200,6,20 
CSYS,O ! CART. 
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 

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 

! FRONT FACE BEYOND WELD 

CSYS,11 ! CYL 
! FILLS BTM BEYOND WELD 
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REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

FILL,496,1496,4,696,200,4, I 
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 

CSYS,11 
FI LL,5.1405,6,205,200,6,20 
FI LL,4,1404,6,204,200.6,20 
FILL,3.1403,6,203,200,6,20 

CSYS,O 
N,1603,1.25.2.01.0 
N,1604,1.375,2.01,0 
N,1605,1.625,2.01,0 
N,1606,2.13,2.01 ,O 
N,1615,10.58,2.01 ,O 
FILL 
N,1616,11.08,2.01 ,O 
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! INNER FACE OF SHELL 
!OUTER FACE OF SHELL 

' CYL. 
! CENTER OF SHELL BOTTOM 

! END OF SHELL B O T O M  

! CART 
! BASKET SUPT 

NGEN,2,20,1603,1616,1,0, 3125,O 
NGEN,2.40,1603,1616,1,0,.65,0 
NGEN,3,20,1644,1656,1,0,.295,0 
NSEL,S,NODE,,1600,1699,1 
NGEN,3,2OO,ALL,, ,O,O,-.25 
NALL 

N,2001,.6875.2.66.0 !TUBE GUIDE 
N,2002,1.1875,2.66,0 
N,2003,1.375,2.66.0 
NGEN,3,20,2001,2003,1,0, .295,0 
NGEN,6,20,2041,2042,1.0,.509,0 
CSYS.11 ! CYL. 
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 ! END OF TUBE GUIDE 

CSYS,O 
NALL 
NLIST 

C O M  ELEMENTS 

/COM SHELL BOTTOM 

P(PE,I 

! CART. 
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E,1,2.1402.21,22,1422 ! SHELL BOTTOM 
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 
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E, 1405,1206,1406,1425,1226,1426 
EGEN,5,20,-20 

E,6,7,207,206.26,27,227,226 
EGEN.7,200,-1 
EGEN,5,20,-7 
EGEN,13,1,-35 

E,116,120,117,316,320,317 ! DIFFERENT ORIENTATION 
EGEN,7,200,-1 
E.117,120,121 , I  18,317,320,321,318 
EGEN,2,1 ,-I 
EGEN.7.200 -2 
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EGEN,3,3,-14 
E,126,129,127,326,329,327 ! SHELL WALL 
E, 127,129,130,327,329,330 
E,127,130,128,327,330,328 

E,129,131,132,130,329,331,332,330 
EGEN,6,2,-1 
EGEN,7,200,-6 

lCOM BASKET SUPPORT 
TYPE,2 
E.1603.1604.1804.1803.1623.1624.1824.1823 

EGEN,7,200,-3 

! END OF BOTTOM PLATE 

, . ,  

E G E N , ~ , ~  ,-I '  
E.1623,1624,1824,1823,1643,1644,2203,1843 
E,1624,1625,1825,1824,1644,1645,1845.2203 
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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,I0,1,-4 
€,I61 5,1635,1636,315,1835,1836 
E,1635,1636,1836,1835,1655,1656.1856,1855 
EGEN,3,20,-1 

ICOM TUBE GUIDE 
TYPE.3 
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~ , 2 0 0 i  ,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 

ICOM BASKET SUPPORT WELD 
TYPE,5 
E,306,506,1826,307,507,1827 
EGEN,9, 1 .-I 

ICOM GUIDE WELD 
E,2203,1845,2403,2223,1865,2423 
EGEN,2,20,-1 

ELIST 

ICOM BOUNDARIES 
CSYS,?l ! CYL 
NROTAT,ALL 
NSEL,S,LOC,Y,-.O1 ,.01 
DSYM,SYMM,Y,I 1 
NSEL,S,NODE,,1400,1600,1 
NSEL,A,NODE,,26OO, 2800 
DSYM,SYMM,Y,I 1 

NSEL,S,LOC,Z,8,8.5 
D,ALL,UZ,O 
NALL 

CSYS,O 

EALL 
NALL 
ALLS 

FIN1 

! CAT 
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CSYS,11 
NSEL,R,LOC,Z,I 129,l 131 
NSEL,R,LOC.X,- 1,1 26 
SF,ALL,PRES,450 

NSEL,S,NODE.,104,1504,200 
NSEL,A,NODE,,lO5,1505,200 
NSEL,A,NODE.,I 06.1 506,200 
SF,ALL,PRES,450 

NSEL,S,LOC,Z,2 0,2 015 

SF ALL,PRES,450 

NSEL,S,NODE.,I 16,1516,200 
NSEL,A,NODE,,120,1520,200 
NSEL,A,NODE,,123,1523,200 
SF,ALL,PRES,450 

NSEL,S,LOC,X,II 4 9 , l l  52 
NSEL,R,LOC,Z,2.8 5 
SF,ALL,PRES,450 

CSYS,O I CART 

NALL 
EALL 

SAVE 
LSWRlTE 

LSSOLVE , I 
SAVE 
FIN1 

NSEL,R,LOC,X,- 1,11 1 
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I. INTRODUCTION 
The canister collar is welded to the shell to provide a sealing surface for the shield plug seal 
and has a double lead buttress thread for positioning of the locking ring. After 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 ANSYSO analysis is used. 

PAGE 4 
of 95 

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 II - Materials, Part D - Properties, 1998 
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 111, Subsection NG - Material, 1998 
Edition. 

6. Duke Engineering & Services Hanford, Inc, Specifications Drawings, Drawing H-2-828042, 
Sheets 1, 2 and 3, Revision I. 

7. Swanson Analysis System, Inc., ANSYSO Engineering Analysis System User‘s Manual, 
Volumes I, I I  and 111, Version 5.4, December 1997 and Version 5.3, June 1996. 
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Engagement,” ANSI B1.9 - 1973, American Society of Mechanical Engineers, New York, 
New York. 
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10. ASME Boiler and Pressure Vessel Code, Section 111, Subsection NB - Class 1 
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3. ASSUMPTIONS 
1. Pressure is applied uniformly 
2. Others as noted 

4. 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 
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Figure 1: Lifting Cap with Gripping Shoe Configuration 

Iote: This illustration does not show the helium leak test hole 

. MATERIAL PROPERTIES 
The lifting cap is fabricated from SA-I82 F304L stainless steel and the canister collar is 
fabricated from dual certified SA-I82 Type F304L/F304 stainless steel. Values are taken from 
Section I I ,  Part D of the Code (See [2]) and are listed in Table 1. 
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70" F 200" F 300" F 270" F 
28.3 x I O 6  27.6 x I O 6  27.0 x I O 6  27.18 x I O 6  

30,000 25,000 22,500 23,250 

75,000 71,000 66,000 67,500 

20,000 20,000 20,000 20,000 

Mean Coefficient of Thermal Expansion from 70" to Temp. - inlinPF x 1 O4 I 

a-inlinl"F I 8 . 5 5 ~ 1 0 '  1 8 . 7 9 ~ 1 0 '  I 9.00x10'  I 8.97 x I O '  1 
100°F 200°F 300°F 270°F , 
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1 Material I Elastic Modulus, psi I S,, psi 
(270°F) (270°F) 

1 B8SA (Bolting) I 
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. ACCEPTANCE CRITERIA 
This calculation considers (1) lifting loads and (2) pressure loads. Criteria for each are 
described below. 

.I Lifting Loads 
Per Section 4.1 1 of the MCO Specification (See [I]), the lifting cap design “shall be 
capablelconfigured for lifting the MCO with the same equipment described in Section 4.13.” 
Section 4.13 of [ I ]  describe such equipment as a I‘ 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: 

PAGE 8 
of 95 

s, 19.8 hi 
3 3  
S, 58.0hi 
5 5  

- - 6.6 hi 

- - 11.6 hi 

3 use: P, + p6 < 6.6 hi 

.2 Pressure Loads 
Per Section 4.1 1 of [I], “ 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. 

#.3 Welds 

Per Section 4.17 of [I], “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 111, Division I, 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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Temperature 

O F  O C 
270 132 

Table 2: Level A Allowables 304L 

snl Design / Level A Stress Limits 
pnl (P,or PJ + P, 

(From Table 1) (S,) (1.5SJ 
16.70 ksi 16.70 ksi 25.10 ksi 

I 0 I 1 I 2 I REVISION 

PREPAREDBY /DATE I ZGS 41171971 ZGS 7/14/981&5 02/12/991 

. 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 

PAGE 9 
of 95 

The lifting cap is evaluated using hand calculations and ANSYSB 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 ANSYSO 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 ANSYSB 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 ANSYSB analysis (Section IO) should be 
considered as peak stresses. 

.I Lifting Load 

The lifting cap must support the total weight of the MCO and contents for lifting. Per Section 
4.13 of [I], 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). 

,- - 
CHECKED BY I DATE I JN 4/17/971 HSA 7/14/98(= 02/12/991 
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Each gripping shoe will carry a weight W of 

p=-- 240001b - 4000 Ibs 
6 

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 

40: - 0:) - n(24.08' -23.0252) - 
4 4 AIhd = 

A,,,, = 39.01 in2 

PAGE 10 0 1 2 
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and the area of the section is 

39.01in2 4,m = - - - 6.50 in2 
6 

Therefore the stress through the shell due to the lifting load is 

P 4000 
o,=---- - - 615 psi 

Asation 6.50 

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 relief 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 

kllar = 30.53 in2 

and the area of the section (116 of total area. is: 

/I\collarsecfion = 5.09 in2 
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Therefore the axial stress through the canister collar due to the lifting load is 

I 

ZGS 4/17/971 ZGS 7 / 1 4 / 9 8 ~  02/12/991 of 95 
JN 4/17/97] HSA 7 / 1 4 / 9 8 ~ 0 2 / 1 2 / 9 9 1  

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 a, =- 

p = internal pressure = 450 psig 

R = mean radius = (24.00+23.00)/4 = 11.75 in. 

t = thickness of MCO shell = 0.5 in. 

t 

where 

Therefore 

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. 

(450)(12.453) = 7512 psi - axial stress 
= 2(0.373) 

(450)(12'453) = 15024psi - hoop stress at the thread relief. 
= 0.373 

REVISION I n 1 1 I 2 I I P A G E I ~  
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.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 

0 1 2 PAGE 12 
of 95 ZGS 411 7/97 

JN 4/17/97 HSA 7/14198& 02/12/99 

ZGS 711 4/98 y@ 0211 2/99 

q(L+p) = 5288+615 = 5903 psi - axial stress at the shell 

on(r+p) = 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 [ I O ]  addresses “nonintegral 
connections”, including “screwed in plugs” and “shear ring closures”, which are subject to 
failure “by bell mouthing or other types of progressive deformation”. Such failures are 
addressed in NB-3227.3 by limiting the primary plus secondary stress intensities to the material 
yield strength. 

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(.25) = 24.35 inch 

The mean radius of the thread relief is 12.453. therefore the offset is : 

24.35 
2 

Offset = 12.453 - - = 0.278 inch 
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The maximum preload is 200,000 Ib (conservative upper bound from Appendix 4) and the 
moment per unit length around the thread relief is: 

2 PAGE 13 
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(0.278)(200,000) in-lb 
=71059 - 

2d12.453) in 
Mo = 

Using Ref. 141 ,Page 462, Case 11 : 

Input: Length =I40 inch 
Mean radius = 12.453 in. 
Elastic Modulus = 29 x I O 6  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 

D=-- E(t3) - 1.378 x lo5 lb in. 
12(1- "2) 

lb - in 
M (point of interest) = 355.29 - 

in 

o ~ ~ ~ , , ~ ~ ~ ~ ~ ~  = Meridional Bending Stress = 15,320 psi (axial direction) 

o ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~  = Circumferential Membrane Stress = 76 psi ( hoop direction) 

o ~ ~ ~ , ~ ~ ~ ~ ~ ~  = 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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Stress 

 AXIAL 
GHOOP 

Preload +Lifting Load 
Area 'Jaxi+iirret = 

Stress Category Allowed Section 8.3.2 Ratio 

P,+Q 23,250 psi 22,657 psi 0.97 
Results 

P,+Q 23,250 psi 4,673 psi 0.20 

200,000 + 24000 
353 

- - =7,337 psi 
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= total axial stress = G ~ ~ ~ ~ , ~ ~ ~  + G ~ ~ ~ , , ~ ~ ~ ~ ~ ~  

= 7,337 + 15,320 = 22,657 psi 

O h  = total hoop stress = Ghwp.mernbrane + Ghoop.knding 

= 76+4,597 = 4,673 psi 
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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. 

1. ANSYSO 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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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. 
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.1.2 Loading 
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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 lifling 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 [I] “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 in2 (1.97” x 
0.66). Figure 1 shows the six elements representing that area. Since the gripping shoe has 
an area of 1.3 in2, the total load F, applied at each set of elements representing the lifting 
areas, is 

Arhoe = 13 in2 

P=4000 Ibs (See Section 8.1) 

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. 

#.I .3 Results 

Stresses are classified as membrane plus bending stresses: P, + P,. 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 results. 
ANSYS results are obtained using LPATHlPRSECT 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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Stress Stress Allowed Section 8 ANSYS Results 
Category Results 

SL PM 31.94 ksi 615 psi 762 psi 
SHCQD PM 31.94 ksi 10575 psi 10,060 psi 
SL+P P M  31.94 ksi 5903 psi 5,462 psi 

~ ~ ~~~ ~~ 

Table 4: Hand vs. ANSYS Rsults 

Ratio 

0.02 
0.32 
0 17 

Lifting Ear 
Lifting Cap Transition 

Weld 

Calculated stress 
Allowable Stress 

Ratio = 

Table 5: ANSYS Results-Pressure@ + Lifting 

P M  p, 
Section 6.1 9,955 psi 19,760 psi 0.50 
Section 6.1 13,450 psi 19,760 psi 0.68 

ASME Section NG 10,270 psi 25,100 psi 0.41 

I/ Location 
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Stress intensities I Criteria Ratio // 
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Table 6: Ansys Model Stress Report Section 

49488 

28597 

24276 

24304 
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SUB = 1  
TIME=2 

DMX =.325134 
SMN =176.965 
SMX =20194 
SMXB=29 165 
A =1289 
B =3513 
c =5737 
D =7961 
E =I0186 
F =I2410 
G =I4634 
H =I6858 
I =19082 

SlNT W G )  

Figure 2: Stress Intensities - Upper & Lower Front Views 
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DEC 16 1998 
19:28:20 
PLOT NO. 1 
NODAL SOLUTION 
STEP=2 
SUB = I  
TIME=2 

DMX =.325134 
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SMN =176.965 
SMX =20194 
SMXB=29165 
A =1289 
B =3513 
c =5737 
D =7961 
E =lo186 
F =I2410 

= 14634 
= 1 6858 

= 19082 

Figure 3: Stress Intensities - Upper & Lower Back Views 
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2 

MCO Liftina 

Figure 4: Stress Intensities Lifting Cap 

ANSYS 5.4 
DEC 16- 1998 
19:35:03 
PLOT NO. 1 
NODAL SOLUTION 
STEP=2 
SUB = 1  
TIME=2 

DMX =.325134 
SMN =176.965 
SMX =17253 
SMXB=21911 

SlNT W G )  

=I 126 
=3023 
=4920 
=6818 
=8715 
=I0612 
=I2510 
= 1 4407 

= 16304 



1. DETAILED THREADlCLOSURE EVALUATION 
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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. 
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3.1 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 
strippingkhear area, per inch of engagement, for Acme threads is given as 

A, = 33416.0, max[0.5+ntan14.5"(Dz min.-D, rnax)] 

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: 

lengage := 2.770 in 

D min = 24.168 . in 

A = x . D  min.OS.lengage 

2 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 O.6Sm per ASME 
Section 111, Subsection NB-3227.2 [IO] ): 

P,, = 200,000 Ib 

PAGE 23 
of 95 

T~ = 1902 psi 

Ib 
Srn132 := 22740 - 

in2 
Locking Ring - 304N @ 132°C 

7 s  Ratio := 
o.6’ ‘rn132 

Ratio = 0.139 

Thus, the thread stripping area is adequate for the maximum jacking bolt loading. 

The detailed thread/closure model 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 following 
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 
bolffshield 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 

v -  
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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 
THRDIG.out, respectively . A summary of the results for the load sequence discussed in 
Section 10.1 follows below. 

The stressktrain 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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6 2 4.5 0” 

Pitch = 0.25 in. 
he = 0.1410 in. 

h, = 0.1660 in. 
F = 0.04080 in. 

Figure 6: Thread Detail Geometry 
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Figure 7: Finite Element Model of MCO ThreadlClosure Region 
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JAN 6 1999 
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ELEMENTS 
TYPE NUM 
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XYF :-I30719 
2-BUFFER 
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Figure 8: Stress Intensity Contours, Bottom Threads 
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Figure 9: Equivalent Strain Contours, Bottom Threads 
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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 bolt 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. It is 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. 

PREPARED BY / DATE I ZGS 4/17/971 ZGS 7 / 1 4 / 9 8 w  02/12/991 

The applied loads are: 

of 95 

MCO weight = 24,000 Ib = 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 

Di = 24.25 inches 

internal pressure 

Cap maximum internal diameter 

n 2  
4 

Wp := P -  D 

= 450 x 114 x 24.252 

= 207,839 Ib 

7 -  
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The total axial load is: 

F, = W,+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 
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D, = mean diameter of thread relief = 2 x 12.463 = 24.9.. inches 

A = xDt = (3.1416)(24.93)(0.373) 

A = 29.21 in2 

The membrane stress: 

F, 431,839 
gmidr renzbme - - - 14,784 psi A 29.21 

At 270°F, S, 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. 



1 1 .  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 #I 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  .I T e s t  Plug (Item 8) 

The test plug, Item 8, is SA-193,Grade 68s 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)O.9Sy. For SA-I93 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 

A, ( 1  3/4-12UN-2A)=2.19in2 
F = oA, = 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 = 1.75 in. 

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. 
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The pressure load is 450 (~/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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DsMIN = minimum major diameter of external thread = 1.7368 in 
E,,,,,, = maximum pitch diameter of internal thread = Z ,7037 in 
L, = length of engagement = 9.0 - 2.13 - 5.46 = 1.41 in. 

AS,GiTERNAL 

L E  

= 3.979 in2/in 

= 5.61 in2 
&.INTERNAL = 3.979 (1.41) 

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 
considering the cover plate as simply supported at the edge. The maximum stress intensity is 
considered a P, + P, stress and is limited to 1.5 S,. 

qa2(3+ v) 
Maximum Bending Moment = M, = ~ 

16 

q = pressure load = 450 psi 
a = plate radius = 2 in. 
v = Poisson’s ratio = 0.27 
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6(450)(2.0)’(3.27) 
16(0.31)’ 

= 22,968 psi 

OMAX = 

PAGE 33 
of 95 

Stress Intensity = cMAX - o~~~~~ 

= 22,968 + 450 = 23,418 psi 

Allowable = 1.5 S, = 1.5(16,700) = 25,050 psi 

R =  -- 23’418 - 0.93 
25,050 

Total Load on Weld 
Peripheral Area Weld Stress = 

n 
-(4.0)*(450) 

- 4  = 2040 psi 
44.0)( 0.31)(.707) 

Allowable Stress = (O.9)0.6SM = (0.9)0.6(16,700) = 9,018 psi 

Note. 0.9 weld factor per Code Case N-595 Part 1 .c 

Therefore, the 5/16-inch plate is adequately sized for 450 psig 
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COMPUTER RUN COVER SHEET 

0 1 2 PAGE 35 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date /Time: 

KH-8009-8 

ANSYS8-PC 

5.4 

Windows 958, Pentiurn8 Processor 

KH-8009-8-04 

caplift.inp 

Stress Analysis of Lifting Cap 

16 December 1998 06:08:56 PM - 2 - / z  -9F 
Prepared By: Joe Nichols Date 

/ 9F 
ecke/d By: Zachary G. Sargent 'Ddte 
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In; 
cle 
FILENAM, CAPLIFT 
PREP7 

COLOR,NUM, BLUE, 1 

’REF, 7 0  
’UNIF, 270 
:TAN=0.006 

TITLE, K O  Lifting 

0 1 2 PAGE 36 
ZGS 4/17/97 ZGS 7/14/98y/J 02/12/99 of 95 
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LISTING OF CAPLIFT.INP 

! Tangent modulus 

‘COM * * * *  ELEMEMT TYPES * * * *  
:T,  1, SOLID45 ! Shell & Coliar 
:T,2,SOLID45 ! Lifting Cap 

‘COM * * - *  DEFINING TEMPERATURES FOR MPDATA * * * *  
‘!PTEMP,1, 70,100,200,300,400,500 
IPTEMP,?, 600,650,700,750 

‘COM * * - *  DEFINING ELASTIC MODULI FOR 304L.& SA-193 * * * *  
1~D~~~,~~,l,1,28.3eiO6,28.le+O6,27.6e+O6,27.Oe+O6,26.5e+O~,25.8e+O6 
IPDATA,EX,1,7,25.3e+O6,25.le+O6,24.8e+O6,24.5e~O6 

‘COM * * * *  MEAN COEFFICIENTS OF THERMAL EXPANSION (in./in./(F) * * * *  

4PDATA,ALPX, 1,1,0,8.55e-06,8.79e-06,9.00e-G6,9.i9e-06, ?.37e-06 
SA240 Gr 304L 

,!PDATA,ALPX, 1,7,9.53e-06,9.61e-06,9.69e-06,9.76e-06 

’COM * + * * * * + * * + i t +  SSELL GEOMETRY * * x t t * * * + + t * t t t *  

:R=I1.49 ! Internal Shell Radius I? Bottom 
)R=12.000 ! Shell Outside Radius B Bottom 
:R2 = 12.02 
)R2 = 12.655 
IR3 = 12.284 

! Inside Radius at Collar Sealing Surface 
! Outside Radius at Collar Sealing Surface 

! Inside Radius at Collar-Lifting Ring Weld 
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R4=12.174 ! Inside Radius 

CON ** '* BOTTOM PLATE [DWG SK-2-3003781 * * - *  

,2,1.25, -1.32 
,3,2.13,-1.32 
,10,11.423,-1.32 

,1,,-1.32 ! Row 1 

0 1 2 PAGE 37 
ZGS 411 7/97 ZGS 7 / 1 4 / 9 8 ( w  02/12/99 of 95 

JN 4/17/97 HSA 7/14/98 02/12/99 

ILL 

,4 1,o. 00, -0.19 
,42,1.25, -0.19 
,43,2.13,0.69 
,50,IR,0.69 
ILL, 43, SO 
,52,OR, 0.69 
ILL, 50,52 

ILL,1,41,1,21,1,10 
ILL,10,50,1,30 
,32,12,-0.32 
ILL, 30,32 
ILL, 10,32,1, 11 
,53, IR, 1.17 
,55,OR, 1.17 
ILL, S3,55 
ILL, 50,53,1,1101 

ILL, 52,55,1,1103 
ILL,51,54, i, 1102 

! Row 3 

! Middle Row 

! She11 Sttib/Weld 

COM *.'** SiiELL [ D W G S  SK-2-300379 & SK-2-30046lj * * " *  
,6S, IR, 6.68 
,67, OR, 6.68 
ILL 
ILL,53,65,3,, 3,3,1 
ILL, 53,56,1,1104 
ILL, 55,58,1,11O6 
ILL, 1104,1106 
ILL,56,59,1,111)7 
ILL,58,61,1,1139 
ILL,1107,1109 
ILL, 59,62,1,1110 
ILL, 61,64, 1,1112 
ILL, 1110,1112 
'ILL, 62,65,1,1113 
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FILL, 64,67,1,1;15 
FILL, 1113,1115 

/COM * * * *  SINGLE ROW SHELL * * * *  
N, 100, IR, 7.18 
N, 140, IR, 71.68 
N,180,IR,136.68 
N,101,OR,7.18 
N, 14 1, OR, 7 i .68 
N,181,OR,136.68 
FILL, 100,140,20, ,2,2,1,2 . O  
FILL, 140,180,19, ,2,2,1, .5 
FILL, 100,102,2,1116,2 
FILL, 102,104,2,1120,2 
FILL,104,106,2,1i24,2 
FILL, 106, i08,2,1128,2 
FILL,108,110,2,1132,2 
FILL, 110,112,2,1136,2 
FILL,112,ll4,2, i140,2 
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,OR, i37.18 
FILL 

0 1 2 PAGE 38 
ZGS 4/17/97 ZGS 7/14/98 &02/12/99 of 95 
JN 4/17/97 HSA 7/14/98 211 2/99 

! Inside 

! Outside 

! Transition to Double BOW 

/COM * * * *  BASE O F  CASK THROAT--ELEVATION: 138 INCHES * * * *  
N, 217, IR, 142.68 ! Transition to Double Row 
N, 219,OR, 142.68 
FILL 
FILS, 190,217,8, ,3,3, i ! Vertical Fill 

/COM * * * *  BOTTOM OF COLLAR TRANSITION * * * *  
N,235, IR, 146.06 ! Start of Transition to Large 0.D & 
N,2 3 7 , OR, 1 1 6 . 0 6 ! Assumed Location of Shield Plug 
Taper 
FILL 
N,238,IR, 146.68 
N, 24 0, OR, 11 6.68 
k ILL 
?ILL,217,235,5, ,3,3,1 ! Vertical Fill 

/COM * * * *  TOP OF C0LLF.R TRANSITION * * * *  

! Horizontal Fill --- 
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,241,IR,147.31 ! End of Transition to Large 0.D & 
,243,OR, 147.31 ! Assumed Location of Shield Plug Taper 
ILL ! Horizontal Fill 
GEN,2,3,241,243, l,, 0.75 

COM * * * *  COLLAR SEALING SURFACE * * * *  
,247, IR, 149.63 ! Inside Radius of Sealing Surface 
,249, IR2,149.63 ! Outside Radius at Sealing Surface 
ILL ! Horizontal Fill 

0 1 2 PAGE 39 
ZGS 4/17/97 ZGS 7/14/98tH 02/12/99 of 95 
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COM * * * *  THICK WALL AT COLLAR TRANSITION * * * *  
GEN,2,10,240,249,3 ! Nodes 250-259 Coincident w/240-249 (by 
) 
,255,OR2,147.31 ! Outside Surface 
,2 6 1,0R2,14 9 .63 ! Outside Surface 
,258,OR2,148.06 
,980,iR,149.38 
,981,11.755,149.38 
,982, IR2,14 9.38 
,983,12.317,149.38 
,984,OR2,149.38 
,99O,OR2,14 6.68 
iLL,240,990,?, 251 
GEN,2,5,980,984, l,, -3.56 
ILL,246,258,1,257 
iLL,253,255, l,, 1,3,3 
ILL, 237,990,1,991 

COM * * * *  COLLA?, AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) 

GEN,2,3,259,,,,0.175 ! Nodes 262 

COM * * * *  C0LLA.R AT TOP EDGE OF PLUG (1.44" above bottom Edge) * * * *  
GEN,2,9,262,, , ,1.655 ! Nodes 271 
'iLL,262,271,2 
GEN,3,1,259,27i,l, (OR?-iR2)/2 

COM * * * *  COLLAR AT BASE OF THREADS * * * *  
,274,IR4,151.58 
,100O,IR2,151.58 

COM * * * *  TOP TO ZOLLAR (WELD CLOSURE) * * * *  
,271, IR4,152.26 
,280, IR4,152.35 

* * *  



,283,134,153.53 
,285, 134,154.32 
,289,IR4,154.725 
,290,12.47,154.725 
,2 9 1,0R2,154 .7 25 
,292, IR3,155.30 
,295,IR3,155.875 
,300, IR3,154.725 
,302,IR3,155.745 
,304,OR2,155.745 
ILL, 302,304 
SEN, 2,1,274,289,3,0.27 
JEN,2,1,275,290,3,0.211 
JEN,3,1,292,295,1, (OR2-IR3)/2 

:OM CHANGING TO LOCAL COORDINATE SYSTEM 
3CAL,30, l,, , , ,90 ! Cylindrical Coordina:e for Ncdal Sweep Pattern 

DELE, 30~l,108041,3000 
DELE, 3021, i08021,3050 
DELE, 3001,1~8001,3000 
DELE, ~300,109300,3000 
DELE, 4299,109299,3000 

Deleting Extra Nodes at Bottcm Plate Axis 

! Deleting Nodes at Lifting Cap Axis 

3 0 M  * * * * * * * * t r i * *  ELEpJENT GENERATION * C * * * * * * * r x t *  

301y * * * * * * * * t i * * *  SHELL, **********r*i 

YPE, 1 ! SOLID45 - 8 Node Brick 
,2,3002,1,1,22,3022,21,21 ! Boctom Place 
repeat, 18,30@3,3OOO,, ,3000,3000,, 

,22,3022,21,21,42,3042,41,41 
repeat, 18,3000,3000,, ,3000,3000,, 

,23,42,22,22,3023,3042,3022,3022 
,3,23,22,22,3003,3023,3022, 3022 

?€VISION 0 1 2 PAGE 40 

:HECKED BY / DATE JN 4/17/97 HSA 7 / 1 4 / 9 8 w  02/12/99 
'REPARED BY I DATE ZGS 4/17/97 ZGS 7/14/9a@ 02/12/99 of 95 
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,2,3,22,22,3002,3003,3022,3022 
GEN, 18,3000, -3 
,3,4,3004,3003,23,24,3024,3023 
GEN, 7,1, -1 
GEN, 18,3000, -7 
,23,43,42,42,3023,3043,3042,3042 
GEN, 18,3000, -1 
,23,24,3024,3023,43,44,3044,3043 
GEN, 9,1, -1 
GEN, 18,3000, -9 
,lo, 11,3011,3010,30,31,3031,3030 
GEN, 18,3000, -1 
,32,11,31,31,3032,3011,3031,3031 
GEN, 18,3000, -1 
,50,51,3051,3050,1101,1102,4102,4101 ! Botcom Shell 
GEN, 5,3, -1 
GEN, 18,3000, -5 
,1101,1102,4102,4101,53,54,3054,3053 
GEN, 5,3, -1 
GEN, i8,3000, -5 
,51,52,3052,3051,1102, i103,4103,4102 
G E N ,  5,3, -1 
GEN, 13,3000, -5 

GEN, 5,3, -1 
GEN, 18,3000, -5 
,, 100,65,66,66,3100,3065,3066,3066 
GEN,18,3000,-1 
,, 67,101,66,66,3067,3101,3066,3066 
,GEN, 18,3000, -1 
.,loo, 101,66,66,3i00,3101,3066,3066 
:GEN, 18,3000, -1 
:, 100,101,3101,3100,1116,1117,4117,4116 
: G E N ,  18,3000, -1 
~,1116,1117,4117,4i16,1118,1119,4119,4118 
:GEN, 8,4, -1 
iGEN, 18,3000, -8 
:,1118,1119,4114,4118,102,103,3103,3102 
repe,8,4,4,4,4,2,2,2,2 
:GEN, 18,3000, -8 
!, 102,103,3103,3102,1120,1121,4121,4120 
repe,7,2,2,2,2,4,4,4,4 

: G E N ,  13,3000, -7 
:, 116,117,3117,3116,118,119,3119,3118 

,, 1102,1i03,4:03,4102,54,55,3055,3054 

PAGE 41 
of 95 
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EGES,32,2,-1 
EGEN, 18,3000,-32 
8,180,190,191,191,3180,3190,3191,3191 
EGEN, 18,3000,-1 
E, 180,181,191,19i, 3180,3181,3191,3191 
EGEN, 18,3000, -1 
E,181,192,191,191,3181,3192,3191,3191 
EGEN, 18,3000, -1 
E, 190,191,3191,3190,193,194,3194,3193 
EGEN, 18,3, -1 
EGEN,18,3000,-18 
E, 191,192,3192,3191,194,195,3195,3194 
EGEN,18,3,-1 

0 1 2 PAGE 42 
ZGS 411 7/97 ZGS 711 4/98 0211 2/99 of 95 
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EGEN,18,3000,-18 I E,244,245,3245,3244,985,986,3986,3985 
EGEN,2,1,-1 
EGEN, 18,3000,-2 
E, 985,986,3986,3985,980,981,39813980 
EGEN,2,1,-1 
EGEN, 18,3000, -2 
E, 980,981,3981,3980,247,248,3248,3247 
EGEN, 2,1, -1 
EGEN,18,30CO,-2 
E, 251, 991,990,990,3251,3991,3990,3990 
EGEN,18,3000,-1 
E,237 ,991 ,3991 ,3237 ,250 ,251 ,3251 ,3250  
EGF,N,18,3000,-i 
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 
E,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 
E,982,983,3983,3982,259,260,3260,3259 
EGEN,18,3000,-1 

! Sealing Surface 

! Transition at Collar 
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,983,984,3984,3483,260,261,3261,3260 
SEN, 18,3000,-1 
,259,260,3260,3259,262,263,3263,3263,3262 
GEN, 9,3, -1 
GEN, 18,3000, -9 
~,1000,274,271,271,4000,3274,3271,3271 
,GEN, 18,3000,-1 
,,260,261,3261,3260,263,264,3264,3263 
,GEN, 11,3, -1 
,GEN, 18,3000,-11 
,,286,287,3287,3286,300,290,3'290,3300 
:GEN, 18,3000, -1 
:,300,290,3290,3300,292,293,3293,3292 
:GEN,18,3000,-1 
:,300,289,286,286,3300,3289,3286,3286 
,GEN,lS, 3000,-1 
,,292,293,3293,3292,302,303,3303,3302 
,,293,294,3294,3293,303,304, 3304,3303 
E, 302,303,3303,3302,295,296,3296,3295 
E,303,304,3304,3303,296,297,3297,3296 
;GEN, 18,3000, -2 

'COW * * * *  LIFTING CAP GEOMET??' * * * *  
:AP1=9.375 ! Outside Radius Inside Lip 
:.4p2=10.19 ! Outside Radius at Lip 
:AP3=9.625 ! Outside Radius at Chamfer Below Lip (Transition) 
:Aea=i2.655 ! Outside Radius at Shell 
,OCAL,25,0,,164.745 ! Local Syscem Top Left Corner of Cap (CL Cap) 

Starc Center Port 
1,1301,0,-3.545 
1,1305,0, -2.25 
rill 
1,1307,0,-1.56 
iill, 1305,1307 
:, 1311,0,0 
rill, 1307,1311 

igen, 5,11,1301,1309, ,2.765/4 
:gen, 5,11,1310,, ,2.765/4, . l?/4 
igen, 5,11,1311,, ,2.765/4 
Igen, 3,11,1345,1349,, 1.073/2 
nsel,s,node,,1334,1344 
nmodif, all, 2.505 
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0 1 2 PAGE 44 
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alls 
. O C A L , 2 5 , 1 , 4 . 5 1 5 , 1 6 4 . 7 4 5 , , , 9 0  ! L o c a l  S y s t e m  Top L e f t  C o r n e r  C a p  (CL Cap) 
igen ,  9 , 1 1 , 1 3 4 5 , 1 3 6 7 , ,  , 1 8 0 / 8  

: s y s ,  0 

i g e n , 5 , 1 1 , 1 4 3 3 , ,  , 2 . 6 3 1 / 4  
igen ,  5 , 1 1 , 1 4 3 4 , ,  , ( 2 . 6 3 1 i . 1 8 2 5 5 )  / 4 ,  - . 1 2 / 4  
!gen ,  5 , 1 1 , 1 4 3 5 , ,  , !2 .631 '2*.18255)  / 4 ,  . 0 3 / 2  
igen ,  5 , 1 1 , 1 4 3 6 , ,  , ( 2 . 6 3 1 + 3 *  . 1 8 2 5 5 )  / 4 ,  . 0 6 / 2  
igen ,  5 , 1 1 , 1 4 3 7 , ,  , 3 . 3 6 0 / 4 , .  1 2 / 4  
! g e n ,  5 , 1 1 , 1 4 3 8 , ,  , ( 3 . 3 6 0 - . 1 2 5 )  / 4 ,  .06/4 
? g e n ,  5 , 1 1 , 1 4 3 9 , ,  , ( 3 . 1 1 0 )  / 4  
i g e n ,  5,11,1440,, , ( 3 . 1 1 0 )  / 4  , - . 2 2 / 8  
i g e n ,  5,11,1441,, , ( 3 . 1 1 0 )  / 4 ,  - . 2 2 / 4  
i g e n ,  5 , 1 1 , 1 4 4 2 , ,  , ( 3 . 1 1 3 )  / a , - . 2 2 / 8  
Igen ,  5 , 1 1 , 1 4 4 3 , ,  , ( 3 . 1 1 0 )  /4 
tgen ,  4 , 1 1 , 1 4 8 5 , 1 4 8 7 , ,  ( 0 . 8 1 5 )  / 3  

igen ,  8 , 1 1 , 1 4 7 7 , ,  , , - 7 1 . 1 0 9 / 7  

: s y s ,  0 
! s y s ,  0 

o c a l ,  4 1 , 1 , 8 . 8 9 6 , 1 6 4 . 7 5 - 6 . 3 2 5  

, g e n ,  4,11,1554,, , . 5 5 8 / 3 , - 1 . 6 3 2 / 3  

Igen,  5,11,1481,, , ( 3 . 0 3 )  / 4  
: g e n ,  7 , 1 1 , 1 5 2 5 , ,  , , - ( 4 . 9 2 7 )  /6 

11=1488 
!2=1492 
d o , i , l , l O , l  

f i l l ,  n l ,  n2  
n l = n l + l l  
n 2 = n 2 + 1 1  

e n d d o  

g e n , 2 , 1 1 , 1 5 8 7 , ,  ,0.04,-.243 
! g e n , 2 , 1 1 , 1 5 9 1 , ,  , O . O O ,  - . 2 4 3  
~ . 1 1 , 1 5 9 8 , 1 6 0 2  
g e n ,  4 , 1 1 , 1 5 9 8 , 1 6 C 2 ,  , 0 . 3 0 ,  - 1 . 3 4 3 / 3  
Igen,' ,  1 1 , 1 6 3 1 ,  1 6 3 5 ,  , O . O O ,  - . 3 5 8  
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0 1 2 PAGE 45 
ZGS 411 7/97 ZGS 711 4/98 ,@ 0211 2/99 of 95 I 
JN 4/17/97 HSA 7/14/98 ~5%02/12/99 I 

-get,nxl,node, 295,loc,x 
*get, nx2, node, 1642, loc, x 
nmodif, 1643, (nxl-nx2) /2+nx2 
rimodif, 1644,nxl 
“get, nxl, node, 2 96, loc, x 
nmodif,l545,nxl 

/COM CHANGING TO LOCAL COORDINATE SYSTEM 
LOCAL,30,1, , , , ,-go ! Cylindrical Coordinate for Nodal Sweep Pattern 
cscir, 30,1 
/Con * * * * * * * * * * * * *  NODAL GENERATION 60 DEGREE SWEEP * * * * * * * * * * * - *  

r , g e n , 2 , 1 8 * 3 0 0 0 , 1 3 0 1 , 1 6 4 6 , ,  ,180 
nsel, s, node,, 55356,55432 
nmod,all,, 180 

211s 

r.num=55466 
-do, i, 1,11,1 

*get, nx, node, nnum, loc, x 
nmod, m u m ,  nx-. 2 
nnum=nnum+l 

*enddo 

fill, 55301,55466,14,, 11,11,1, .7 

/pnum, node, 0 
csys, 30 
211s 
fill, 1301,55301,17, ,3000,11, 1,1 
fill, 1312,55312,17, ,3000,11,1,1 
fill, 1323,55323,17,, 3000,11,1,1 
fill, 1334,55334,17, ,3000,11,1,1 
fill, 1345,55345,17, ,3000,11,1,1 
fill, 1356,55356,17, ,3000,11,1,1 
fi11,1367,55367,17, ,3000,11,1,1 
fi11,1378,55378,17, ,3000,11,1,1 
fi11,1389,55389,17, ,3000,11,1,1 



3N5 
FILE NO: KH-8009-8-04 

- - ial Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

ill, 1399,55399,17, ,3000,?1,1,1 
ill, 1400,55400,17,, 3000,11,1,1 
i11,1411,55411,17, ,3000,11,1,1 
'ill, 1422,55422,1?, ,3000,11,1,1 
i11,1433,55433,17, ,3000,11,1,1 
'i11,1444,55444,17, ,3000,11,1,1 
'i11,1455,55455,17,, 3000,11,1,1 
ill, 1466,55466,17, ,3000,11,1,1 
i11,1477,55477,17, ,3000,11,1,1 
ill, 1496,55496,17, ,3000,3,1,1 
ill, 1507,5550?,17,, 3000,3,1,1 
i11,1518,55518,17, ,3000,3,1,1 
'ill, 1488,55488,17, ,3000,5,1,1 
ill, 1499,55499,17,, 3000,5,1,1 
i11,1510,55510, l?,, 3000,5,1,1 
ill, 152i, 55521,17, ,3000,5,1,1 
ill, 1532,55532,17,, 3000,5,1,1 
i11,1543,55543,17, ,3000,5,1,1 
i11,1554,55554,17,, 3000,5,1,1 
i11,1565,55565, 17,, 3000,5,1,1 
ill, 15?6,55576,17,, 3000,5,1,1 
ill, 1587,55587, 17, ,3000,5,1,1 
'ill, 1598,55598,17, ,3000,5,1,1 
ill, 1609,55609,17, ,3000,5,1,1 
ill, 1620,55620, i7,, 3030,5,1,1 
ill, 1631,55631,17,, 3000,5,1,1 
i11,1642,55642,17, ,3000,5, ?,1 

0 1 2 PAGE 46 
ZGS 4/17/97 ZGS 7/14/98 ,&@ 02/12/99 of 95 
JN 4/17/97 HSA 7/14/98 m 0 2 / 1 2 / 9 9  

, s y s , o  
.sel,s,node, ,4345,4355 
num= 4 3 4 5 
do, i, 1,11,1 

*ge t ,  nx, node, nnum, loc, x 
nmod,nnum,nx-.2 
nnum=nnum+l 

enddo 
11s 

: s y s ,  30 
i11,4345,55345,16, ,3000,11,1,1 

' S Y S ,  0 
se?,s,node,,4422,4432 
.num=4 422 



CLIENT DE&S HANFORD, INC FILE NO: KH-8009-8-04 
PROJECT: MCO Final Design DOC. NO.: HNF-SO-SNF-OR-003, Rev. 2, Appendix 6 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

do,i, i, 1i,i 
*get,nx,node,nnum,loc,x 
*get,nz,node,nnum,loc,z 
nmod,nnum,nxt.l5, ,nzt.l 
nnum=nnumti 
enddo 
11s 

il1,4422,55422,16, ,3000,11,1,1 
sys, 30 

sys, 0 
sel, s ,  node,, 4433,4443 
num=4 4 3 3 
do,i,l,ll,l 
*get,nx,node,nnum,loc,x 
*get, nz, node, nnum, loc, z 
nmod,nnum,nx+.25,,nz-.2 
nnum=nnum+l 

enddo 
lls 
sys, 30 
111,4433,55433,15, ,3000,11,1, .9 

0 1 2 PAGE 47 
ZGS 4/17/97 ZGS 711419a gp 02/12/99 of 95 

JN 4/17/97 HSA 7114iga +3-02112199 

sel, s, loc, y, 20 
sel, r ,  loc, x, 9.370,10.2 
sei, r, loc, z, 163.7,164.8 
mod, all, ,2 4 .4 7 9 
sel, s ,  loc, y, 40 
sel, r ,  loc,x, 9.370, 
sel, r ,  loc, 2,163.7, 
mod, all, ,35.521 
sel,s,loc,y,20t60 
sel, r ,  loc, x, 9.370, 
s e l ,  r, loc, z, 163.7, 
mod,ali, ,24.479+60 
sel, s, loc, y, 40t60 

0.2 
64.8 

0.2 
64.8 

s e l ,  r, loc, x, 9.370,lO .2  
sel, r ,  loc, z, 163.7,164 . a  
nod,all, ,35.521+60 
sel, s, loc, y ,  201.2'60 
sel, r, loc, x, 9.370,10.2 
sel, r ,  loc, z, 163.7,164.8 
mod,all,,24.479+2*60 



CLIENT: DE&S HANFORD, INC FILE NO: KH-8009-8-04 
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REVISION 

PREPARED BY I DATE 
CHECKED BY I DATE 

sel, s ,  loc, y ,  40+2*63 
sel, r, loc, x, 9.370, IO .2 
sel, r, loc, z ,  163.7,164.8 
mod,all, ,35.521+2*60 

0 1 2 PAGE 48 
ZGS 4/17/97 ZGS 7/14/98 02/12/99 of 95 

JN 4/17/97 HSA 7/14/98 geyQ2/12/99 

sel, s,node, ,7474,7476 
mod, all,, 20+4.479/2 
sel, s,node,, 13474,13476 
mod,all, ,40-5.521/2 
sel, s ,  node, ,25474,2547 6 
mod, a l l , ,  20+4.479/2+60 
sel,s,node, ,31474,31476 
mod,a11,,40-5.521/2+60 
sel,s,node,,43474,43476 
mod,all,,20+4.479/2+2*60 
sel,s,node, ,49474,49476 
mod,a11,,40-5.521/2+2*60 

sel, s, node,, 7484 
mod,all, ,20+4.479/2 
sel,s,node, ,13481 
mod,a11,,43-5.521/2 
sel,s,node, ,25484 
mod,a11,,20+4.479/2+60 
sel,s,node, ,31484 
mod,a11,,40-5.521/2+60 
sei,s,node,,43484 
moa,a11 , ,20+4 .479 /2+2*60  
sel,s,node, ,49484 
mod,all,,40-5.521/2+2*60 

11s 

Y P ,  2 
e,l, i r k ,  l,m,n,o,p 
11s 
sel,u,type,,l 
,1323,4323,4312,1312,1324,4324,4313,1313 
gen,lO,l,all 
ger,15,1l,all 
gen, 4,1:, 3497,3495 
qen, 16,11,3489,3492 
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REVISION 
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egen, 18,3000,all 

e,1312,4312,1301,1301,1313,4313,1302,1302 
-repeat,l8,3000,3000,, ,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,,,l.O72/2 
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 (CL Cap) 
nsel,s,node, ,2645,2658 
ngen, 9,15,all,, , ,180/8 

type, 2 

e, 1345,2545,2646,1346,1356,2660,2661,1357 
*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,i,-8 

c s y s ,  0 
n s e l ,  s, loc, z ,  0 

0 1 2 PAGE 49 
ZGS 4/17/97 ZGS 7/14/98 &i$f 02/12/99 of 95 

JN 4/17/97 HSA 7/14/98 &&-Q2/12/99 

nplo 

alls 
numm, node 
nsle 
nsel, inve 
!ndele,all 

ails 
nsle 
nsel, inve I 



I NDEL, ALL 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

esel,s,type, ,1,2 
nsle 
CU~XT~, node, .002 
alls 
CSYS, 0 
NSEL, S, LOC, 2 ,  0 
D, ALL, uz 
NSEL, S, LOC, Y, -1.322, -1.319 
D,ALL,Uy 
ALLS 
d, 1, E X ,  0 

0 1 2 PAGE 50 
ZGS 4/17/97 ZGS 7/14/98& 02/12/99 of 95 

JN 4/17/97 HSA 7/14/98 &- 02/12/99 

nsel,s,node,,7485,7518,11 
nsel, a, node,, 10485,10518,ll 
nsel,a,node,, 13485,13518,ll 
nsel,a,node, ,25485,25518,ll 
nsel,a,ncde,,28485,28518,11 
nsel, a, node,, 31485,31518,ll 
nsel,a,node, ,43485,43518,ll 
nsel,a,node, ,46485,46518,ll 
nsel,a,node,,49485,49518,11 
sf, a l l ,  pres, 3100*3 
alls 
Iswrite, 1 

prs=450 
csys, 30 
esel, s, type,, 1 
nsle 
nsel, r, loc,x, O , l l . 4 9  
nsel, r, loc, z, .69,149.63 
sf, all, pres, prs 
nsle 
nsel,r,loc,x,O,l2.02 
nsel, r, ioc, z, 149.63,151.58 
sf, a l l ,  pres, prs 
rsle 
nsel, r, loc, x,O, 12.174 
nsel, r, loc, z ,  151.58,154.72 
sf, all, pres ,  p r s  



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 

*enddo 
*do, j ,1,5,1 

*enddo 
s f , all, pres, prs 

nsel,s,node,,2673,2763,15 
prsf=prsi1.75*1.75+3.14l59/4/9 

nsel, a, node,, 2653+ j ,2773+jI 15 

f,all, fY,prsf 

rsel,s,node,,2658 
nsel,a,node, ,2778 
prsf=prs*1.75*1.75*3.14159/4/18 

ails 
lswrite, 2 

/SOLU 
save 
Issolve, 1,2 

:,all, fY,prsf 

/post1 
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 
PP.SECT 
LPATH, 25485,25487 

CLIENT: DE&S HA1 009-8-04 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

nsel, r, loc,x, 0,12.284 
nsel, r, loc, z, 154.72,155.75 
sf, all, pres, prs 

alls 
nsel,s,node,,l301,1642,11 

0 1 - 2  PAGE 51 
ZGS 411 7/97 ZGS 711 4/98 0211 2/99 of 95 
JN 4/17/97 HSA 7/14/98 &-02/12/99 

*do, 1 ,  i ,18, i I nsel,a,node,,1312+30OO*j,l642+3OOO*j,ll 



CLIENT 
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PREPARED BY I DATE 
CHECKED BY I DATE 

DE&S HANFORD, INC FILE NO: KH-8009-8-04 
MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6 

0 1 2 PAGE 52 
ZGS 4/17/97 ZGS 7/14/98 @ 02/12/99 of 95 

JN 4/17/97 HSA 7/14/98 &- 02/12/99 

'RSECT 
,PATH, 2 5 4 8 0 , 2 5 4 8 8  
'RSECT 
.PATH, 2 8 4 8 5 , 2 8 4 8 7  
'RSECT 
,PATH, 2 8 4 8 6 , 2 8 4 8 8  
'RSECT 
.PATH, 3 1 4 8 5 , 3 1 4 8 7  
'RSECT 
,PATH, 3 1 4 8 6 , 3 1 4 8 8  
'RSECT 
,PATH, 4 3 4 8 5 , 4 3 4 8 7  
'RSECT 
.?ATH, 4 3 4 8 6 , 4 3 4 8 8  
'RSECT 
.PATH, 4 6 4 8 5 , 4 6 4 8 7  
'RSECT 
.PATH, 4 6 4 8 6 , 4 6 4 8 8  
'?SECT 
,PATH, 4 9 4 8 5 , 4 9 4 8 7  
'RSECT 
.PATH, 4 9 4 8 6 , 4 9 1 4 8  
'RSECT 
, P A T H , 7 5 8 7 , 7 5 9 1  
'RSECT 
,PATH, 1 0 5 8 7 , 1 0 5 9 1  
'RSECT 
.PATH, 1 3 5 8 7 , 1 3 5 9 1  
'RSECT 
,PATH, 2 5 5 8 7 , 2 5 5 9 1  
'RSECT 
,PATH, 2 8 5 8 7 , 2 8 5 9 1  
'RSECT 
.PATH, 3 1 5 8 7 , 3 1 5 9 1  
'RSECT 
.PATH, 4 3 5 8 7 , 4 3 5 3 1  
'RSECT 
. ? A T H , 4 6 5 8 7 , 4 6 5 4 i  
'RSECT 
.PATH, 4 9 5 8 7 , 4 9 5 9 1  
?RSECT 
.?ATH, 6 2 7 4 , 6 2 7 6  
'RSECT 
.PATH, 9 2 7 4 , 9 2 7 6  
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RSECT 
PATH, 1 2 2 7 4 , 1 2 2 1 6  
RSECT 
P A T H , 2 4 2 7 4 , 2 4 2 7 6  
RSECT 
P A T H , 2 7 2 7 4 , 2 7 2 1 6  
RSECT 
PATH, 3 0 2 7 4 , 3 0 2 7 6  
RSECT 
P A T H , 4 2 2 7 4 , 4 2 2 7 6  
RSECT 
PAT!4 ,45274 ,45276  
RSECT 
P A T H , 4 8 2 7 4 , 4 8 2 7 6  
RSECT 
PATH, 6 3 0 2 ,  6 3 0 4  
RSECT 
PATH, 9 3 0 2 , 9 3 0 4  
RSECT 
PATH, 1 2 3 0 2 , 1 2 3 0 4  
?SECT 
P A T H , 2 4 3 0 2 , 2 4 3 0 4  
RSECT 
? A T H , 2 7 3 0 2 , 2 7 3 0 4  
RSECT 
PATH, 3 0 3 0 2 , 3 0 3 0 4  
RSECT 
P A T H , 4 2 3 0 2 , 4 2 3 0 4  

0 1 2 PAGE 53 
ZGS 4/17/97 ZGS 7/14/98 @ 02/12/99 of 95 
JN 4 1 ~ 9 7  HSA 7/14/98 02/12/99 

RSECT 
,PATH, 4 5 3 0 2 , 4 5 3 0 4  
RSECT 
,PATH, 4 8 3 0 2 , 4 8 3 0 4  
RSECT 

e t , 2  
P A T H , 7 4 8 5 , 7 4 8 7  

'RSECT 
,PATH, 7 4 8 6 , 7 4 8 8  
'RSECT 
,PATH, 1 0 4 8 5 , 1 0 4 8 7  
'RSECT 
,PATH, 1 0 4 8 6 , 1 0 4 8 8  
'RSECT 
,PATH, 1 3 4 8 5 , 1 3 4 8 7  
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PRSECT 
LPATH, 1 3 4 8 6 , 1 3 4 8 8  
"SECT 
LPATH, 2 5 4 8 5 , 2 5 4 8 7  
PRSZCT 
L P A T H , 2 5 4 8 6 , 2 5 4 8 8  
PRSECT 
L P A T H , 2 8 4 8 5 , 2 8 4 8 7  
PRSECT 
L P A T H , 2 8 4 8 5 , 2 8 4 8 8  
PRSECT 
LPATH, 3 1 4 8 5 , 3 1 4 8 7  
PRSECT 
LPATH, 3 1 4 8 6 , 3 1 4 8 8  
PRSECT 
L P A T H . 4 3 4 8 5 , 4 3 4 8 7  

0 1 2 PAGE 54 
ZGS 4/17/97 ZGS 7/14/98 &# 02/12/99 of 95 

JN 4/17/97 HSA 7/74/98 /&02/12/99 

PRSECT I LPATY, 4 3 4 8 6 , 4 3 4 8 8  
PRSECT 
L ? A T H , 4 6 4 8 5 , 4 6 4 8 7  
PRSECT 
LPATE, 4 6 4 8 6 , 4 6 4 8 8  
?RSECT 
LPATH, 4 9 4 8 5 , 4 9 4 8 7  
?RSECT 
LPATH, 4 9 4 8 6 , 4 9 1 4 8 8  
PRSZCT 
L P A T E , 7 5 8 7 , 7 5 9 1  
PgSECT 
LPATH, 1 0 5 8 7 , 1 0 5 9 1  
PRSECT 
LPATH, 1 3 5 8 7 , 1 3 5 9 1  
PRSECT 
LPATH,  2 5 5 8 7 , 2 5 5 9 1  
PRSECT 
L P A T H , 2 8 5 8 7 , 2 8 5 9 1  
PRSECT 
L P A T H , 3 1 5 8 7 , 3 i 5 9 1  
PRSECT 
LPATH, 4 3 5 3 7 , 4 3 5 9 1  
PRSECT 
L P A T H , 4 6 5 8 7 , 4 6 5 9 1  
PRSECT 
L P A T H , 4 9 5 3 7 , 4 9 5 9 1  
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REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7114198,w 02/12/99 
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.?SECT 
PATH, 6 2 7 4 , 6 2 7 6  
RSECT 
?ATH, 3 2 7 4 , 3 2 7 6  
RSECT 
PATH, 1 2 2 7 4 , 1 2 2 7 6  
RSECT 
PATH, 2 4 2 7 4 , 2 4 2 7 6  
RSECT 
? A T H , 2 7 2 7 4 , 2 7 2 7 6  
RSECT 
PATH, 3 0 2 7 4 , 3 0 2 7 6  
RSECT 
,PATH, 4 2 2 7 4 , 4 2 2 7 6  
RSECT 
,PATH, 4 5 2 7 4 , 4 5 2 7 6  
RSECT 
, P A T H , 4 8 2 7 4 , 4 8 2 7 6  
'RSECT 
,PATH, 6 3 0 2 ,  6 3 0 4  
RSECT 
,PATH, 9 3 0 2 , 9 3 0 4  
'%SECT 
,PATH, 1 2 3 0 2 , 1 2 3 0 4  
RSECT 
# P A T H , 2 4 3 0 2 , 2 4 3 0 4  
'RSECT 
,PATH, 2 7 3 0 2 , 2 7 3 0 4  
'RSECT 
,PATH, 3 0 3 5 2 , 3 0 3 0 4  
'P.SEC? 
, P A T H , 4 2 3 0 2 , 4 2 3 0 4  
'RSECT 
, ? A T H , 4 5 3 0 2 , 4 5 3 0 4  
'RSECT 
.PA?ti, 4 8 3 0 2 , 4 8 3 0 4  
'RSECT 

PAGE 55 
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I 
~ 

ZGS 4/17/971 ZGS 7 / 1 4 / 9 w  02/12/99) of 95 

JN 4/17/97( HSA 7/14/981& 02/12/99( 

COMPUTER RUN COVER SHEET 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 958, Pentiurn8 Processor 

KH-8009-8-04 

Caplift.out 

Stress Analysis of Lifting Cap 

16 December 1998 06:35:10 PM 

w z - / L  -w 
Prepared By: Joe Nichols Date 

7 

Checked By: Zachary G. Sargent Date’ 

REVISION I 0 I 1 I 2 I I P A G E 5 6  
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COMPUTER RUN COVER SHEET 

0 1 2 PAGE 57 
ZGS 4/17/97 ZGS 7/14/98 @ 02/12/99 of 95 

JN 4/17/97 HSA 71wsa 021121ss 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSB 5.3 

5.3 

Windows 95Q PentiumB Processor 

KH-8009-8-04 

THRDMIN.inp 

Stress Analysis of the MCO ThreadlClosure 

7 December 1998 11:40.46 AM 

Prepared By: Zachary G. Sa-rgent Date 

/ '  
Checkgd By: Joe Nichols Date 
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REVISION 
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CHECKED BY I DATE 

LISTING OF THRDMIN.INP FILE 

BATCH, L I S T  
T I T L E , M C O  CLOSURE THREADS, PRELOAD ONLY, NO F R I C T I O N ,  W/ S E A L  

COM 0 .373  INCH THREAD R E L I E F  

FILNAME,THRDMIN 
P R E P 7  

T R I A D ,  LTOP 

AFUN, DEG 
CON * * * *  SHELL COLLfi.2 ( INTERNAL THREADS) * * * *  
T ,  2 ,  P L A N E 4 2 , ,  ,1 ! A x i s y x n e t r i c  q u a d s  

COM * * * x  JACKING BOLTS * * * *  
T ,  3,  P L A N E 4 2 , ,  ,1 ! P . x i s y T m . e t r i c  q u a d s  

COM * * * *  L I F T I N G  AND LOCKING RING (EXTERNAL TEREADS)  i t * *  
T ,  4 ,  P L A N E 4 2 , ,  ,1 ! A x i s y m q e t r i c  q u a d s  

COM * * * * R E F .  H - 2 - 8 2 8 0 4 2 ,  R1, MINIMUM MATERIAL BASED ON TOLERF.NCES , 1 2 - 9 8  

COM * * x *  S H I E L D  PLUG .qND SEAL + * * *  
T ,  5 ,  P L A N E 4 2 , ,  ,1 ! A x i s y x n e i r i c  q u a d s  

T , 7 , C O N T A C 4 8  ! C o n t a c c  s u r f a c e  ( gap )  e l e m e n t s  ae  t h r e a d s  
EYOPT, 7 , 7 , 1  
, 7 , 1 . O E + O S  

T, 8 , C O N T A C i Z  ! C o n t a c t  e l e m e n t s  u n d e r  j a c k i n g  b o l t s  
EYOPT, 8 , 7 , 1  
. , 8 , 0 , 1 . 0 E + 0 5 , . 1 8 4 9 , 1 . 0  ! I n i t i a l  i n t e r f e r e n c e  f o r  ? re load  1 2 4 , 1 0 0  lb 

CON * * * *  VARIABLES * * * *  
S=.  1657 ! T h r e a d  h e i g h t  
E = .  1 4 0 5  ! “ e i g h t  of t h r e a d  e r . g a g e m e n t  
‘ = . 0 4 0 8  ! C r e s c  w i d t h  
i p i t c h = 2 4 . 5  
. p i t c h = D p i t c h / 2  
i t c h =  . 2 5  ! P i t c h  

COM * * * *  SHELL DIMENSIONS * * + *  
S i n  = 2 4 . 0 0 / 2  ! C o l l a r  i n s i d e  r a d i u s  (oelou t h r e a d s )  
. S o u t = 2 5 . 2 8 / 2  ! C s l l a r  o u t s i d e  r a d i u s  
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REVISION 
PREPARED BY I DATE 
CHECKED BY / DATE 

Rshelll=11.4925 ! Shell inside radius ( l o w e r  section) 
iRshelll=12.04 ! Shell outside radius (lower section) 

:Emin=Rpitch-HS ! External thread (locking & lifting ring) 
:Emax=Rpi tch 

:imin=Rpitch-HE ! internal thread (shell collar) 
:imax=Rpitch-HEtHS 

:Savg=(Rimax+RSout)/2 ! Average radius at threads 

:relief=24.535/2 

!oltCirc=21.75 ! Bolt circle diameter 
loitSize=l. 500 ! Bolt nominal diameter 

\oltIR=(BoltCir~-BoltSize)/2 ! Diameter at inside edge jacking bolts 
ioltOR= (BoltCirctBoltSize) /2 ! Diameter at outside edge jacking bolts 
loltA=3.1415926*((BoltOR*B~ltOR)-(B~ltI~*BoltIR)) 

'COM * * * *  SCALE FACTOR FOR BOLT E AND Sy (AXISYMMETRIC) * * * *  
:ealArea=18*1.41 ! Tensile area of jacki-g bolts 
;F=Rea:Area/BoltA ! SF = F.ctual bolt area/modeled bolt area 

:LSIZE=. 7-0.05 ! Elemenc size for thread mesh (.0350 

'COM * * * *  THREAD DiMENSIONS * * * *  
'2=0 
'3=(HS-HE) "TAN (7) 
'4=(HS*TAN(7)) 
'5=(HS*TAN(7) )+F 
'6=pitch-Y5 

'COM * * * *  MATERIAL PROPERTIES * * * *  

'COM * * * *  MATERIAL 1: SA-182 F304L 
IP,NUXY,l, .3 ! Poisson's constant with temperature 
!P,DENS,1,493/1728 ! Weight density(4931b/ftA3), assumed constant w/temp 

'COM * * * *  NONLINEA3 PROPERITES FOR MATERiAL 1 * * * *  
:TAN=. 00 6 ! Use 5% tangent modulus 
'B, BKIN, 1,4 ! Yield stress and tangent moduli v. temperature 
'BTEMP. 70 
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TBDATA, 1,25000,ETAN*28.3EtO6 
TBTEMP, 200 
TBDATA,1,21300,ETAN*27.6E+O6 
TBTEMP, 270 
TBDATA, 1,19760, ETAN*27.18E+06 
TBTEMP, 300 
TBDATA,1,19100,ETAN*27.OE+OE 

NPTEMP, 1,70,200,270,300 

/COM * * * *  ELASTIC MODULI FOR MATERIAL 1 * * * *  
KPDATA, EX, 1,1,28.3E+06,27.6E+06,27.18E+06,27 .OE+06 

/COM * * * *  MEAN COEFFICIENT OF THERC.1F.L EXPANSION FOR MATERIAL 1 * * * +  
MPTEMP,1,70,250,270,300 
VPDF.TA,AiPX, 1,1,8.46E-06,8.9E-G6,8.94E-06,9.03E-06 

/COM * * * *  MATERIAL 2: SA-193 B8S, B8SA * * * +  
i"P, NUXY, 2, .3 ! Poisson's constant with temperature 
MP,DENS,2,493/1728 ! Weight density(493 1b/ftA3),assumed constacc w/cemp. 

/CON * * * *  NONLINSAR PROPERTIES FOR MATERIAL 2 
TB, SKIN, 2,4 ! Yield stress and tangert moduli v. temperazure 
TBTEMP, 70 
TSDATA, 1, SFC50000, ETAN-28.3Et06 
TBTEMP, 200 
TBDATA,l,SF*50000,ETAN*27.6E+06 
TBTEMP, 270 
TBDATA, 1, SF*50000, ETAN*27.18E+06 
TBTEMP, 300 
'?BDATA,i,SF*50000,ETAN*27.OEtO6 

MPTEMP, 1,70,200,270,300 

/COX * * * *  ELASTIC MODULI FOR MATERIAL 2 * * * *  
MPDATA, EX, 2,1, SF*28.3E+06, SF*27.6E+06, SF*27. 15E+06, SF*27.OE+96 

/(-OM * * i r  MEAN COEFFICIENTS OF TSERMAL EXP.WSION FOR MATERIAL 2 * * * *  
MPTEMP,1,70,250,270,300 
~PDATA,AiPX,2,1,8.46E-06,5.30E-06,8.9OE-O6,8.94E-O6,~.OOE-O6 

/ C O N  * * * *  MATERIAL 3: SA-182 F304N * * * *  
P!P,NUXY,3, .3 ! Poisson's constant with temperature 
PIP, DENS, 3,493/1728 ! Weighr: density (4931b/ftn3), assumed constant w/ten?p. 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 
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COM * * * x  NONLINEAR PROPERTIES FOR MATERIAL 3 - - * *  
TAN=. 006 ! Use 5% tangent modulus 
B,BKIN,3,4 ! Yieid stress and tazgent moduli v. temperature 
BTEMP, 70 
BDATA,1,35000,ETAN*28.3E+O6 
BTEMP, 200 
BDATA, 1,28700, ETAN*27.6Et06 
BTEMP, 270 
BDATA, 1,26110,ETAN*27.18E+O6 
BTEMP, 300 
BDATA, 1,25000,ETAN*27.OE+06 

PTEMP,1,70,200,270,300 

ELASTIC MODULI FOR MATERIAL 3 *T*'t  (-OM ***i 

PDATA,EX, 3,1,28.3E+06,27.6E+06,27.18E+06,27.0Z+06 

COM * * * x  MEAN COEFFICIENTS OF THZRMAL EXPANSION FOR &!ATERIAL 3 * * * *  
PTEMP, 1,70,250,270,300 
PDATA,ALPX, 3,1,8.46E-06,8.9E-06,8.94E-06,9.00~-06 

COM * * * *  MATERIAL 4: SA-182 F304 * * * *  
P,NUXY,<, .3 ! Poisson's conszant with temperature 
P,DENS,4,493/1728 ! C J e i g h ~  density (4931b/ftA3!,assu~ed coRsrant =/temp. 

COM * * * *  NONLINEAR PROPERTIES FOR MATERIAL 4 * * * *  
TAN=. 006 ! USE 5% TANGENT MODULUS 
B,BKIN, 4,4 ! YIZLD STRESS A N D  TANGENT MODULI V. TEMPERATURE 
'BTEMP, 70 

'BTEMP, 200 
'BDATA, 1,25000, ETAN*27.6E+06 
'BTEMP, 270 
BDATA,1,23250,ETAN*27.18E+06 
'BTEMP, 300 
'BDATA, 1,22500, ETAN'27.OEt06 

COW * * * *  ELASTIC MODULI FOR MATERIAL 4 * * * *  

i?DATA,EX,4,1,28.3Ei06,27.6E~06,27.18~+06,27.0E+06 

COM * * * *  MEAN COEFFICIENTS OF THERNAL EXPANSI3N FOR MATERIAL 4 - * * *  
IPTEMP, 1,70,250,270,300 

'BDATA, 1, 30000,ETANX28 .3E+06 

iPTEMP, 1,70,200,270,300 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 
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REVISION 
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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 (INTERNAL THREAD) * * * *  

0 1 2 PAGE 62 
ZGS 4/17/97 ZGS 7/14/98 & 02/12/99 of 95 
J N  4/17/97 HSA 711419a+ 2/12/99 

K ,  10, IRshelli, -10.875 
K ,  11, ORshelll, -10.875 
K,12,IRshelli,-5.125 
K,13,ORshelll,-5.125 

K, 14,RSout, -4.525 
K, 15, IRshelll, -3.62 
K, 16, RSour;, -3.62 

K,17,IRshelll,-2.715 
K, 18, RSout, -2.715 

K,19, IRshelll,-1.81 
K,20,23.375/2,-1.81 
K, 2l,RSin, -1.81 
K, 22,RSout, -1.8i 

K,31,Rsi~, -1.56 
K, 32, RSout , - 1.5 6 

K,33,RSin,-1.31 
K,34,RSout,-i.31 

K, 35, RSin, -0.5 
K, 36,RSout, -0.5 

K,37,RSin,-0.25 
K, 38, RSout , -0.2 5 

K, 39, RSin, 0 
K, 4 3 ,  Rrelief-O.125,O 
K, 41, RSavg, 0.125 
K, 42, RSout, 0.125 

K, 43, Rrelief, . 125 
K,44,Rrelief-.l25,0.125 

! Bottom of transistion - outer shell 

! Top of transistion - outer shell 

! Sealing surface 
! Sealing surface 

! Sealing surface 
! Sealing surface 

! Bottom of thread relief 
! Botrom of thread relief - tangent point 

! Center2oint of thread relief at vert. tanger.: 
! Outside of thread relief at vertical tanger.: 

! Thread relief vertical tangect poi?._ 
! Thread relief center of curvature 
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CCM * x * *  AREA ? - FIRST THREAD ***r 
,105, R S o u t ,  0.25 
,106,RSavg,0.25 
,107,RImax,0.25 
,108, RImin+HE, 0.25&Y3 
,109,RImin,0.25+Y4 
,110, RInin, 0.25+Y5 
,111, RImax, 0.25+Y6 
, 112,RImax,0.25+Pitch 
,113,RSavg,0.25+Pitch 
,114,RSout,0.25+Pitch 

COM * * * *  LINES FOR COLLAR AT THREAD RELIEF + * * *  
,37,38 
,38,42 
,42,41 
, a i ,  43 
ARC,43,40,44,.125 
,40,39 
,33,37 
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., 10,11,13,12 

., 12,13,14,16,15 

., 15,1S, i8,17 
, 17,18,22,21,20,19 
,21,22,32,31 
,31,32,34,33 

., 33,34,36,35 
,35,36,38,37 

! Nominal shell 
! Collar transicion 

! Area at sealing surface 
! Collar above sealing surface 
! Collar - medium elements 
! Collar - coarse element 
! Collar - medium. elements 

L,1,2,3,4,5,6,7 

CCM * * * *  GENERATE THREAD AREAS * * * *  
,, 43,41,106,107 
.,41,42,105,106 
,, 107,106,113,112,111,110,109,108 
,, 106,105,li4,ll3 

! Thread relief - inside 
! Thread relief - outside 

! Thread tooth 
! Thread outside 

CON * * * *  LIFTING C LOCKING RING (EXTERNAL THREAD) * * * *  
,OCAL, 11,0, , 0 .08 
:, 1000,15.9/2 ! 7.95" 
:, 1001,BOLTIR 
1,1002, BOLTOR 
i ,  1003,12.0 
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,1004, REMiN 
., 1005,REMAX,Y6-Y5 
:, 1006,REMAX,Y6-Y4 
., 1007, REMAX-HE, Y6-Y3 
:, 1008,REMiN,Y6-Y2 
:,1009, RENIN, PITCS 

.,1010,12.0,PiTCH 
:,1011,6OLTOR, PITCH 
:, 1012,60LTIR, PITCH 
:, 1013,15.9/2, PITCH 

COM ****AREA 5 * * * *  
.,1003,1004,1005,1006,1007,1008,1009,1010 

COM * * * *  AREA ? * * * *  
,, 1002,1003,1010,1011 

COM * * * *  AXEA ? * * * *  
L ,  1001,1002,1011,1012 

Cor * * * *  AREA ? * * * *  
1000,1001, 1C12,1013 

'COM * + * *  SHIELD PLUG DINENSIONS * * * *  
:PLUG1=15.78/2 
:PLUG2=22.90/2 
:PLUG3=23.975/2 
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! thread profile 

! outer (fine) transition 

! inner (coarse) t r a n s i t i o r ,  

! ring 

:SEALl=23.45/2 
:SEAL2=23.375/2 

COM * * * *  SHIELD PLUG 
,OCAL, 12,0, , -1.81 

COX * * * *  SHIELD PLUG OUTLINE * * * *  

* x c x  

:, 2000, RPLUG1, -1.94 
:,2001,R?LUG2-0.181,-1.94 
:,2002,RPLUG2,-1 
:, 2003, RPLUG2,O. 155 
:, 2004,RPLUG3-0.300,0.155 
:,2005,RPLUG3-C.300,0.001 
:,2006,RPLUG3,0.001 
1,2007, RPiUG3,O. 155 

! o-rinq aroove 
! o - r i n s  groove 
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K,2008,RPLiJG3,1.81 
K, 2309, RPLUGl, 1.8 1 

/COM * x * *  OTHER LOCATIONS ON SHIELD PLUG * * * -  
K, 2 100, BoltIR, 1.8 1 
K,2101,BoltOR, 1.81 
K,2102,BoltIR, 1.25 
K,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,RPLUG2, .35 

A, 2102,2103,2101,2100 ! Under bolt 
A, 2103,2104,2008,2101 ! Outside radius at top 
A, 2105,2108,2106,2107,2104,2~03,2102 ! Cencer of plug 
A,2005,2006,2007,2004 
.R,2003,2004,2007,2107,2106,2108 
A,2000,2001,2002,2003,2108,2105,2102,2100,2009 
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/COW * * * *  MESH AREP.S ( F I N E  TO COARSE 
ESIZE, EiSiZE 
'?Y?E, 2 ! 
MAT, a 
AMESH, 1 0  
AMESH, 12 
A.MESH, 9 

TYPE, 4 
MAT, 3 
AMESH, 14 

TYPE, 6 
MAT, 1 
AMESE, 21 

TYPE, 2 
HAT, 4 
AMESE, 4 

ZSIZE, 1.5*ELSIZE 
TYPE,  2 

* * * *  

Collar 

! L/L ring 

! Plug quads 

! Collar quads 

1 Collar quads 
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!P.T, 4 
rMESH, 11 
LMESH, 13 
?MESH. 5 
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:SIZE, 2*ELSIZE 
'YPE, 4 
!AT, 3 
.MESH, 15 

'YPE, 6 
!AT, 1 
+IESH.22 

:SIZE, 4*ELSIZE 
'VPE, 2 
IAT, 4 
\MESH, 3 
'YPE, 6 
!AT, 1 
?MESH, 2 0  

'YPE, 2 
IAT, 4 
:SIZE, 2*ELSiZE 
;MESH, 8 
:MESH, 6 
:MESH, 1 

:SIZE, 8*ELSIZE 
'YPE, 4 
iAT, 3 
MESH, 1 6  

'YPE, 6 
!AT, 1 
:MESH, 18 
\MESH, 19 

:SIZE, 10*ELSIZE 
'YPE, 4 
IAT, 3 
iMESH, 11 

! R i n g  q u a d s  

! P l u g  q u a d s  

! C o l l a r  qcads 

! P l u g  q u a d s  

! R i n g  q u a d s  

! P l u g  q u a d s  

! R i n g  q u a d s  



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 L 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Y P Z ,  2 
AT, 4 
MESH, 2 

SIZE, 15*ELSiZE 
Y P E ,  2 
AT, 4 
MESH, 1 

YPE, 6 
AT,  1 
MESH, 23 
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! C o l l a r  q u a d s  

! C o l l a r  q u a d s  

! P l u g  q u a d s  

GEN, 11,12,17,1, ,0.25 ! G e n e r a t e  11 t h r e a d s  
LLS 

COM * * * *  GROUP NODES FOR GAP SilRFACES * * * *  
SEL,S,LINE, ,45 ! S h e l l  - 1st t 3 r e a d  
SLL, ,1 ! S e l e c t  n o d e s  o n  l i n e  
M,TlSHELL, NODE ! Group n o d e s  

SEL, S, LINE,, 9 6  
SLL, ,1 
M, T2SHSLL, NODE 

SEL, S, LINE,, 124 
SLL, ,1 
M, T3SHELL, NODE 

SEL, S, LINE,, 152 
SLL, ,l 
M,T4SHELL,NODE 

SEL, S, LiNE, ,180 
SLL, ,I 
M, TSSHELL, NODE 

SEL, S, LINE,, 208 

'M, TGSHELL,  NODE 

,SEL,S,LINE, ,236 
ISLL, ,l 

ISLL, ,1 

! S h e l l  - t h r e a d  2 

! S h e l l  - t h r e a d  3 

! S h e l l  - t h r e a d  4 

! S h e l l  - t h r e a d  5 

! S h e l l  - r h r e a c i  6 

! S h e l l  - t h r e a d  7 
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CM, T 7 S H E L L ,  NODE 

L S E L ,  S ,  L I N E , ,  2 6 4  ! S h e l l  - t h r e a d  8 
N S L L , ,  1 
CM, T 8 S H E L L ,  NODE 

L S E L , S , L I N E ,  , 2 9 2  ! S h e l l  - t h r e a d  9 
MSLL, ,1 
CM, T g S H E L L ,  NODE 

L S E L , S , L i N E ,  , 3 2 0  ! S h e l l  - t h r e a d  1 0  
MSLL, ,1 
CM, T l O S H E L L ,  NODE 

L S E L ,  S ,  L I N E , ,  348 ! S h e l l  - t h r e a d  11 
NSLL, ,1 
C M , T l l S H E L L , N O D E  

L S E L ,  S ,  L I N E , ,  5 2  ! R i n g  - 1st t h r e a d  
N S L L ,  ,1 
C M , T l R I N G ,  NODE 

L S E L ,  S ,  L I N E , ,  1 0 4  ! R i n g  - t h r e a d  2 
N S L L ,  ,1 
CM, T 2 R I N G ,  NODE 

L S E L ,  S ,  L I N E , ,  132  ! R i n g  - t h r e a d  3 

CM,T3RING,NODE 

L S E L , S ,  L I N E , ,  1 6 C  ! R i n g  - t h r e a d  4 
N S L L ,  ,1 
C M , T 4 R I N G ,  NODE 

L S E L ,  S ,  LTNE,  , 1 8 8  ! R i n g  - t h r e a d  5 
XSLL,, 1 
C M , T 5 R I N G ,  NODE 

L S Z L , S , L I N E ,  , 2 1 6  ! R i n g  - c h r e a d  6 
NSLL, ,1 
CM, TGRING,  NODE 

i S Z L , S , L I N E ,  , 2 4 4  ! R i n g  - t h r e a d  7 
N S L L ,  ,1 

NSLL, ,1 
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M, T7RING, NODE 

SEL, S ,  LINE,, 272 
SLL, ,1 
M,TERING, NODE 

SEL, S, LINE,, 300 
SLL, ,1 
M,T9RING, NODE 

SEL,S,LINE, ,328 
SLL, ,1 
M,TlORING, NODE 

SEL,  S, LINE,, 356 

W,TllRING, NODE 
SLL, ,1 
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COP1 * * * *  SURFACES AT O-RING * * * *  

SEL,S,LINE, ,21,22 
SLL, ,1 
M, CSEAL, NODE 

SEL,S,LiNE, ,?8 
S L L ,  ,1 
M, PSEAL, NODE 

SEL, ALL 
ALL 

! Ring - thread 8 

! Ring - thread 9 

! Ring - thread 10 

! Ring - thread 11 

! Collar 

! Plug 

COM * * * *  GENERATE GAP ELEMENTS * * - *  
YPE,7 
EAL, 7 
CGEN,TlRING,T?SHELL 
CGEN,TZRING,TZSHELL 
CGEN,T3RING,T3S3ELL 
CGEN,T4RiNG,T4SSELL 
CGEN,TSRiNG,TSSEELL 
CGEN, TGRING, T6S3ELL 
CGEN, T?RiNG, T7SHELL 
CGEN,TERiNG,TSSHELL 
CGEN, TgRLNG, T9SHELL 
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:GEN,TlORING, TlOSHELL 
:GEN,TllRING,TllSHELL 

:GEN, ?SEAL, CSEAL 

:OM * * x *  BOLTS * * * *  
jYS, 12 ! Same as shield plug local, 
.3000,BGLTIR,i.8iO+.OOl ! K,2100,BoltiR,2. 
,3001, BGLTOR, 1.8 lo+. 001 ! K,2101,BoltOR,2.000 
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,3000,3001,1011,1012 ! Connect to ring above 1st thread 
(DE, 3 ! Bolt 
\ T I  2 
3AL, 1 
S I Z C ,  8"ELSiZE 
VIESH, 84 

:OM * * * -  MERGE COINCIDENT NODES ON AREA BOUNDP.2,IES * * * *  
SEL,S,TYPE, ,2 ! Shell collar 
SLS 
s LN 
UP!NERG, NODE 
UMMRG, CLEM 
UMMERG, !Z? 

SEL,S,T?PE,,4 
SLE 
SLN 
UMMERG, NODE 
UMMRG, ELEM 
UMMERG, KP 

SEL,S,TY?E, , 6  
SLE 
SLX 
UMMERG, NODE 
U%K3G, ELSM 
UMMZRG, K? 

LLS 

COM * * + +  GENERATE GAP ELEMENTS 
SEL, S, LINE,, 372 
SLL,, 1 
t", BOLTGAPS,  NODE 

1.8 

! Selec: nodes based on elements 
! Selecc keypoincs based or, nodes 

! Lifting & Locking ring 

! SelecE keypoincs based on nodes 

! Shield plug 

! Selecc keypoincs based on nodes 

* * * *  
! Line on "bolt" 
! Selecc nodes on line 

! Group r.odes as "woltgaps" 
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;SZL, S, LINE,, 68 

:M, PLUGGAPS, NODE 

‘GET,NUM-BOLT,NODE,,COU“ 

ISLL, ,l 

‘DIM, NODE-I, , NUM-BOLT 
<DIM,NODE-J,,NUM-BOLT 

’COM * * * *  SORT NODES ON BOLT * * * *  
XSEL, , BOLTGAPS 

tDO, I, 1, NUM-BOLT 
cGET, YVAL, NODE,, MNLOC, Y 

*GET, MIN-R, NODE, , MNLOC, X 
NODE-I (I) =NODE (MIN-R,YVAL, 0 )  
NSEL, U, NODE, , NODE-I (I) 

rENDDO 

’COM * x * r  SCRT NODES OW PLUG * * * *  
:MSEL,, PLUGGAPS 
‘GET,YVAL,NODE, ,XNLOC, Y 
e DO, I, 1, NUN-SOLT 

*GET,MIN-R,NODE,,MNLOC,X 
NODE J(I)=NCCS(MIN R,YVAL,O) 

- 2  PAGE 71 
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NSELTU,NODE, , N C o E j ( I )  
‘ENDDO 

4LLS 

/COM ***“GENERATE SLEMENTS * * * *  
TYPE, 8 
?EAL, 8 
DO, I, 1, NUM-BOLT 

E,NODE-J(I) ,NCDE-I(I) 
<ENDDO 

! Line on plug 
! Select nodes on line 

! Group nodes as “pluggaps” 

! Number of nodes = “num-bolts” 
! Dimension arrays for nodes 

! Get y-value 

! Ge: value of minimnm radius 
! Get node number at minimum radius 

! Ren?ove selecEed node from group 

! Get y-value 

! Get value of minimum radius 
! Gec node number at minimum radius 

! Ramove selecced node from grcup 

! Jack bolt concactl2 with plug 

‘JALL 
<ALL 

/COM * * * *  RELAX CONVERGZNCE TOLERANCES * * * *  
INVTOL, F, , .Ol ! 1% on force (lO*defaulc) 
!CNVTOL,M,, .Ol ! 1% on moment ::Oxdefault) 

/COM * - + *  BOUNDA2Y CONDITIONS * * * *  



CSYS, 12 
NSEL, S,SOC,X,RPLUGl 
NSEL,R,LOC,Y, -1.94,1.81 
a,  ALL, ux, 0.0 

CSYS, 0 
NSEL,S,LOC,Y,-10.875 ! Base e: shell 
D,ALL, UY, 0.0 ! Fix vertical (rollers) 
NALL 

/CON * * * *  LIP AT TOP OF COLLAR * * * *  
/COM * * * *  KEYPOINTS * * * *  
K,800,RSOUT,4.7206 
K,801,12.443,4.8228 
K, 802,RIMAX, 4.925 

! Inside of pli;g 

! F i x  radially 

/SOLLJT ION 
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/COM * * * *  LIP AREAS * * * *  
A,256,263,800,801 
A, 257,256,801,802 

/CON * * x *  M3SHING LIP AREAS 85, 86 * * * *  
ESIZE,3*EiSIZE 
TYPE,  2 
MAT, 1 
REAL, 1 
AMESH, 85 
AMESH, 80 

! Area 85 
! Area 86 

! Collar 
! Collar 

/COM * * * *  MERGE AREA BOUNDARIES TO REST OF COLLAR * * * *  
ESEL,S,TYPE,,2 ! Collar elsm 
NSLE 
KSLN 
NUMM3G, NODE 
NUMMRG, ELEM 
NUMMRG, KP 

NALL 
EALL 
SAVE 
FIN1 
/COM * * * *  END OF MODEL * '** 
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PREPARED BY I DATE 
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COM * * * '  FIRST STEP TO CLOSE GAPS - LS-1 * * * *  
UNIF, 70 
REF, 70 
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TITLE,MCO CLOSURE THREADS - LOAD STEP 1 - THREAD CLOSURE 
BC, 1 ! Set change loads for load step 1 
SUBST, 1 ! Number of substeps 
EQIT, 10 ! Number of equilibriun iterations 

COM * * x *  DISPLACE RING UPWARDS TO CLOSE GAP * * * *  
SEL,S,TYPE, ,4 ! Selecc ring elements 
SLE ! Selecc nodes on ~ i n g  
SEL,R,LOC,X, 15.9/2 ! Inside of ring 
,ALL,UY, .OO46 ! Move ring up 
ALL 
ALL 

COM * * * *  DISPTACC SHIELD PLUG DOWNWARDS TO CLOSE GA> ***r 
SEL,S,TYPE,,G ! S e l e z c  plu-; elements 
SLE ! Selecz nodes on plug 
SEL,R,LOC,X,RPLUGL ! Inside of pluc; 
, ALL, UY, - .00101 ! Move p i -g  G o w r .  to compxess seal 

LLS 

S WR I T E I * * * * r r * * x * r * * * * i * * *  END OF LS-1 * * * r * * * * * * * * * i * i * * * * * * * * i *  

TITLE,MCO CLOSURE: 124.iK BOLT LOAD, 270 F, 150. F X S S ,  124.lK SEAL 
OAD-LS-2,THRDMIN 
UNIF, 270 
BC, 0 
SUBST, 10 
EQIT, 15 
UTOTS, ON 
ROPT, AUTO 
LGEOM, ON 

K, 2003, FY, 62050 
K, 2004, CY, 62050 
', 549, FY, -31025 
,550, FY, -62050 
',551,?Y,-31025 

! Ramp change loads f o r  load step 2 

! Number of equilibrium iteracions 
! Number of substeps 

Seal Preload on Piug- Tccal ?reload 124,10C lb 

! Seal Preload on Collar - 124,100 lb toca: 
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ESEL, S,TYPE,, 4 
NSLE 
DDELE, ALL, UY 
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! Select ring elements 

! Remove y displacement 
! Select nodes on ring 

ESEL, S,TYPE,, 5,6 ! Select ring elements 
NSLE ! Select nodes on ring 
DDELE,ALL, CY ! Remove y displacement 
NALL 
EALL 

/ * * * *  COX APPLY PRESSURE LOAD * * * *  
P-INT= 15 0 ! Nominal internal pressure 
PA_REAL=11.617*11.617 
PA-MODEI=(RPLUG2w3PLUG2)-(RPLUG1*RPLUG1) 
P - INT-P=P - INT*PA-REAL/PA-MODEL ! Correcred pressure on glug bortom 

LSEL, S, LINE,, 62 
LSEL,A,LINE, ,66,81 
LSEL,A,LINE, ,11 
LSEL,A,LINE,, 15 
LSEL,A,LINE,, 18 
LSEL,A,LINE, , 2 3  
LSEL,A, LINE,, 22 
SFGRAD 
SFL,ALL, PRSS, P-INT 

! Shield plug - seal groove 
! Shield plug side 
! Collar a: base 
! Collar as taper 

! Collar at seal 
! Reset gradient (none used1 
! Apply pressure 

/ * * = *  COM SHIELD PLUG BOTTOM * * * *  
LSELS, S, LINE,, 85 ! Shield piug bottom 
SFL,ALL, PRES, P-INT-P 
ALLS 
S FTRAN ! Transfer line loads to elements 

EALL 
NALL 
ALLS 

SAVE 
LSWRITE 
LSSOLVE,1,2 
SAVE 
FIN1 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date / Time: 

KH-8009-8 

ANSYSB-PC 
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THRDMAX. INP 

Stress Analysis of the MCO ThreadlClosure 
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Prepared By: Zachary G: Sargent Date 



LISTING OF THRDMAX.INP FILE 

REVISION 
PREPARED BY I DATE 

CHECKED BY I DATE 

BATCH, LIST 
TITLE,MCO CLOSURE THREADS, PRELOAD ONLY, NO FRICTION, W/ SEAL 
COM REF. ti-2-828042, REV. 1, MINIMUM MATERIALS BASED ON TOLERAMCES,12-98 
COM 0.373 INCH THREAD RELIES 
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FILNAME,Thrd373 
PREP7 

TRIAD, LTOF 

AFUN, DEG 
CON * * * +  SHELL COLLAR (INTERNAL THREADS) * * * +  
T, 2, PLANE42,, ,1 ! Axisy.mietric Quads 

COM * * * *  JACKING BOLTS * * * *  
T, 3, PLANE42,, ,1 ! Axisyxnetric QuaCs 

COM * * + +  LIFTING & LOCKING RING (EXTEIINAL THREADS) * * " *  
T, 4, PLANE42,, ,1 ! F.xisymmetric Quads 

COM *++-  SHIELD PLUG AND SEAL * * * *  
T, 6, PLANE42,, ,1 ! Axisymiiecric Quads 

TI 7, CONTAC4 8 ! Co~tact surface (gap) elements at threads 
EYOPT, 7,7,1 
,7,1.OE+OS 

T, 8,CONTAC12 ! Contact elements under jacking bolts 
.EYOPT, 8,7,1 
.,8,0,l.OE+O5,.2946,1.0 ! Initial interference for preload ac 200,000 
b. 

COM + * * +  DEFINE VARIABLES * * + +  
S=. 1657 ! Thread heighc 
.E=. 14 0 6 ! Height of thread engagement 
'=.0408 ! Cres: width 
IPITCH=24.5 
.PITCH=DPITCH/2 
'ITCH=.25 ! PITCH 

COM ***I SHELL DIMENSIONS ' * * *  
S I N  =24.04/2 ! Collar inside radius (below threads) 
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SOUT=25.28/2 

RSHELLl=:l.4925 
lRSHELL1=12.04 

EMIN=RPITCH-HS 
EMAX=RPITCH 

IMINxRPITCH-HE 
IMAX=RPITCH-HZ+HS 

SAVG=(RIMAX+RSOUT)/2 

RELIEF=24.535/2 

0 1 2 PAGE 78 
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! Collar outside radius 

! Shell inside radius (lower section) 
! Shell outside radius (lower section) 

! External thread (locking & lifting ring) 

! Internal thread (shell collar) 

! Average radius at threads 

OLTCIRC=21.75 ! Bolt circle diameter 
OLTSIZE=1.500 ! Bolt nominal diameter 

OLTIR=(BOLTCIRC-BOiTSIZE)/2 ! Diameter at inside edge jacking bolts 
,OLTOR= (BOLTCIRC+BOLTSIZE) /2 ! Diameter at ourside edge jacking 
olts 
OLTA=3.1415?25* ((BOLTOR*BOLTOR)-(BOLTIR*BOLTIR)) 

COM * * *+  SCALE FACTOR FOR BOLT E & SY (MODELED AS AXISYMMETRIC) * * * *  
.EALAREA=i3+1.41 ! Tensile area of jacking bolts 
F=XEALAREA/BOLTA ! S F  = Actual bolt area/modeled bolt area 

,LSIZE=. P3.05 ! Elemenc size for thread mesh .0350 

COM * * * *  THREA3 DIMENSIONS * * + *  
2=0 
3= (HS-EE) *TAN (7) 
4=(HS”TAN(7)) 
‘5=(HS*TAN(7) )iF 
6=PITCH-Y5 

COP1 * * * *  MATE?IAI PROPERTIES 

COM * * * *  MATERZAL 1: SA-132 F304L 
I?,NUXY,l, .3 ! Poisson’s constant with temperature 
12, DENS, 1,4?3/1723 ! Weight density (493 lb/f~^3), assumed 
,oris tant w/ t enp 

COM * * * *  NONLINEAR PROPERITES FCX MATERIAL 1 * * * *  



,TAN=.006 ! Use 52 tangent modulus 
'B, BKIN, 1,4 ! Yield stress and tangen-, moduli v. 
emperature 
'BTEM?, 70 
'BDATA, 1,25000, ETAN*28.3E+06 
'BTEM?, 200 
BDATA,1,21300,ETAN*27.6E+O6 
BTEM?, 270 
BDATA, 1,19760,ETAN*27.18Ei06 
BTEM?, 300 
BDATA,1,19100,ETAN*27.OE+06 

?TEMP, 1,70,200,270,300 

COM * * * *  ELASTIC MODULI FOR MATERIAL 1 * * * *  
?DATA,EX, 1,1,28.3E+06,27 .6E+06,27 .ISE+06,27 .OC-O6 

COM * * * *  MEAN COEFFICIENT 3 F  THERPAL EXPANSION FOR MATEgiAL 1 * * * *  
PTEMP,1,70,250,270,300 
PDATA,AL?X, 1,1,8.46E-06,8.9E-06,9.94E-06,0.00E-06 

COM * * * *  MATERIAL 2: S%-193 BSS, aaSA * % * *  
P,NUXY,2, .3 ! Poisson's constan-, with temperature 
?,DENS,2,493/1728 ! Weight density (493 1b/ftA3), assumed 
onstant w/temp. 

COM * * * *  NONLINEAP. ?RO?ERTIES FOP. MATERIAL 2 * * * *  
B,BKIN, 2,4 ! Yield s E r e s s  and tangenc moduli v. temperature 
BTEM?, 70 
BDATA, l,SF*5COOO,ETAN*28.3E+06 
BTEMP, 200 
BDATA,l,SF*50000,ETAN*27.6E+06 
BTZM?, 270 
BDATA, 1, SF*50000,ETAN*27.18E+06 
BTEM?, 300 
BDATA, 1, SF*50000, ETAN*27.0E+06 

?TEM?,1,70,200,270,300 

COM * * * +  ELASTIC XODULI FOR MATESIAL 2 * * + *  
?DATA,EX,2,1,SF*28.3E~O6,S~~27.6~~O~,S~~27.18E+O6,SF*27.OE+O6 

COM * * * *  MEAN COEFFICIENTS OF TiiEKYAL EXPANSION FO2 MATERIAL 2 * * * *  
'PTEMP, 1,70,250,?70,300 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 
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MPDATA,ALPX,2,1,8.46E-06,8.90E-06,8.94E-O6,9.OOE-06 

/CON * * * *  MATERI1.S 3: SA-182 F304N * * * *  
MP, NUXY, 3, .3 ! Poisson's constant with temperature 
MP, DENS, 3,493/1728 ! Weighc density (493 ib/ftA3), assumed 
constant w/temp. 

/COM * * * *  NONLINE1.R PROPERTIES FOR MATERIAL 3 * * * *  
ETAN=.006 ! Use 55 tangenc modulus 
TB, BKIN, 3,4 ! Yield stress and tangenc moduli v. 
cempe ra tu r e 
TBTEMP, 70 
TBDATA, 1,35000,ETAN*28.3E+06 
TBTEMP, 200 
TBDATA,1,28700,ETAN*27.6E+O6 
TBTEMP, 270 
TSDATA, 1,26110,ETAN*27.18E+06 
TBTEMP, 300 
TBDATA,1,25000,ETAN*27.OE+O6 

MPTEMP, 1,70,200,270,300 

/COM * * * *  ELASTIC MODULI FOR MATERIAL 3 * * * *  
MPDF:TA,EX, 3,1,28.3E+06,27.6E+06,27.18E+O6,27 .OE+06 

/COM * * * *  MEAN COEFFICIENTS OF THERMAL EXPANSION FOR MATERIAL 3 * + * *  
MPTEMP, 1,70,250,270,300 
MPDATA,ALPX,3,1,8.46E-O~,8.?E-O6,8.9~E-G6,9.OC~-O6 

/COM * * * *  MATERIAL 4: SA-182 F304 * * * *  
MP,NUXY,4, .3 ! Poisson's constant with temperature 
MP, DENS, 4,493/1723 ! Weight density (493 1b/ftA3), assumed constan: 
w/temp. 

/COM * * * *  NONLINE1.R PROPERTIES FOR MATERIAL 4 * * * *  
ETAN=. 006 ! USE 5% TANGENT MODULUS 
73, BKIN, 4,4 ! YIELD STRESS AND TANGENT MODULI V. TEMPERATURE 
TBTEMP, 70 
T3DATA,1,3COOO,ETAN*28.3E+OE 
TBTEMP, 200 
TBDATA, 1, 25000,ETANC27.6E+06 
TBTEMP, 270 
TB3ATA,1,23250,ETAN*27.18EL96 
TBTEMP,300 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 
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'BDATA, 1,22500, ETAN'27 .OE+06 
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'COM * * * *  ELASTIC MODULI FOR MATERIAL 4 * * * *  
IPTEMP, 1,70,200,270,300 
1PDATA,EX,4,1,28.3EsO6,27.6E+O6,27.18EtO6,27.OE+O6 

'CON r * * *  MEAN COEFFICIENTS OF THERXAL EXPANSION FOR MATER1 
!PTEMP, 1,70,250,270,300 
lPDATA,ALPX, 4,1,8.24E-06,8.57E-06,8.602E-06,8.65E-06 

4 i*** 

'COM * * * *  LIST MATERIAL PROPERTIES * * * *  
IPLIST 
'ELIST 

'COW * * * *  SHELL COLLAR (INTCRNAL TEREAD) * x * *  
:, 10,IRSHELL1,-10.875 
C, 11, ORSHELL1, -10.875 
:, 12, IRSEELLl. -5.125 . .  
:,13,ORSP!:ELL1,-5.125 ! B o t t o m  of t r a n s i t i o n  - o u t e r  s h e l l  

C, 14,RSOUT, -4.525 
;, 15, IRSHELLl, -3.62 ! Top o f  t r a n s i t i o n  - o u t e r  s h e i !  
C, 16 ,  RSOUT, -3.62 

C, 17, IRSFELLl, -2.715 
C, 18,3SOtiT, -2.715 

C, 19, IRSHELL1, -1.8 1 
:, 20,23.375/2, -1.81 
C, 2l,RSIN, -1.81 
:, 22, RSOUT, -1.8 1 

C, 31, RSIN, -1.56 
;,32,RSOtiT,-1.56 

:, 33, R S I N ,  -1.31 
<, 34, RSOUT, -1.31 

:, 35, RSIN, -0.5 
C, 36, RSOUT, -0.5 

:, 37, RSIN, -0.25 
C, 38, RSOtiT, -0.25 

! S e a l i n g  s u r f a c e  

! Sea1i r .g  s u r f a c e  
! S e a i i n g  s u r f a c e  

! S e a l i n g  s u r f a c e  
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K ,  39, R S I N ,  0 

K,4i,RSAVG,0.125 
cangent 
K,42,RSOUT,0.125 

X,40,R3ELIEF-0.125,0 
! Bottom of thread relief 
! Bottom of thread relief - tangent point 
! Centerpoint of thread relief at vert. 

! Outside of thread relief at vert. tangent 

K, 43,RRELIEF, 0.125 ! Thread relief vertical tangent point 
K, 44, RRELIEF-O.125,O. 125 ! Thread relief center of curvature 

/COM * * * *  AREA ? - FIRST THREA2 * * * =  
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+Y5 
K, ill, RIMAX, 0.25+;'6 
K, 112, RIMAX, 0.25APITCH 
K, 113, RSAVG, 0.25+PITCH 
K, 114, RSOUT, 0.25+PITCH 

POU * * + *  LINES FOR COLLAR AT T H R E A 3  RELIEF * ' * *  I;:?;, 38 
i, 38,42 
L , 4 2 , 4 1  
i,4i,43 
LARC,43,40,44,.125 
L, 40,39 
L, 39,37 

A, 10, 11,13,12 ! Nominal shell 
A, 12,13,14,16,15 
A, 15,16,18,17 
A, 17,18,22,21,20,19 
A, 2 1,2 2,3 2,3 1 
A, 3 1,3?, 34,33 
A, 33,34,36,35 
A, 35,36,38,37 

! Collar transitior, 

! Area at sealing surface 
! Collar above sealing surface 
! Collar - medium element 
! Collar - coarse element 
! Collar - medium eiement 

AL,i,2,3,4,5,6,1 

GENERATE THREAD AREAS . + - *  
A,43,41,106,107 ! Thread relief - inside 
A, 41, 42, ?05,106 ! Thread relief -outside 



, , 1 0 7 , 1 0 6 , 1 1 3 , 1 1 2 , 1 1 1 , 1 1 0 , 1 0 9 , 1 0 8  ! Thread EooLh 
L, 106,105,114,113 ! Thread outside 

‘COM * * * *  LIFTING & LOCKING RING (EXTERNAL THREA.3) * *+*  
,OCAL, 11,0, , 0.08 

:, 1091, SOLTIR 
:, 1002, BOLTOR 
:, 1003,12. 0 

:, 1004,RC>IIN 
:, 1005, REMAX, Y6-Y5 
:, 1006, REWAX, YG-Y4 
c, 1007, REMAX-HE, Y6-Y3 
c, 1308,REMIN,Y6-Y2 
c ,  1009, RENIN, PITCS 

C, 1 0 1 0 , 1 2 . 0 ,  PITCH 
:, 1011,SCLTOR,PITC5 
:, 1 0 1 2 ,  BOLTIII, PITCH 
:, 1013,15.9/2, P I T S  

‘COM * * * *  ARE&. 5 
\, 1003,1004,1005,1306,1007,1008,1009,1010 ! Thread p r o f i l e  
‘C3M * - * -  AREA ? + - * -  
~,1002,1003,1010,1011 ! Outer  fine 
:ransicion 

i ,  1001,1002,1011,1012 ! inner 
: c o a r s e )  c r a n s i t i o n  

i ,  1 0 0 0 , 1 9 0 1 ,  1012,1013 ! Ring 

:, 1C IO, 15.9/2 ! 7.95” 

‘COM i .* ..k .~ ARE?!, ? 

‘CON * * x r  AREA ? * * . h i  

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

‘COM * + * *  SEIELD PLUG DIMENSIONS * * * *  
?PLtiG1=15.78/2 
IPLiJG2=22.30/2 
?PLUG3=23.975/2 
?SZAL1=23. $ 5 / 2  
?SEAL2=23.375/2 
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‘CoM + + * +  SEIELD ?LUG * + + *  
dOCAL, 1 2 , 0 , ,  - 1 . 8 1  

’COM * * - *  S l i I E L D  PLUG OUTLINE * * * *  

! 0-rinq 
! C-zirig groove 



PAR5ONS 
CLIENT: D E S  HANFORD. INC FILE NO: KH-8009-8-04 
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REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

,2000, P.?LL:G1, -1.94 

,2002,P.PLUG2,-1 
,2001, RPiUG2-0.181, -1.94 

,2003, RPLSG2,O. 155 
,2004,RPLUG3-0.300,0.155 
.,2005,RPLUG3-0.300,0.001 
,2006,RPLUG3,0.001 
,2007,RPLUG3,0.155 
,2008,RPLUG3,1.81 
,2009, RPLLIG1, 1.81 

COM * * * *  OTHER LOCATIONS ON SHIELD PLUG * * * *  
.,2100,BOLTiR, 1.81 
:, 2 101, BCLTOR, 1.8 1 
:, 2102, BOLTIR, 1.25 
., 2103, BOLTOR, 1.25 
:, 2104, RPLiJG3,I. 25 
1,2105, BOLTIR, 0.35 
:,2106, i1.9,0.35 

1,2107, RPLUG3,O. 35 
:, 2108, RPLUG2,O. 35 

., 2:02,2103,2101,2100 ! Under bolt 

.,2133,2104,2008,2101 ! Outside radius at to? 

.,2105,2108,2105,2107,2104,2103,2102 ! Center of plug 

., 2005,2006,~007,2004 
,,2003,2C0?,?007,2107,2106,2108 
L,2000,200i,2002,2003,2108,2105,2102,2100,2009 

COW * * * - ;  ?!ESH AREAS (FINE TO COARSE) * * * *  
:SIZE, ELSIZE ! 0.035" 
'YPE, 2 ! Coliar 
iAT, 4 
\MESH, 10 
LMES."., 1: 
\MESH, 9 
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'YPE, 4 
IAT, 3 
?MESH, 14 

! Locking/lifting ring 

'YPE, 6 ! Plug quads 
!AT, 1 



FILE NO: KH-8009-8-04 
1."1 PARSONS 

CLIENT: DE&S HANFORD, INC 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 6 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

LMZSH,21 

'YPZ,  2 
!AT, 4 
LMZSH, 4 

:SIZE, 1.5*ELSIZE 
'YPE,  2 
!AT, 4 
J f E S H ,  11 
.MESH, 13 
.MESH, 5 

S I Z E ,  2 * E L S I Z E  

!AT, 3 
.MESH, 15  

'YPE,  6 
IAT, 1 
MESH.  22  

'YPC,  4 
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:SIZE, 4 * Z L S I Z E  

!AT, 4 
hMCSH, 3 
' y p ? ,  6 
!AT, 1 
,MESH, 2 0  

'YPE,  2 
!AT, 1 
: S I Z E ,  2 + E L S I Z E  
&MESH, 8 
>MESH, 6 
.MESH. 7 

'Y?E, 2 

:SIZE, P E L S I Z E  
'YPE,  4 
IAT, 3 
JJIESi:, 16 
'VPE, 6 
IAT, 1 
>MESH, 18 

! C o l l a r  q u a d s  

! C o l l a r  quads 

! RING QUF.DS 

! PLUG QUADS 

! C o l l a r  q u a d s  

! P l u g  q u a d s  

! R i n g  q u a d s  

! P l u g  q u a d s  



MESE, 19 

S I Z E ,  lG*ELSiZE 
YPE, 4 
AT, 3 
msn, 1 7  
YPE, 2 

MESH, 2 
AT, 4 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/12/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 &-02/12/99 

! R i n g  q u a d s  

! C o l l a r  quads 

PAGE 86 
of 95 

SIZE, 15*ELSIZE 
YPS, 2 ! C o l l a r  q u a d s  
AT, 4 
MESH, 1 
YPE, 6 ! P l u g  q u a d s  
AT,  1 
MESH, 2 3  

GEN, 11, i2,17, I,, 0.25 ! G e n e r a c e  11 t h r e a d s  
LLS 

COM * * * *  GROUP NODES FOR GAP SURFACES * * + +  
S E L ,  S ,  L I N E , ,  45  ! Sheli - 1st t h r e a d  
SLL,, 1 ! Selecc n o d e s  o n  1ir.e 
Pl, T l S H E L L ,  NODE ! G r o u p  n o d e s  

S E L ,  S ,  L INE, ,  9 6  
SLL, ,1 
M, TZSHELL, NODE 

,SEL, S,  LIKE,, 1 2 4  
iSLL, ,1 
' M ,  T 3 S t i E L L ,  NODE 

,SEL, s,  L I N E , ,  1 5 2  
ISLL,  ,1 
'M, T4SHELL, NODE 

^--  
l>zd, S,  LINE,, 1 8 0  
[SLL,, 1 
:M, T5SHELL, NODE 

:SE;,S,LINE, , 2 0 8  
ISLL, ,1 

! S h e l l  - t h r e a d  2 

! Shell - t h r e a d  3 

! S h e l l  - t h r e a d  4 

! S h e l l  - t h r e a d  5 

! S h e l l  - t h r e a d  o 
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SSEL, S, LINE,, 236 
NSLL, ,1 
CM, T7SZELL, NODE 

LSEL, S, LINE,, 264 
NSLL, ,1 
CM, T8SHELL, NODE 

LSEL, S, LINE,, 252 
NSLL, ,1 
CM, TgSHELL, NODE 

LSEL, S, LINE,, 320 
NSLL, ,1 
CM, TlOSHELL, NODE 

LSEL,S, LINE,, 348 
NSLL, ,1 
CN, T 11 SSELL, NODE 

LSEL, S, LINE,, 52 
NSLL, , 1 
CY,TlRING, NODE 

LSEL, S ,  LINE,, 104 
NSLL,, 1 
CM, T2RING, NODE 

LSEL, S, LINE,, 132 
NSLL, ,1 
CM, T3RING, NODE 

LSES, S, LINE,, 160 

CM,T?RING,NODE 

LSEL, S, LINE,, 188 
NSLL, ,1 
CM,T5RING, NCDE 

LSZL,S,LINE, ,216 

NSLL, ,1 

CY, TGSHELL, NODE 

REVISION 

PREPAREDBY /DATE 
CHECKED BY / DATE 
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! Shell - thread 7 

! Shell - thread 8 

! Shell - thread 5 

! Shell - thread 10 

! Shell - thread il 

! Ring - 1st t h r e a d  

! Ring - thread 2 

! Ring - thread 3 

! Ring - threac! 4 

! Ring - thread 5 

! Ring - thread 6 



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 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

ISLL, ,1 
: M ,  T S R I N G ,  NODE 
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, S E L ,  S, L I N Z ,  , 2 4 1  
!SLL,  , l 
:M, T 7 R I N G ,  NODE 

* S E L ,  S ,  L I N C ,  , 2 1 2  
!SLL, ,1 
:M, T 8 R I N G ,  NODE 

, S E L ,  S ,  L I N E , ,  3 C O  

: M , T 9 R I N G ,  NODE 

.SEL,  S ,  L I N E , ,  3 2 8  
ISLL,  ,1 
: M , T l O R I N G ,  NODE 

S E L ,  S ,  L I N E , ,  3 5 6  
ISLL,  ,1 
: M , T 1 1 R I N G , N O D E  

iSLL, , 1 

! R i n g  - t h r e a d  7 

! R i n g  - t h r e a d  8 

! R i n g  - t h r e a d  3 

! R i n g  - chzeac! 10 

! R i n g  - t h r e a d  11 

'COM * + * *  SUZFACES AT O-RING * * * *  

. S E L , S , L I N E , , 2 1 , 2 2  
ISLL,  ,1 
:M, CSEAL,  NODE 

, S E L ,  S ,  L I N E , ,  78 

:M, PSEAL,  NODE 

, S E L , A L L  
IALL 

ISLL,  , 1 

'COM * i * r  GENERATE GAP ELEXZNTS * * * * 
'YPE,  7 
LEAL, 7 
; C G E N , T l R I N G , T l S H E L L  
I C G E N , T 2 R I N G , T 2 S H Z L L  
I C G E N , T 3 R I N G , T 3 S H Z L L  
C G E N , T 4 R I N G , T 4 S t i Z L L  

! C o l l a r  

! P l u g  
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GCGBN,T5RING,T5SEELL 
GCGEN,TGEIING,TGSHZLL 
GCGEN,T7RING,T7SHZLL 
GCGEN,T8RING,T8SHESL 
GCGEN, TgRIMG, T9SHELL 
GCGEN,T10RiNG,TlOSHELL 
GCGEN,TliRING,TliSHELL 

GCGEN, PSEAL, CSEAl 

/CON * * * *  BOLTS * * * x  
C S Y S ,  12 
local,12,0,,-1.81 
K,3000,BOLTIR, 1.8iO+O. 
K, 3001, BOLTOR, 1.810+0. 
A, 3000,3001,1011,10i2 
TYPE, 3 
MAT, 2 
REAL, 1 
ESIZE, 8*iZLSIZE 
AMESH, 84 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 & 02/12/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 &+ 02/12/99 

001 
001 
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! Same as shield plug 

! X,210C,YOLTIR,2.00 
! 
! Connect to ring above lsc thread 
! Bolt 

K, 2101, BOLTOR, 2 .  OOC 

/CON 
ESEL, I NSLE * * * *  M E X Z  COINCIDENT NODES ON AREA BOUNDARIES * * * *  

S,TYPC, , 2  ! Shell collar 
! Select nodes based on elements 

KSLN ! Select keypoincs basnc on nodes 
NUMMERG, NO3E 
MUMMRG, ELEM 
NUMMERG, K? 

ESEL,S,TYPS, , 4  
N S L Z  
KSLN 
NUMMERG,NCDE 
NUMMRG, ELEH 
NUMMEEIG, K? 

:SEI,, S,TYPZ, , 6  
!lSLZ 
KSLN 
3UMMERG,NODE 
YGMPlRG, ZLEM 
!JUMPlE2.G, KP 

! Lifting and locking ring 

! Select keypoints basec  on nodes 

! Shield plug 

! Select keypoints based on nodes 
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REVISION 0 1 2 
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CHECKED BY I DATE J N  4117197 HSA 711419a& 02112199 

LSEL, S, LINE,, 370 

3 4 ,  BOLTGAPS,NODE 

i S E L ,  S, LINE,, 68 
J S L L ,  ,1 
:M, PLUGGAPS, NODE 

iGET,NUM-BOLT,NOC2,,COUNT 

kDIM,NODE-I,,NUM-30LT 
IDIN, NODE - J, ,NUM_SOLT 

/COM * * * *  SORT NODES ON BOLT * * * +  
IMSEL,,BOLTGAPS 
*GET, YVAL, NODE,, ?!'NLOC, Y 
*DO, I, 1, NUM-BOLT 

radius 

radius 

?roup 
*ENDDO 

JSLL,  ,1 

'nurn-bolts" 

*GET,MIN-R, NCGE, ,MNLOC,X 

NODE-I (I) =NOES ( M I X  - R, YVAL, 0) 

NSEL,U,NODE, ,NODE-I [ L )  
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/COM * * * +  SORT MODES ON PLUG * * + +  
ZMSEL,,PLUGGAPS 
*GET, YVP.L, NODE, , ?l?jLOC, Y 
'DO, I, 1, NUM-BOLT 

*GET,MIN-R, NOG3, ,MNL@C,X 

NODE - J (I) =NO=< (P!IN-X, YVAL, 0) 

NSEL,U,NODE, ,TODE-J(I) 

radius 

radius 

group 
'ENDDO 

4LLS 

! Line on "bolt" 
! Select nodes on line 

! Group nodes as "boltgaps" 

! Line on plug 
! Selecc nodes on line 

! Group nodes as "pluggaps" 

! Number of nodes = 

! Dimensicn arrays for nodes 

! Gez Y-value 

! G a t  v a l , ~ e  of r.inimum 

! Get nods number at minimum 

! Renove selected node from 

! Get Y-value 

! Gat value of m.inimum 

! Ges node nu rbe r  at minimum 

! Ranove selected node from 

! Jack bolt -concaccl? with plug 
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REVISION 

PREPARED BY I DATE 
CHECKED BY I DATE 

P.EAL, 8 
"DO, I, 1,NUM-BOLT 

*ENDDO 

NALL 

E, NODE-J (I I , NODE-I !I) 
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/COM * * * *  RELAX CONVERGENCE TOLERANCES * * * *  
CNVTOL, F, , .O1 ! 1% ON FORCE (lO*DEFAULT) 

/COM * * * *  BOUNDARY CONDITIONS * * * *  
CSYS, 12 
NSEL, S, LOC,X, RPL'JG1 
NSEL,R,LOC,Y,-1.94,1.81 
D,ALL,UX,O.O 

CSYS, 0 
NSEL,S,LOC,Y,-10.875 
D,ALL,UY, 0.0 
MALL I 
/COM * * * *  LIP AT TOP OF COLLAR * * * *  
/COM * * * *  KEYPOINTS * * * *  
K,800,RSOUT,4.7206 
K,801,12.443,4.8228 
K,802,RIMAX, 4.925 

/COM * * * -  LIP AREAS * * * +  
A,256,263,800,801 
A,257,256,801,802 

/COM * * * *  MESEING LIP AREAS 85, 86 * * * *  
ESIZE, 3*ELSiZE 
TYPE, 2 
MAT, 4 
REAL, 1 
AMESH, 85 
AMESH, 86 

! Inside of plug 

! Fix radially 

! Base of skell 
! Fix vertical (rollers) 

! Area 85 
! Area 86 

! Collar 
! Collar 

/COM * * * *  MERGE A X 4  BOUNDARIES TO REST OF COLLAR * * * *  
ESEL,S,TYPE, ,2 I Collar elezerzs 
XSLE 
KSLN 
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NUMMRG, NODE 
NUMMRG, ELZM 
NUMMRG, KP 

NALL 
EALL 
SAVE 
F I N 1  
/COM * * * *  END O F  MODES * * * *  

/SOLUTION 
/COM * * * *  F I R S T  S T E P  TO CLOSE GAPS - L S - 1  * * * *  
T U N I F ,  70  
TFIEF, 7 0  

K a c ,  1 ! S e t  c h a s g e  l o a d s  f o r  load  
scep  1 
P!SUBST, 1 ! N1;mber o f  ssbsteps 
N E Q I T ,  1 0  ! N u m b e r  o f  e q u i l i b r i u m  
i t e r a t i o n s  

/CON * * * *  DISPLACE RING UPWA3DS TO CLOSE GAP * * - *  
E S E L ,  S,Tl(E’E,, 4 ! Se lec t  r i n g  e i e m e n c s  
MSLE ! S e i e c t  n o d e s  on  r i n c ;  
N S E S , R , L O C , X , 1 5 . 9 / 2  ! I n s i d e  of r i n g  
D ,  ALL, U Y ,  0 . 0 0 4  6 ! Move r i n g  u p  
NALL 

/ T I T L E , M C O  CLOSURE TEREADS - LOAD S T E P  1 - TSREAD CLOSCiFIE 

REVISION 0 1 2 

CHECKED BY I DATE JN 4117197 HSA 7/14/98 02/12/99 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 &55 02/12/99 

/COM * * * *  DISPLACE S H I E L D  P L J G  DOWNWARDS 
E S E L ,  S , T Y P E ,  ,6 
NSLE 
N S E L ,  R,  LOC,X,  RPLUGl  ! I n s  
D,ALL,  UY, - 0 .  OOlCl 

A L L S  

LSWRITE ! **i* END OF L S - 1  * * * *  
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TO CLOSE GAP x C * r  

S e l e c t  p l u g  e l e m e n t s  
! Selecc n o d e s  on  p l u g  

de of p l u g  
Move p l u g  down t o  c o m p r e s s  s e a l  

/ T I T L E , M C O  CLOSURE: 2 0 0 K  BOLT LOAD, 2 7 0 F ,  150 P s i ,  L S 2 ,  T h r d r n a x  
T U N i F , 2 7 0  
K3C, 0 ! R a m p  c h a r . g e  loads f o r  load s t e p  2 
NSUBST, 40 ! N u m b e r  of s u b s t e p s  
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REVISION I 0 I 1 I . .  2 I 
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EQIT, 40 
UTOTS, ON 
ROPT, AUTO 
LGEOM, ON 

PAGE 93 
of 95 

! Number of equilibrium iterations 

K, 2003, FY, 62050 ! Seal preload on plug- total preload = 124,100 15 
K, 2004, FY, 62050 
, 549, FY, -31025 ! Seal preload on collar - 124,100 lb 
otal 
,550, FY, -62050 
,551, FY, -31025 

SEL, S,TYPE,, 4 
S L Z  
DELZ,ALL,UY 

SEL, S,TYPE,, 5,6 
SLE 
DELE, ALL, UY 
ALL 
ALL 

! Select ring elements 

! Remove Y displacement 

! Select ricg elemefits 

! Remove Y displace3ent 

! Select nodes on ring 

! Selecc nodes on ring 

COH * * * *  APPLY PRESSURE LOAD * * * *  

ressure 
A-REAL=l1.617*11.517 

- INT-P=P-INT PF.-REF.L/ PA.-MCDEL ! Corrected pressure on plug bottom 

INT= 150 ! Nominal internal - 

A - MODEL=(R?LtiG2*R?LUG2)-(RPLUGl*RPLUGl) 

SEL, S, LINE,, 82 
SEL,A,LINE,,86,87 
SEL,A, LINE,, li 
SEL,A, LINE,, 15 
SEL,A,LINE,, 18 
SEL,A,LINE, ,23 
SEL,A, LINE,, 22 
FGRAD 
FL, ALL, PRES, P-INT 

! Shield plug - seal groove 
! Shield plug side 
! Collar at base 
! Collar at taper 

! Collar at seal 
! Reset gradient (none used) 
! Apply pressure 

COM * * * *  S:IIELD P53G BCTTOF * * * *  
SELS, S, LINE,, 85 ! Shield plug bottom 
FL,ALL, PRES, P-INT-P 
LLS 
FTRAN ! Transfer line loads to elem.ents 

.- 

CHECKED BY / DATE I JN 4/17/971 HSA 7/14/98&. 02/12/991 I - 
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ALL 
ALL 
L L S  
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AVE 
S W R I T E  

SSOLVE,  1 , 2  
AVE 
IN1 
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STRESS ANALYSIS OF THE MARK 1A STORAGE AND S C R A P  BASKETS 

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION: 

PERFORM A STRESS ANALYSIS OF THE MARK ?A STORAGE AND SCRAP BASKETS IN ACCORDANCE WITH 
REVISION 5 OFTHE MULTI-CANISTER OVERPACK (MCO) PERFORMANCE SPECIFICATION (REFERENCE 1). FOUR 
LOADING CONDITIONS ARE CONSIDERED: 

1. 
2. 
3. 
4. 

CRlTERlAARE BASED ON THE ASME CODE, SUBSECTION NG. 
REVISION Oa 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 Ob OF THIS APPENDIX REFLECTS THE CHANGES MADE TO THE BASEPLATE OF THE BASKETS (NEW HOLE 
PATIERN) 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% [IS]. 

LIFTING AT A MAXIMUM TEMPERATURE OF looo c. 
DEADWEIGHT STACKING INSIDE THE MCO AT A DESIGN TEMPERATURE OF 375" C. 
VERTICAL DROP LOADING OF 35 G'S AT A MAXIMUM TEMPERATURE OF 132%. 
HORIZONTAL DROP LOADING OF 101 G'S ATA MAXIMUM TEMPERATURE OF 132" C. 

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 ArrACHMENT OF SHROUD USING SCREWS. 
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1. INTRODUCTION 

This calculation documents the evaluation of the Mark IA Storage and Scrap Baskets for 
lifting, deadweight, and drop accident loading. The structural adequacy evaluation is based 
upon Section 111, 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. 
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11. AISC, 1989, Manual o f  Steel Construction, Ninth Edition, American Institute of Steel 
Construction, Chicago, Illinois. 

12. Pugh, C. E, et al, 1972, Currently Recommended Constitutive Equations for Inelastic 
Design Analysis of FFTF Componenfs, ORNL-TM-3602, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 

13. “K-Basin SNF Scrap Basket Mark IA” Drawings H-2-828065, Revision 3. 
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Design”, dated 9 December 1997, DESH-9761486. 
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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 [I] 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. 



REVISION 0 1 2 
PREPARED BY I DATE BW4/17/97 ZGS 7/14/98 pd 02/09/99 
CHECKED BY I DATE JN 4/17/97 HAS 7/14/98 &02/09/99 

PAGE 8 

OF 77 



CLIENT: 
PROJECT 

EVlSlON 
REPARED BY I DATE 
HECKED BY I DATE 

DE&S Hanford FILE NO: KH-8009-8-05 
MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

0 1 2 PAGE 9 

BW4/17/97 ZGS 7/14/98 g& 02/09/99 OF 77 
JN 4/17/97 HAS 7 1 m a  .,g--o2109/99 
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Stub Acne Thread 
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Figure 1: 180" Sector of Mark 1A Storage Basket Structural Components. 



Table 1: Mark 1A Basket Structural Components 

support 
Rod 

Component Component Part 
No. in Dwgs. 
H-2-828060 

& H-2-828065 

12 

Center 
Coupling 
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Bottom 
Plate 

Structural Functions 

(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). 

Primary load bearing component during 
lifting operations and a shear support for the 
center post during a horizontal drop 
accident. 

I 

Provide support to above baskets when 
stacked inside the MCO for normal 
operations and during vertical drop 
accidents. 

Support the fuel during normal operations 
and maintain the position of the center post 
during drop accidents. 



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 304U304 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 allowable, S,. 
Properties for 304L are listed in Table 2, and for dual certified 304U304 (identical with 304) 
are listed in Table 3, extracted from Reference [3]. 

The yield strength and ultimate strength of the copper shroud material are 7.65 ksi and 30 
ksi, respectively, at 132 OC. 

REVISION 0 1 2 
PREPARED BY I DATE BW 411 7/97 ZGS 7114198 $2.6 02/09/99 
CHECKED BY I DATE JN 411 7/97 HAS 7 1 ~ 1 9 a  a. 02/09/99 

6. ACCEPTANCE CRITERIA 

For the lifting, dead weight stacking, and drop loads considered, the appropriate 
acceptance criteria is discussed below. 
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6.1 Lifting Loads 

Per Section 4.12.3 of the Performance Specification [I], the MarklA 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 speciaflifting 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 111, Subsection NG. 
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Table 3: 
ASME Code Material Properties for Type 304 Stainless Steel 

Notes for Tables 2 and 3: 

1. Table TM-1. Material Group G 
2. TableTE-1 
3. TableY-I 
4. Table 2A 
5. Table U 
6. Underlined values determined by linear interpolation, all others taken from ASME B&PV Code, Section 11, 

Part D. 
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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 IOO"C, the allowables are: 

OF 77 

Sy 21.04ksi 
3 3  

- 7.0lksi 

Use: Pm + Pb S 7.0 Ikri 

6.2 Deadweight Loads 

Per Section 4.12.3 of [I], the Mark IA baskets "shall meet the intent of ASME Boiler and 
Pressure Vessel Code, Section 111, subsection N G .  For primary membrane and primary 
membrane plus bending stresses, the allowable 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: 
Allowable Stresses - Deadweight 

Design/Level A Stress Limits 

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 0.6SM per NG-3227.2(a). 

REVISION 1 0 1 1 I 2 I I PAGE13 
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6.3 Drop Loading Conditions 

From Table 3 of the Performance Specification [ I  J, the bounding vertical drop loading is 35 
g’s and the horizontal drop loading is 101 9’s. The only potential sequential drop (vertical 
followed by horizontal) in the Performance Specification is the “Dropped with Cask“ case, 
which specifies a 279 vertical(corner)/lOlg horizontal. In this report, the sequential drop is 
conservatively evaluated as a 35g1101g combination, except for Section 9, where a 
27g1101g combination is used. A maximum drop temperature of 132” C (270” F) is 
specified in Rev. 3 of [I], which was released following the completion of the MarklA 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 [I] 
stipulates a nuclear criiicality 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 (elastidplastic) in the center post for the 
horizontal drop loading. 
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6.4 

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. 

Shroud Segment to Bottom Plate Attachment Criteria 



Table 5: Allowable Stresses for Drop Loading 

Support Rod 
Buckling' 

7. 

F-1324.3' F-I 334.3(a)(1) - 
Analysis 

Primary (Elastic Analysis) 

(Plastic Analysis) 

1 .5(2.4Sm)' 
(Elastic Analysis) 

Membrane 0.7s. 

Bending 0.9su 56.3 

REVISION 0 
PREPARED BY I DATE 
CHECKED BY I DATE 

0W 411 7/97 
JN 411 7/97 

(Plastic Analysis) 
Ave. Primarv Shear I F-1331.lfd) I 0.42s.. I 26.3 
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I -  Center Post I 150% of NB-3133 I ComDression I F-1331.5(b) Limit 

LOAD CONDITIONS & COMBINATIONS 

As discussed above, the Mark IA Storage Baskets are evaluated for four load cases: (1) 
liiing, (2) dead weight stacking inside the MCO, (3) a 359 vertical drop, and (4) a 1019 
horizontal drop. Each of these load conditions are independent, and are not combined. 
There is, however, the concern for a sequential drop, Le. an end drop followed by a 
horizontal drop. This concern is addressed by examining the maximum plastic distortion 
occumng in the vertical drop, which could potentially impact the buckling strength for a 
subsequent horizontal drop. 



CLIENT: DE&S Hanford FILE N O  KH-8009-845 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

. .. . - - - - - - - ~ . 

PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

0 1 2 PAGE 16 
0\1\14/17/97 ZGS 7/14/98 &> 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 &-0ZD 8/99 

8.1 Center Post 

The center post and its connection to the bottom plate was evaluated for lifting and for both 
a 359 vertical drop and a 1019 horizontal drop event. For the vertical drop, the controlling 
ASME Code limit is axial compression (column buckling). 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) = 340 ft -1b therefore use 340 to 400 ft-lb. Torque = 
(12) 

The shear area of the acme threads is found in Section 8.1.3 as A, = 7.977 inz for an  
effective length of thread engagement of one inch, or (0.9)7.977 = 7.179 in2 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 

2,400 
z=-- 7.179 - 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 

334 
Ratio = ___ - 7,010(0.6) - 0'079 

where the factor of 0.6 modifies the allowable for shear stress. The minimum diameter in 
the thread relief is d, = 4.60 inches. With the bushing bore diameter of d, = 2.71 inches, 
the tensile stress area is 

'x: 
A, = -&die - di) = 10.85in' 



The tensile stress is I 
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I And the stress ratio is 

22 1 
7,010 - 0*032 

Ratio = - - 

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-I 334.3(b). Material temperature is 
132 OC. 

E = 27.2 x I O 6  psi 304L Stainless Steel Modulus 

S, = 19.8 ksi 304L Stainless Steel Yield Strength 

K, = 0.8 Center Post Effective Length Factor, Conservatively Assumed 
Pinned at Top (Table C-C2.1, [ I l l )  

L, = 22 in. Length of Center Post, From Threaded Joint to Flat Top (bounding) 

R = 6.62512 = 3.313 in. 

Ri = 1.75/2 = 0.875 in. 

4 = n(R2 -R;) = 32.08 in2 

Outside Radius of Center Post 

Inside Radius of Center Post 

Cross Sectional Area of Center Post 

I r, = OS,/- = 1.713 in. Radius of Gyration of Center Post 
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r 

Py =S,(A,)= 63.52 x IO4 Ib. I 
P 

1 - 7  
P =  P = 53.64 x IO4 Ib. 

1.1 1 + 0.75h + 0.83h2 - 0.Slh3 

The axial buckling load on the center post of the lowest of the six baskets is 

Pw = 5(35)(2,400) = 42.0 x 1 O4 Ib. 

and the ratio of load to capacity is 

pc? Ratio = - = 0.783 P I 
Thus, the bottom basket center post capacity is adequate to support the entire 359 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 (lg) is 
therefore 

The moment in a propped cantilever is maximum at the wall (Le., 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: 

M, =-(101) wz, = 149,096in-lb 
8 



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, 4, and 
thread shear area, 4, of the threaded portion is 
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A, =nK, [ :  05+-tan(145)(E,-K0)]=7.977in2 /in 

where E, = 4.7973 in, & = 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 

PAGE 19 
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M 
R F = = 45,003 lb 

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, = (0.9xO5)As = 3.590 in2 

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 
T = - = 12,536 psi 

A, 

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 

Ratio = = 0.477 
26,300 
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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 de,42, or 2.3 inches. The bending stress is 

M c  
I cr = A- = 17,740 psi 

From Table 4, the allowable stress for primaty membrane plus bending is 60.1 ksi (elastic 
analysis). The stress ratio is 

(r 
Ratio = - - 

60,100 - 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 0.D.A.D. of 2.66"/2.00": 

Check net section for tension (liiing load) and shear (horizontal drop loading) 

A,, =[(2.66)* -(2.00)2]E=2.416in2 4 

2,400 
(rm=-- - 993 psi 

A,, 

Ratio = % = 0.142 

3 
- SY 

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 = 112 of 1019 loading of eight 39.7 
Ib fuel pins). 
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Therefore, the center coupling is also adequate for the horizontal drop 1019 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-l334,3(a)(I). 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 fabridation 
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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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 CONTACT52 gap elements. Conservatively, the maximum 
gap (considering fabrication tolerances) is used, equal to 0.265 inches. 

Since there are six support rods, a l / 6 ~  (SO0) 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. 

I 
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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 O 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 forcedeflection 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 arbitra'ry, 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 carrying 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. 

~ 
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Figure 4 Support Rod Force Deflection Curve (Single Rod) I 
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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 

Pa = (2 /3)(393,750) = 262,500 Ib 

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 
to the plate, and the support rod and center post reactions were 5,209 Ib and 3,778 Ib, 
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)(058) =243,600 lb 

which is equivalent to 58% of the weight of five Mark 1A storage baskets weighing 2,400 Ib 
each under a 359 impact. The stress ratio is 

P Ratio = - = 0.928 
pa 
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Figure 5: Support Rod Deformed Shape 

Note that, at the maximum applied load of 243,600 Ib (40,600 Ibhod), 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 
eccentricty 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 518 -1 1 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-I93 material at 270" F, S, = 3(SM) = 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 = OA, = 8494 Ib. 

The stripping of the thread in the support rod is checked for this loading: 

1 2 PAGE 27 
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%I"AL 1 ~- - nnDsm[-+05773S(Dsm -Ew)] Reference(9.) 
L E  2n 

DsMIN = minimum major diameter of external thread = .6113 in. 

E,,, = maximum pitch diameter of internal thread = 5732 in 

LE = length of engagement = 2.50 (Length of bolt) - 1.25 (max thk. of base plate) = 1.25 inch 

1 =a(ll) (.6113)[~+05773$.6113-5732) 1 

LE 

= 1.425 in2/in 

AS,,mRNAL = 1.425 (1.25) 

= 1.781 in2 

The allowable stress is 0.6 SM = 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 = Fkdll2 = 88 Ib-ft. 

Wdh an uncertainty of 30%, the torque should be limited to 68 Ib-ft. The recommended 
torque is 60 k 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. 

4 

rn 

(4)BOLT (5/8 - 11) 

(3)UNLOADED AREA 

( 2 )  

SECTION 3 

0.226 0.6820 0.1541 0.1051 0.0041 

0.6952 - 0.2313 0.1141 0.0083 
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I - I I - I 

PREPARED BY I DATE 
CHECKED BY I DATE 

I 
I 

BW4/77/97 I ZGS 7/14/98 ms 02/08/99 I 
JN 4/17/97 I HAS 7/14/98 hW32I  08/99 I 

OF 77 

Y = CAY I CA = 0.2313 I 0.6952 = 0.3327 in. 

I = no + CAv2 - m(Y)* = 0.0083 +'0.1141 - (0.6952)(0.3327)' = 0.0454 in4 
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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 bolt load is P,,, = Mcfi (As) where c = distance from bolt centerline to neutral 
axis 

= 14,922 (.682 - .3327) I0.0454 [0.226] = 25,918 Ib. 

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 fiat 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 bolt is locational only and no 
stress analysis in connection with the buckling analysis is required. 

REVISION 0 1 2 
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8.3 Bottom Plate 

The Mark IA bottom plate was evaluated for normal operation and drop accident conditions. 
As indicated in the following subsection, the bottom plate design is controlled by the vertical 
drop load event. 
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8.3.1 

As indicated in Appendix A of the Performance Specification [I], a loaded MCO consists of 
six Mark IA 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. 

Discussion of Bottom Plate Load Conditions 
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SUPPORT ROD LOAD 

BOTTOM PLATE 

LOAD MOVES TO RIGHT AS 
SUPPORT ROD TOP ROTATES 

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 359 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 l i i  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. 

- 
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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" model 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 platekupport 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 [I]). 
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 rodhottom plate connection locations to spread the support rod 
moments over the outlined area of the rod. Although the support rods structural adequacy 
is not an issue for the horizontal drop, the support rods were modeled to introduce the 
support rod inertia loads (moments) to the bottom plate. Gap elements (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 % -inch is used, as justified in Sec. 8.3.4.) 
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Figure 7: 60 Degree Sector Model of Basket with Holes. 
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Figure 8: 180 Degree ANSYS Model of Basket Used for Horizontal Drop 

ANSYS 5.3 
FEB 11 1998 
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PLOT NO. 1 
ELEMENTS 
TYPE NUM 
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YV =.866025 
ZV =i.478 
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xXF =331012 
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ial yses. 
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Using a no-hole model (initially used in Rev. 0 of this package), an initial estimate of the 359 
vertical drop stresses was generated. The loadingboundary conditions corresponded to a 
next-to-the-bottom basket, with four Mark IA 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 1 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 rodlcenter 
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 [I], 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 359, four basket loading 
is 

I 

35(2300)(4) = 322,000 Ib. 

~ 
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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 I ,  Appendix A: 

F, = 48(39.7)(35) = 66,696 Ib 

4 = [(22.625)2 - (6.625)2-(102(0.51)2)](d4) = 346.93 in2 

REVISION 
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A, = 2.874(6) = 17.24 in2 

Pres = F,@, -A,) = 202.30 psi (Equivalent fuel pressure, plate with 

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 to an ASME 
Code, Section Ill-NG, Level D allowable stress intensity of 60.12 ksi (1.5 x 2.4S, at 132OC), 
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 359 drop was performed, 
assuming bilinear plasticity (ANSYS files PLTHPhp and PLTHP.out). the method for 
developing the bilinear stress-strain curve was obtained from [12], adapted from 304 SS 
data. Reference [I21 indicates the strain hardening coefficient is relatively independent of 
temperature. A value of 0.16 x I O 6  psi was obtained from Table B.l 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 I O ,  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 

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@) from the hole). 

102 - % inch holes). 

’ 78.5 ksi) are at a local discontinuity (flow hole), highly localized and do not cause any 

0 1 2 PAGE 35 
BW4/17/97 ZGS 7/14/98 4) 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 &-U 2/08/99 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

lEVlSlON 
’REPARED BY I DATE 
:HECKED BY I DATE 

MARK I A  BASKET, SOLID BOTTOM PLATE w /  1/2’ FLOW HOLES 

0 1 2 PAGE 36 
BW4117197 ZGS 7/14/98 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 &#-13 2/08/99 

ANSYS 5.3 
FEB 18 1998 
16:57:37 
PLOT NO. 1 
NODAL SOLUTION 
STEP=1 
SUB =1 
TIME=l 
SINT (AVG) 
TOP 
DMX =.094862 
SMN =2513 
SMX =68592 
SMXB=103588 

=6184 
=13526 
-20869 
=28211 
=35553 
=42895 
=50237 
=57579 
=64921 

Figure 9: Elastic Stress Intensity Contours, 35g Drop Loading, Detailed Hole Model. 
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Table 6: Vertical Drop Stress Intensity Results Summary. 

Stress Intensities, ksi 

Component Stress Maximum Allowable Ratio 
Category 

Table 6: Vertical Drop Stress Intensity Results Summary. 

~ ~~ ~ 

The vertical drop stress intensity contours are shown in Figure 9. A tabular summary of the 
membrane and membrane plus bending results 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. 
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MARK I A  BASKET, SOLID BOTTOM PLATE w /  1/2" FLOW HOLES 

ANSYS 5.3 
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STEP=! 
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TIME=1 
SINT (AVG) 
TOP 
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Figure I O :  ElasticlPlastic Stress Intensity Contours, 359 Vertical Drop 
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Figure 11: Plastic Strain Contours, 359 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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8.3.4 Horizontal Drop Analysis 

Using the 180" model shown in Figure 8, an elasticlplastic analysis was performed for the 
1019 horizontal drop load condition. The plastic analysis option was selected for two 
reasons; (1) an initial elastic analysis predicted local stresses which exceeded the elastic 
allowables, (2) total transverse distortion (elastic plus plastic) predictions were needed to 
demonstrate conformance to the Reference 1, Section 4.1 9.3, 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 CONTAC52) were used to account for the circumferentially varying 
gap between the outside of the bottom plate and the inside of the MCO (318 diameter 
difference). The potential for a basket instability (elastic/plastic buckling) was included in the 
ANSYS run by activating the large deflectionlstrain 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 
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 (Hdrophp 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 middle 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 horiiontal drop. From Table 5, the allowable membrane plus 
bending stress intensty (plastic analysis) is 56.3 ksi, resulting in a ratio of 

2/3 buckling 

Ratio = 32.1156.3 = 0.570 

As indicated, a g loading of 1.5 times the 1019 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 Illustration for Horizontal Drop Modeling. 

A criticality control limit in Section 4.19.3 of the Performance Specification [I], 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 
(1019 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 I.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: 1019 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 wall (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. 

W, = 48 x 39.7 Ib. = 1906 Ib. 

h, = 21 50 inches 

d, = 22.625 inches 

t, = 0.125 inches 

Shroud Height 

Shroud Outside Diameter 

Shroud Nominal Thickness 
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(dS)2 - (68.213 in2).(".) 

4 
vs := n = 7177 in3 Scrap Volume 

W S  

VS 
8s := - = 0.266 Ib/in3 Scrap Weight Density 

Sy = 7.65 ksi Copper yield strength @ 132% 18.4.11 

Assuming a reasonable equivalent fluid pressure coefficient: 

& = 33" The minimum of Iron orelcoalllime 
angle of repose with 2 degrees 
uncertainty, Bowles (Ref 20), 
Table 11-8 

Bowles, Eq. 11-7a, Rankine Pres. Coef. 

K, = 0.295 Use 0.3 as reasonable estimate 
of pressure coefficient 

K, = 0.3 

pBase := Ka ( Ss) (h,) = I .713 Ib/in2 
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Pm 

SY 
Ratio := - = 0.061 

- 
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 

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 Ib before yielding 
and 17,250 Ib before failure. This provides a safety factor of three to yield and five to failure 
during loading of the basket into the MCO". 

From 131, 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 (1 32OC) is: 

Evaluation of Shroud to Bottom plate Attachment 

5.13 
6.70 

S, = -(lo) = 7.65 ksi 

The screw specified is a self-tapping flat head #IO, 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 (Le., at 0.125 from the flat surface of 
the screw head). The average head diameter bearing in the copper shroud is: 

0.389 + 0.172 
Average head diameter = ~ = 0281 inches 

L 

Limiting the bearing stress in the copper to yield, the allowable load when yielding occurs is: 

P,,,,, = (F,)(Area,,,,,) = 7,650(0.281)(0.125) = 269 Iblscrew 
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Checking the shear-out failure along sections at 40" from the loading direction: 

P,,,,, = (Shear Allowable Stress)(2T)[edge margin - (D/2)Cos40°)] 

at an edge margin of 0.50 in.: 

P,,,R.,, = (0.6)(7,650)(2)(0.125)[0.5 - (0.389/2)0.766] 

= 403 lblscrew 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(2SM)(Shear Area) 

= 0.6(2)(7,740)(7~/4)(0.157)~ = 180 Ib/screw 

Therefore, the shear stress in the screw govems the strength of the attachment screws. 
Wth 10 screws per segment, the stress ratio is 
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10,350/6 
Ratio = ~- 

lO(180) -0.96 

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 stainless steel plate : 

as = 8.94 x I O *  in/in/OF 
AT = 200°F Temperature differential 
L, = 1.25 inches 
A L, = a, L A T  = 0.002 in. 

Stainless steel coefficient of thermal expansion 

Bottom plate height 
Vertical Expansion of bottom plate 
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a, = 10.0 x I O 6  inhn/"F 
AT = 200°F Temperature differential 
L, = 21.5 inches 
A L, = a, L A T  = 0.043 in. 

Copper coefficient of thermal expansion 

Shroud height 
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: 

A L = A L, +A L, = 0.045 inches 

The stainless steel post has a vertical thermal growth of 

L, = 23.2 inches 
A L, = a, L,AT = 0.041 inches 

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. 
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8.5.2 Radial Expansion 

For the stainless steel plate : 

a, = 8.94 x I O 6  in/in/"F 
AT = 200°F 
R, = 11.31 inches 
A L, = a, D,,,, AT = 0.020 in. 

For the copper shroud: 

a, = 10.0 x I O 4  inhn/"F 
AT = 200°F 
Ld = 11.31 inches 
A L, = a, brOud AT = 0.023 in. 

Stainless steel coefficient of thermal expansion 
Temperature differential 
Bottom plate outside radius 
Radial expansion of bottom plate 

Copper coefficient of thermal expansion 
Temperature differential 
Shroud outside radius 
Radial Expansion of copper shroud 



60,100 psi 

26,250 psi 

7,010 psi 

262,500 Ib 

43,800 psi 

56,300 psi 

2.00 in. 

0.295 

0.253 

0.142 

0.928 

0.322 

0.570 

0.134 

16.230 psi 0.812 

Pm 12,450 psi 

D 1 2 
$117197 ZGS 7/14/98 .a{ 02/08/99 
$/17/97 HAS 7/14/98 &ll 2/08/99 
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3.6 Summary 
From the calculations above, a summary of the component stress analysis results was 
:ompiled into Table 7. Note that the predicted maximums are below allowables for all 
:omponents and conditions. 

Table 7: Summary of Mark 1A Storage Basket Stress Results 

Componen 
t 

Critical Load 
Condition 

Stress Predicted 
Category Maximum 

Center Posmottom 
Plate Threaded 

Coupling 

Liiing Shear I 334psi 7,010(0.6) psi 0.079 

knter Post Capacity 359 Vertical 
Drop I 420,0001b 

Buckling 536,400Ib I 0.783 

Center PosVBottom 
Plate Threaded 

Coupling 

lOlg Horiz. 
Drop 

12,536 psi I Shear I 0.4T7 

26,300 psi 

Center P o m t t o m  
Plate Threaded 

Coupling 

Center 
Coupling 

Center 
Coupling 

Support Rod 

lOlg How. 
Drop 

lOlg Horiz. 
Drop 

K i n g  

Pm + Pb 17,740 psi 

Shear 6,640 psi 

Buckling 243,600 Ib 359 Vertical 
Drop 

~ 

Bottom Plate 

Bottom Plate 

Center Post 

Contml 
Crilicaldy 

Pm ~ I 14.100psi 359 Vertical 
Drop 

~~ 

101 g Horiz. 
Drop 

Sequential 
359 Vertical 

& lOlg Horiz. 
Drops 

Plastic 0.268 in. 

Potential dsplacernent 
Instability 

Distortion 8 radial 

Support Plate Sequential 
279 vertical 

& 1019 Horiz. 
Drops 

Buckling 1 13,180psi 

Support Plate Weld I o'776 

16.040 psi Sequential 
279 Vertical 

& lOlg Horiz. 
Drops 

I WSION 
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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 [I] (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 basketlMCO 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. 1 The evaluation follows below: 

Support Plate Dimensions (six radial spokes @ 60 deg. intervals): 

$, = 0.50 in. 

I, = 9.83 in. 

h, = 1.49 in. 

Support Plate Width 

Support Plate Length 

Support Plate Height 

Per inch length of plate: 
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0 < h < 1 then I* Equation Applies 

CHECKED BY I DATE JN 4/17/97 

h2 1-7 
- 1623(103) psi 

=(Sy)1.11+050h+0.17h2 -0.28h3 - 

HAS 7/14/98 &$4 2108199 

The maximum vertical g level for a sequential drop is 27 g's 

Basket Weight W, = 2,400 Ib 

0 &tio=-- - 0.812 
CSmow 

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 follows: 

F, = cs $, = 6.59 x I O 3  psi Support Plate Drop Loadinglinch 

Assume a maximum load offset = % of plate thickness 

t 
M, = Fp $ = 1.65(103) in- lb / in 

The 3/8 in. weld stress in the throat is 

cw=-- M~ - 12.4%103) psi 
4 5 3  

t -- 
p 2 8  



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 [I], Section 4.19.3). 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

0 1 2 PAGE 50 
BW 4/17/97 ZGS 7/14/98 @,S 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 2/08/99 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

APPENDIX A 

0 1 2 PAGE 51 
BW 411 7/97 ZGS 711 4/98 %) 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 &$-O 2/08/99 

COMPUTER RUN OUTPUT SHEETS 

AND 

INPUT FILE LISTINGS 



Ipl P*R!iDNS 
CLIENT: DE&S Hanford 

_ _  __ 
FILE NO: KH-8009-8-05 

PROJECT: MCO Design DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 7 

COMPUTER RUN COVER SHEET 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Creation Dateflime: 

KH-8009-8 

ANSYSm-PC 

5.3 

Windows 95, Pentiumm Processor 

KH-8009-8-05 

Plth.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 211 9/98 

Checked By: Henry Averette Date 
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LISTING OF PLTHJNP FILE 

/BATCH,LIST 
/FILENAM,PLTH 
PREP7 
nITLE, MARK IA BASKET, SOLID BOlTOM PLATE wi  1/2" FLOW HOLES 

SIZE = 0.08 
PRESSURE = -202.30 

! Element Size 
! Uniform Pressure Load 135G Fuel Press.) 
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OR2 = 22.519/2 
IR = 6.625/2 
RR=21.15/2 
HlCP = 23.182 
HIR = 21.977 
RHOLE = 0.5112 
THICK1 = 0.864 
THICK2=1 200 

ET,1 ,SHELL63 
ET,2,SHELL63 
ET,3,SOLID45 
ET,4,CONTAC52 

R.l.THICK1 
R,Z,THICK2 
R,4,1E6,0,2 

DENS.1,.2854 
EX.1,26.5E+O6 
NUXY,1..3 

DENS.2,.2854 
EX,2.26.5E+W 
NUXY.2,.3 

... 
! Plate Outside Radius At'Shroud Cutout ' 

! Plate INSIDE Radius 
! Support Rod Location Radius 
! Height Of Center Pipe 
! Height Of Support Rods 
! Radius Of Flow Hole 

! Center Pipe Thickness 
! Plate Thickness 

! Center Pipe 
! Plate 
! Support Rod 

iCOM -DEFINING KEYPOINTS FOR PLATE GEOMETRY * 
ICOM * STARTING WITH 30 DEGREES * 
CSYS,I ! Cylindrical Coordinates 
K,1,0,0 ! Center of Plate 
K,2,IR,O 
K,3,OR2.0 
K,4,9.6792,26 
K.5.11.1057,22 
K.6,OR2.30 
K.7,11.001 ,O 
K,8,9.660,0 
K,9,9.6792,4 
K,10,11.1057,8 !End Support Rod 
K,ll,IR,30 
K,12,9.66,30 
K,13,11.001,30 

! Support Rod (in Geometry) 

! tine 1 
! Line2 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

L,8,7 ! Line 3 
LESIZE,3..,6 
L,12.11 ! tine4 
CSYS,O 
L,8,9 ! Line 5 
LESIZE,5,,,5 
L,9,10 ! Line 6 
LESIZE,6,,.6 
L.10,7 ! Line 7 
LESIZE,7,,,5 
CSYS,l 
LARC,11,2,1,iR ! 8 -  Line Arc at Inside Plate (for Pipe) 
LESIZE,8,,5 
LARC.6,3,1 ,OR2 ! 9 -  Line Inside Arc at Shroud Cutout 

ICOM - DEFINING CENTER PIPE "" 
K,ZO,O.O,HICP 
K,21 ,IR,O,HICP 
K,25,IR,30,HICP 
LARC,25,21,20JR ! Line 10 
LESIZE,I 0,,5 
L,2,21 
L,11.25 
CSYS.0 
L,6,13 !tine 13 
L,13.12 
LESIZE,14.,,10 
L,12,4 !Line 15 
LESIZE,15,,,10 
L4,5 ! Line 16 

! 5 Degree Segments for inside Arc 

! 5 Degree Segments for Inside Arc 
! Vertical Line 11 at 0 Degrees 
!Vertical tine 12 at 30 Degrees 

! Line 14 - Start Outline Bottom support Rods 

0 1 2 PAGE 54 
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JN 4/17/97 HAS 7/14/98 &TJ 2/08/99 

LESIZE,16,,,10 
LA13 
LESIZE,17,,,10 

! tine 17 - End Outline Bottom Support Rods 

CSYS,l 

ICOM - DEFINING AREAS - 
AL.1,5,6,7,2.9,13,14,4,8 !Area 1 

ICOM - DEFINING AREA FOR CENTER PIPE - 
AL,8,11,10,12 ! Area 2 

ICOM - DEFINING SUPPORT ROD AREA"" 
AL,3,5.6,7 ! Area 3 
AL,14.15,16.17 ! Area 4 

ICOM - DEFINING HOLES IN BOTTOM PLATE- 
BOPTN,KEEP,YES 

... - 
WPLANE,,B.O8,YH ! Area 5 
PCiRC.RHOLE 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-OOI, Rev. 2, Appendix 7 

EVISION 
"REPARED BY I DATE 
3HECKED BY I DATE 

PCIRC,RHOLE 

WPLANE,,9.5394,1.9668 
PCIRC,RHOLE 
WLANE,,6.4725,2.2426 
PCIRC,RHOLE 
WPLANE,,7.8615,2.7238 
PCIRC,RHOLE 

0 1 2 PAGE 55 
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Area 9 

Area 10 

Area 11 

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 !Area 15 
PCIRC.RHOLE 
WPLANE.,9.1539,5.285 !Area 16 
PCIRC,RHOLE 

APLOT,ALL 



CLIENT: D E S  Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 7 

~ 

'REPARED BY I DATE BW 4/17/97 I ZGS 7/14/98 I,$& 02/08/99 I 
ZHECKED BY I DATE I JN 4/17/97 I HAS 7/14/98 2/08/99 I I 

NUMMRG,ALL 
AADD,3,5 
ADELE.3,5,2 
AADD,6,9 
ADELE.6.9,3 
ESIZE,SIZE 
REAL,2 
AMESH,3 
ESIZE,SIZE3 
AMESH,8 
AMESH,28 
TYPE,I 
REAL.1 
ESIZE,SIZE*G 
AMESH,1,2 
AMESH,4 

COM * EXTRUDE SUPPORT ROD - 
TYPE.3 
ESIZE,.28 
VE(T.4..,,,HIR 
NUMMRG.NODE 

/COM *ADDING GAP ELEMENTS BENEATH SUPPORT RODS * 
CSYS,O 
N,20307,10.297,4.1603.-1.200 
N,20317,8.6996,4.2431 ,-I ,200 
N.20121 ,86996-4.2431 ,-I ,200 
N,20131,10.297,~.1603,-1.200 
D.20307,ALL ! Constraining The Nodes 
D,20317,ALL 
D,20121 ,ALL 
D,20131 ,ALL 

! Add Areas 3 & 5 to Give Area 4 (Support Rod Area) 

! Add Areas 6 & 9 to Give Area 3 (Bottom Plate Area) 

! Mesh Bottom Plate Area 

! Mesh Center Pipe Area 
! Mesh Support Rod Area 

! Nodes At 4 Corners of Underside Rods 
! 2 Nodes At Each Inside Comer 

OF 77 

P(PE.4 
REAL.4 
E.20307,307 
E,20317.317 
E.20121.121 
E,20131.131 

! Contact52 Gap Elements 

ICOM -CONSTRAINT EDGES OF mE PLATE - 
CSYS,l 
NROTAT,ALL 
NSEL,S,LOC,Y,29.9,30.1 
D,ALL,UY ,,... ROTX.ROTZ 
NSEL,AU 
CSYS,l 
NROTATALL 
NSEL,S.LOC.Y,329.9,330.1 
D,ALL.UY ,,,., ROTX,ROTZ 
NSEL,ALL 
/COM -APPLYING AXIAL CONSTRAINT TO EDGE OF PLATE AT PIPE - 
NSEL,S,LOC,Z,O 
NSEL.R.LOC,X,IR 
D,ALL,UZ 

3EVISION 1 0 I 1 I 2 I I PAGE56 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

REVISION 
PREPARED BY I DATE 
CHECKEDBYIDATE 

NSEL,ALL 

ICOM * FUEL LOADING (PRESSURE) &ACCELERATION ..- 
ASEL,S,LOC.Z.O ! Selecting Bottom Plate 
ASEL,U,AREA.,4 
NSLA,S,I 
SF.ALL.PRES,PRESSURE 
ASEL.ALL 
NALL 
NSEL,S.LOC,Z,HIR 
NSEL,R,LOCX.8.5.15 
SF,ALL,PRES,10831 ! 10831 Psi Pressure 
NALL 
NSEL,S,LOCL,HICP 
NSEL,R,LOCX,0,7 
SF,ALL,PRES,8647 ! 8647 Psi Pressure 
NALL 
SAVE 
FIN1 

! Unselecting Support Rod Area 
! Select All Nodes Associated with Selected Area 
! Apply Pressure On Bottom Plate 

! Select Support Rod Top Area 

! Select Center Pipe Top Area 

0 1 2 PAGE 57 
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/COM * SOLUTION AND 359 ACCELERATION - 
ISOLU 
ACEL,,,-35 
SOLVE 
SAVE 



I'PARSl 
CLIENT: D E S  Hanford 

REVISION 0 1 2 

CHECKED BY I DATE JN 4/17/97 HAS 7/14/98 @-+3 2/08/99 
PREPARED BY I DATE BW4/17/97 ZGS 7/14/98 a)) 02/08/99 

COMPUTER RUN COVER SHEET 

PAGE 5% 
OF 77 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Run Dateflime: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, Pentiurn@ Processor 

KH-8009-8-05 

Plth.out 

Elastic Drop Analysis of the Mark IA Storage 
Basket, Holes in Bottom Plate 

12 February 1998 14:34:10 am 

Zachary G. Sargent 211 9/98 

Prepared By: Zachary G. Sargent Date 

Henry Averette 211 9/98 

Checked By: Henry Avereite Date 



I?IPARICINS 
CLIENT: DE&S Hanford 

~ 

PREPARED BY I DATE 
CHECKED BY I DATE 

I 
I 

BW4/17/97 I ZGS 7/14/98 127) 02/08/99 1 
JN 4/17/97 I HAS 7/14/98 &-jCRI 08/99 I 

FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

OF 77 

COMPUTER RUN COVER SHEET 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Creation Datenime: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, PentiumB Processor 

KH-8009-8-05 

Plthp.inp 

ElastidPlastic Vertical Drop Analysis of the 
Mark IA Storage Basket 

12 February 1998 /8:30:52 am 

Zacharv G. Saraent 211 9/98 

Prepared By: Zachary G. Sargent Date 

Henry Averette 211 9/98 

Checked By: Henry Averette Date 

REVISION I 0 I 1 I 2 I I PAGE59 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNFSD-SNF-DR-003, Rev. 2, Appendix 7 i 

I - I 1 .- I 

PREPARED BY I DATE BW4/17/97 I ZGS 7/14/98 I%\ 02/08/99 I 
CHECKED BY I DATE I JN 4/17/97 I HAS 7/14/98 08/99 I 

I 

LISTING OF PLTHPJNP FILE 

OF 77 

/BATCH,LIST 
/FILENAM,PLTHP 
PREP7 
fTITLE. MARK IA BASKET, SOLID BOlTOM PLATE wl112" FLOW HOLES 

SIZE = 0.08 
PRESSURE = -202.30 

! Element Sue 
! Uniform Pressure Load (35G Fuel Press.) 

OR2 = 22.519/2 
IR = 6.62512 
RR = 21.1512 
HlCP = 23.182 
HIR = 21.977 
RHOLE = 0.51/2 
THICK1 = 0.861 
THlCK2=1.200 

ET,I,SHELL63 
ET,2,SHELL63 
ET,3,SOLID45 
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 

TB,BKIN,1.3 
TBTEMP,100 
TBDATA,I ,25.OE3,0.16E6 
TBTEMP,POO 
TBDATA,I ,21.3E3,0.16E6 
TBTEMP,300 
TBDATA,1,19.1 E3.0.16E6 

! Plate Outside Radius At'Shroud Cutout . 
! Plate INSIDE Radius 
! Support Rod Location Radius 
! Height Of Center Pipe 
! Height Of Support Rods 
! Radius Of Flow Hole 

! Center Pipe Thickness 
! Plate Thickness 

! Center Pipe 
! Plate 
! Support Rod 

! Plasticity Properties 

!Yield Strength v. Plastic Modulus 

ICOM - DEFINING WPOINTS FOR PLATE GEOMETRY - 
ICOM - STARTING WITH 30 DEGREES - 
CSYS,l ! Cylindrical Cwrdinates 
K,1.0,0 ! Center of Plate 
K,2,IR,O 
K,3,OR2,0 
K,4,9.6792,26 
K,5,11.1057,22 
K,6,OR2,30 

REVISION I n I 1 I 7 I 1 PAGE60 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 , I 

REVISION 0 1 
PREPARED BY I DATE BW 411 7/97 ZGS 711 4/98 
CHECKED BY I DATE JN 4/17/97 HAS 7/14/98 

K,7.11.001,0 
K.8,9.660,0 

! Support Rod (1/2 Geometly) 

2 PAGE 61 
%$ 02/08/99 OF 77 
&#-02/08/99 

K.9,9.6792,4 
K,10,11.1057,8 ! End Support Rod 
K.11 dR.30 
K:12:9.66,30 
K,13,11.001,30 

L2.8 ! tine 1 
L,7,3 ! tine2 
L A 7  ! Line 3 
LESIZE,3,,,6 
L,12,11 
CSYS.0 
L,8,9 ! Line 5 
LESIZE.5,,,5 
L.9,10 
LESIZE.6 ... 6 

Line 4 

Line 6 
. ... 

L,10.7 ! Line 7 
LESIZE,7,,.5 
CSYS.1 
LARC,I1,2,1,IR ! 8  Line -Arc at Inside Plate (for Pipe) 
LESIZE,8..5 
LARC,6.3,1 ,OW ! 9 -  Line Inside Arc at Shroud Cutout 

ICOM - DEFINING CENTER PIPE - 
! 5 Degree Segments for Inside Arc 

K,20,0,0,HICP 
K,21 ,IR.O.HICP 
K,25JR,30,HICP 
LARC,25,21,20,IR 
LESIZE,IO,,5 
L.2,21 
L,11,25 
CSYS.0 
L,6,13 
L,13,12 
LESIZE,I4,..10 
L,12,4 
LESIZE,15,,,10 
L,4,5 
LESIZE,16,,,10 
L,5,13 
LESIZE,17,,,10 
CSYS,I 

! Line 10 
! 5 Degree Segments for Inside Arc 

! Vertical Line 11 at 0 Degrees 
!Vertical tine 12 at 30 Degrees 

! tine 13 
! tine 14 -Start Outline Bottom support Rods 

! Line 15 

!Line 16 

! Line 17 - End Outline Bottom Support Rods 



FILE N O  KH-8009-8-05 

REVISION 0 1 2 
PREPARED BY I DATE BW 4/17/97 ZGS 7/14/98 &{ 02/08/99 
CHECKED BY I DATE JN 4/17/97 HAS 7/14/98 &#--E4 08/99 

BOPTN,KEEP.YES 

YH=O 
WPLANE,,B.O8,YH 
PCIRC,RHOLE 
WPLANE..6.54,YH 
PCIRC,RHOLE 
WPLANE,.7.83,YH 
PCIR,RHOLE 
WPLANE.,9.29,YH 
PCIRC,RHOLE 

WPLANE,,9.5394,1.9668 

PAGE 62 
OF 77 

PCIRC,RHOLE 
WPLANE,,6.4725,2.2426 
PCIRCRHOLE 
WPLANE,,7.8615,2.7238 
PCIRC,RHOLE 

WPLANE.,9.8269,3.4048 
PCIRC,RHOLE 

WPLANE,.3.7586,2.170 

PCIRC,RHOLE 
WPLANE,,5.0316.2.905 
PCIRC,RHOLE 
WPLANE,.7.8808.4.55 
PCIRC,RHOLE 
WPLANE.,9.1539.5.285 
PCIRC.RHOLE 

! Area 5 

! Area 6 

! Area 7 

! Area 8 

!Area9 

!Area 10 

!Area 11 

!Area 12 

!Area 13 

! Area 14 

!Areal5 

!Area 16 

APLOT, ALL 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

EVISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

ARSYM,Y,ALL 

0 1 2 PAGE 63 
BW4/17/97 ZGS 7/14/98 %\ 02/08/99 OF 77 
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ICOM *ADDING & DELETING MORE AREAS * 
ASBA.7.6 
ADELE,6,7 
ASBA,27,4 
ADELE,4 
ADELE,27 

ICOM * MERGE AND MESH AREAS "" 
NUMMRG.ALL 
AA D D ,3,5 
ADELE,3,5,2 
MDD,6,9 
ADELE,6,9,3 
ESIZE,SIZE 
REAL,2 
AMESH,3 
ESIZE,SIZE3 
AMESH,8 
AMESH,28 
TYPE.l 
REAL,I 
ESIZE,SIZE'G 
AMESH,1.2 
AMESH,4 

ICOM - EXTRUDE SUPPORT ROD "" 
TYPE,3 
ESIZE,.28 
VEXTS4,,,,,HIR 
NUMMRG,NODE 

ICOM ""ADDING GAP ELEMENTS BENEATH SUPPORT RODS * 
CSYS,O 
N,20307.10.297.4.1603,-1.200 
N,20317,8.6996.4.2431 ,-I .200 
N,20121.8.6996,4.2431.-1.200 
N.20131 , I  0.297.4.1603,-I .200 
D,20307,ALL ! Constraining The Nodes 
D,20317,ALL 
D,20121,ALL 
D,20131 ,ALL 

!Add Areas 3 & 5 to Give Area 4 (Support Rod Area) 

! Add Areas 6 & 9 to Give Area 3 (Bottom Plate Area) 

! Mesh Bottom Plate Area 

! Mesh Center Pipe Area 
! Mesh Support Rod Area 

! Nodes At 4 Corners of Underside Rods 
! 2 Nodes At Each Inside Comer 

TYPE,4 
REAL,4 
E,20307,307 
E,20317,317 
E,20121,121 
E,20131,131 

! Contact52 GaD Elements 



FILE N O  KH-8009-8-05 
El PARSONS 

CLIENT: DE&S Hanford 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

I I I - I 

PREPARED BY I DATE 
CHECKED BY I DATE 

I 
I 

BW 4/17/97 I ZGS 7/14/98 w$ 02/08/99 I 
JN 4/17/97 I HAS 7/14/98 l&-Q2/08/99 I 

NSEL.ALL 
CSYS,I 
NROTAT,ALL 
NSEL,S.LOC,Y,329.9,330.1 
D,ALL,UY .,,,, ROTX,ROTZ 
NSEL,ALL 

/COM ""APPLYING AXIAL CONSTRAINT TO EDGE OF PLATE AT PIPE * 
NSEL.S,LOC,Z,O 
NSEL,R,LOC,X,IR 
D,ALL,UZ 
NSEL,ALL 

/COM - FUEL LOADING (PRESSURE) &ACCELERATION "" 
ASEL,S,LOCLO ! Selecting Bottom Plate 
ASEL,U,AREA,.4 
NSIA.S.1 

! Unselecting Support Rod Area 
! Select All Nodes Associated with Selected Area 

OF 77 

SF,ALL.PRES,PRESSURE 
ASEL,ALL 
NALL 
NSEL,S,LOCP,HIR 
NSEL,R,LOC,X.8.5.15 
SF,ALL,PRES,10831 
D,ALL.UX,,,,,UY 
NALL 

Apply Pressure On Bo!tom Plate 

Select Support Rod Top Area 

10831 Psi Pressure 
Horizontal Constraint at Top of Support Rod (Friction) 

Select Center Pipe Top Area NSEL,S,LOC,Z,HICP 
NSEL,R,LOC,X,0,7 
SF,ALL,PRES,8647 ! 8647 Psi Pressure 
NALL 
SAVE 
FlNi 

/COM - SOLUTION AND 359 ACCELERATION - 
/SOLU 
ACEL.,.-35 
NSUBST, 10 
SOLVE 
SAVE 
FIN1 

REVISION 1 0 1 1 I 2 I I PAGE64 



CLIENT: DF2S Hanfnrrl FILE N O  KH-Rllf1Cl-R-05 
PROJECT: M( 4ppendix 7 I - _--. .-...-,- . .. . ---- - - 

X3 Desian DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, I ... - 

COMPUTER RUN COVER SHEET 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Creation Dateflime: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, Pentiurn@ Processor 

KH-8009-8-05 

Plthp.out 

Elastic/Plastic Vertical Drop Analysis of the 
Mark IA 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 



I?lPARSmI 
CLIENT: D E S  Hanford 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

__  _ _  
- - -. - . . .. . . . -. - FILE NO: KH-8009-8-05 

PI DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 7 
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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 Datemime: 

KH-8009-8 

ANSYSB-PC 

5.3 

Windows 95, PentiumB Processor 

KH-8009-8-05 

hdrop.inp 

Horizontal Drop Analysis of the Mark IA 
Storage Basket 

9 February 1998 /2:51:48 pm 

Zachary G. Sargent 211 9/98 
Prepared By: Zachary G. Sargent Date 

Henry Averette 2/19/98 

Checked By: Henry Averette Date 



LISTING OF HDROPJNP FILE 

PREPARED BY I DATE I BW 4/17/97 I ZGS 7/14/98 J 02/08/99 I 
CHECKED BY I DATE I JN 4/17/97 I HAS 7/14/98 1,@-02/08/99 I 

/BATCH,LIST 
/FILENAM,HDROP 
PREP7 
/TlTLE,MARK IA BASKET IOIG SIDE DROP 

SIZE = 1.00 ! Element Sue 
THICK1=1.200 ! Plate Thickness 
THICK2= 0.864 ! Center Pipe Thickness 
GLOAD = 101 ! 1019 Side Drop Load 
OR = 22.519/2 ! Plate Outside Radius At Shroud Cutout 
IR = 6.625/2-THICK2 !Plate Inside Radius 
HICP = 23.182 !Height Of Center Pipe 
HIR = 21.977 ! Height Of Support Rods 

*AFUN,DEG ! Use Degrees For Function Inpuffoutput 

OF 77 

ET,1 ,SHELL43 
ET.2.SHELL43 

! 3D Plastic Large Strain Shell 

ET;3;BEAM4 ! 3D Elastic Beam 
ET,4,MASS21,,,2 ! 3D Mass Whout Rotary Inertia 
ET,5,CONTAC52,,,,1 ! 3D Point to Point contact Element 
ET,7,LINK11 

R,I,THICKI 
R,2,THICK2 
R,3,10,100,100,10,10 ! Rigid Link 
R,4,18.5 
R3.1 E L 1  E6 
R,6,2.874,.403,1.307,1.34.3.07 ! Support Rod Properties 
R,7,1E4 ! Centerline Link Element 

DENS1 ,.2854 
EX,1,27E06 
NUXY,1,.3 

! Centerline Spring @ Drop Interface 

! Weightl5 (lb) From Adjacent Pipe 
! Gap Element Properties 

EX,2,27E06 
DENS,2,5.786 

EX,3,27E06 
DENS,B,O.O 

! Pseudo Density Of Upper Pipe Elements For Fuel Load 

! Massless Rigid Links 

TB,BKIN,1,3 ! Plasticity Properties 
TBTEMP,IOO 
TBDATA,I,25.OE3,0.16E6 
TBTEMP,200 
TBDATA.l,21.3E3,0.16E6 
TBTEMP,300 
TBDATA.1.19.1 E3.0.16E6 

! Yield Strength v. Plastic Modulus 

ICOM - DEFINING KEYPOINTS FOR PLATE GEOMETRY - 
REVISION 1 0 1 1 1 2 I I PAGE67 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNFSD-SNF-DR-003, Rev. 2, Appendix 7 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

ICOM * STARTING WITH 30 DEGREES - 

0 1 2 PAGE 68 

BW 411 7/97 ZGS 7/14/98 02/08/99 OF 77 
JN 4/17/97 HAS 7/14/98 08/99 

CSYS.1 
K,1,0,0 
K,2,IR,O 
K,3,OR,O 
K,4,OR,30 
K,5,IR,30 
K,6,OR,60 
K,7,IR.60 

K,100,9.7692,26 
K,101,11.1057,22 
K,102,11.001,30 
K,103,11.1057,38 
K,104.9.7692,34 
K,105.9.66,30 
K,106,10.3305,30 

L2,3 

LARC,3,4,1 ,OR 
LESIZE,2,,2.5 

L,4,102 
L,102,101 
L.101,lOO 
L.100,105 
L,105,5 

LARC.2,5,1 .IR 
LESIZE,8,,10 

LARC,4,6,1,OR 
LESIZE,9.,2.5 

L,6,7 

LARC,5,7,1 ,IR 
LESIZE.11 , , IO 

L,102,103 
L,103,104 
L,104,105 
L,105,106 
L,106,102 

AL.I.2.3.4.5.6.7.8 

! Cylindrical Coordinates 
! Center of Plate 
! Inside Radius of Plate at 0 Degrees 

! Outside Radius at 0 Degrees 
! Outside Radius at 30 Degrees 
! Inside Radius at 30 Degrees 
! Outside Radius at 60 Degrees 
Inside Radius at 60 Degrees 

! Support Rod Comer (30 Degrees) 
Support Rod Comer 

Support Rod Comer 
! Support Rod Comer 

Support Rod Center for Beam Element 

! Line 1 

! tine 2 - Outside Arc, 0 to 30 Degrees 
! 2.5 Degree Segments, Outside Arc 

! Line 3 
! Line 4 
! Line 5 
! Line 6 

! Line 7 

! Line 8 - Inside Arc 0 to 30 Degrees 
! 10 Degree Segments, Inside Arc 

! Line 9 - Outside Arc, 30 to 60 Degrees 
! 2.5 Degree Segments, Outside Arc 

! Line 10 

! Line 11 - Inside Arc 30 to 60 Degrees 
! 10 Degree Segments, Inside Arc 

! Line 12 
! Line 13 
! Line 14 
! Line 15 
! Line 16 

! Area 1 - 0 to 30 Dwrees 
AL,7,14,13,12,3,9,10,11 
AL,16,15,6,5,4 
AL,15.16.12,13,14 

!Area 2 - 36 to 60 Degrees 
!Area 3 - 1P. Rod 

! Area 4 - 1/2 Rod 

/COM -DEFINE CENTER PIPE"" 
K,21 ,O,O,HICP 
K.22.IR.O.HICP 

! Center Keypoint. Pipe Height 
! Inside Radius. Pioe Heiaht. 0 Dearees 
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! Inside Radius, Pipe Height, 60 Degrees 
! Center Keypoint, 6 Inches From Plate 
! Inside Radius, 6 Inches from Plate, 0 Degrees 
! Inside Radius, 6 Inches from Plate, 30 Degrees 
! Inside Radius, 6 Inches from Plate, 60 Degrees 
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LARC,22.25,21 .IR 
LESIZE,l7,,10 

LARC,25.27,21 ,IR 
LESIZE,18,,10 

LARC,32,35.31 ,IR 
LESIZE,19,,10 

LARG3537.31 ,IR 
LESIZE,20,.10 

L,2,32 
L,32,22 
L3.35 
L,35,25 
L,7.37 
L.37,27 

AL,8,21,19.23 
AL,11,23,20,25 
AL,19,22,17,24 
AL,20,24,18.26 

AADD,1,2 
ADELE,I,2 

! Line 17 - Inside Arc, Pipe Height, 0 to 30 Degrees 

! Line 18 - Inside Arc, Pipe Height, 0 to 60 Degrees 

! 10 Degree Segments for Inside Arc 

! 10 Degree Segments for Inside Arc 

! Line 19 - Inside Arc, Pipe Height, 0 to 30 Degrees 
! 10 Degree Segments for Inside Arc 

! Line 20 - Inside Arc, Pipe Height, 0 to 30 Degrees 
! 10 Degree Segments for Inside Arc 

! Line 21 -Vertical at 0 Degrees 
! Line 22 -Vertical at 0 Degrees 
! Line 23 -Vertical at 30 Degrees 
! Line 24 - Vertical at 30 Degrees 
! Line 25 -Vertical at 60 Degrees 
! Line 26 -Vertical at 60 Degrees 

! Area 5 - Center Pipe (0 to 30, Lower) 
! Area 6 - Center Pipe (30 to 60, Lower) 
! Area 7 -Center Pipe (0 to 30, Upper) 
! Area 8 -Center Pipe (30 to 60. Upper) 

! Merging Bonom Plate 

/COM - MESH AREAS - 
ESIZESIZE 
MAT. 1 
REAL.l 

AMESH.3.4 
AMESH,9 ! Bonom Plate 

ESIZE,SIZE ! Coarse Elements 
TYPE2 
REAL2 
AMESH.7.8 

ESIZE,SIZE-0.25 ! Finer Elements 
TYPE2 
REAL,2 
AMESH3.6 

! Center Pipe, Upper Part 

! Center Pipe, Lower Part 
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AGEN,J.ALL,,,,GO ! Generate 3 Times for a Total of 180 Degrees 
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/COM - MERGE COINCIDENT NODES - 
NUMMRG,NODE 

NALL 
EALL 

PAGE 70 
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ICOM -ADDING MASSES TO CENTER PIPE HOLE - 
ICOM ""TO ACCOUNT FOR ADJACENT PIPE LOAD - 
TYPEP 
REAL,4 
E.1 
E.44 
E,45 
E,47 
E.48 

ICOM - MODIFY 30 DEGREE ARC OF PIPE ELEMENTS - 
ICOM -TO ADD FUEL MASS - 
CSYS,1 
NSEL,S,LOCX,IR 
NSEL,R,LOC.Y,150,180 
ESLN.S.1 
EMODIF.ALL,MAT,P 
ESEL,ALL ! Reselect All Elements 

! Select Nodes Based on Inside Radius 

! Select Elements Associated Wth Selected Nodes 
! Modify The Selected Elements to Material 2 

! Reselect From Set, From 150 to 180 Degrees 

ICOM -ADDING SUPPORT RODS- 
TYPE.3 ! Beam Elements 
REAL.6 
MAT,I 
N,2135,20.3305,30,HlR 
N,2320,10.3305,90,HlR 
N,2639,10.3305,150,HlR 

! End of Beam Element (Support Rod) 30 Degrees 
! End of Beam Element (Support Rod) 90 Degrees 
! End of Beam Element (Support Rod) 150 Degrees 

E,135,2135 
E,135,49 
E,135,50 
E,135,53 
E,135,54 

E,320,2320 
E,320,322 
E,320,324 
E,320,328 
E,320,330 

E,639,2639 
E,639,641 
E.639.643 

! Beam at 30 Degrees 
! Spreading Rod Interface to Corners 

! Beam at 90 Degrees 
! Spreading Rod Interface to Corners 

! Beam at 150 Degrees 
! Spreading Rod Interface to Corners 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-05 
PROJECT: MCO Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 7 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

E,639.649 
EALL 
NALL 

ICOM - DEFINING OFFSET NODES ON DROP SIDE OF PLATE - 
ICOM - FROM 0 TO 30 DEGREES - 
N,5001 ,OR,O.-0.5 
N,5013,0R,30,-0.5 
FILL,5001,5013 

REAL,3 ! Beam Elements (Beam) 
TYPE,3 
MAT.3 
E.2.5001 
E.12,5002 
EGEN,11,1.-1 
E,11,5013 

fCOM - BOTOM PLATE INTERFACE WITH MCO * 
ICOM ""SHIFT ORIGIN TO MCO CENTER TO DEFINE MCO ID- 
N.6001 ,OR+0.001 ,O,-0.5 
CSYS,1 

J=O.OOI 
*DO,1,1.12 ! Start Loop 

! Node 5001 at 0 Degrees, Outside Radius 
! Node 5013 at 30 Degrees, Outside Radius 

! Fill between Nodes 5001 and 5013 

! 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 

! Create Node 6001 at Outside Radius +0.001 in. 
! Change to Cylindrical Coordinates 

J=J+O.O02 ! Gap Increases 0.002 in. for every 2.5 Degrees 
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N.6001+I,OR+J,2.5*1,-0.5 
'ENDDO 

NROTAT.6002,6013 
D,6001 .ALL,,,6013 

TYPE.7 
REAL,7 
E,5001,6001 

TYPE,5 
REAL,5 
E,5001.6001 
E.5002.6002 
EGEN.12,l ,-I 

End Loop 

Rotate Nodes 6002 thru 6013 
Constrain Nodes 6001 thru 6013 

! Soff Spring @ MCO Id (Link1 1) 

Create Element between Nodes 5001 and 6001 

! Gap Elements (Contac52) 

ICOM - CONSTRAINING EDGES OF CENTER PIPE AT TOP * 
CSYS.1 
NSEL,S,LOC,Z,HICP 
NSEL,R,LOCJ,IR 
D.ALL.UX 

NSEL,R,LOC,Y,0,5 
D,ALL,UZ 
NSEL.ALL 

!Selecting Pipe Height 
! Selecting Pipe Radius 
! Constraint in Xdirection, Pipe End 

! Selecting Nodes At Y=O To Y=5 
! Constraint in Z-direction 
! Select ALL Nodes 
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I 

D,ALL,UY.O.O,., ,ROTX,ROTZ 
NALL 
EALL 

! Symmetry BC at Y=O 
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ICOM "*APPLYING 1.5 TIMES G LOAD TO SATISFY - 
ICOM ""ASME LEVEL D BUCKLING CRITERIA"" 
ACEL,-1.5*GLOAD !1.5"102g's=151.5g's 
FIN1 

ICOM - SOLUTION - 
ISOLU 
OUTRES,ALL.I 
AUTOTS.ON 
NLGEOM,ON 
NSUBST,lOO 
NEQIT,100 

CNVTOL.F,,0.005 
CNVTOL.M,,0.005 I SOLVE 
SAVE 
FIN1 

ICOM - POSTPROCESSING - 
POST1 
SETLAST 
lSHOW,GRAPHICS,PIC,l 
NIEW,ALL I 

! Write All Solution Data Every first Substep of Each Loadstep 
! Use Automatic Time Stepping 
! Include Large Deformation Effects 
! Use 100 Substeps 
! Use 100 Equilibrium Iterations For Each Substep 

! Sets Tolerance for Force Convergence Value 
! Sets tolerance for Moments Convergence Value 

! Start the Solution 

EPLOT 1 gg&,iTPE,,3,5 

/EDGE,,I 

PLNSOL,S,INT 
PLNSOL,EPPL,EQV 

SAVE 
FIN1 
EXIT 

! General Postprocessor 
! Read Last Data Set From Results File 
! Specify Graphics Vector Display Device 
! Defines Viewing Direction For the Display 

! Element Plot 
! Prints the Constrained Node Reaction Solution 

! Unselect Elements of Type 3 8 5 

! Edge Display 

! Displays Results as Plastic Equivalent Strain 
! Displays Results as Stress Intensity ContOUIS 
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LISTING OF ROD3D.INP FILE 

fini 
Icle 
/prep7 
Aiie,MCO MarklA Basket Support Rod, 3D 

et,1,45 
et,2,43 
et3.52 

r,2,.5 
r,3,1 E7,.265,3 

ex,l,27.2E6 
nuxy,l,.3 
tb,tkin,l 
tbdata,l,23250,160000 

ex,5,27.2E8 !special rigid region at load application 
nuxy,5,.3 

!create rod 
n,1,9.796 
11.5.1 1.226 

n,16,9.796,.605 
fill,l,5 

fill,l,l6,2 
n.10,11.215,.501 
fi11.6.10 
11.151 1.181,1.001 
fill,lI ,I5 
n,19,10.690,1.229 
fi11,16,19 
n,20,11.001,1.257 
nsym,y,ZO,all 
ngen,12,50,1,49,1...2 

type91 
e.l,6,7,2,51.56.57,52 
egen,rl,l.-l 
egen,3,5,4 
esym,.20,all 
egen,11,50,-24 

numm,node 

nsel,z,22 
nrse,y 
nrse,x,lO.1,10.3 
nmod,a11,10.328 
d,all,uz,-.3 
d,all,ux 
d,all,uy 
enod 
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type,? 
mat3 
emod.all 
nsel,z 
d,all,all 
alls 

!Create MCO Shell 
CsYS,l 
n,601 .I 1.743,-30 
11,623.1 1.743.30.44 
fi11,601.623 
ngen,7,50,601,623,1,,10 

type2 
real.2 
mat,l 
e,601,602,652,651 
egen,22,1,-1 
egen,6,50,-22 

nsel,y,-30 
nase,yBO 
nrot,all 
d,alLuy 
d,all,robc 
d,all,rot! 
nsel,z 
d.all,all 
alls 

!create gaps from rod to shell 

real3 
e5751 
rpl 1,50.1 

ISOlU 
auto,on 
pred,on 
nlgeom,on 
outres,all,all 
time,l 
n s u b ,50 0 
neqit,100 
!solcon,on 
solve 
fini 

type.3 
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CALCULATION PACKAGE 

PROBLEM STATEMENT OR OBJECTIVE OF CALCULATION: 

FILE KH-8009-8-06 
N O  

:zc ~ ~ ~ ; ~ ~ ; ~ - D R - 0 0 3 3  Rev. 

PAGE 1 of73 

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. 

temperature from 375°C 

threaded center pipe 
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1. INTRODUCTION 

This calculation documents the evaluation of the Mark IV Storage Basket for lifting and 
deadweight loading. The structural adequacy evaluation is based upon limiting stresses to 
1/3 yield or 1/5 ultimate material properties for the lifting loading and Section 111 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 11, Materials, Part D- 
Properties, American Society of Mechanical Engineers, New York, New York. 

4. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section 111, Subsection NG, 
American Society of Mechanical Engineers, New York, New York. 

5. ASME, 1998, ASME Boiler and Pressure Vessel Code, Section 111, 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 Sfrain, 5th Edition, 
McGraw-Hill, New York, New York. 

8. AISC, 1989, Manual of Steel Construction, Ninth Edition, American Institute of Steel 

9. Machinery's Handbook, Nineteenth Edition, Industrial Press Inc., New York, NY. 

I O .  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, US. Nuclear Regulatory Commission, 
1992. 

Construction, Chicago, Illinois. 
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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. 

1 2 PAGE 7 
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4. GEOMETRY 

The Mark IV Storage Basket geometry is defined in Drawing No. H-2-828070. The 
storage basket primary structural components are identified in the 60" sector shown in 
Figure 1. The geometry pattern shown in Figure 1 is repeated every 60", including the 
Support Rod. Holes in the bottom plate are designed to allow drainage from the fuel rods. 
Each storage basket has a capacity of 54 fuel rods. 

i, 

-2.75" 

I 

1 

I 

2.44'- 

3.0 - 8 THREAD 

k 
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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 I.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. 

0 1 2 PAGE 8 
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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. 
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Component Part No. 

in Dwg. H-2-828070 

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 IOO"C, the allowables are: 

P, = membrane stress 
P, = bending stress 

Sy 2l.Oksi 
3 3  
Su 65.6ksi 
5 5  
* Use: Pm + Pb 5 7.0bi 

- - 7.0bi 

- - 13.12ksi 

Component Function 

Table 1. Mark IV Storage Basket Structural Components. 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Component 1 Name 

0 1 
BW 4/17/97 ZGS 711419 
JN 4/17/97 HSA 711419 

5 (1) Provide support to above 
baskets when stacked inside the 

MCO (2) Provide dip tube 
access to the bottom of the MCO 

(3) Lifting grapple interface 

Support Rod 

Bottom Plate 

6 

2 

Provide support to above 
baskets when stacked inside the 

MCO 

(1) Mounting base for center 
pipe and support rods. (2) 

Maintain position of spent fuel 
rods after the rods are inserted 

into the basket 

PAGE 9 

02/09/99 
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Temperature E 

O F  

70 - 28.3E+06 

oc Table TM-1, 
Group G 

StJ s, S" 
Table 24, page Table Y-I, page Table U, page 441 

322 524 

16.7 ksi 25.0 ksi 70.0 ksi 

100 

200 

212 

6.2 Deadweight Loads 

Per Section 4.12.3 of Reference 1, the "baskets will be able to support the fuel at 1.09 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. 

- - 16.7 ksi 25.0 ksi 70.0 ksi 

- 27.6E+06 16.7 ksi 21.3 ksi 66.2 ksi 

100 27.5E+06 16.7 ksi 21.0 ksi 65.6 ksi 

270 

300 

132 27.2E+06 16.7 ksi 19.8ksi 62.5 ksi 

- 27.0E+06 16.7 ksi 19.1 ksi 60.9 ksi 
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Temperature 

212 100 
270 132 

OF "C 

Table 3. Allowable Stresses - Deadweight 

S, DesignlLevel A Stress Limits 

16.7ksi 16.7 ksi 25.1 ksi 
16.7 ksi 16.7 ksi 25.1 ksi 

[Table 21 pM @MI pM + pb sM) 

PREPARED BY I DATE I BW 4/17/97 I ZGS 7/14/9 k95 02/09/99( 
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The bottom basket center pipe and support rods are subjected to compression loading, with 
the potential for column buckling. Since Subsection NG does not address column buckling, 
Subsection NG was supplemented by Subsection NF. For the center pipe, the more 
restrictive of NG-3133.6 (shell buckling) oi NF-3322.1 (c)(2) was used. For the support rods, 
the NF criteria was used. 
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7. LOAD CONDITIONS & COMBINATIONS 
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As previously mentioned, the Mark IV Storage Baskets were evaluated for two load cases: 

Lffing of the basket and contents with a maximum temperature of 100°C. 

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 4.1 1 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, = 1.31 in. 

I, = 26.687 in. 

Ib S, := 19800 - 
2 in 

E = 27.2 x I O 6  Ibf/in2 

Do = 2.75 in. 

Di = 1.75 in. 

I, = 30.467 in. 

Support Rod Diameter 

Support Rod Length Extending Above Bottom Plate 

304L Yield Strength @ Design Temp. of 132°C 

304L Young's Modulus @ Design Temp. 

Center Pipe O.D. 

Center Pipe I.D. 

Center Pipe, Overall Length 
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n 
A - -[D$ -D,’] 

p -  4 
A, = 3.534 in2 

n I --[D;-D:] - 4  

I, = 2.347 in4 

5 

5 = 0.815 

W, = 3218Ib. 

D, = 3.00-8 

Center Pipe Area (away from grapple interface) 

Center Pipe Mom.-of Inertia 

Center Pipe Radius of Gyration 

Mark IV Loaded Basket Weight 

Thread Attach - Center Post to Bottom Plate 3.0 dia-8 threadslin. 

ALLOWABLE STRESSES 

LIFTING LOAD CONDITION: 

Criteria: Limit stresses to 113 material yield or 1l5 material ultimate strength. Temp. = 
100 deg C, Establish Allowable Stresses: 

Basic tension allowable (304L Material)- 



Base material liiing allowable controlled by yield strength 
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s,,, lb 
- 7 0 0 0 7  

3 111 
-- 

DESIGN CONDITION: 

Criteria: Assume ASME NG allowables, Design Temp. = 132OC (270 OF), 

lb 
S,,,, = 16700- 

111, 

lb s,,, = 19800- in* 

8.1 Center Pipe 

8.1 .I 

Membrane Stress 

Deadweight Stacking Load Condition 

= Minimum Center Post area at grapple interface 

7r = -[(2.375-.005)2 -(2.030+.005)’] = 1.196 in2 4 

Conservatively assume all four baskets above the bottom basket are carried by the center 
Pipe 

p -b-- 4(W) 4(3218) 
M-AHm) 1196 

- 
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lb 
= 10,762 - 

i n 2  

Ratio = 0.64 Membrane stress OK 

Check Buckling per ASME NG-3133.6 (also consider NF-3322.1(~)(2) for column buckling) 

T = 0.59 

R.=O-T D 
2 

R = 0.875 

A :.0.12 

(:) 
A = 0.071 

Obtain B value from ASME Code, Section II, Figure HA-3 

lb 
B > 10,000 7 

111 

4(wb) 43218) lb Stress thru center portion of post = - - - - - - 3642- 
A, 3534 in2 
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Checking column buckling per ASME NF 3322.1: 

Ib 
E = 2.72*107 - 
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I = 2.347 -in4 

K .=o. Effective length factor, pinned @top, Reference 8 

Ip = 30.467 in. 

P 

5 = 0.815in 

K 1  
2 = 29.91 
rP 

120, use Eq. (6a) 

Fa = 7972 psi 

Ratio = - 

B, above, column buckling controls 

p, 
Fa 

Ratio = 0.46 1 .O, ASME NF limits met 

Shear Stresses in Conical Lip: 

The shear  area through the conical lip is taken a t  a point mid-way between the outside 
diameter of the thread and the outside maximum diameter of the conical lip. 
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AsHW = n(3.17)(0.28) = 2.74 in2 

Conservatively taking all 5 baskets (only the base plate and payload weight is carried by the 
lower basket), the shear stress is: 
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ps Ratio = - 
0.4%) 

- 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 
[SI and thread dimensions are taken from [IO]: 

___- *s,- 
L E  

+ 057735(Esm - Km 
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= 8122 psi 
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PM Ratio = ~ 

o'6 'MI32 

8122 
0.6(16,700) 

= 0.81 - 

8.1.2 Lifting Load Condition 

Section thru grapple interface. 

= 1 .I 96 in2 

Section thru conical lip 

w,- 3218 
A, 2.74 

Pa = - - - = 1,174p~i 

Ratio= A=-- 1174 -0.28 

Shear Stress in Threaded Attachment 

p,= w, -=-- 3218 - 1624psi 
A- 1.981 

Ratio= A=-- 1624 -0.39 
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8.2 Support Rod 

The support rods are loaded in compression by the deadweight stacking load. 

d, =1.31 in. 

&J4 I, =- 64 

I, = 0.145 in4 

& = 2.1 

I, = 26.687 

Effective Length Factor, fixed-free, Reference 8 

r, = 033 in. 

A, = 1348 in2 

Using ASME NF 3322.1(~)(2) 

= 169.8 > 120, use Eq. (6b) 
rr 

lb Fa =2315 - 
in2 

Conservatively assuming the bottom basket support rods cany the full weight of the four 
baskets above, 



CLIENT: 
PROJECT: 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

DE&S Hanford FILE NO: KH-8009-8-06 
MCO Final Desian DOC N O  HNFSDSNF-DR-003, Rev. 2 Appendix 8 I 

0 1 2 PAGE 21 
BW 4/17/97 ZGS 711419 a 02/09/99 OF 73 
JN 4/17/97 HSA 711419 r Q 2 / 0 9 / 9 9  

lb 
F, =1591 - 

in2 

Ratio = 0.69 4 .O, 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)0.9&. For SA-I93 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 = oA, = 8494 Ib. 

The stripping of the thread in the support rod is checked for this loading: 

4 I " A L  1 ~- - mDSm[~+057735(Dsm -Em 
L E  

D,,,, = minimum major diameter of external thread = .6113 in. 

E,,, = maximum pitch diameter of internal thread = 5732 in 

LE = length of engagement = 2.50 (Length of bolt) - 1.20 (max thk. of base plate) = 1.30 inch 

1 ~- As- - ~(11)  (.6113)[17~ij+057735(.6113-5732) 1 

L E  

= 1.425 in% 

As,,mRNAL = 1.425 (1.30) 

= 1.85 in2 

The allowable stress is 0.6 SM = 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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From Reference 11, Table 4.1, the thread friction coefficient, k = 0.2. The calculated torque 
with d = 0.625 inches is: 

T = Fkdll2 = 88 Ib-ft. 

With an uncertainty of 30%, the torque should be limited to 68 Ib-ft. The recommended 
torque is 60 k 8 Ib-ft. 

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. 

(3)BOLT 
(TENSION ONLY) 

(2)NON-CONTACT AREA 
(0.75@ CHAMFER) 

NEUl  

(1)COMPRESSION AREA 
(INCLUDES SECTION 2 )  

-RAL 

I N T E R F A C E  - SUPPORT ROD TO B A S E  P L A T E  

AXIS 
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Section 

1 

Area Y AY A V  

0.3447 0.2331 0.0803 0.01 87 

2 

I 3  

c=. 

Y = CAY I CA = 0.1816 I 0.4577 = 0.3966 in. 

I = ZAv2 + CA(Y)' = 0.0963 - (0.4577)(0.3966)2 = 0.0243 in4 

The moment at the support rod to base plate interface with the applied load equal to the 
buckling load is: 

M = 2315(buckling stress) x 1.348(rod area) x 0.3966(edge of rod to neutral axis) 

= 1238 in-lb. 

-0.1130 0.4135 -0.0467 -0.0193 

0.226 0.6550 0.1480 0.0969 

0.4577 I- 0.1816 0.0963 

The applied load to the bolt is: 

PBoLT = (Mc I I)(ABoLT) where c = distance from bolt centerline to neutral axis 

= [ 1238 (0.655 - 0.3966) 10.0243 ] (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) I .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. 
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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 Ibs. 

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 = %(1.3132-0.5022)5c = 1.16 in2 

Press = 806lArea = 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 = 55.4 Ib per App. A of the Performance Spec.): 

Area = %/4[(22.625)' - (3.00)qn - %(0.51)2(108n)-%(1.313)2(6x) = 364.8 in2 

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 plate 
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 1.09 deadweight 
acceleration. The model was constrained vertically at the bottom outer corners of the 
support rod bolt hole (adjacent basket, below, support rod locations, 30" rotation, ). The 
ANSYS input data for the deadweight stacking load case is provided in the pltstk.inp and 
plstk.out files. 

The deadweight stacking load case results are summarized in the form of a stress intensity 
contour plot shown in Figure 3. Note that the higher stress intensity values occur 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 primaly 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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Mark IV Storaqe Basket - 60 Deq. Section 

ANSYS 5.3 
DEC 30 1998 
12:41:18 
PLOT NO. 1 
ELEMENTS 
TYPE NUM 

zv =1 
*DIST=5.916 
*XF =5.589 
*YF =4.783 

Figure 2. Sixty-Degree Sector Finite Element Model of the Mark IV Storage Basket. 
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Mark IV S t o r a g e  B a s k e t  - 60 Deg. S e c t i o n  

ANSYS 5.3 
DEC 30 1998 
14:33:45 
PLOT NO. 1 
NODAL SOLUTION 
STEP= 1 
SUB =I 
TIME= 1 
SlNT (AVG) 
TOP 
DMX =.001263 
S M N  =63.529 
S M X  =19180 
SMXB=21322 

=60 
=747.778 
= 1436 
=2123 
=2811 
=3499 
=4187 
=4874 

=5562 

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 .Og gravity loading 
and the 8.20 psi downward pressure representing the gravity loading from the fuel. The 
l i ing 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 3529ff013 = 0.50 for the lifting load case. 
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Mark IV Storage Basket - 60 Deg. Section 

ANSYS 5.3 
DEC 30 1998 
12:42:44 
PLOT NO. 1 
NODAL SOLUTION 
STEP= 1 
SUB =1 
TIME=l 
SlNT (AVG) 
TOP 
DMX =.002321 
SMN =167.012 
SMNB=100.219 
SMX =3529 
SMXB=3842 

=727.382 
=1101 
= 1475 
= 1848 
=2222 
=2595 
=2969 

=3342 

= m . a 0 2  

Figure 6. Stress Intensity Contour Plot, Lifting Load Condition. 
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8.4 

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: pltld.inp and pltld.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 
forceldeflection response predictions were made for both a support rod and the center pipe. 
By knowing the forceldeflection response, the effect of component length differences on the 
component load sharing can be evaluated. The capacity forceldeflection response was 
obtained using the ANSYS plastic beam element (BEAM23), with large deflectiondstrain 
enabled. Buckling was initiated by assuming a 0.25-in. offset of the vertical load. 

Assuming the top of the support rod is unrestrained laterally, the predicted support rod 
force/deflection response is shown in Figure 7 (ANSYS inputloutput 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 gaphiction element on 
top of the rod to account for lateral constraint due to friction. Using a conservative friction 
coefficient of 0.1, the response shown in Figure 8 was obtained (ANSYS inputloutput 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 inputloutput 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 lb, 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. 

Load Distribution and Basket Interface Considerations 

OF 73 
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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. 

(*IO**-,) 
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Figure 7. Force/Deflection Response of Support Rod, No Top Constraint. 
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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. 
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Table 5. Summary of Mark IV Basket Structural Evaluation. 
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Center Dead Buckling 
Pipe I Weight 1 

Stacking 

Center Dead Pure Shea1 
Pipe Plate 
Threads Stacking 

support Dead 
Rod I Weight I 

Stacking 

Buckling 

Bottom I Stacking I 
Plate 

Pm+Pb 

Bottom I liffing I 
Plate 

Pm+Pb 

Maximum 
stress 
(Psi) 

3642 

5869 

8122 

1591 

19,180 

3,529 

-I- 10,020 

I o.81 

10,020 

2315 I 0.69 

25,100 I 0.76 

7013 I 0.50 
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ANSYSB-PC 
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MS Windows 95, PentiumB Processor 
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Pltstk.inp 
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/CLEAR 
/batch,list 
/filnam,pltstk 
PREP7 
/title,Mark IV Storage Basket - 30 Deg. Section 

/pbc.u,,l 
/pbc.rot,,l 
/psf,pres,norm,2 

/corn Define variables 
THICK=1.2 !Piate Thickness 
fuelgrs=55.4*54/364.8 !Uniform pressure load due to fuel 

! one rod weights 55.4 Ibs 
! 54 rods 
! Area of plate (not including contact with rod is 364.8 sq in 

! Weight of 3 basets = 3 X 3212 I6 * 0.5 
! area of rod (annulus in contact with plate is 0.578 sq in 

rodgres=-803/.578 !Pressure due to weight of 1R of 1 support rod 

! Element Types 
et,l,63 !Elastic Shell 

! Real Properties 
r,l,THICK 
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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,O.O 
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,32,9.954595,3.301841 
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,37,3.57,0.4 
K,38,4.321527,0.47 
K,39,5.090889,0.46 
K.40.5.796214,0.45 
K,41,6.58,0.45 
K,42,8.4,0.45 
K,43,9.091205,0.5 
K,44.9.8152,0.62 
K,45,10.5531,1.1124 
K,46,11.2,1.36 
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,56,5.555.0.0 
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 ,1342305 
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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 
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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,93,8.673966,4.430% 
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, 1 OO,O.OOO,O.OOO 
K,102,-3.555,21.459 
K,103,-20.286,113.588 
K,105,-5.045.56.040 
K,107,-0.001 .O.OOO 
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. 123.8.1 71 996.4.423658 
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.131.3.409736,1.674164 
K.132.4.532682.2.322599 
K:I 34:9.096427.0.254975 
K,I 35,10.566924,0.254982 
K,136,6.673815.1.543598 
K.137.8.118164.1.821488 
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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,152.5.81 ,O.O 
K,153,9.1 ,O.O 
K,154,10.57,0.0 
K,155.9.5565,1.8386 
K,156.9.6321,1.2458 

C- Define model line and arc segments for material 1 
1.12 
L,2,140 
L,140.5 
L,5,141 
L,141,8 
L,8,142 
L,142,11 
L,11,143 
L,143,14 
L,14,144 
L.144,17 
L,17,145 
L,145.20 
L,20.146 
L,146.23 
L.149,25 
L,155,150 
L.154.28 
L.29,147 
L,147,32 
L,150,34 
L,35,36 
L,36,37 
L,37,3a 
L,38,39 
L.39.40 
L,40,41 
L.41,42 
L,42,43 
L,43,44 
L,44,45 
L,45,46 
L,153,48 
L,48,154 
L.152,51 
L,51,52 
L,52,153 
L,151,55 
L,55,152 
L,57,58 
L,58.151 
L,60.61 
L.61.62 
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REVISION 
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W L A N , - l .  140, 
pcirc,.255 
W A V E ,  141 
pcircJ55 
W A V E ,  142 
pcirc,.255 
W A V E ,  143 
pcirc,.255 
W A V E ,  144 
pcirc,.255 
W A V E .  145 
pcirc,.255 
W A V E .  146 
pcirc,.251 
W A V E ,  148 
WLAN,- l .  148, 
pcirc,.255 
W A V E .  149 
pcirc,.255 
W A V E .  150 
pck.255 
WLAN.- l .  147. 
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5, 

68, 

130 

73 

98 

! Support rod sits in hole w/ 0.502 in diameter 



!AL.67,68,128,52,126 
AL,67.128,52.126 
AL,68.69,95,94,93,54.53,128 
AL,70,97.74.95 
AL,72,85,75,97 
AL,75,86.20.98 
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 

!SUBTRACT AREAS FOR HOLES 
FLST,2,2,5,ORDE,2 
FITEM,2.17 
FITEM,2.-18 
ASBA,P5lX. 5 
FLST,2,2,5,0RDE,2 
FlTEM.2.19 

ASBA,P51X, 6 
FLST,2,2,5,ORDE,2 
FITEM.2.21 

ASBA,P5lX, 7 
FLST,2,2,5,ORDE,2 
FITEM.2.23 
FITEMi2:-24 
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FLST,2,2,5,ORDE,2 
FITEM,2,25 
FITEM,2,-26 
ASBA,P51X, 9 
FLST,2,2,5,ORDE,2 
FlTEM.2,27 
FlTEM,2,-28 
ASBA,P51X, 10 
FLST,2,2,5,ORDE,2 
FITEM,2.29 
FITEM,2,-30 
ASBA,PBIX, 11 
FLST,2,4,5,0RDE,4 
FITEM,2,41 
FITEM,2,-42 
FITEM,2.44 
FITEM,2.-45 
ASBA,P51X, 15 
FLST,2,4,5,ORDE,4 
FITEM,2.50 
FITEM,2,-51 
FITEM,2,51 
FITEM,2,-55 
ASBA,P51X, 12 
FLST.2,4.5,ORDE.4 
FITEM,2.56 
FITEM,2,-57 
FITEM.2,60 
FITEM,2,51 
ASBA,P51X, 13 
FLST,2,4,5,0RDE,4 
FITEM,2,46 
FITEM.2.64 
FITEMi2i-65 
FITEM2.70 
ASBA,PBlX, 14 
FLST,2,2,5,ORDE,2 
FITEM,2.47 
FITEM,2,-48 
ASBA,P51X, 1 
FLST,2,2,5,ORDE,2 
FITEM,2,49 
FITEM,2,53 
ASBA.PB1X. 2 

FITEM,2.63 
FITEM,2,67 
ASBA.PB1X. 3 
FLST,2,2,5,ORDE,2 
FITEM,2,68 
FlTEM,2,59 
ASBA,P51X, 4 

Icom Combine little lines remaining afler area subtraction 
Icomb,208,159,0 
Icomb,l61.163,0 
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3RIISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

lesize,88,,,2*div,2 
lesize,143,,,2*div,0.5 

lesize,l11,,,2*div,1.9 
lesize,145, ,,2*div,O.4 

lesize,lO8,,,2*div.l.9 
lesize,l48.,,2'div,O.5 

lesize,l23, ,,2'div 
lesize,l5O,,,div 

lesize,l85,,,2*div,l.8 
lesize,l87,,,2*dv,0.6 
lesize,l&l,,,dv 
lesize.l05,,,dv,0.6 
lesize,9O,,.Z*dv 
lesize,l82...2*div.l.5 
lesize,l20.,,div.0.5 

lesize,l89.,,2%liv 
lesize,212.,,2*div 
lesizee,210.,,2*div 
lesize,127.,,2*div 

lesize,l96,,,2*div 
lesize,l36,,,2*div 
lesize,l92,,,2*div 
lesize,l94.,,2*div,.6 

lesize,l76,,,div 
lesize,177,,,2*div 
lesize,l81 ,,,Z*dv 
lesize,l5,,,Tdv 
lesize,l80,,,2*div 

!LEGS 
lesize,76,,,div2 
lesize,206,,,div2 
lesize,207,,,div2 

lesize,2,,,dv2 
lesize,l15,,,div2 
lesize.1 M),,,div2 

lesize,4,,,dvZ 
lesize,l17,,,div2 
lesize,l62,,,div2 

lesize,b,.,dv2 
lesize,l19,,,div2 
lesize,165,,,dv2 

lesize.8 ... dv2 
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LCCAT,27,109 
LCCAT,29,122 
LCCAT,30,124 
LCCAT,31,124 
LCCAT,33,150 

lcmt,51.105 !Circles 
lccat,52,120 
lccat,42,106 
lccat.43,121 

lccat,53,120 
lccat.54,92 
lccat.45,91 
lccat,44,121 

lccat,56,141 
lccat.58,79 
lccat.80.47 
lccat.46.142 

lccat,94,74 
lccat,75.86 
lccat,87.56 
lccat,55,93 

!Further divide areas for meshing 

LSTR. 91, 75 
ASBL, 38, 220,.,KEEP 

FLST,3,1.8 
FITEM.3,-.I 21 506936787,.418478241865E-01, 
KL, 220, ,4121569573320922 
LSTR, 97. 104 

0 1 2 PAGE 48 
BW 4/17/97 ZGS 7/14/9 02/09/99 OF 73 
JN 4/17/97 HSA 711419 q@Q 2/09/99 

FLST,3,1,8 
FITEM,3,-.269913607302,-.441304327785, 
KL. 135. .7083258400780824 
LSTR, I i i ,  70 

ASBL, 35, 222,..KEEP 
ASBL, 50, 221,.,KEEP 



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 1 

WISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

amesh,l1,13 
amesh.l5,45,15 
amesh,41,42 
amesh,44 
amesh,72,73 

lesize,221.,.div2 !Prepare and mesh areas 35 and 53 
lesize,l35,.,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*divZ 
lccat.65,66 
amesh,36 

lesize,l07,,,div2 
lesize,l29.,,div2 
amesh,52 

Iesize,Z24,,,3*div2-2 
lesize,222,..2*div2 
Imt,63,64 
Iccat,l04.105 
amesh,51 

lesbe,223.,,div2 
lccat,26,107 
amesh.38 

!Prepare and mesh area 37 

!Prepare and mesh area 36 

!Prepare and mesh area 52 

!Prepare and mesh area 51 

!Prepare and mesh area 38 
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lesize,134,..8 
lccat,223.224 
amesh,34 

!Prepare and mesh area 34 

lesize,133,,,6,.65 
amesh,33 

LESIZE.23, , ,6,.6 
LESIZE.l14,, 2,l. 
lccat.59,60 
amesh.32 

!Prepare and mesh area 33 

!Prepare and mesh area 32 

lesize,203,,.5 
Iccat,113.114 
amesh,l6 

lesize .40... 9 

!Prepare and mesh area 16 



FILE N O  KH-8009-8-06 
HPARSEINS 

CLIENT: DE&S Hanford 
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 

- 

PREPARED BY I DATE I BW 4/17/97 I ZGS 711419 &} 02/09/99 I 
CHECKED BY I DATE I JN 4/17/97 1 HSA 711419 02/09/99 I 

amesh,31 

amesh,39 

!Prepare and mesh area 31 

!Prepare and mesh area 39 

OF 73 

lesize,85,.,1 
ameshP0 !Prepare and mesh area 40 

Iesize,28.,.6 
lesize,36,,.6 
lccat,43,44 
amesh,58,59 

amesh,62 

!Prepare and mesh areas 58-59 

!Prepare and mesh area 62 

lccat,140,46 
lccat,30,31 
amesh,66 

lesize,81,,,3 
amesh,71 

!Prepare and mesh area 66 

!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 

! Delete the already meshed trapezoidal areas around the support rod hole 
! and replace them with 1.313” diameter holes 
K,5@3,9.080276,5.2425 
kwpave.500 
WLAN,-l ,  500, 22, 117 
pcirc,l.313/2 
FLST,2,2,5,ORDE,2 
FlTEM,2,10 
FITEM,2,22 
ACLEAR,P51X 
ADELE. 43 

FITEM.2.10 
FlTEM,2.22 
FLST.3.2.4.ORDE.2 
FlTEM,3,241 
FITEM,3,-242 
ASBL,P5lX,P51X 
WPLANE,,O,O.O,1,0,0,O,I,O 
FLST,2,2,4,ORDE,2 
FITEM,2.241 
FlTEM.2.251 . . . -. . . ,- ._. . 
LCOMB.PB1X. ,O 

RMSION 1 0 1 1 I 2 I I PAGE50 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-0fj 
PROJECT: MCO Final Design DOC NO: HNF-SDSNF-DR-003, Rev. 2 Appendix 8 I 

RMSION 0 1 2 
PREPARED BY I DATE BW 4/17/97 ZGS 711419 !&) 02/09/99 
CHECKED BY I DATE JN 4/17/97 HSA 711419.- 09/99 

FLST,2,4,4,ORDE,4 
FITEM,2,96 
FITEM,2,176 
FITEM,2,241 
FITEM,2,247 
LESIZE,PBlX,. ,&I, 
FLST,2,3,4,ORDE,3 
FITEM.2.245 

PAGE 51 
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FITEM,2,-246 
FITEM,2,250 
LESIZE,PSlX, , ,3,1, 
amesh,43 

FLST,2,2,4,ORDE,2 
FITEM.2.248 
FITEM.2,-249 
LESIZE,P51X, , ,2,1, 
LCCAT,72,63 
AMESH.55 

FLST,2,2,4,ORDE,2 
FITEM,2,176 
FITEM,2,241 
LESIZE,PBlX. , .8.1. 
AMESH,56 

FLST,2,1,4,0RDE,l 
FITEM.2,252 
LESIZE,PBlX, , ,2,1, 
FLST,2,1,4,ORDE,l 
FITEM.2.77 
LESIZE,PBlX. , 51, 
FLST,2,2,4,ORDE,2 
LCCAT.73.77 
AMESH57 

!Define Components 
!This is where the support rod is attached to the plate 
ASEL.SAREA,,43,56,13 
CM,rcd,AREA 

mis is where the plate contacts the support rod from below 
ksel,S,KP,,27,49,22 
CM,support,KP 

!This is where the plate contacts the support rod from below 
LSEL,S,UNE,,203,204 
CM,ctr-tube,LINE 

.mis is the areas of the plate not in contact with the support rod 
alls 
ansel,u.rod 
CM,plate,area 
alls 



FILE NO: KH-8009-8-06 
I?IP*RICINI 

CLIENT: DE&S Hanford 
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 I 

REVISION 0 1 2 
PREPARED BY I DATE BW 4/17/97 ZGS 711419 gd 02/09/99 
CHECKED BY I DATE JN 4/17/97 HSA 711419 &#+32l 09/99 

! Edges (symmetry conditions) 
CsYS,l 
nsel,s,loc.y,O !O deg edge 
CsYS,l 
nrotat,all 
d.all,uy 
d,all,rotx 
d,all,roh 
nsel,s,loc,y,30 !30 deg edge 
Csys,i 
nrotat,all 
d.all.uy 
d.all.rotx 
d,all.rotz 
nsel,all 

! Center Tube constraint 
Csys,i 
nsel,s,loc,x,l.49,1.51 
csys.1 
nrotat,all 
d,all,rotx 
d,all,roty 
d,all,roh 
nsel,r,loc,y,O 
!d,all,ux,O 
alls 

! Simply supported by the contact with the support rod below the plate 
! rod is concentric with hole so it is supported by two nodes on most distant point on 
! hole so max moment is calculated 
cmsel,s,support 
alls,below.kp 
d,all,uz,D 

save 
finish 

lsolu 
! Apply pressure load of baskets carried by rods 
CMSELSROD 
sfa,all,2,pres,rodgres 
ails 

!Apply pressure load of fuel carried by plate 
CMSEL,S,PLATE 
sfa,all,2,pres,fuelgrs 
alls 

acel,,,l 
solve 
save 
finish 

/post1 

PAGE 52 
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PNS 
l a  

REVISION 0 1 
PREPARED BY I DATE BW 4/17/97 ZGS 711419 
CHECKED BY I DATE JN 4/17/97 HSA 711419 

I.PARSP~ ~P 

CLIENT: DE&S Hanford FILE N O  KH-8009-8-06 
PROJECT: MCO Final Design DOC NO HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 

2 PAGE 53 
qj 02/09/99 OF 73 
#&t3 2/09/99 

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 
prns.prin 
shell,mid 
pms,prin 
shell,bot 
prns,prin 
save 
finish 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-06 
PROJECT: MCO Final Design DOC NO: HNF-SDSNF-DR-003, Rev. 2 Appendix 8 1 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

COMPUTER RUN COVER SHEET 

0 1 2 PAGE 54 

BW 4/17/97 ZGS 711419 a \ 02/09/99 OF 73 
JN 4/17/97 HSA 711419 &j% 2/09/99 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Run Datemime: 

KH-8009-8 

ANSYSB-PC 

5.3 

MS Windows 95, PentiumB Processor 

KH-8009-8-06 

Pltstk.out 

Stress Analysis of the Mark IV Storage Basket 
Stacking Load Condition 

15 December 1998n:25:55pm 

I r  

Date 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-06 
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 

3EVISION 0 
'REPARED BY I DATE BW 4/17/97 
ZHECKED BY I DATE JN 4/17/97 

COMPUTER RUN COVER SHEET 

1 . 2  PAGE 55 
ZGS 711419 !G\ 02/09/99 OF 73 
HSA 711419 ,&$TU 2/09/99 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run File Name: 

Run Description: 

Creation Datemme: 

KH-8009-8 

ANSYSB-PC 

5.3 

MS Windows 95, Pentiurn@ Processor 

KH-8009-8-06 

PltlfLinp 

Stress Analysis of the Mark IV Storage Basket 
Stacking Load Condition 

15 December 1998f7:44:15pm 

- 4- 6 d  a/&p 
Prepared By: Michael E. Cod& Date 

Checked Byw Henrykverette Da(e 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-136 
PROJECT: MCO Final Design DOC NO: HNF-SD-SNF-DR-OOJ, Rev. 2 Appendix 8 1 

PREPARED BY I DATE I BW 4/17/97 I ZGS 711419 I,&$ OUO9/991 
CHECKED BY I DATE I JN 4/17/97 I HSA 711419 b%-€QfO 9/99 I 

LISTING OF PLTLFTJNP FILE 
CLEAR 
hatch,list 
/tilnam,pltlfl 
PREP7 
Ititle,Mark IV Storage Basket - 30 Deg. Section 

Ipbc,u,,l 
/pbc,rot,,l 
/psf,pres,norm,2 

/corn Define variables 
THICK=1.2 !Plate Thickness 
fuelgrs=-55.4*54/364.8 !Uniform pressure load due to fuel 

! one rod weights 55.4 Ibs 
! 54 rods 
! Area of plate (not including contact with rod is 364.8 sq in 

! Weight of 3 basets = 3 X 3212 I 6  * 0.5 
! area of rod (annulus in contact with plate is 0.578 sq in 

!rodgres=-803/.578 !Pressure due to weight of 1R of 1 support rod 

! Element Types 
et,1,63 !Elastic Shell 

! Real Properties 
r.1 ,THICK 

! Material Properties 
dens.1,.2854 
ex,l,26.5E+06 
nuxy,l,.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 

OF 73 

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,14,6.181983,3.56917 
K.15,6.560142,3.7875 
K.16,7.001815,4.O425 
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 . .  

REVISION 1 0 1 1 1 2 1 I PAGE56 



CLIENT: DE&S Hanford FILE N O  KH-8009-8-06 
PROJECT: MCO Final Desian DOC NO: HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 I 

3EVISION 0 
'REPARED BY I DATE BW 4/17/97 
JHECKED BY I DATE JN 4/17/97 

1 2 PAGE 57 

ZGS 711419 .&( 02/09/99 OF 73 

HSA 711419 @-U 2/09/99 



DNS 
FILE NO: KH-8009-8-06 

DOC NO: HNFSD-SNF-DR-003, Rev. 2 Appendix 8 

REVISION 0 1 
PREPARED BY / DATE BW 4/17/97 ZGS 711419 
CHECKED BY I DATE JN 4117197 HSA 711419 

K,78,10.18,2.345 
K,79,10.1410.2.6705 
K,80,10.9016.2.8162 
K,81 ,I .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,97.8.622258.3.467821 
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 ,O.OOO 
K,109,43.189,313.953 
K,112,-5.630,316.859 
K,114.5.630.94.556 
K. 1 16,-I 35.988.245.51 0 
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.125.6.90771 I .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,131,3.409736,1.674164 
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.C!42869 
K,140,2.017839,1.165 
K,141,3.282236,1.895 
K,142,4.399409,2.54 
K. 143,5663806,327 
K,144,6.780979,3.915 

2 PAGE 58 
.& 02/09/99 OF 73 
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CLIENT: DE&S Hanford FILE N O  KH-8009-8-06 
PROJECT: MCO Final Design DOC NO. HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 1 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

~~ 

K,146,9.080276,5.2425 
K, 147,9.244732,3.065355 
K,148,6.726643,1.29413 
K,149,8.170171 ,I ,571848 
K,150,10.212714,1.96481 
K,151,4.34,0.0 

0 1 2 PAGE 59 
BW 4/17/97 ZGS 711419 %\ 02/09/99 OF 73 
JN 4/17/97 HSA 711419 &-O 2/09/99 

K.152,5.81 ,O.O 
K.153,g.l ,O.O 
K.154.10.57.0.0 
K;155;9.5565,1.8386 
K.156,9.6321,1.2458 

C" Define model line and arc segments for material 1 
L,12 
L,2.140 
L,140,5 
L,5,141 
L,141,8 
LA142 
L,142.11 
L,11,143 
L.143.14 
L,14,144 
L,144,17 
L.17.145 
L;145,20 
L,20,146 
L,146,23 
L,149.25 
L,155,150 
L,154.28 
L,29,147 
L,147,32 
L,150,34 
L,35,36 
L,36,37 
L,37.38 
L.38.39 
L,39,40 
L,40,41 
L,41,42 
L,42,43 
L,43,44 
L,44,45 
L,45,46 
L,153,48 
L,48,154 
L,152,51 
L,51,52 
L,52,153 
L,151,55 
L,55,152 
L,57,58 
L,58,151 



CLIENT: DEW Hanford FILE NO: KH-8009-8-06 
PROJECT: MCO Final Design DOC N O  HNFSDSNF-DR-003, Rev. 2 Appendix 8 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

L,62,63 
L,63,64 
L,156,65 
L,65,66 
L,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 

0 1 2 PAGE 60 
BW 4/17/97 ZGS 711419 45 02/09/99 OF 73 
JN 4/17/97 HSA 711419 &-32/ 09/99 

L.84.85 
L.85.86 
L.86.87 
~:87;a8 
L,88,89 
L,89,90 
L,90,91 
L,91,92 
L,92.94 
/93,94 
L,94.95 
L,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 
L.20,94 
L146.95 
L,95,99 
L,99,32 
L,32,79 
L.79,150 
L.150,65 
L.77,147 
L.64,25 
L,25,76 
L,76,29 
L29,97 
L,97,92 
L,92,145 
L,94,98 
L.98.147 



FILE NO: KH-8009-8-06 
Irl PARSONS 

CLIENT: DE&S Hanford 
PROJECT: MCO Final Design DOC N O  HNF-SD-SNF-DR-OOJ, Rev. 2 Appendix 8 L 

REVISION 
PREPARED BY I DATE 
CHECKEDBYIDATE 

L.144,90 
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 

0 1 2 PAGE 61 

BW 4/17/97 ZGS 711419 %\ 02/09/99 OF 73 
JN 4/17/97 HSA 711419 &02/09/99 

L.37.58 
L,2,81 
L.81.36 
L;140,82 
L.5,83 
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,90,74 
L.61,41 
L,63,42 
L,64,43 
L,65,45 ! 
L,83.37 
L,84.38 
L,85.39 
L,75.149 
L,149,63 
L,148,61 
L,25,155 
L,64,156 
L,77,155 
L,155,156 
lA-rr,l,l,l 
LSEL.U,LINE,,ALL 
ALLS 

C" Define areas for ventilation holes and and support rod holes 
WLAN,-l ,  151, 55, 38 
pdrc..255 
W A V E .  152 
pdrc,.255 
W A V E .  153 

! Vent holes have 0.51 in diameter 

pch.255 
W A V E ,  154 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-06 
PROJECT: MCO Final Design DOC NO: HNF-SDSNF-DR-003, Rev. 2 Appendix 8 1 

REVISION 0 1 2 
PREPARED BY I DATE BW 4/17/97 ZGS 711419 g.f\ 02/09/99 
CHECKED BY I DATE JN 4/17/97 HSA 711419 &-02/09/99 

W A V E ,  140 
WLAN,-l ,  140. 5, 130 

PAGE 62 
OF 73 

pcirc,.255 
W A V E ,  141 
pcirc..255 
W A V E ,  142 
pcirc..255 
W A V E ,  143 
parq.255 
W A V E ,  144 
pcirc,.255 
W A V E ,  145 
pcirc,.255 
W A V E .  146 
purc,.251 
W A V E ,  148 
WLAN, - l ,  148, 68, 73 
pcirc,.255 
W A V E ,  149 

! Support rod sits in hole w10.502 in diameter 

pcirc,.255 
W A V E ,  150 
pcirc,.255 
WLAN,-1. 147, 32, 98 
pch.255 
WPLANE.,O,O,O,I,O,O,O,l,O 

lcom Break up inner arc 
FLST,2,1,4,0RDE,I 
FITEM,2.76 
FLST,3,1,4,ORDE,l 
FITEM.3,Z 
LSBL,PBIX,PBlX,, ,KEEP 



AL,65,66,126,51,104 
!AL,67,68.128,52,126 
AL,67,128,52,126 
AL,68,69,95,94,93,54.53,128 
AL,70,97,74,95 
AL,72,85,75,97 
AL,75,86.20,98 
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 

REVISION 0 1 2 
PREPARED BY I DATE BW 4/17/97 ZGS 711419 %\ 02/09/99 
CHECKED BY I DATE JN 4/17/97 HSA 711419 2/09/99 

!SUBTRACT AREAS FOR HOLES 
FLST,2,2,5,ORDE.2 
FITEM.2.17 

PAGE 63 
OF 73 

FITEM;2:-18 
ASBA,P51X, 5 
FLST,2,2,5,ORDE,2 
FITEM.2,19 
FlTEM,2,-20 
ASBA,P51X. 6 
FLST,2,2,5,ORDE,2 
FITEM.2,21 
FITEM.2.-22 
ASBA,PBIX, 7 
FLST,2,2,5,ORDE,2 
FITEM 2.23 



CLIENT: DE&S Hanford FILE NO: KH-8009-8-06 
PROJECT: MCO Final Design DOC N O  HNF-SD-SNF-DR-OOJ, Rev. 2 Appendix 8 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

ASBA,PBIX, 8 
FLST,2,2,5,ORDE,2 
FITEM,2.25 
FITEM,2.-26 
ASBA,PBIX, 9 
FLST,2,2,5.ORDE.2 
FITEM,2,27 
FITEM,2,-28 
ASBA,P51X, 10 
FLST,2,2,5,ORDE,2 
FITEM,2,29 
FITEM,2,-30 
ASBA,PBIX. 11 
FLST.2,4,5.ORDE.4 
FITEM,2,41 
FITEM,2,-42 
FlTEM,2,44 
FITEM.2,-45 
ASBA,PBIX, 15 
FLST,2,4,5,ORDE,4 
FITEM,2.50 
FITEM,2,-51 
FITEM,2,54 
FITEM,2,-55 
ASBA,P51X, 12 
FLST,2,4,5,0RDE,4 
FITEM.2,56 
FITEM,2,-57 
FITEM,2,60 
FITEM.2.41 

0 1 2 PAGE64 1 
BW 4/17/97 ZGS 711419 2)) 02/09/99 OF73 1 
JN 4/17/97 HSA 711419 dp;iF-o 2/09/99 I 

ASBA.PSIX, 13 
FLST,2,4,5,ORDE,4 
FITEM.2.46 



CLIENT: D E S  Hanford FILE N O  KH-8009-8-06 
PROJECT: MCO Final Desian DOC NO HNF-SD-SNF-DR-003, Rev. 2 Appendix 8 I 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Icomb,161,163,0 
lcornb.164,167,0 
Icomb.l66,171 ,O 
Icornb,l69.175,0 
lcornb.172,173,0 
lcornb,196,215,0 
lcornb,195,143,0 
lcornb,i45.147,0 
lcomb,148,151 ,O 
Icomb.l83,176,0 
Icornb,187,200,0 
lcornb,180,202,0 
lcornb,190,182,0 
Icornb,l92,193,0 
!lcomb.209.191.0 
lcomb.213,212 
lcomb.155,150,0 
lcomb,181,199,0 
lcornb,210.211 ,O 
lcomb,186,185,0 
lcomb,216,196 
lcomb.214,194 
lcornb.127,138 
Icornb,2Oi ,189 

/corn DEFINE NUMBER OF ELEMENTS ALONG LINES WHERE div IS THE NUMBER OF divlSlONS 
! Variables used for number of divisions 
d1v=3 
div2=3 

lesize,all,,,div 

Iesize,77,.,div+dv2 
Iesize,82,,,div+div2 

lesize,205,,,2'dv 
lesize,l59...2*div,.6 

lesize,3,,,2*div,l.5 
lesize,l61,,,2*dv,.6 

lesize,5,.,2*div 
lesize,l64,,,2^dv 

lesKe,7,,,2*dv,l.5 
lesize,l66..,Tdv 

lesize,9,,,2*div 
lesbe,l69,,,2*dv 

lesize,lI ,,,2*dv,2 
lesize,l72,,,2'dv,I .5 
lesize,69,,,div,l.4 
lesize,99,,.div.2 
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lesize,l74.,,div 

lesize,88..,2*div,2 
lesize, 143,,,2*div,O.5 

lesize,ll1.,.2*dv.1.9 
lesize,l45,,,2*div.O.4 

lesize,l08,,,2*dv,I .9 
lesize,l48.,.Tdv.0.5 

REVISION 0 
PREPARED BY I DATE BW 4/17/97 
CHECKED BY I DATE JN 4/17/97 

lesize,123,,,2*div 
lesize,l50,,,div 

lesize,l85,.,2*dv,l.8 
lesize,l87,,,2'd~,0.6 
lesize,IW,,.div 
lesize,l05,,.div,0.6 
lesize,90,,,2'dv 
lesize,l82.,,2'div,l.5 
lesize, 120,,,div,0.5 

lesize, 189,,,2*div 
lesize,Zl2,,,2*dv 
lesize,210.,.2'div 
lesize,l27.,.2*dv 

lesize, 196,,,2*dv 
lesize,l36,,,2*dv 
lesize,l92,.,2*dv 
lesize,l94..,2'div,.6 

lesize,l76,,,dv 
Iesize,177,,,2*dv 
lesize,l81,,,2*dv 
lesize,I5,,,2*dv 
leShe,l80,,,2*dN 

!LEGS 
lesize,76,,,dv2 
lesize,206,,,dv2 
lesize,207,,,dv2 

lesize,Z,,,div2 
lesize,l15.,,div2 
lesize, 16O,,,div2 

lesize,4.,,dv;! 
lesize,l17,,,dv2 
lesize,l62,,.div2 

lesize,6,.,dv2 
lesize,l19,,,dv2 
lesize,l65,,,dv2 
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LCCAT,26,110 
LCCAT,27,109 
LCCAT,29,122 
LCCAT,30,124 
LCCAT.31.124 
LCCAT,33,150 

lccat,51,105 !Circles 
lccat,52,120 
lccat,42.106 
Iccat,43.121 

lccat,53,120 
lccat,54,92 
lccat,45,91 
Iccat,44,121 

lccat,56,141 
lccat,58,79 
Iccat,80.47 
lccat,46,142 

lccatS4.74 
lccat,75,86 
lccat,87,56 
lccat,55,93 

!Further divide areas for meshing 

PAGE 68 
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LSTR, 91, 75 
ASBL, 38, 220,,,KEEP 

FLST.3.1,8 
FlTEM,3,-.121506936787,.418478241865E-01, 
KL, 220, ,4121569573320922 
LSTR, 97, 104 

FLST,3,1,8 
FITEM.3,-.269913607302,-.441304327785, 
KL, 135, .7083258400780824 
LSTR, 111, 70 

ASBL, 35, =,,.KEEP 
ASBL. 50, 221.,,KEEP 

lcom MESHING 

eshape.2 
amesh,5,9 
amesh.l7,21 
amesh,74,75 
AMESH,1,2 
AMESH,14 
AMESH,46,48 
AMESH.10.22.12 

! Define element shapes as square 
! Mesh areas that are ready to be meshed 
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amesh.23,30 
amesh,ll,l3 
amesh,l5,45,15 
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.I28,,,3*div2 !Prepare and mesh area 4 
lccat,135,225 
ameshb 

lesize, 126,.,3*diV2 
amesh,37 

lesize,IC4,,,2*dv2 
lccat,65,66 
amesh,36 

lesize.l07,,,div2 
lesize,l29,,.div2 
amesh.52 

lesize,224.,,3*dv2-2 
lesize,222,,,2*div2 
lccat,63,64 
lccat,104,105 
ameshbl 

lesize,223,,.div2 
lccat,26,107 
amesh,38 

lesize,134,,,8 
lccat.223.224 
amesh,34 

lesize,l33,.,6,.65 
amesh.33 

LESIZE,23., ,6,.6 
LESIZE,114,, ,2,1, 
lccat,59,60 
amesh,32 

lesize,203,.,5 
lccat,113.114 
amesh,l8 

!Prepare and mesh area 37 

!Prepare and mesh area 36 

!Prepare and mesh area 52 

!Prepare and mesh area 51 

!Prepare and mesh area 38 

!Prepare and mesh area 34 

!Prepare and mesh area 33 

!Prepare and mesh area 32 

!Prepare and mesh area 16 
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lccat,22,23 
amesh91 !Prepare and mesh area 31 

amesh,39 !Prepare and mesh area 39 

lesize,85,,.1 
amesh.40 !Prepare and mesh area 40 

lesize,28,,,6 
Iesize.36,,,6 
lccat,43,44 
amesh.58,59 

amesh.62 

!Prepare and mesh areas 58-59 

!Prepare and mesh area 62 

lccat,140,46 
lccat,30,31 
amesh,66 

lesize.81,,,3 
amesh,71 

!Prepare and mesh area 66 

!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 

! Delete the already meshed trapezoidal areas around the support rod hole 
! and replace them with 1.313” diameter holes 
K.500,9.080276,5.2425 
kwpave,500 
KWPLAN,-l. 500, 22, 117 
parc,l.313/2 
FLST,2,2.5.ORDE.2 
FITEM.2.10 

ACLEAR,PBIX 
ADELE, 43 
FLST.2.2.5.ORDE.2 . . . .  
FITEM.2.10 
FITEM.2.22 
FLST,3,2,4.ORDE.2 
FITEM.3.241 
FITEM:3;-242 
ASBL,P51X,P51X 
WPLANE,,O,O,O,I,O,O.O,l,O 
FLST,2,2,4.ORDE.2 
FITEM.2.241 
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LCOMB,PBIX, ,O 
FLST,2,4,4,ORDE,4 
FITEM,2,96 
FlTEM,2,176 
FITEM,2,241 
FITEM,2,247 

PAGE 71 
OF 73 

LESIZE,P51X,, ,6,1, 
FLST,2,3,4,ORDE,3 
FITEM.2.245 
FITEMi2;-246 
FITEM,2,250 
LESIZE,PBlX, , ,3,1, 
amesh,43 

FLST,2,2,4,ORDE,2 
FITEM.2,248 
FITEM.2,-249 
LESIZE.PBlX, , ,2,1, 
LCCAT.72.83 
AMESH,55 

FLST.2.2.4.ORDE.2 
FITEM.2,176 
FlTEM.2,241 
LESIZE,PBlX, , .8,1. 
AMESH,56 

FLST.2,I .4,0RDE,I 
FITEM.2.252 
LESIZE,PBIX,, 2,1, 
FLST,2,1,4,0RDE,I 
FITEM.2.77 
LESIZE,PBlX, , ,5.1. 
FLST,2,2,4,ORDE,2 
LCCAT,73,77 
AMESH,57 



/corn Boundary Conditions 
! Edges (symmetry conditions) 
csys.1 
nsel,s,loc,y,O !O deg edge 
csYS,l 
nrotat,all 
d,all,uy 
d,all.rotx 
d,all.rotz 
nsel,s,loc,y,30 !30 deg edge 
csys.1 
nrotat,all 
d.all,uy 
d,al!,rolx 
d,all,rotz 
nsel,all 

! Center Tube constraint 
csYS.1 
nsel,s,loc.x.l .49,1.51 
csYS,l 
nrotat,all 
d.all.roW,O 
d,all,roty,O 
d,all,rotz,O 
d,all,uz.O 
nsel.r,loc,y,O 
!d.all,ux,O 
alls 

save 
finish 

ISOlU 

!Apply pressure load of fuel carried by plate 
CMSEL,S.PIATE 
sfa,all,2,pres,fuel~rs 
alls 

acel,,,l 
solve 
save 
finish 

/post1 
setlast 
shell,top 
prns,prin 
shell,mid 
prns,prin 
shell,bot 
prns.prin 
save 
finish 
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1. INTRODUCTION 

This calculation documents the evaluation of the Mark IV scrap basket for lifting and 
deadweight loads. The evaluations are performed based on the criteria of the ASME Code. 

2. REFERENCES 

1. “Performance Specification for the Spent Nuclear Fuel Multi-Canister Overpack,” 
Specification HNF-S-0426, Revision 5 , December 1998. 

2. “K-Basin Spent Nuclear Fuel Scrap Basket”, Prepared for U.S.D.O.E. (Richland 
Operations) by DE&S Hanford, Drawing Number H-2-828075, Revision 1. 

3. ASME Boiler and Pressure Vessel Code, Section I I  - Materials, Part D - Properties, 
1998 Edition. 

4. ASME Boiler and Pressure Vessel Code, Section 111, Subsection NG, “Core Support 
Structures”, 1998 Edition. 

5. ASME Boiler and Pressure Vessel Code, Section 111, Subsection NF, “Component 
Supports”, 1998 Edition. 

6. Not used 

7. Roark, Raymond J., & Young, Warren C., “Formulas for Stress and Strain”, 5th 
Edition, McGraw-Hill Book Company, New York, 1975. 

8. AISC, 1989, Manual of Steel Construction, Ninth Edifion, American Institute of Steel 
Construction, Chicago, Illinois 

Basket Mark I A  Drawings No. H-2-828065, Revision 3. 
9. “MCO Mark IV SNF Scrap Basket”, Drawings No. H-2-828075 & “K-Basin SNF Scrap 

PAGE 4 
OF 12 

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 
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Component 

;enter Pipe 

3OttOm Plate 

Description 

Tubular Section with Outside diameter of 2.75 inches and a nominal 
Mall thickness of 0.50. The Center Pipe is attached to the bottom 
Dlate through a conical lip tightened with a 3.00 -8 Class 2 thread. 
Section Properties are: 

A =-(OD’ z -ZD’) 
4 

= - z ((2.75 in)’ - (1.75 in)*) 
4 

= 3-53 in2 

z = -(OD4 n -1D4) 
64 

64 
z 

= - ((2.75 in)4 - (1.75 in)4 

= 2.35 in4 

.=El 
=6235““4,;/53m. 
= ,815 in 

The bottom plate is a 1.20” thick plate with 112 diameter holes 
:pattern shown on drawing). 
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ihroud 
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?nes Divider Tube 

Stiffener Plates 

3OttOm Screen 

Shroud to Bottom Plate 
>onnection 

The shroud is 0.125 in. thick copper. The OD of the shroud is 22.625 in. 
md is 26.40 in. high. Other section properties are: 

ID = OD-2t 

= 22.625 in-2(0.125in) 
= 22375 in 

IR= ID12 
= 11.19 in 

= -((22.625h~)~ 7l -(22.375in)2) 
4 

= 8.84 in2 

There are 6 support posts located 60" apart around the periphery of the 
3ottom plate. The posts are stainless steel and have a minimum diameter 
If 1.31 in. 

The fines divider tube is rolled copper plate. It is 26.25 in. high and is 
1.125 in. thick. When rolled its outer diameter is 7.85 in. 

There are 6 copper radial stiffener plates connecting the fines divider tube 
:o the shroud. The stiffener plates are 0.25 in. thick copper and 26.25 in. 
iigh. 

The bottom screen is stainless steel and is sandwiched between the 
3ottom plate and the stiffener plates. 

The shroud is fastened to the bottom plate by means of a screws similar 
:o the shroud attachment in the MKIA scrap basket. 



CLIENT 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 I 

?EVISION 
PREPARED BY I DATE 
ZHECKED BY I DATE 

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 11,  Part D of the Code (See [3]) and are listed in Table 2. 
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Table 2 
ASME Code Material Pr 

Notes 1: Underlined values determined by linear interpolation, all 

2: Value of E taken from Table TM-1 for Material Group G. 
other values taken from Section 11 ,  Part D of the ASME Code. 
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6. ACCEPTANCE CRITERIA 

This calculation considers (1) lifting loads and (2) deadweight loads. Criteria for each are 
described below 
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6.1 Lifting Loads 

Per Section 4.12.3 of the MCO Specification (See [I]), 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 SJ3 or SJ5. At the maximum lifting temperature of 100°C, the allowables 
are: 

6.2 Deadweight Lo 

use :P, + pb I7.00ksi 

ds 

Per Section 4.12.3 of [I], all baskets must be able to support the fuel at 1.09 while at 132°C. 
The specification does not provide criteria for the Mark IV baskets under these loads, thus 
the normal (Level A) condition criteria of Subsection NG will be used. As described in the 
following paragraphs, the criteria of NG is supplemented by the criteria of Subsection NF for 
the center pipe. For membrane and membrane plus bending stresses the allowable 
stresses of Table 3 are applied. 

In addition to self weight, the Mark IV scrap basket must be able to support the weight of 4 
additional Mark IV baskets. Under these compressive loads, stability of the basket must be 
evaluated. 
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Temperature 
"F I "C 
270 1 132 

7. 

DesignlLevel A Stress Limits 
S, p m  P, (P, or PL) + P, 

Fable21 (Sm) (1.5 Srn) (1.5Sm) 
16.7 ksi 16.7 ksi 25.1 ksi 25.1 ksi 

Table 3 
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Notes 1: Design & Level A Stress Limits from NG 3221 & NG-3222, 

2: Axial compressive stresses must be limited to established 
respectively. 

in accordance with one of the following: 
- NG-3133.3 (external pressure) 
- NG-3133.6 (axial compression on cylindrical shells) 
- NF-3322.l(c) (column type members) 

3: Pure shear is limited to 0.6S, per NG-3227.2.2 

LOAD CONDITIONS & COMBINATIONS 

The Mark IV 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 [I]) 
exempts the Mark IV baskets from consideration of drop, or other accident loads. 



8. STRESS ANALYSIS - HAND CALCULATIONS 

The Mark IV scrap basket is evaluated using the results of the MK IV Storage Basket, as 
evaluated in Appendix 8. 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

8.1 
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. 

Center Pipe, Support Rods, Bottom Plate, Center to Bottom Plate 
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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 

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. 

Shroud to Bottom Plate Connection 

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. 
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For the comer shroud: 

a, = 10.0 x I O 4  in/inPF 
AT = 200°F 
L, = 26.4 inches 
A L, = a, LwAT = 0.053 in. 

Stainless steel coefficient of thermal expansion 
Temperature differential 
Bottom plate height 
Vertical expansion of bottom plate 

Copper coefficient of thermal expansion 
Temperature differential 
Shroud height 
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: 

A L = A L, + A L, = 0.055 inches 

The stainless steel post has a vertical thermal growth of 

L, = 27.8 inches 

A L, = a, L,AT = 0.054 inches 

One can conclude that there is no differential expansion between the center post and the 
shroud. Therefore, the one-half 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. 

8.4.2 Radial Expansion 

For the stainless steel plate : 

a, = 9.70 x I O "  inlinPF 
AT = 200°F 
Rp,,,e = 11.31 inches 
A L, = a, R,,,,AT = 0.022 in. 

For the comer shroud: 

a, = 10.0 x I O *  inlinl°F 

Stainless steel coefficient of thermal expansion 
Temperature differential 
Bottom plate outside radius 
Radial expansion of bottom plate 

Copper coefficient of thermal expansion 
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Shroud outside radius 
Radial expansion of copper shroud 
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The copper shroud is expected to expand radially 0.023 inches while the stainless 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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. 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 111 of the ASME Code (Reference 3). Component 
loading includes preload from torquing of bolts and process valve bodies, design pressure, and 
drop loading. 
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I 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 
preloadltorque uncertainties, including operator and tool inaccuracies. A "Never-Seize" 
lubricant is assumed for the preloadltorque 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 132OC. 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. It is assumed that the threaded process valve bodies can be appropriately evaluated as 
bolts, relative to the ASME Code design stress limits. 

3. It is 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. 
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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 plateholt drawing (H-2-828048), and the process filter drawing (H-2- 
828049). The structural components are identied 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 valves during 
handling 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 Iblin. 
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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 Il8-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 valve. 
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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 (I-1/16-12 thread) which is smaller than the 1-7/8-in 
process valve threads and is also addressed in the calculations below. 

. MATERIAL PROPERTIES 
The materials included in the shield plug interface components are listed in Table 1. The 
structural properties of interest for F304L Stainless Steel 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% 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. 

Table 1. Material Listing for Shield Plug Interface Components 
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Table 2. ASME Code Material Properties for Type F304L Stainless Steel(SA-182, t > 5in.) 

Temperature E S M  s, S" 

16.6 ksi 

16.6 ksi 

65.0 ksi 
65.0 ksi 
61.5 ksi 
60.9 ksi 
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Material 

SA 193 Grade B8S or 
B8SA (Bolting) 

Table 

Elastic Modulus, psi S,, psi 
(270°F) (270°F) 

27.2 x I O 6  11,600 

' 3. ASME Code Material Properties for Type 304L Stainless Steel (SA-240 or SA4 

WIS ION 
"REPARED BY I DATE 
3HECKED BY I DATE 

179) 
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Note: Underlined values determined by linear interpolation, all other values 
taken from Section 11, Part D of the ASME Code. 

Table 4. ASME Design Temperature Material Properties for Cover Plate Bolts and Process 
Valves. 
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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 full design 
temperature, since the valves will be tightened and loosened during processing operations. 
For the process filter attachment welds, the critical loading is the 1019 horizontal drop. 

Since the Performance Specification [I J 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 to 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 concerns relative to the 
structural adequacy of the rupture disc valve structural weld. 

3NISION I a I 1 I 2 I I PAGE10 
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. 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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. STRESS ANALYSIS CALCULATIONS 
The shield plug interface components structural evaluations were limited to hand calculations. 
Calculation details for each component follows below. 

,I Process Port Cover Plate and Bolts 
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nb = 4  

A b = '.( ,490 
4 

A b  = 0.189 .in2 

3 
A et = 0.998 .T 

m 

in2 
A it = 1 . 4 2 . 7  

111 

I-:= 0.5Oin 

d = 3.555 .in 

t p  = 1.00 .in 

d b = 0.625 .in 

d = 4.375 .in 

Ib fsp = 300 .T 
m 

lb pres :=45@- 
in2 

Minimum number of bolts 

Bolt area above threads (Root area = 0. 02 ir 

518-1 1 UNC thread stripping area, Reference 9 

Internal thread stripping area, Reference 9 

Bolt thread length 

Outside diameter of seal 

Plate thickness 

Nominal bolt diameter 

Diameter of bolt circle 

Minimum seal preload, see Appendix 14 

Design pressure 
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~~ 

lb 

inz 
Smb,SrnV :=11,60@- SA 193 B8S or B8SA bolt material, Sm, @ design temp. = 270°F 
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lb 

in2 
S := 16600- F304L forging, @ design temperature = 27OOF mp 

S,, := 16700E 304L (Cover Plates) @ design temperature = 270°F 
in 

cz := 8.94. in 304L mean thermal expansion coefficient, 70 to 270°F 
P in. R 

a,, := 8.94. in SA 193 Gr B8S or B8SA bolt expansion coefficient, 70 - 270°F 
in. R 

\ := 27.2.106.'b SA 193 Gr B8S or B8SA bolt, Elastic Modulus, 270°F 
in2 

K mb = 0.11 Minimum nut factor, "Never-Seize'' lubricant, Table 
5.1 of Reference 7 

K max = 0.21 

K mean = 0.17 

Maximum nut factor, Reference 7 

Mean nut factor, Reference 7. 

qote that Type 304 is also acceptable as an alternate to 304L for the cover plates. 

'.I. 1 Cover Plate Bolts 

Bolt Area Requirement (See Appendix E, ASME Code): 
Appendix E requires that a bolt have sufficient area to cany the required seal load plus the 
pressure loading. 

H .= F.d :.pres Pressure load 
4 

H = 4.467.103 . Ib 

H := x.d .f sp Minimum preload to seat the seal 



Hp=3.351-103 -Ib 

H + H p  

mb 
A req := - 

%RIISION 0 
'REPARED BY I DATE BW 4/18/97 
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Areq = 0.674. inz 

Ratio:= 5% 
b'A b 

Ratio = 0.892 Adequate Bolt Area for preload + pressure 
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Check Bolt Adequacy for In-Service Loads: 

The ASME Code requires that the maximum in-service bolt stress not exceed 2 Sm. 

I) Thermal Loading 
As the thermal expansion coefficient is the same for the bolt and the cover 
plate, there is no relative thermal loading. ob, = 0 

2) Preload 
Torque, per bolt, required to assure required minimum preload (fsp) on seal and maintain 
the pressure load: 

- - 4467 4 + 3351 (0.17)(%) 

= 17.3 1b.k 

Maximum preload per bolt for a torque of Ti,: 

T,, = 17 -+ 2 = 19 i b X  

(See Section 8.4) 
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Maximum combined in-service stress in bolts: 

3316 
0.189 

-- - 

= 17,547 psi 

Comparing the total in-service stress to the allowable of 2Sm: 

Ratio = 0.756 Cover bolts OK for in-service loading 

CHECK BOLT THREAD STRIPPING: 

S, = 11,600 psi Bolt stress allowable 

3316 - 
- (0.998)(050) 

Ib 
= 6645- 

in2 



Ratio = 0.955 
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.1.2 Cover Plafe Evaluafion 
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Consider a simply-supported circular plate having a diameter equal to the bolt-circle diameter 
(Reference 4, Table 24): 

v := 0.3 

16 Mmax = 

M :: 444.1.1bT i 
max 

1 

Ratio = 0.106 

Thus, the cover plate has a large margin, relative to Code allowables. 

.2 Process Valve Plug Evaluation. H-2428047 Item 6 8 7 

The process valve plug is threaded and was evaluated using bolt requirements (NB-3230). 
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Parameter Definitions: 

d .= 1.875 .in 

bd := 1.5554 

A := 2.53 .in2 
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OF 35 

Valve nominal diameter (1 7/8-12 UN-2A Thread) 

Valve thread engagement length 

Tensile area of valveholt (solid), Reference 10 

d e f f=  1.795 .in 

d,, := 0.644 

d i .= 1.00 'in 

Am& := 0.981 .in2 

lb 
S := 11600.- 

in 2 mv 

E, :: 27.2.10 6 .- Ib 
in 2 

Valve plug effective outside diameter 

Valve plug radial hole diam. (3 holes @ 120 degrees) 

Valve plug inside diameter 

Valve plug net area @ radial holes 

SA-1 93, Gr B8S or B8SA, Sm @ design temp. (27OOF) 

Valve plug modulus of elasticity & design temp. (270°F) 

Ib press := 450 - 
in2 

d := 2.00 .inconservative seal diameter 

Reauired Valve Plua Area: 
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Per ASME Code requirements, bolt (valve plug) area must be sufficient to cany the required 
seal load plus the design pressure load (450 psig). 

0 1 2 PAGE 18 
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OF 35 

H = 1413.7 Ib 

H .= n.d .f s SP 

H p  = 1.885.103 .lb 

Minimum preload to seat seal 

H + H p  
Areq:=- 

Srn" 

2 A,, := 0.284 in 

Ratio = 0.290 Net area of plug is adequate for axial loading 

Check Valve Pluu Adeauacv for InService 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 

Torque required to maintain required minimum preload (fsp) on seal and restrain pressure: 
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Maximum preload: 

Use kin = 0.1 1 

T,, = 105 Ib.ft. (See Section 8.4) 

= 6109 lb. 

Maximum combined in-setvice stress in plug: 

D 

6109 
.981 

= -  

lb 
= 6227 - 

in2 

Comparing the total in-service stress to the allowable of 2Sm: 

Ratio = .268 Process valve plug meets Code bolt stress requirements 
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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 Plua Adequacy for Torque Loadinq (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: 

PAGE 20 
OF 35 

% := 0.64.i Hole diameter 

d heff'= d x h  

dheff := 0.7844 Two-hole equivalent diameter 

4,ff :: 0.437 
deff 

-0.557 
d i  

deff 
_ -  

From Table A-I6 of Reference 8, an effective J coefficient, A, was obtained: 

A := 0.58 Approximate, use 0.5 

deff Ti".- 
2 

0.5 
7 := - 

Ib. z = 1896 - 
in2  
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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. 

btot + + 52 

2 1 4 2  
“ 1  =- 

lb. 
=6759 - 

i n 2  

lb 
=-532. - 

in2  

lb. 
= 7291 - in* 



Ratio = 0.314 
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Thus, the valve plug is adequate for a combined axial and torsional stress (105 ft-lb torque). 

Check Valve Plucl Adeauacv - Toraue on Internal Recess (Port 2 onlv): 

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. 

0 1 2 PAGE 22 

BW 411 8/97 HSA 711 4/98 2/08/99 OF 35 

CT 4 1  8/97 ZGS 711 4/98 .&\ 02/08/99 

Internal recess maximum opening = 0.885 in. 
Minimum distance across flats of drive key = 0.865 in. 

0.865 A = -  cos300 = 0.499in. 
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0 885 
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B = -  = 0.443in. 
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L = Jm= d(0.499)* - (0.443)’ = 0.232in. 

With a maximum applied torque of 105 ft-lb, the contact load, P is: 

Conservatively consider the valve head as a circular ring with dimensions: 

inner radius = ri = 0.443 in. 

1269 
2 

outer radius = r,, = - = 0.635 in. 

The torsional stress is: 

The radial loads will cause bending stresses in the outer portion of the valve head: 

Reference 4, Table VIII, Case 9: 
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Maximum moment in ring = 1 -(W)(R)(;-Co'S) 1 2 
W = 907 Ib. 
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0.443+ 0.635 
2 = 0539 in. R =  

8 = 30" = 0.524 radians 

cot e = I ,732 

M, = -(907)(.539)(~-1.732) 1 1 = 43.12 in-lb 
2 

Taking the section width as the 0.500 recess depth and r, 
section thickness: 

ri = 0.635 - 0.443 = 0.192 as the 

6M 6(43.12) 
b(t)2 - 050(0.192)2 - =-- - 14,035 psi 

Combining into a principal stress: 

16560 
2(11600) 

=--- 

= 0.714 
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Rupture Disc Process Pluu Toruue 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 '=  1.312 .in 

2 PAGE 25 

&d 2/08/99 OF 35 
J-[A 02/08/99 

di := 1.034 

J := 0.180.in4 

Maximum torque (Section 8.4) 

3 lb 
T := 4.582.10 .- 

2 in 

4 lb zdlOw := 1.392.10 .- 
in 2 

Ratio = 0.329 Hex head torsional stress OK 
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Weld Sizina for RuDture 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 

T max = 105 .fI.lb 

Structural weld diameter 

Maximum preload torque (above) 

The nut and body are welded as a socket connection with a 118" fillet weld: 
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t, = 1/8in (rnin) 

Ib 
in 

f, = 200.5 7 

T~ := 2.27'10 3 - Ib 

in2 

Circumferential forcelin @ weld 

Circumferential shear stress in weld 

Weld shear stress 

This weld also carries the axial pressure loading. 

Ib pres := 450 - 
in2 

dSd := 2.004 (Conservative Seal Diameter) 



Ib 

in2 
zWp := 1800 - 

REVISION 0 1 2 
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Conservatively adding the torsional and axial shear stresses: 

PAGE 27 
OF 35 

:= 4070 psi 

rto, 

ratio = (0.6x2X0.4xSm) 

Ratio = 0.731 

.3 Plug, H-2-828041 Item 31 

Parameter Definitions: 

d, = 1.063 in 

heaa := 0.72.i 

do := 1.0084.i 

A,,,, := 0.756.2 

Stress ratio using 0.6 x 2 x S,, allowable 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 

Thread area nominal diameter (1-1116-12UN-2A) 

Valve thread engagement length 

Min. pitch diameter, p. 1777 of Reference 10 

Tensile area of plug 
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deff := 0.981 i Plug effective outside diameter 

2 PAGE 28 
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%) 02/08/99 

4, := 0.125 i Plug radial hole 

di := 0.125 i Plug inside diameter 

A,, = 0.633 

di := 0.125 i 

lb S := 11600.- 
mP 2 in 

Ib press := 450 - 
2 in 

ds := 1.20 i 

Reauired Pluq Area: 

H ;= L . d  s .Pres 

H = 508.9 Ib 

H p  := n.d .f s SP 

Cross sectional area, threaded region 

Inside diameter, threaded region 

SA-193, Gr B8S or B8SA, Sm @ design temp. (270°F) 

Conservative seal diameter 

Pressure load 

Minimum preload to seat seal 
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H+Hp 
Areq '7 

mv 
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2 A,, := 0.141 in 

A w Ratio = ~ 

A 

Ratio = 0.223 Body area is adequate for preload + pressure 

Check Plus Adequacy for InService Loads 

1) Thermal Loading 

No thermal loading (expansion coefficients are same) 

2) Preload 

Torque required to achieve required preload (fsp) on seal and maintain pressure: 

= (508.9 + 1131) (0 .17) (~)  1.063 

= 24.7 Ib.ft. 

Maximum preload for T,, torque: 

T,, = 40 Ib.ft. (See Section 8.4) 
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Fm = 4105 lb. 

Maximum combined in-service stress in holder body: 
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4105 
0.637 

- -  - 

Ib. 
= 6 4 4 4 2  

Comparing the total in-service stress to the allowable of 2Sm: 

a btot 

2's mv 
Ratio =- 

Ratio = 0.278 

Body meets Code bolt stress requirements for maximum loading. 

Check Thread Stritminq in Plua: 

FF = 4105 lb. 



in= 
A, = 1.77- Approximate external thread stripping area 

m 
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lengage := 0.72 i Thread engagement length 

0 1 2 PAGE 31 

BW 411 8/97 HSA 711 4/98 -&+-@ I08199 
CT4/18/97 ZGS 7/14/98 %\ 02/08/99 

OF 35 

Ib 
in2 

= 3221 - 

'TS Ratio .= ~ 

0 . 6 . 2 , s  my 

Ratio = 0.463 

Check Plus Adeauacv for Toraue Loadina: 

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. 

Thread stripping OK 

Js := ".[ 32 (deR)4 - (di)4] 

J := 0.091 ir! 

The effect of the radial hole is taken from Reference 8, a solid circular bar with a radial hole in 
torsion: 

d .I25 
D .981 .I27 .- -.--= 

K = 2.9 

Maximum torque (iteratively obtained) T,, = 57.8 1b.ft. 
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lb. 
= 11,118 - 

in2 
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Combining torsional stress with preload stress: 

lb. 
a+,= 6 4 4 4 2  

Obtot 'Obp 

btot + btot + T 2  
0 1 = -  - 

2 J q 2  

lb. 
m2 

= 14,820 - 

lb 
= -8379- 

i n 2  

0 1 - 0 2  p,:= 

lb. 
= 23,200 2 

lb S,, = 1 1 , 6 0 0 ~  
m2 
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=rn Ratio.= - 
2.s rn 

Ratio = 1.000 Thus, a torque of 57.8 ft-lbs is the maximum allowed. 

.4 Torque Recommendations 

The minimum torque values, Ti,, required to seat the seals and maintain the pressure loading is 
established above for the cover plate bolts, process valves, and rupture disc holder. It is 
emphasized that preload torque relationship is conditional on the adequacy of the “nut factors” 
extracted from Reference 7, assuming a “Never Sieze” lubricant. Reference 7, in turn, 
emphasizes that nut factors “can only be determined experimentally, and experience shows 
that we really have to redetermine it for each new application. Even then it is not a single 
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 k 2 Ib.ft. (See Section 8.1.1) 

Process Valves: 

i t  a stress intensity of 2S, the torque is ( ~ 2 ( ~ ~ ~ ~ ) ) ( 1 0 5 )  = 391 1b.ft. 
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preload and to avoid damaging the seal and/or the holder, a torque magnitude of 35 rt 5 ft-lbs) 
is recommended. 

OF 35 

.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). 

L,, = 9.12 in. 

L, = 16.38 in. 

The filter is relatively flat, allowing the simplifying assumption that the filter inertia loading is in 
the plane of the welds. Assuming the center of gravity is midway between the welded edges, 
the worst drop direction is parallel to the weld axes. Moment equilibrium requires that the force 
on each weld be equal. 

W f : =  50.lb 

Maximum filter weight, Reference 1 

w flOl 
F I:=- 

2 

F1=2.525-103 *Ib 

F 1  
v := 

L sw .0.125 .in.0.707 

3 lb cW :: 3.133.10 - 
in 2 

The inertia force, being in the same plane as the welds, results in a shear stress with a throat 
stress allowable of 0.6Sm. 

n = 0.35 Weld efficiency factor, surface visual inspection 

REVISION I a I 1 1 2 I I PAGE34 
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lb S, := 16700 - 
2 in F304L @ design temperature (27OOF) 

- I - 
BW 4/18/97 HSA 7/14/98 &f)-O 2/08/99( 
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OF 35 

O W  Ratio:. - 
0.66 ,'n 

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 (167OF) 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. 
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The evaluations are performed based on the criteria of the ASME Code. A combination of 
hand calculations and ANSYSO analysis is used. 

2. REFERENCES 

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

2. ASME Boiler and Pressure Vessel Code, Section I I  - Materials, Part D - Properties, 
1998 Edition. 

3. ASME Boiier and Pressurevessel Code, Section 111 - Division I ,  Subsection NB, 1998 
Edition. 

4. Swanson Analysis System, Inc., ANSYSO Engineering Analysis System User's 
Manual, Volumes I, I I  and 111, Version 5.4, December 1997. 
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3. ASSUMPTIONS 

1. Pressure is applied uniformly 

2. Others as noted 

4. MATERIAL PROPERTIES 

The MCO assembly is fabricated from Type 304L stainless steel, except for the jacking 
screws which are fabricated ASTM AI93 Grade 68s. The MCO shell is fabricated from dual 
certified 304/304L stainless steel. For this analysis, values for material properties are taken 
from Section II, Part D of the Code (See [2]) and are listed in Table 1. 

The shield plug is fabricated out of SA-I82 F304L, the locking ring out of SA-I82 F304N, 
the collar out of dual certified 3041304L and the liiing cap out of SA-I82 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 Plug) 
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SA - 182 F304N Forging (Locking Ring) 
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I 70°F I 200°F I 300°F I 27OoF 7 
SA - 193 Grade 68s or 68SA (Bolting) 

E-psi I 2 8 . 3 ~ 1 0 ~  I 27.6X106 I 27.0X106 1 27.18X106 1 
S,-psi I 16,700 I 13,000 I 11,000 I 11,600 I 
s, Psi 

S,- psi 

- 50,000 - - 

95,000 - - - 

70°F 250°F 300°F 27OoF 

6. SHELL DESIGN 

The MCO shell and bottom plate are analyzed for internal pressure using classical 
methods. The allowable external pressure for the shell is calculated per the rules of 
Paragraph NB-3133.2 [3]. The internal design pressure of the MCO is 150 psi. There is 

I 
Stress Intensity 

P M  

PL 
PL+b 

PL+Ps+Q 
P,+PB+Q+F 

Allowable Stress Intensty Limits (ksi) 
Formula 132°C (27OOF) 75% (167°F) 
1 .os. 16.7 16.7 
1.5 S, 25.1 25.1 
1.5 S. 25.1 25.1 
3.0 S M  50.1 50.1 

N /A' 

EVISION 0 1 2 
'REPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 rwrc/ 02/04/99 
:HECKED BY / DATE JN 4/17/97 HSA 7/14/98 02/04/99 
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also a pressure on the bottom of the MCO due to the weight of the fuel. From Appendix A 
of [I], the weight of the contents, W,, is approximately 16,000 Ibs. 

Given the inside radius of the MCO shell R = 11.50 inches, the area of the bottom plate is: 

2 PAGE 9 
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A,, = n(R2) = 415.48 in2 

Therefore, the pressure from the fuel on the bottom plate, P,, is 

w, 
ABP 

P, = - = 3851psi or 39.00 psi 

The fuel is conservatively assumed to act as a fluid, resulting in lateral pressure against the 
shell walls. Therefore, the total internal pressure is 150 + 39 = 189 psi. 

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 

R = Mean Radius = (24.00+23.00)/4 = 11.75 in. 

T = thickness of MCO shell = 0.5 in. 

(See Section 7.2, Load Case 3) 

Therefore 
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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 (167OF). 
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Given the following parameters: 

T = Shell thickness = 0.50 inches 

Do = Shell outside diameter = 24.00 inches 

L = Shell unsupported length = 143.55 inches ( 139.76 +1/3(0.88)+1/3(10.5) ) [6] 

Dol T = 48.0 

L I Do = 5.98 

A = Geometric factor, from Figure G of 121 = 0.0006 

B = Stress factor, from Figure HA-1 of 121 = 6,500 psi 

P, = Allowed external pressure 

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. 



CLIENT: DELS HANFORD, INC. FILE N O  KH-8009-0-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 c 

RNlSlON 0 1 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 

7.1 Computer Model 

The ANSYS model is built using two-dimensional axisymmetric elements. To model the 
threads between the shell and locking ring, coincident nodes are coupled. Coupled nodes 
are also used to model the threads between the locking ring and the jacking screw. 
Symmetry boundary conditions are applied to all nodes along the centerline. 
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Figure 1: Axisyrnrnetric Model with Boundary Conditions, -&per Section 
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Figure 2: Axisymmetric Model with Coupled Nodes 
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Figure 3: Axisyrnmetric Model with Boundary Conditions, Lower Section 
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7.2 Load Cases 

Five Process Operating Condition load cases are analyzed in this calculation. 

1. Full internal vacuum with 25 psig external pressure; equivalent to external pressures of 
14.7 psi + 25 psi or 40 psi, at 75°C (167°F) uniform temperature. All stresses for this 
load case are classified as primary stresses (PM or P,+P,). 

2. Full internal 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,+P,+Q), since thermal stresses are secondary stresses (Q). The primary 
stresses for this load case are the same as load case 1. 

PAGE 15 
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For Load Case 1, the corresponding ANSYS input and output files are POCl .inp and 
POCl .out, respectively. 

For Load Case 2, the corresponding ANSYS input and output files are POC2.inp and 
POC2.out, respectively. 

For Load Case 3, the corresponding ANSYS input and output files are MC0132.inp and 
MCOI 32.out, respectively. 

For Load Case 4, the corresponding ANSYS input and output files are POC4.inp and 
POCQ.out, respectively. 

For Load Case 5, the corresponding ANSYS input and output files are TG275.inp and 
TG275.out, respectively. 

, ..-- I 
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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,+P,, is compared to 1 .5S,. For load case 5 the total stress PL+PB+Q, is compared to 3S,. 

The results show that for all load cases, the computed stress intensities are lower than the 
allowable stress intensities. 
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Table 3: ANSYS Model Stress Report Sections 

Component I Inside Node I Outside Node II 
U 

Bottom Plate 1 41 
6 46 
10 50 

Lower Shell 50 52 
sn 55 

L -- -- 
53 55 
62 64 
R 5  c7 "" " I  

Mid-Shell 100 101 
122 123 
134 135 
156 157 
i 7 n  171 
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Upper ShelVCollar (304) 

Shield Plug (304L) 

Locking Ring (304N) 

In calculating the stress ratios, the following apply: 
Type 304L: S, = 16.7 ksi Q 75°C (167°F) 

S, = 16.7 ksi @ 132°C (270°F) 

S, = 20.0 ksi Q 75% (167OF) 
S, = 20.0 ksi Q 132°C (270°F) 

S, = 23.3 ksi Q 75°C (167OF) 
S, = 22.74 ksi @ 132°C (27OOF) 

Type 304: 

Type 304N: 

6.26 0.31 9.60 0.32 

6.17 0.37 7.08 0.28 

1.08 0.05 1.55 0.04 

Table 4: Summary of Maximum Stress Intensities for Load Case 1 

Component P, (ksi) 

Bottom Plate (304L) 

Lower Shell (304) 

Middle Shell (304) 

REVISION 0 
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Note: S, at 75°C (1 67°F) PM 4 + P B  Note: Stress Ratio = - or - 
S, 15SM 
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Component 

Bottom Plate (304L) 

P, (ksi) Stress Ratio P,+P, (ksi) Stress Ratio 

0.35 0.02 0.96 0.04 

Lower Shell (304) 

Middle Shell (304) 

0.38 0.02 0.71 0.02 

0.38 0.02 0.39 0.01 

Locking Ring (304N)I 1.14 1 0.05 I 1.62 I 0.04 

Upper Shell/Collar (304) 

Shield Plug (304L) 

Note: SM at 132°C (270°F) 'M 'L + 'B Note: Stress Ratio = - or - 
S, 15SM 

5.61 0.28 8.87 0.30 

6.30 0.38 7.05 0.28 

Component P, (ksi) 

Bottom Plate (304L) 2.83 

1 Lower Shell(304) I 4.60 I 0.23 I 10.72 I 0.36 

Stress Ratio P,+P, (ksi) Stress Ratio 

0.17 9.35 0.37 

Upper ShelUCollar (304) 

Shield Plug (304L) 

Locking Ring (304N) 

5.04 0.25 8.40 0.28 

5.20 0.31 7.20 0.29 

1.37 0.06 1.93 0.06 

Note: SM at 132°C (27OOF) 'M 'L + 'B Note: Stress Ratio = - or - 
S,,, 15SM 
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Stress Ratio P,+P, (ksi) Stress Ratio 

Table 7: Summary of Maximum Stress Intensities for Load Case 4 

Bottom Plate (304L) 

Lower Shell (304) 0.29 

2.87 0.17 9.56 

4.60 0.23 8.76 

Middle Shell (304) 

Upper Shell/Collar (304) 

Shield Plug (304L) 

4.62 0.23 4.70 0.16 

5.43 0.27 8.97 0.30 

4.84 0.29 6.95 0.28 

Locking Ring (304N) 

Note: S,., at 132% (27OOF) ’M ’L ’B Note: Stress Ratio = - or - s, lSS, 

1.62 0.07 3.02 0.09 

Component 
Bottom Plate (304L) 

Lower Shell (304) 

Middle Shell (304) 

Upper ShelWCollar (304) 

Shield Plug (304L) 

Locking Ring (304N) 

Note: SM at 132°C for Shell, rest at 32OC ‘L f PB f Q Note: Stress Ratio = 
3s.u 

Differenfial Temperature 

P,+P,+Q (ksi) Stress Ratio 
26.66 0.53 

9.65 0.16 

4.81 0.08 

8.99 0.15 

14.20 0.28 

2.54 0.04 

REVISION 0 1 2 
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Figure 4 Load Case 1 - Upper Section Stress intensities 
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ANSYS 5.4 
NOV 19 1998 
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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 
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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 I O :  Load Case 4 - Upper Section Stress Intensities 
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D =6653 
E =8552 
F =I0451 
G =I2350 
H =14249 
I =16148 

Figure 11: Load Case 4 - Lower Section Stress Intensities 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

EVISION 0 1 2 
'REPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 w 02/04/99 

SHECKED BY I DATE JN 4/17/97 HSA 7/14/98 ;t61 02/04/99 

1 

PAGE 29 
OF 129 

MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL. 189 PSI  PRESSI  

ANSYS 5.4 
NOV 19 1998 
12:38:47 
PLOT NO. 1 
NODAL SOLUTION 
STEP= 1 
SUB =50 
TIME= 1 
SlNT (AVG) 
DMX =.291144 
SMN =118.927 
SMX =25860 

zv =1 
*DIST=12.796 
*XF =6.242 
*YF =155.8 
PRECISE HIDDEN 
A =1549 
B =4409 
C =7269 
D =lo129 
E =12989 
F =15849 
G =18710 
H =21570 
I =24430 

Figure 12: Load Case 5 - Upper Section Stress Intensities 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 11 

ZEVISION 0 1 2 
PREPARED BY I DATE ZGS 41~197 ZGS 7114198 ~fr*c o m m 9  

CHECKED BY I DATE JN 4/17/97 HSA 71~198 4 j  o z o m 9  

I 
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MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL. 189 PSI PRESSURE 

ANSYS 5.4 
NOV 19 1998 
12:40: 19 
PLOT NO. 1 
NODAL SOLUTION 
STEP=I 
SUB =50 
TIME= 1 
SlNT (AVG) 
DMX =.291144 
SMN =118.927 
SMX =25860 

N = I  
*DIST= 12.796 
*XF =6.55 
*YF =8.084 
PRECISE HIDDEN 
A =I549 
B =4409 
C =7269 
D =I0129 
E =I2989 
F =I5849 
G =I8710 
H =21570 
I =24430 

Figure 13: Load Case 5 - Lower Section Stress Intensities 
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CLIENT: D E S  HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 1 

PEVlSlON 0 1 2 
PREPARED BY / DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 
CHECKED BY / DATE JN 4/17/97 HSA 7/14/98 .z6( 02/04/99 

COMPUTER RUN COVER SHEET 

PAGE 32 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95 B, PentiumB Processor 

KH-8009-8-09 

POCl .inp 

Load Case 1: 40 psi, 75°C 

11 November 1998 1:11:29 PM 

Prepared By: Michael E. Cohen Date 



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 

3MSION 
JREPARED BY I DATE 
:HECUED BY I DATE 

LISTING OF POC1.INP FILE 
1BATCH.LIST 

0 1 2 PAGE 33 
ZGS 4/17/97 ZGS 7/14/98 ptb 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98 &5 02/04/99 



IR=11.5 
OR=12.000 
IR2 = 12.02 
OR2 = 12.625 
IR3 = 12.25 

! Internal Shell Radius @ Bottom 
! Shell Outside Radius @Bottom 

! Outside Radius at Collar Sealing Surface 
! Inside Radius at Collar Sealing Surface 

! Inside Radius at Collar-Lifting Ring Weld 

ICOM - BOITOM COVER PLATE [DWG SK-2500378]** 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 711419a ozo4/99 

N,l ,,-I .32 
N,2,1.25,-1.32 
N.3.2.13.-1.32 

PAGE 34 
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N~lb,ll.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,OR,0.44 
FILL,50,52 

FILL,I ,441 ,I ,21,1 , I O  
FILL,I 0,50,1,30 
N,32,12,-0.32 
FlLL,30,32 
FILL,10,32,1,11 
N,53,IR,I .I7 
N,55,OR,1.17 
FILL,53,55 

! Row 1 

! ROW3 

! Middle Row 

! Shell Stubmeld 



PARSON5 
CLIENT: DE&S HANFORD, INC. FILE NO KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 11 I 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

FILL 

ICOM -* BASE OF CASK THROAT-ELEVATION: 138 INCHES *** 
N,217,1R,142.68 
N,219,0R,142.68 
FILL 
FILL,190,217,8,,3,3,1 ! Vertical Fill 

ICOM - BOlTOM OF COLLAR TRANSITION **** 

! Transition to Double Row 

N,235,1R,146.06 
N,237,0R,146.06 
FILL 
N,238,1R,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,241,1R2,147.31 
N,243,0R,147.31 
FILL ! Horizontal Fill 
NGEN,2,3,241,243,1,,0.75 

ICOM -* COLLAR SEALING SURFACE *- 
N,247,1R,149.63 
N,249,lR2,149.63 
FILL ! Horizontal Fill 

ICOM - THICK WALL AT COLLAR TRANSITION - 
NGEN.2.10.240.249.3 

! Start of Transition to Large 0.D & 
! Assumed Location of Shield Plug Taper 

! End of Transition to Large 0.D 8 
! Assumed Location of Shield Plug Taper 

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

! N o d e s  250-259 Coincident w1240-249 (by 3) 

0 1 2 PAGE 35 
ZGS 4/17/97 ZGS 7/14/98 hmr/ 02/04/99 OF 129 

JN 4/17/97 HSA 7/14/98 ,&$ 02/04/99 

N,255,0k2,.147:31 . ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,0R2,148.06 
N,980,1R,149.38 
N,981,11.755,149.38 
N,982,1R2,149.38 
N,983,12.317,149.38 
N,984,0R2,149.38 
N,990,0R2,146.68 
FILL,240,990,1,251 
NGEN,2,5,980,984,1,,-0.66 
FILL,246,258,1,257 
FILL,253,255,1,,1,3,3 
FILL,237,990,1,991 

ICOM - COLLAR AT BOTTOM EDGE OF PLUG 
NGEN,2,3,259 ,,,, 0.245 ! Nodes 262 

155" above Sealing Surface) - 



CLIENT DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

3EVISION 
'REPARED BY I DATE 
:HECKED BY I DATE 

FILL,262,271,2 

ICOM ** COLLAR AT BASE OF THREADS *** 
N,274,1R3,152.00 
N,l OOO,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,I ,274,295,3,(OR2-lR3)12 

ICOM=""- LOCKING & LlFtlNG RING GEOMETRY mhmmm 

RING1=7.94 
RING2=9.375 
RING3=9.625 
RING4=10.19 
RING5=12.23 
LOCAL,I 1,0,,152.00 
CSYS,11 

! Local System z=O at Base of Ring 

0 1 2 PAGE 36 
ZGS 4/17/97 ZGS 7/14/98 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98 &J 02/04/99 

ICOM ** TOP EDGE - 
N,401,RING1,6.13 
CSYS,O 
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 
N,447,10.9375+.6875,4 
FILL 

N,911,10.9375+.6875,4 

! Inside Edge of Bolt Hole 
! Outside Edge of Bolt Hole 

N,910,10.9375-.6875,4 



FILE NO: KH-8009-8-09 
[?]PARSONS 

CLIENT: D E S  HANFORD, INC. 
PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

REVISION 
PREPARED BY I DATE 
CHECKED BY / DATE 

N,448,RING5,4 
CSYS,O 
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 

0 1 2 PAGE 37 
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JN 4/17/97 HSA 7/14/98 02/04/99 

! 0.D of Ring 
Bolt Extension 

! Double Nodes @ Bolt for Gap elements 

! Bottom of Bolt Extension 

/COM * BOTTOM OF LIFTING/LOCKING RING ** 
CSYS,11 
NGEN,2,70,441,448,1,,-4 
FILL,441,511,6,,10,8,1 

/cow- SHIELD PLUG (offset y by 158.25) ---.- 
LOCAL,20,0,,158.13 
TYPE,2 
PLUGR1=11.975 
PLUGW=I1.45 
PLUGR3=11.25 
PLUGRh7.89 

/COM - NODES AT PLUG AXIS (FO) ** 
N,601 

! Bottom Surface of Liftingllocking Ring 
! Fill in LiiinglLocking Ring 

N,602,0,-I 
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 

FILL,611,613 

/COM - NODAL GENERATION - 
NGEN,2,20,601,613,1,0.8825 
NGEN,2,20,621,633,1,0.8825 ! Id Large Opening 
NGEN,2,20,642,653,1,0.6875 
NGEN,2,20,662,673,1,0.6875 I Id 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 I 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 
FlLL,737,740,2,738 

N,613,0,-10.5 



TEVISION 
'REPARED BY I DATE 
:HECKED BY I DATE 

0 1 2 PAGE 38 
ZGS 4/17/97 ZGS 7/14/98 02/04/99 OF 129 
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FILL,415,416,2,891 ,I 
FILL,404,414,1,881 
FILL,877,889,1,882 
FILL,878,890,1,883 
FILL,405,415,1,884 
FILL,879,891,1,885 
FILL,880,892,1,886 
FILL,406,416,1,887 
FILL,889,901,1,894 
FILL,414,424,1,893 
FILL,901,425,1,902 
FILL,890,902,1,895 
FILL,415,425,1,896 
FILL,425,426,2,903,1 
FILL,891,903,1,897 
FILL,892,904,1,898 
FILL,416,426,1,899 
FILL,424,434,1,907 
FILL,433,434,1,908 
FILL,423,433,1,905 
FILL,905,907 

ICOM - COUPLING NODES *** 
ICOM *** BETWEEN LlFTlNGlLOCKlNG RING 8 SHELL - 
CP,1 ,UY,508,277 ! Start Threads 
CP,2,UY,498,280 
CP,3,UY,488,283 
CP24,UY,478,286 
CP,S,UY,468,289 
CP,6,UY,458,292 

ICOM - BETWEEN BOLT 8 LOCKING RING *- 
CP,7,UY,445,910 
CP,8,UX,W,910 
CP,9,UY,447,911 
CP,lO,UX,447,911 
"D0,1,1,7 
CP,1 O+I,UY,445+10*1,91 O+TI 
'ENDDO 

ZEVISION 0 1 2 
'REPARED BY I DATE ZGS 4 1 m 7  ZGS 7 1 w a  me ozo4199 
ZHECKED BY I DATE JN 4 1 m 7  HSA 7114iga ozo4/99 

. 

*D0,1,1,7 
cP,17+I,uY,447+10*1,911+rl 
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^ENDDO 
*D0,1,1,7 
cP,24+I,ux,445+10*1,910+rl 
'ENDDO 



c 
CLIENT: DEL-. ._ ___.  _ _ _ _ ,  
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 1 

REVISION 0 
PREPAREDBY IDATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

1 2 PAGE 40 
ZGS 7/14/98 02/04/99 OF 129 
HSA 711419a a 02104l99 



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 L 

3EVISION 0 1 2 
JREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 @+ 02/04/99 

ZHECKED BY / DATE JN 4/17/97 HSA 7/14/98 02/04/99 

ICOM - COLLAR TRANSITION &THREADED REGIONS .*** 
E,237,991,251,240 
E,991,990,251 
E,240,251,254,253 
E,251,990,255,254 
E,253,254,257,256 

E,259,260,263,262 
€GEN,2,1,-1 

EGEN,2,1,-1 
EGEN,12,3,-2 
E,271,274,1000 

ICOM - MERGE COlNClDENT NODES FOR SHELL **** 
ESEL,S,TYPE,,I 
NSLE 
NUMMRG,NODE, 
EALL 
NALL 
ICOM - END OF SHELUCOLLAR ELEMENT GENERATION **** 

ICOM ** LOCKlNGlLlFTlNG RING ELEMENTS - 
TYPE,3 
MAT,I 
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,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,893414,888 
E,900,893,888 
E,900,424,893 
E,893,894,889,414 
E,424,901,894,893 
E,894,895,890,889 
E,901,902,895,894 

€,415,891,885,884 
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E,895,896,415,890 
E,902,425,896,895 
E,896,897,891,415 
E,425,903,897,896 
E,897,898,892,891 
E,903,904,898,897 
E,898,899,416,892 
E,904,426,899,898 
E,431,432,422,421 
E,905,423,422 
E,432,905,422 
E,432,433,905 
E,905,906,900,423 
E,433,908,906,905 
E,906,907,424,900 
E,908,434,907,906 
E,441,442,432,431 

E,443,908,433 
E,443,444,434,908 
E,451,452,442,441 

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,504,922,920494 
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 - 
TYPES 

EGEN,2,1 ,-I 

EGEN,3,1,-1 

?EVISION 
PREPARED BY I DATE 
CHECKED BY 1 DATE 

. .~ 

MAT% 
E,455,456,446,445 

0 1 2 PAGE 42 
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CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCn Final nnninn DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

- 

PREPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/981 + 02/04/991 
CHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981&J 02/04/991 

E,602,622,621,601 
EGEN,l2,1,-1 
EGEN,2,20,-12 
EGEN,3,20,-11 
EGEN,2,20,-10 

EGEN,7,1,-1 

EGEN,7,1,-1 

EGEN,13,1,-1 

EGEN,15,1,-1 

EGEN,17,1 ,-I 
EGEN,2,20,-17 

EGEN,6,1,-1 

E,707,717,716,706 

E,717,737,736,716 

E,731,751,750,730 

E,749,769,768,748 

E,767,787,786,766 

E,818,825,824,817 

EGEN,5,7,-6 
E,853,860,859,852 

E,860,867,866,859 

E,867,872,871,866 

ICOM--***** END OF SHIELD PLUG mmmm* 

ICOM”””-* CONTACT ELEMENTS n)+*m**** 

ICOM ** BETWEEN LOCKING RING 8 SHIELD PLUG ** 
NPE,4 
REALP 
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 x*** BETWEEN SHIELD PLUG & BOlTOM OF BOLT 
REAL,5 
E,845,525 
E,852,526 
E,859,527 

EGEN,6,1,-1 

EGEN,3,1,-1 

EGEN,4,1,-1 

OF 129 
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REVISION 0 1 2 
PREPARED BY / DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 

CHECKEDBYIDATE JN 4/17/97 HSA 7/14/98 02/04/99 
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BPARSDNS 
CLIENT DE&S HANFORD, INC. 

PREPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/981 02/04/991 

CHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981= 02/04/991 

_. __  
FILE NO: KH-8009-8-09 

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

OF 129 

SF,ALL,PRESPO 
NALL 
EALL 
NSEL,S,LOC,X,11.99,12.627 ! Outside Shell Transition 
NSEL,R,LOC,Y,146.05,146.69 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,12.623,12.627 ! Outside Shell 
NSEL,R,LOC,Y,146.67,156.01 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,12.24,12.626 ! Top of Shell 
NSEL,R,LOC,Y,155.99,156.01 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,9.624,12.24 
NSEL,R,LOC,Y,155.99,156.01 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,9.374,9.626 
NSEL,R,LOC,Y,155.99,157.13 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,9.374,10.20 
NSEL,R,LOC,Y,l57.12,157.14 
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,PRESPO 

! Top of Locking Ring 

! Transition to Lifting Ear 

! Underside of Lifting Ear 

I Side of Lifting Ear 

! Top of Lifting Ear 

I Top of Shield plug 

NSEL,S,LOC,X,7.26,7.27 I NSEL,R,LOC,Y,157.12,158.14 
! Side of Siphon Port (Top) 

REVISION I 0 I 1 I 2 I I PAGE45 



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 

RRllSlON 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 

CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 @ 02/04/99 

SF,ALL,PRES,40 
NALL 
EALL 
NSELS,LOC,X,5.88,7.27 
NSEL,R,LOC,Y,157.12,157.14 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,5.88,5.90 
NSEL,R,LOC,Y,156.13,157.14 
SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,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 ! Bottom Siphon Port 
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 

! Siphon Port Step (Top) 

! Side of Siphon Port (Mid) 

! Siphon Port Step (Mid) 

! Bottom Siphon Port (Side) 

! Bottom Siphon Port (Side) 
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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,LOC,Xf.l3,3.15 
NSEL,R,LOC,Y,156.13,157.14 
SF,ALL,PRES,40 
NALL 

Siphon Port Step (Mid) 

Side of Siphon Port (Mid) 



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 

WlSlON 
'REPARED BY I DATE 
:HECKED BY I DATE 

SF,ALL,PRES,40 
NALL 
EALL 
NSEL,S,LOC,X,O,I .8 
NSEL,R,LOC,Y,158.12,158.14 
SF,ALL,PRES,40 
NALL 
EALL 
SOLVE 
SAVE 
FINISH 

! Top of Shield Plug 
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ICOM ** POSTPROCESSING - 
POST1 
SET,LAST 
/TYPE,ALL,HIDC 
IGLINE,ALL,O 
RSYS,O 
PLNSOL,S,INT 
IDSCALE,,PO 
/REPLOT 
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,l 00,101 
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 



CLIENT: D E W  HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

REVISION 0 
PREPARED BY I DATE ZGS 4117197 
CHECKED BY I DATE JN 4/17/97 

PRSECT 
LPATH,262,264 
PRSECT 
LPATH,277,279 
PRSECT 
LPATH,292,294 
PRSECT 
LPATH,GOI ,641 ! Shield Plug 
PRSECT 
LPATH,601,613 
PRSECT 
LPATH,603,703 
PRSECT 
LPATH,606,706 
PRSECT 
LPATH,766,806 
PRSECT 
LPATH,748,808 
PRSECT 
LPATH,730,810 
PRSECT 
LPATH,736,815 
PRSECT 
LPATH,869,874 
PRSECT 
LPATH,870,875 
PRSECT 
LPATH,431,434 ! Locking Ring 
PRSECT 
LPATH,406,426 
PRSECT 
LPATH,404,424 
PRSECT 
SAVE 
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CLIENT: DEBS HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

0 1 2 PAGE 49 
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JN 4/17/97 HSA 7/14/98 02/04/99 

COMPUTER RUN COVER SHEET 

KH-8009-8 

ANSYSm-PC 

5.4 

Windows 95 @, Pentiumm Processor 

KH-8009-8-09 

Unique Computer Run Filename: 

Run Description: 

Run Date /Time: 13 November 1998 4:16:45 PM 

P O C l  .otf 

Load C a s e  1 Output 

U e * - e ,  %I 4154 
Prepared By: Michael E. Cohen Date 

- e k  99 
Checked By: Zachary G. Sdrgent  



CLIENT DE8S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2. Appendix 11 t 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

0 1 2 PAGE 50 
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JN 4/47/97 HSA 7/14/98 eJ 02/04/99 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

COMPUTER RUN COVER SHEET 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95 B, Pentiurn@ Processor 

KH-8009-8-09 

POC2.inp 

Load Case 2: 15 psi, 132°C 

11 November 1998 1:11:29 PM 

Prepared By: Michael E. Cohen Date 



LI] PARSONS 

PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 
CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 

REVISION 

PREPARED BY I DATE 
CHECKED BY I DATE 

LISTING OF POC2.INP FILE 
IBATCH,L!ST 
IFILENAM,POCZ 
PREP7 
/TITLE,MCO DESIGN- 375 DEGREES C, 15 PSI EXTERNAL PRESSURE, NO UFl 

TREFJO 
TUNIF270 

ICOM - ELEMENT TYPES - 
~~.1,42,,,1 ! Shell 
~~,2,42,,,1 ! Shield Plug 
ET,3,42,,,f 
ET,4,12 
KEYOPT,4,7,1 
ET,5,42,,,1 ! Bolt 

ICOM - REAL CONSTANTS FOR GAP ELEMENTS - 
R,4,-90,1.0e8,-0.06,3.0 
R,5,0,1.0e8,2.75e03 
R,6,0,1 .OE8,0,2.0 

ICOM MATERIAL PROPERTIES ___t 

MP,DENS,1,49011728 ! 304L ss 
MP,NUXY,l,O.3 

! Lifting & Locking Ring 
I Gap Elements Between Shield Plug &Shell 

! ShelllShield Plug, Initially Open .06" 
! L. RinglShield Plug, Under Bolt, Preloaded 

! Sealing Surface, closed 

0 1 2 PAGE 51 
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JN 4/17/97 HSA 7/14/98 02/04/99 

MP,DENS,5,490/1728 ! SA193 Grade B8M 
MP,NUXY,5,0.3 

ICOM- DEFlNlNG TEMPERATURES FOR MPDATA- 
MPTEMP,I, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM - DEFINING ELASTlC MODULI FOR 304L 8 SA-193 - 
MPDATA,EX,l,1,28.3e+O6,28.1 e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06 
MPDATA,EX,I ,7,25.3e+06,25.1e+06,24.8e+06,24.5e+06 
ICOM ! SA-193 
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+O6,27.Oe+O6,26.5e+O6,25.8e+O6 
MPDATA,EX,5,7,25.3e+06,25.le+O6,24.8e+O6,24.5e+O6 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inAnJ(F) - 
! SA240 Gr 3ML 
MPDATA,ALPX,l ,I ,0,8.55e-06,8.79&6,9.00e06,9.1 9e-06,9.37e06 
MPDATA,ALPX,l,7,9.53e06,9.61 e06,9.69&6,9.76e-O6 

! SA193 Gr B8M 
MPDATA,ALPX,5,1,0,8.54e-06,8.76ed6,8.97e-06,9.2le06,9.42e06 
MPDATA,ALPX,5,7,9.60e06,9.69eQ6,9.76&6,9.81 e06  

I C 0 7  SHELL GEOMETRY mtfi*rr*(Dt.Lt 

IR=11.5 
OR=12.000 
IRZ = 12.02 
OR2 = 12.625 

! Internal Shell Radius @ Bottom 
! Shell Outside Radius @ Bottom 

! Outside Radius at  Collar Sealing Surface 
! Inside Radius at Collar Sealing Surface 



CLIENT DE&S HANFORD. INC. 
PROJECT: MCO Fin; 

1 0 1 1 1 2 1 REVISION 
PREPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/981 r& 02/04/991 

FILE N O  KH-8009-8-09 
DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 al Design L 

PAGE 52 
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IR3 = 12.25 

ICOM - BOTTOM COVER PLATE [DWG SK-23003781- 
N.1 .,-I .32 
N,2,1.25,-1.32 
N,3,2.13,-1.32 
N,lO,l1.423,-1.32 
FILL 

N,41,0.00,-0.44 ! ROW 3 
N,42,1.25,-0.44 
N,43,2.13,0.44 
N,50,IR,0.44 
FILL,43,50 
N,52,OR,0.44 
FILL,50,52 

! Inside Radius at  Collar-Lifting Ring Weld 

! Row 1 

F!LL,1,41,1,21,1,10 ! Middle Row 
FILL10.50.1.30 

1 1 I I 1 

CHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981 a 02/04/991 I 



CLIENT: D E S  HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNFSD-SNF-DR-003, Rev. 2, Appendix 11 I 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

N,237,OR,146.06 
FILL 
N,238,1R,146.68 
N,240,0R,146.68 
FILL ! Horizontal Fill 
FILL,217,235,5,,3,3,1 !Vertical Fill 

lCOM - TOP OF COLLAR TRANSITION - 
N,241 ,lR,147.31 
N,243,0R,147.31 
FILL ! Horizontal Fill 
NGEN,2,3,241,243,1,,0.75 

ICOM - COLLAR SEALING SURFACE - 
N,247,1R,149.63 
N,249,1R2,149.63 
FILL ! Horizontal Fill 

ICOM ““THICK WALL AT COLLAR TRANSITION - 
NGEN,2,10,240,249,3 
N,255,0R2,147.31 ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,OR2,148.06 
N,980,1R,149.38 
N,981,11.755,149.38 
N,982,1R2,149.38 
N,983,12.317,149.38 
N,984,0R2,149.38 
N,990,0R2,146.68 
FILL,240,990,1,251 
NGEN,2,5,980,984,1,,-0.66 
FILL,246,258,1,257 
FILL,253,255,1,,1,3,3 
FILL,237,990,1,991 

lCOM - COLLAR AT BOTTOM EDGE OF PLUG (.155” above Sealing Surface) - 
NGEN,2,3,259 ,,,, 0.245 

KOM-COLLAR ATTOP EDGE OF PLUG (2” above bottom Edge)- 
NGEN,2,9,262 ,,,, 2.00 
FILL,262,271,2 

ICOM - COLLAR AT BASE OF THREADS - 
N,274,IR3,152.00 
N,1000,IR2,152.00 

lCOM - 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,(0R2-IR3)/2 

ICOM- LOCKING (L LIFTING RING GEOMETRY ___* 

RINGi=7.94 
RINGZe.375 
RING3=9.625 

!Assumed Location of Shield Plug Taper 

! End of Transition to Large 0.D 8 
!Assumed Location of Shield Plug Taper 

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

! Nodes 250-259 Coincident ~1240-249 (by 3) 

! Nodes 262 

! Nodes 271 

0 1 2 PAGE 53 
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CLIENT: D E S  HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 t 

REVISION 

PREPAREDBY IDATE 

CHECKEDBYIDATE 

RING440.19 
RINGS12.23 
LOCAL,l1,0,,152.00 
CSYS,ll 

ICOM - TOP EDGE - 
N,401 ,RINGl,6.13 

N,404,9.375,158.13 
FILL,401,404,,,1 
N,406,RING4,158.13 
FILL,404,406,,,1 ! Top Edge 

lCOM - LIFTING SURFACE - 
CSYS,11 
N,421,RING1,5.13 
N,424,RlNG2,5.13 
FILL,421,424 
N,426,RING4,5.13 
FlLL,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 - 
N7441,RING1,4 
N.444.RING3.4 
FILL 
N,445,10.9375-.6875,4 
N,447,10.9375+.6875,4 
FILL 
N,910,10.9375-.6875,4 
N,911,10.9375+.6875,4 
N,448,RING5,4 10.D of Ring 
CSYS,O ! Bolt Extension 
N,924,10.25,152.00 
N,925,11.625,152.00 
FILL,S10,924,6,,2 
FlLL,911,925,6,,2 
N,525,10.25,151.874 
N,527,11.625,151.874 
FILL 

ICOM- BOTTOM OF LlmNGlLOCKlNG RING - 
CSYS,ll 
NGEN,2,70,441,448,1,,4 
FILL,441,511,6,,10,8,1 

I C 0 7  SHIELD PLUG (offset y by 158.25) __rr_ 

LOCAL,20,0,,158.13 
NPE,Z 
PLUGRl=11.975 
PLUGRZ=11.45 
PLUGR3=11.25 
PLUGR4=7.89 

! Local System z=O at Base of Ring 

csYS,O 

! Inside Edge of Bolt Hole 
! Outside Edge of Bolt Hole 

! Double Nodes @ Bolt for Gap elements 

! Bottom of Bolt Extension 

! Bottom Surface of LiftinglLocking Ring 
! Fill in LiftinglLocking Ring 

0 1 . 2  PAGE 54 
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CLIENT: 
PROJECT: MCO Final Desiqn DOC. NO.: HNF-SI . . .  L 

ICOM - NODES AT PLUG AXIS ( ~ 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,-1.994 
N,736,5.4665,4.994 
FILL,730,736,5,731 
N,737,5.4665,-6.25 
N,740,5.4665,-8.25 
FlL/737,740,2,738 
N.741.5.4665p8.75 
N,743,5.4665,-10.5 
FILL,741,743 
N,748,5.89,-I .O 
NGEN,2,20,730,743,1,0.4235 
FILL748.750 

! Id Large Opening 

! Id Medium Opening 
! Id Small Opening 
! Center of Opening 

! Od Small Opening 

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,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 

FILL 
N,828,8.5017,-8.75 
N,830,8.5017,-10.5 
FILL 
NGEN,3,7,824,830,1 ,OS61 6 
NGEN,2,7,838,844,1,0.625 
NGEN,2,7,845,851,1,0.6875 I Under Bolt 
N,859,11.625,-6.25 

~,789,7.5n5,-1.56 

~,a27,8.5017,-8.25 

N,860,11.625,6.917 
REVISION 0 1 2 PAGE 55 
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XOJECT: MCO Final Desian DOC. NO.: HNF-SD 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

FILL,866,869,2 
N,870,PLUGRl4.288,-8.476 
NGEN,2,5,866,870,1,0.288 
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lCOM - REFINING LIFTING EAR- 
CSYS.0 
N,877,9.53,158.13 
N,889,9.53,157.63 
N,901,9.53,157.13 
FILL,403,404,1,876 
FILL,413,414,1,888 
FILL,423,424,1,900 
FILL,877,405,1,878 
FILL,405,406,2,879,1 
FILL,889,415,1,890 
FILL,415,416,2,891 ,I 
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 ,I ,894 
FILL,414,424,1,893 
FILL,901,425,1,902 
FILL,890,902,1,895 
FILL41 5,425,1,896 
FILL,425,426,2,903,1 
FILL,891,903,1,897 
FILL,892,904,1,898 
FlLL,416,426,1,899 
FILL,424,434,1,907 
FILL,433,434,1,908 
FILL,423,433,1,905 
FlL/905,907 

ICOM-COUPUNG NODES- 
ICOM- BETWEEN UFTINGILOCKING RING &SHELL- 



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 i 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 zj 02/04/99 

CP,9,UY,447,911 
CP,10,UX,447,911 
*D0,1,1,7 
CP,1 O+I,UY,445+10*1,910+2'1 
"ENDDO 
*D0,1,1,7 
CP,17+I,UY,447+1O*I,91 1+2*I 
*ENDDO 
*DO,I,I,7 
CP,24+I,UX,445+10'1,91 O+2*I 
"ENDDO 
*D0,1,<,7 
CP,31+I,U~447+10*1,911+2*1 
'ENDDO 
NALL 
E A U  

PAGE 57 
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ICOM - ELEMENT GENERATION FOR SHELL - 
TYPE.l 
mT.1 

tcom -BOTTOM OF SHELL - 
E,1,2,22,21 
E,2,3,23,22 
EGENB.1 ,-I 
E,lO,11,30 
E,21,22,42,41 
E,22,23,43,42 
EGEN,10,1,-1 
E,11,31,30 
E,ll,32,31 

ICOM -SHELL- 
E,50,51,54,53 
EGEN,2,1,-1 
EGEN.53.3 

ICOM - FIRST TRANSITION ELEMENTS - 
E,65,66,100 
E,100,66,101 
E,67,101,66 

lCOM- 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,P,I,-l 
EGEN,l8,3,-2 
E.244.245.986.985 



CLIENT: 
PROJECT: 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

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,Z,l,-1 
E,982,983,260,249 
E,983,984,261,260 

lCOM - COLLAR TRANSITION 8 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,Z,l,-1 
E,259,260,263,262 
EGEN,Z,l,-1 
EGEN,12,3,-2 
E,271,274,1000 

lCOM - MERGE COINCIDENT NODES FOR SHELL- 
ESEL,S,NPE,,l 
NSLE 
NUMMRG,NODE, 
EALL 
NALL 
lCOM * END OF SHELUCOLLAR ELEMENT GENERATION * 

lCOM * LOCKlNGlLIFTlNG RING ELEMENTS - 
NPE,3 
MAT.1 
E,411,412,402,401 
EGEN,Z,l,-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,883,8&1,405,878 
€,890,415,884,883 
E.884.885.879405 
€,415,891,885,884 
E,885,886,880,879 
E,891,892,886,885 
E,886,887,406,880 
E,892,416,887,886 
E,423,900,888,413 
E,893,414,888 
E,900,893,888 
E.900.424.893 
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PROJECT M( - 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 
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mPAR50N5 

PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 
CLIENT: DE&S HANFORD, INC. FILE NO: KH-%009-&09 

REVISION 
PREPARED BY / DATE 
ZHECKED BY / DATE 

EGEN,2,20,-12 
EGEN,3,20,-11 
EGEN,2,20,-10 
E,707,717,716,706 
EGENJ,l,-l 
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,l7,1,-1 
EGEN,2,20,-17 
E,818,825,824,817 
EGEN,6,1,-1 
EGEN,5,7,-6 
E,853,860,859,852 
EGEN,6,1,-1 
E,860,867,866,859 
EGEN,3,1,-1 
E,867,872,871,866 
EGEN,4,1,-1 
ICOM- END OF SHIELD PLUG rr___ 

I C 0 7  CONTACT ELEMENTS 
ICOM - BETWEEN LOCKING RING 8 SHIELD PLUG - 
NPE.4 
rea14 
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 
rea13 
E,845,525 
E,852,526 
E,859,527 

/COM - 8  BETWEEN SHIELD PLUG SHELL (ABOVE SEAL) 
rea14 
E,871,271 
E,872,268 
E,873,265 
E,874,262 

ICOM - BETWEEN SHIELD PLUG &SHELL (BELOW SEAL) 
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E,863,980 

ICOM- BETWEEN SHIELD PLUG AND SEAL UP 
TYPE,4 
REAL6 
E,247,862 
E,248,870 
E,249,875 
ICOM- END GAP ELEMENTS _rr__ 

ICOM""""* BOUNDARY CONDITIONS AT AXIS (X=O) ---- 
CSYS,O 
NSEL,S,LOC,X,O 
D,ALL,UX,O 
NALL 
EALL 
NSEL,S,NODE,,lO 
D.ALLUY.0 
NALL. 
EALL 
SAVE 
FINISH 

!- 
I C 0 7  SOLUTION PHASE 
/SOLUTION 

ICOM -APPLYING 15 PSI EXTERNAL PRESSURE- 
NALL 
EALL 
NSEL,S,LOC,X,0,11.425 1 Bottom Plate 
NSEL.R.LOC.Y.-I .31.-1.33 
SF,ALL,PRES,l5 ' 

NALL 
EALL 
NSEL,S,LOC,X,11.422,12.01 I 30  d Chamfer 
NSEL,R,LOC,Y,-I :33,-0.31 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,ll.99,12.01 ! Outside shell 
NSEL,R,LOC,Y,-0.33,146.1 
SF,ALL,PRES,l5 
NALL 
EALL 
NSEL,S,LOC,X,11.99,12.627 ! Outside Shell Transition 
NSEL,R,LOC,Y,l46.05,146.69 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,12.623,12.627 ! Outside Shell 
NSEL,R,LOC,Y,146.67.156.01 
SF,ALL,PRES,15 
NALL 
EALL ~ ~~ 

3WISION 0 1 2 PAGE 61 
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NSEL,S,LOC,X,12.24,12.626 ! Top of Shell 
NSEL,R,LOC,Y,155.99,156.01 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,9.624,12.24 
NSEL,R,LOC,Y,155.99,156.01 
SF.ALLPRES.15 

! Top of Locking Ring 

PAGE 62 
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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,S,LOC,X,9.374,10.20 
NSEL,R,LOC,Y,157.12,157.14 
SF,ALL,PRES,15 
NALL 
EALL 

Transition to Lifting Ear 

Underside of Lifting Ear 

~ ~~ 

NSEL,S,LOC,X,10.18,10.20 
NS€L,R,LOC,Y,l57.12,158.14 
SF,ALL,PRES,W 
NALL 
EALL 
NSE/S,LOC,X7.93,10.20 !Top of Lifting Ear 
NSEL,R,LOC,Y,l58.12,158.14 
SF,ALL,PRES,l5 
NALL 
EALL 
NSEL,S,LOC,X,7.25,7.90 
NSEL,R,LOC,Y,158.12,158.14 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,7.26,7.27 
NSEL,R,LOC,Y,l57.12,158.14 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,5.88,7.27 
NSEL,R,LOC,Y,157.12,157.14 
SF,ALL,PRES,15 
NALL 
EALL 
NSE/S,LOC,X,5.88,5.90 
NSEL,R,LOC,Y,156.13,157.14 
SF,ALL,PRES,lS 
NALL 
EALL 
NSEL,S,LOC,X,5.4,5.9 
NSEL,R,LOC,Y,156.13,156.15 
SF,ALL,PRES,l 5 
NALL 
EALL 

! Side of Lifting Ear 

! Top of Shield plug 

! Side of Siphon Port (Top) 

! Siphon Port Step (Top) 

! Side of Siphon Port (Mid) 

! Siphon Port Step (Mid) 
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NSEL,R,LOC,Y,I 53.0,156.37 
SF,ALL,PRES,15 
NALL 
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EALL 
NSEL,S,LOC,X,3.56,5.47 ! Bottom Siphon Port 
NSEL.R.LOC.Y.153.0.153.2 
SF,ALcPRES,l5 
NALL 
EALL 
NSEL,S,LOC,X,3.55,3.57 
NSEL,R,LOC,Y,I 53.0,l 56.37 
SF,ALL,PRES,lB 
NALL 
EALL 
NSEL,S,LOC,X,3.13,3.58 
NSEL,R,LOC,Y,l56.I3,156.15 
SF,ALL,PRES,lS 
NALL 
EALL 
NSEL,S,LOC,Xf.l3,3.15 
NSEL,R,LOC,Y,156.13,157.14 
SFALL,PRES,l5 
NALL 
EALL 
NSEL,S,LOC,X,1.75,3.15 
NSEL,R,LOC,Y,157.12,157.14 
SF,ALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,X,1.6,1.8 
NSEL,R,LOC,Y,I 57.1 2,158.14 
SFALL,PRES,15 
NALL 
EALL 
NSEL,S,LOC,XO,l.B 
NSEL,R,LOC,Y,158.12,158.14 
SF,ALL,PRES,15 
NALL 
EALL 
SOLVE 
SAVE 
FINISH 

! Bottom Siphon Port (Side) 

! Siphon Port Step (Mid) 

! Side of Siphon Port (Mid) 

! Siphon Port Step (Top) 

! Side of Siphon Port (Top) 

! Top of Shield Plug 

ICOM - POSTPROCESSING - 
POST1 
SET,LAST 
/NPE,ALL,HIDC 
IGLINEALL.0 . .  
RSYS,O 
PLNSOL,S,INT 
/DSCALE,,?O 
/REPLOT 
LPATH,l,41 ! Bottom Plate 
PRSECT 
LPATH.6.46 

CHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981%> 02/04/991 I 



PRSECT 
LPATH,IO,SO 
PRSECT 
LPATH,50,52 
PRSECT 
LPATH,62,64 
PRSECT 
LPATH,65,67 
PRSECT 
LPATH,I00,101 
PRSECT 
LPATH,122,123 
PRSECT 
LPATH,134,135 
PRSECT 
LPATH,156,157 
PRSECT 
LPATH,I 70.1 71 
PRSECT 
LPATH,180,181 
PRSECT 
LPATH,202,204 
PRSECT 
LPATH,235,237 
PRSECT 
LPATH,985,989 
PRSECT 
LPATH,262,2€4 
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 

REVISION 
PREPARED BY I DATE 
CHECKED BY I DATE 

! Lower Shell 

! Mid Shell 
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! Upper Shell 

! Shield Plug 

! Locking Ring 
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PRSECT 
LPATH,404,424 
PRSECT 
PRSECT 
SAVE 
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PREPARED BY I DATE 
CHECKED BY I DATE 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 
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COMPUTER RUN COVER SHEET 

KH-8009-8 

ANSYS@-PC 

5.4 

WINDOWS 95 @, Pentiurn@ Processor 

KH-8009-8-09 

Unique Computer Run Filename: POC2.0tf 

Run Description: 

Run Date I Time: 13 November 1998 4:18:38 PM 

Load Case 2 Output 

Prepared By: Michael E. Cohen Date 

2 2;/@ 
Checked By: Z a m .  S&ge< Date 
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COMPUTER RUN COVER SHEET 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95@, Pentiurn@ Processor 

KH-8009-8-09 

MCOl32.inp 

Load Case 3: 189 psi, 132°C 

11 November 1998 1:11:29 PM 

Prepared By: Michael E. Cohen Date 
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REVISION 
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1BATCH.LIST 
LISTING OF MC0132.INP FILE 

IFILENAM,MCO132 
/PREP7 
/TITLE,MCO DESIGN- 132 DEGREES C, 189 PSI PRESSURE 

TREF,70 
TUNIF,270 

icom - ELEMENT TYPES ____* 

ET,l,42,,,1 ! Shell 8 Collar 
ET,2,42,,,1 ! Bolts 
ET,3,42,,,1 ! Locking Ring 
ET,4,42,,,1 
ET,5,12 ! Gap Elements 
KEYOPT,5,7,1 

! Shield Plug 8 Guard Plate 

ICOM 
R,4,-90,1.0e8,-0.045,3.0 
R,5,0,1.0e8,2.75e-03 
R,6,0,1.0e8,0,2.0 !Sealing Sutface, closed 
R,8,0,2.42e7,0,2.0 

REAL CONSTANTS FOR GAP ELEMENTS -+M--. 
! ShelllShield Plug, Initially Open 0.045" 

! L. RinglShield Plug, Under Bolt, Preloaded 

! Seal Spring, Max. Stiffness 

ICOM MATERIAL PROPERTIES 

ICOM-MATERIAL 1, 304L STAINLESS STEEL- 
MP,DENS,1,49311728 ! 304L ss 
MP,NUXY,l,O.3 

ICOM- DEFINING TEMPERATURES FOR MPDATA- 
MPTEMP,l, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM - DEFINING ELASTIC MODULI FOR 304L - 
MPDATA,EX,l ,I ,28.3e+06,28.1e+06,27.6e+06,27.Oe+O6,26.5e+O6,25.8e+O6 
MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8e+06,24.5e+O6 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inAnJ(F) - 
! SA240 Gr 304L 
MPDATkALPX.1 ,I ,0,8.55e-06,8.79e-06,9.0Oe-06,9.19e-06,9.37e-O6 
MPDATA,ALPX,I ,7,9.53e46,9.61e-06,9.69e-06,9.76e-O6 
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! SA193 Gr B8M 
MPDATA,ALPX,Z,I ,0,8.54e-06,8.76e-06,8.97e-06,9.2le-O6,9.42e-06 
MPDATA,ALPX,2,7,9.60e-06,9.69e-06,9.76e-06,9.81 e46 

ICOM - MATERIAL 4, F304N - 
MP,DENS,4,493/1728 ! 304L SS 
MP,NUXY,4,0.3 

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

ICOM - DEFINING ELASTIC MODULI FOR 304L - 
MPDATA,EXA,I ,28.3e+06,28.1 e+06,27.6e+06,27.0e+06,26.5e+O6,25.8e+O6 
MPDATA,EX,4,7,25.3e+06,25.1 e+06,24.8e+06,24.5e+06 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inJin.l(F) * 
MPDATA,ALPX,4,1,0,8.55e-06,8.79e-06,9.OOe-06,9.19e46,9.37e-06 
MPDATA,ALPX,4,7,9.53e-06,9.6le.O6,9.69e46,9.76e-06 

ICOM - MATERIAL 5, 304L STAINLESS STEEL- 
MP,DENS,4,49311728 ! 304L SS 
MP,NUXY,4,0.3 

ICOM- DEFINING TEMPERATURES FOR MPDATA- 
MPTEMP,I, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

lCOM * DEFINING ELASTIC MODULI FOR 304L - 
MPDATA,EX,5,1,28.3e+O6,28.1 e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06 
MPDATA,EX,5,7,25.3e+06,25.1 e+06,24.8e+06,24.5e+06 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inJinJ(F) - 
! SA240 Gr 304L 
MPDATA,ALPX5,1,0,8.55e-06,8.79e-06,9.OOe-06,9.19eO6,9.37e-06 
MPDATA,ALPX5,7,9.53e-06,9.61 e-06,9.69e-06,9.76e-06 

ICOM ___* SHELL GEOMETRY 
IR=11.49 
OR=12.000 
IR2 = 12.02 
OR2 = 12.655 
IR3 = 12.284 
IR44 2.174 ! Inside Radius 

ICOM * BOTTOM PLATE [DWG SK-2300378] - 
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 

! Internal Shell Radius @ Bottom 
! Shell Outside Radius @ Bottom 

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

! Inside Radius at Collar Sealing Surface 

2 PAGE 69 
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N,192,OR,137.18 
FILL 

ICOM **** BASE OF CASK THROAT-ELEVATION 1 3 8 -  INCHES 
N,217,1R,142.68 !Transition to Double Row 
N.219.OR.142.68 
FILL 
FILL,190,217,8,,3,3,1 ! Vertical Fill 

ICOM - BOlTOM OF COLLAR TRANSITION - 
N,235,IR,l46.06 
N,237,OR,146.06 
FILL 
N,238,1R,146.68 
N,240,OR,246.68 
FILL ! Horizontal Fill 
FlLL,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 

ICOM -COLLAR SEALING SURFACE * 
N,247,1R,149.63 
N,249,1R2,149.63 
FILL ! Horizontal Fill 

ICOM -THICK WALL AT COLLAR TRANSITION - 
NGEN,2,10,240,249,3 
N,255,OR2,147.31 ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,0R2,148.06 
N,980,lR,149.38 
N,981,11.755,149.38 
N,982,1R2,149.38 
N,983,12.317,149.38 
N,984,0R2,149.38 
N,990,OR2,146.68 

! Start of Transition to Large 0.D & 
! Assumed Location of Shield Plug Taper 

! End of Transition to Large 0.D 8 
!Assumed Location of Shield Plug Taper 

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

1 N o d e s  250-259 Coincident ~1240-249 (by 3) 

PAGE 71 
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FILL,240,990,1,251 
NGEN,2,5,980,984,1,,4.66 
FILL246,258.1,257 
FlLL,253,255,1,,1,3,3 
FILL,237,990,1,991 

1COM - COLLAR AT BOTTOM EDGE OF PLUG (.15S' above Sealing Surface) - 
NGEN,2,3,259 ,,,, 0.175 

ICOM - COLLAR AT TOP EMjE OF PLUG (1.44" above bottom Edge) - 
NGEN,2,9,262 ,,,, 1.655 
FILL,262,271,2 
NGENf,l,259,271 ,I ,(OR2-IR2)12 

1COM - COLLAR AT BASE OF THREADS - 

! Nodes 262 

! Nodes 271 
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ICOM ""TOP TO COLLAR (WELD CLOSURE) - 
N.277.IR4.152.26 
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N;280;1R4;152.95 
N,283,IR4,153.63 
N,286,IR4,154.32 
N,289,1R4,154.725 
N,290,12.47,154.725 
N,291,0R2,154.725 
N,292,1R3,155.30 
N,295,1R3,155.875 
N,300,IR3,154.725 
NGEN.2,I ,274,289,3,0.27 
NGEN,2,1,275,290,3,0.211 
NGEN,3,1,292,295,1 ,(ORZ-IR3)12 

ICOM 
RINGl=7.8775 ! Inner Radius 
RING29.375 ! Inside Lip 
RING3=9.625 
RING440.19 ! Outside Lip 
RINGS12.065 
RING6=12.174 ! Outside Radius 
LOCAL,15,0,,151.58 

ICOM-TOP EDGE - 
N,401,RINGl,6.50 
CSYS.0 
N,404,RING2,158.08 
FlLL,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 

LOCKING B LIFTING RING GEOMETRY -M-M,- 

! Inside Lip, Bottom of Transition 

! Outside Radius No Threads 

! Local System z=O at Base of Lifting Ring 

ICOM - LIFTING SURFACE "" 
CSYS,15 
N,421,RINGl,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 
F1LL,401,421,1,,10,6,1 
FlLL,900,904,1,902 
FlLL,901,905,1,903 
N,431,RING1,6.50-1.56 
N,434.RING2.6.50-1.56 
FILL 

ICOM- BOLTING SURFACE- 
N.44l.RINGl.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,910,10.8750.75,4.37 
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,465,10.8750.75,3.35 
N,467,10.875+0.75.3.35 
FILL,465,467 
N,916,10.8750.75,2.74 
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,918,10.8750.75,2.05 
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,920,10.8750.75,1.37 
N,921,10.875+0.75,1.37 
N,495,10.875-0.75,1.37 
N,497,10.875+0.75,1.37 
FILL495.497 
N,922,10.8750.75,0.68 
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 
FILL51 531 7 
N,525,10.125,-0.119 
N,527,11.625,-0.1 I 9  
FILL,525,527 

PREPARED BY I DATE 
CHECKED BY I DATE 

! Inside Edge of Bolt Hole 
! Outside Edge of Bolt Hole 

! Double Nodes @ Bolt for Gap elements 

- - 
ZGS 4117197 ZGS 7114198 + oa04199 OF 129 

JN 4117197 HSA 7114198 oao4199 

! Bottom of Bolt Extension 

[corn -CHAMFER AND THREADS- 
N,448,RING5-.22,4.37 
N,458,RING5,3.99 
N,469,RING5,3.35 

! 0.D of Ring at Chamfer 

REVISION 1 n 1 1 I 7 I I PAGE73 



CLIENT: DE&S HANFORD. INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-OOJ, Rev. 2, Appendix 11 L 

RNISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

N,468,RING6,3.35 ! 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 Threads 

1 2 PAGE 74 
ZGS 7/14/98 02/04/99 OF 129 

HSA 7/44/98 &J 02/04/99 

ICOM SHIELD PLUG 
PLUGRl =11.975 
PLUGR2=11.45 
PLUGR3=11.25 
PLUGR4=7.8775 
LOCAL,ZO,O,,I 58.21 

ICOM - NODES AT PLUG AXIS ( ~ 0 ) -  
N,601 
N,602,0,-1 
N,603,0,-I .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 - 

! Local System z=O at Top Left of Shield Plug 

NGEN,2,20,601,613,1 ,OB825 
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,Z,10,706,713,1,0.9515 

N,730,5.4665,-1.994 
N,736,5.4665,4.994 
FILL,730,736,5,731 ,I 
N,737,5.4665,4.75 
N,740,5.4665,-8.405 
FlLL,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 .O 
NGEN,2,20,730,743,1,0.4235 
FlLL748.750 
N,766,7.265,0 
NGEN,2,20,748,763,1,1.375 
FlLL,766,768 
N,786,7.571 ,O.OO 
N.787.7.571.4.50 

! Id Large Opening 

! Id Medium Opening 
! Id Small Opening 
! Center of Opening 

! Od Small Opening 



0n8 
FILE NO: KH-8009-8-09 

DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

- 

'REPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/981 02/04/99( 
ZHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981& 02/04/991 

N,790,7.571,-2.10 
N,791,7.571,-2.60 
N,792,7.571,5.10 
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,797,7.571,-6.75 

N,806,PLUGR4,0.00 
N,550,PLUGR4,-0.13 
N,807,PLUGR4,-0.63 
N,808,PLUGR4,-1 .I3 
N,809,PLUGR4,-1.69 
N,81 O.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,830,8.5017,4 0.5 
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,859,1 I .625,-6.75 
N,860,11.625,-7.302 
N,861,11.625,-7.854 
N,862,PLUGR2,-8.405 
N,l lOO,PLUGR2,-8.83 
N,863,PLUGR2,-9.374 
N,865,PLUGR3,-10.5 
FlLL,863,865 
N,866,PLUGR1-0.27,-6.75 ! Seal Tab 
N,869,PLUGR1-0.27,-8.405 
FlLL,866,869,2,867,1 
N,870,PLUGRI -0.27,-8.56 
NGEN,2,5,866,870,1,0.27 

ICOM * FILTER GUARD PLATE - 
LOCAL,40,0,,147.71 
PLATE1=0.273 
PLATE2=0.6575 
PLATE3=1.357 
PLATEk10.25 

! Local System z=O at Bottom Left of Shield Plug 

OF 129 

PLATE5=11.25 

ZWISION 1 0 1 1 1 2 1 I PAGE75 



N,1200,PIATE4,-0.85 
N,1202,PLATE5,-0.85 
FILL 
NGEN,5,3,1200,1202,,,-0.85 
NGEN,2,3,1212,1214,,,-0.25 
N,l221 ,PLATE4,-5.75 
N,1222,10.75,-5.75 
N,1223,10.915,-5.75 
FILL,l215,1221,1,1218 
FILL1 223.1 217,1,1220 
FILL,l216,1222,1,1219 
N,1237,6.4375,4.25 
FILL,l212,1237,3,1225,4 
N,1249,3.578,4.25 
FILL,l237,1249,2,1241,4 
NGEN,2,1,1225,1249,4,,-0.25 
NGEN,2,2,1226,1250,4,,-1.25 
FILL,l226,1228,1,1227,,7,4 
N,1253,2.625,-2.375 
N,1254,2.625,-2.575 
N,1256,2.625,4.25 
FILL1 254,1256 
N,1257,2.625,4.5 
N,1259,2.625,-5.75 
FILL,1257,1259 
NGEN,2,10,1253,1259,1,-0.5 
NGEN,Z,lO,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 

REVISION 
PREPAREDBY IDATE 
CHECKED BY I DATE 

N,1290,0.273 
NGEN,3,1 ,I 260,1290,10,,-0.5625 

0 1 2 PAGE 76 
ZGS 4/17/97 ZGS 7/14/98 w t ~  02/04/99 OF 129 

JN 4117197 HSA 711419a .& 02/04/99 



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 I 

EVISION 0 1 2 
>REPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 w 02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 .&$ 02/04/99 

*ENDDO 
! 
*DO,I,1,7 
CP,78+I,UX,447+10*1,911+2*1 
'ENDDO 

CP.l OO.UY.479.289 ! Threads 
CP,lOl,UY,478,286 
CP,lO2,UY,488,283 
CP,103,UY,498,280 
CP,104,UY,508,277 
SAVE 

lCOM - ELEMENT GENERATION __I_ 

ICOM - SHELL 

I 

PAGE 77 
OF 129 

TYPE.1 
hlAT,l 

E,l,2,22,21 
EGEN,lO,l,-l 
E,ll,32,31 
E,21,22,42,41 
EGEN,11,1 ,-I 

E,50,51 ,I 102,1101 
EGEN,5,3,-1 
E,llOl ,1102,54,53 
EGEN,5,3,-1 
E,51,52,1103,1102 
EGEN,5,3,-1 
E,I 102,1103,55,54 
EGEN,5,3,-1 
E,65,66,100, 
E.66.101.100 

! Plane42 - 
! Type 304U304 Properties Stainless Steel 

! Bottom Plate 

! Bottom Skell 



PARSONS 
CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

W l S l O N  0 1 2 
"REPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 
3HECKED BY I DATE JN 4/17/97 HSA 7/14/98 &$$ 02/04/99 

E,180,181,191 
E,i90,180,191 
E,181,192,191 
E,190,191,194,193 
EGEN,9,3,-1 
E,191,192,195,194 
EGEN,9,3,-1 

NPE,1 
MAT,l 

PAGE 78 
OF 129 

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,Z,I,S 
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 

! Collar 
! Type 304/304L 

/COM ___O* LOCKING RING ----. 
NPE,3 
MAT,4 ! F304N 



CLIENT: D E S  HANFORD, INC. FILE N O  KH-8009-8-09 

PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2. Appendix 11 

REVISION 0 1 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 

CHECKED BY I DATE JN 41~7197 HSA 71141gaa 

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,923,506,498,921 
E,925,518,508,923 
SAVE 

ICOM - NlTRONlC 60 BOLTS (MODELED AS RING) 

2 PAGE 79 

02/04/99 

6 02/04/99 OF 129 

TYPE2 
MAT,Z 

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

lCOM __rr_ SHIELD PLUG ___f 

TYPE,4 
MAT,I 

E,602,622,621,601 
EGEN,11,1,-1 
EGEN,2,20,-11 
E,613,1290,612 
E,1290,1280,632,612 
E,I 280,633,632 
E,633,1270,632 
E,632,1270,652 
E,1270,653,652 

E,643,663,662,642 
EGEN,IO,I,-l 
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 
8.717.737.736.71 6 

! SA-I93 

! 304L 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendh 11 

EVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

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,818,825,624,817 
EGEN,6,1,-1 
EGEN,5,7,6 
E,853,860,859,852 
EGEN,3,1,-1 

1 2 PAGE 80 
ZGS 7/14/98 02/04/99 OF 129 
HSA 7/14/98 &j 02/04/99 

EGEN,2,7,3 
E,867,872,871,866 
EGEN.4.1.-I 
E,1100,862,855 
E,856,1100,855 
E,856,863,1100 
E,857,864,863,856 
EGEN,2,1,-1 
SAVE 

ICOM - FILTER GUARD PLATE 
TYPE,4 
MAT,5 

E,1200,1201,858,851 
E.1201 ,I 202,865,858 
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,l 228,1221 ,I 21 8,1227 
E,1230,1 226,l 225.1 229 
EGEN,3,1 ,-I 
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,Z,I,-I 



CLIENT DEIS HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-OOJ, Rev. 2. Appendix 11 1 

REVISION 

PREPARED BY I DATE 

CHECKED BY I DATE 

KOM - BETWEEN SHIELD PLUG 8 SHELL - 
TYPE,5 
REAL4 
E,871,271 
E,872,268 
E,873,265 
E,874,262 
E,1100,980 

0 1 2 PAGE 81 
ZGS 4/17/97 ZGS 7/14/98 p& 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98&~ 02/04/99 

lCOM * BETWEEN SHIELD PLUG 8 SEAL LIP - 
TYPE,5 
REAL,6 
E,248,870 
E,249,875 

TYPE3 
REAL8 
E,247,862 
E,248,869 

lCOM - UNDER THE BOLT- 
TYPES 
REAL,5 
E,845,525 
E.852.526 
E;859;527 

ICOM * BETWEEN LOCKING RING 8 PLUG 
TYPE3 
rea14 
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 rr___ MERGING COINCIDENT NODES 
ESELS,TYPE,,I 
NSLE 
NUMMRG,NODE 
EALL 
NALL 



CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Desian DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

ICOM - BOUNDARY CONDITIONS ___f 

CSYS,O 
NSEL,S,LOC,X,O 
D,ALL,UX,O 
NALL 
EALL 
NSEL,S,NODE,,lO 
D,ALL,UY,O 
NALL 
EALL 
SAVE 

1 ' 2  PAGE 82 
ZGS 7/14/98 02/04/99 OF 129 
HSA 7/14/98 .&J 02/04/99 

EOM- LOAD I: 189 PSI INTERNAL PRESSURE- 
NSEL.S.NODE..41 I Bottom Plate 
NSEL;kNOD%;42 
NSEL,A,NODE,,43 
NSEL,A,NODE,,44 
NSEL,A,NODE,,& 
NSEL,A,NODE,,46 
NSEL,A,NODE,,47 
NSEL,A,NODE,,48 
NSEL,A,NODE,,49 
NSEL,A,NODE,,SO 
NSEL,A,NODE,,IIOI 
NSEL,A,NODE,,53 
NSEL,A,NODE,,1104 
NSEL,A,NODE,,SB 
NSEL,A,NODE,,llO7 
NSEL,A,NODE,,59 
NSEL,A,NODE,,lllO 
NSEL,A,NODE,,BZ 
NSEL,A,NODE,,l113 
NSEL,A,NODE,,BI 
NSEL,A,NODE,,IOO 
NSEL,A,NODE,,lllB 
NSEL,A,NODE,,l118 
NSEL,A,NODE,,IOZ 
NSELANODE,,llZO 
NSEL,A,NODE,,l122 
NSEL,A,NODE,,104 
NSEL,A,NODE,,1124 
NSEL,A,NODE,,1126 
NSEL,A,NODE,,IOB 
NSEL,A,NODE,,l128 
NSEL,A,NODE,,1130 
NSEL,A,NODE,,l08 
NSEL,A,NODE,,1132 
NSEL,A,NODE,,1134 
NSEL,A,NODE,,llO 
NSEL,A,NODE,,1136 
NSELANODE,,1138 
NSELANODE,,l12 
NSEL,A,NODE,,l140 

1 Junction at Shell 
! Bottom Shell 



CLIENT DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

1 2 PAGE 83 
ZGS 7114iga p,,~ 02/04/99 OF 129 
HSA 7/14/98= 02/04/99 



ZOJECT: MCO Final Desian DOC. NO.: HNF-SD 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 l f ~ t h  02/04/99 

CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 3xr 02/04/99 

~~ ~ 

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,,llOO 
NSEL,A,NODE,,863 
NSEL,A,NODE,,864 
NSEL,A,NODE,,865 
NSEL,A,NODE,,lPO2 
NSEL,A,NODE,,1205 
NSEL,A,NODE,,1208 
NSEL,A,NODE,,1211 
NSEL,A,NODE,,l214 
NSEL,A,NODE,,lZl’I 
NSEL,A,NODE,,lZZO 
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,AL/PRES,189 
NALL 
EALL 

icom -SOLUTION - 
/SOLUTION 
SOLVE 

PAGE 84 
OF 129 

lCOM - POSTPROCESSING 
POST1 
SETJAST 
/NPE,ALL,HIDC 
/GUNE,ALL,O 
RSYS,O 
PLNSOLSJNT 
IDSCALE,JO 
/REPLOT 
LPATH,1,41 
PRSECT 
LPATH,6,46 
PRSECT 

! Shell at Sealing Surface 

! Seal Stop (Plug) 

! Plug Taper 

! Start Plug Bottom 
I Side of Guard Plate Ring 

! Bottom of Guard Plate 

! Bottom Plate 

LPATH.10.50 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

?MSION 0 1 2 
PREPARED BY I DATE ZGS 4 1 m 7  ZGS 71~1ga ,++ 02/04/99 
CHECKED BY I DATE JN 41~197 HSA 711419a &J 02/04/99 

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,l34,135 
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.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 

PAGE 85 
OF 129 

! Lower Shell 

! Mid Shell 

! Upper Shell 

! Shield Plug 

! Locking Ring 



CLIENT DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-OOJ, Rev. 2, Appendix 11 1 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 p 6 -  02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/34/98 02/04/99 

LPATH,404,424 
PRSECT 
SAVE 

PAGE 86 

OF 129 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 1 

EVISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

Project Number: 

Computer Code: 

Sofhvare Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

0 1 2 PAGE 87 
ZGS 4/17/97 ZGS 7/14/98 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98 02/04/99 

COMPUTER RUN COVER SHEET 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95B, Pentiurn@ Processor 

KH-8009-8-09 

MC0132.otF 

Load Case 3 Output 

13 November 1998 4:38:52 PM 

Prepared By: Michael E. Cohen Date 

/ z / c / 9  - 
Checked By: Zachary G. wargent/ 'Date 



CLIENT DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
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COMPUTER RUN COVER SHEET 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date / Time: 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95B, PentiumB Processor 

KH-8009-8-09 

POC4.inp 

Load Case 4: 189 psi, 132°C 

11 November 1998 1:11:29 PM 

Prepared By: Michael E. Cohen Date 



LISTING OF POC4.INP FILE 

3EVISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

IBATCH,LIST 
IFILENAM,POC4 
IPREP7 
ITITLE,MCO DESIGN- 132 DEGREES C, 189 PSI PRESSURE, LIFT, PRELOAD 

TREF,7O 
TUNIF,270 

0 1 2 PAGE 89 
ZGS 4/17/97 ZGS 711419a p , ~  02/04/99 OF 129 

JN 4/17/97 HSA 71141ga4~ 02/04/99 

ETAN=0.006 !Tangent modulus 

ICOM ___* ELEMENT TYPES ____L 

ET,l,42,,,1 ! Shell 8 Collar 
ET,2,42,,,1 ! Bolts 
ET,3,42,,,1 ! Locking Ring 
ET,4,42,,,1 ! Shield Plug 
ET.5.12 ! Gap Elements 
KEYOPT,5,7,1 

ICOM 
R,4,-90,1.0e8,-0.045,3.0 
R,5,0,1.0e8,2.75e03 
R,6,0,1 .Oe8,0,2.0 
R,8,0,2.42e7,0,2.0 

REAL CONSTANTS FOR GAP ELEMENTS m__l 

1 ShelllShield Plug, Initially Open 0.045" 
! L Ringshield Plug, Under Bolt, Preloaded 

! Seal Spring, Max. Stiffness 
! Sealing Surface, closed 

ICOM m___ MATERIAL PROPERTIES 

ICOM - MATERIAL 1, 304L STAINLESS STEEL * 
MP,DENS,1,49311728 I 304L 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 

lCOM - DEFINING ELASTIC MODULI FOR 304L - 
MPDATA,EX1,1,28.3e+06,28.1e+06,27.6e+06,27.0~06,26.~06,25.~06 
MPDATA,€X,1,7,25.3e+06,25.le+06,24.8e+06,24.5e+06 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (in.linJ(F) - 
! SA240 Gr 304L 
MPDATA,ALPX,I ,I ,0,8.55e-06,8.79d)6,9.00e-06,9.19e-06,9.37e-06 
MPDATA,ALPX,I ,7,9.53e-06,9.61e06,9.69e-06,9.76e-06 



CLIENT: D E S  HANFORD, !NC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SDSNF-DR-OOJ, Rev. 2, Appendix 11 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 v;d/ 02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 & 02/04/99 

ICOM ! 9 3  SA-I 
MPDATA,EX,2 ,1 ,28 .3e+06 ,28 . Ie+O6,27 .6e+0606  
MPDATA,€X,2,7,25.3e+06,25.1 e+06,24.8&6,24.5e+06 

! SA193 Gr B8M 
MPDATA,ALPX,Z,I,0,8.54e56,8.76e56,8.97e56,9.2Ie56,9.42e56 
MPDATA,ALPX,2,7,9.60e56,9.69e-06,9.76e56,9.81 e56 

MP,DENS,4,49311728 ! 304L ss 
ICOM * MATERIAL 4, F304N - 
MP,NUXY,4,0.3 

ICOM- DEFINING TEMPERATURES FOR MPDATA"" 
MPTEMP,I, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM - DEFINING ELASTIC MODULI FOR 304L- 
MPDATA,EX,4,1,28.3e+06,28.1 e+06,27.6e+06,27.0e+06,26.5e+O6,25.8e+06 
MPDATA,EX,4,7,25.3e+06,25.1 e+06,24.8e+06,24.5e+06 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (in.linJ(F) - 
MPDATA,ALPX,4,1,0,8.55e-06,8.79e56,9.OOe56,9.19e-O6,9.37e-O6 
MPDATA,ALPX,4,7,9.53e-06,9.6le56,9.69e56,9.76e56 
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ICOM ----. SHELL GEOMETRY -----.. 
IR=I 1.49 
OR=12.000 
IR2 = 12.02 
OR2 = 12.655 
IR3 = 12.284 
IR44 2.174 ! Inside Radius 

ICOM - BOTTOM PLATE PWG SK-2300378] - 
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 

! Internal Shell Radius @ Bottom 
I Shell Outside Radius @ Bottom 

! Oukide Radius at Collar Sealing Sutface 
! Inside Radius at Collar-Lifting Ring Weld 

! Inside Radius at Collar Sealing Surface 

N,41,0.00,4.19 
N,42,1.25,4.19 
N.43,2.13,0.69 
N,50,IR,0.69 
FILL43.50 
N,52,OR,0.69 
FILL,50,52 

! ROW3 



CLIENT: D E S  HANFORD, INC. FILE N O  KH-8009-8-09 
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W l S l O N  
PREPARED BY I DATE 
3HECKED BY / DATE 

FILL,50,53,1,1 I01 
FlLL,51,54,1,1102 
FILL,52,55,1 ,I 103 

lCOM - SHELL [DWGS SK-2300379 8 SK-2300461] - 
N,65,IR,6.68 
N.67,OR.6.68 

0 1 2 PAGE 91 
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FILL 
FlLL,53,65,3,,3,3,1 
FILL,53,56,1,1104 
FILL55.58.1.1106 
F l L ~ l I b 4 , l  I06 
FILL,56,59,1,1107 
FILL,58,61 ,1,1109 
FILL1 107,1109 
FILL,59,62,1 ,I 11 0 
FILL,61,64,1,1112 
FILL,1110,11 I 2  
FILL,62,65,1,1113 
FILL,64,67,1 ,I1 15 
F1LL,1113,1115 

lCOM-SINGLE ROWSHELL- 
N,IOO,lR,7.18 ! Inside 
N,l40,IR,71.68 
N,180,IR,136.68 
N,101,OR,7.18 ! Outside 
N,141,OR,71.68 
N,181 ,OR,136.68 
FILL,100,140,20,,2,2,1,2.0 
FILL,140,180,19,,2,2,1,.5 
FILL,100,102,2,1116,2 
FlLL,102,104,2,1120,2 
F1LL,104,106,2,1124,2 
FILL,106,108,2,1128,2 
FILL,108,110,2,1132,2 
F1LL,110,112,2,1136,2 
FILL1 12,114,2,1140,2 
FILL,114,116,2,1144,2 
NGEN,2,1,1116,1146,2,0.50 

lCOM- DOUBLE ROW SHELL- 
N,190,IR,137.18 
N,192,OR,137.18 
FILL 

ICOM- BASE OF CASK THROAT-ELNATION: 1 3 8 -  INCHES 
N,217,1R,142.68 
N,219,0R,I42.68 
FILL 
FlLL,190,217,8,,3,3,1 ! Vertical Fill 

ICOM - BOTTOM OF COLLAR TRANSITION - 
N,235,1R,146.06 
N,237,0R,146.06 

! Transition to Double Row 

! Transition to Double Row 

I Start of Transition to Large 0.D 8 
! Assumed Location of Shield Plug Taper 

FILL 
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N,238,1R,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 

ICOM- COLLAR SEALING SURFACE- 
N,247,1R,l49.63 
N,249,1R2,149.63 
FILL ! Horizontal Fill 

ICOM - THICK WALL AT COLLAR TRANSITION * 
NGEN,2,10,240,249,3 
N,255,0R2,147.31 ! Outside Surface 
N,261 ,OR2,149.63 ! Outside Surface 
N,258,0R2,148.06 
N,980,IR,l49.38 
N,981,11.755,149.38 
N,982,1R2,149.38 
N,983,12.317,149.38 
N,984,0R2,149.38 
N,990,0R2,146.68 
FILL,240,990,1,251 
NGEN,2,5,980,984,1,,4.66 
FILL,246,256,1,257 
FILL,253,255,1 ,,I ,3,3 
FILL,237,990,1,991 

ICOM - COLLAR AT BOTTOM EDGE OF PLUG (.155" above Sealing Surface) - 
NGEN,2,3,259 ,,,, 0.175 

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,(OR24R2)/2 

ICOM - COLLAR AT BASE OF THREADS - 
N,274,IR4,151.58 
N,1000,IR2,151.58 

ICOM - TOP TO COLLAR (WELD CLOSURE) - 
N,277,IR4,152.26 
N,280,IR4,152.95 
N,283,IR4,153.63 
N,266,1R4,154.32 
N,289,1R4,154.725 
N,290,12.47,154.725 
N,291 ,OR2,154.725 
N,292,lR3,155.30 
N.295,1R3,155.875 

! End of Transition to Large 0.D 8 
! Assumed Location of Shield Plug Taper 

! Inside Radius of Sealing Surface 
! Outside Radius at Sealing Surface 

! Nodes 250-259 Coincident ~1240-249 (by 3) 

! Nodes 262 
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REVISION 0 1 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 

NGEN,2,1,274,289,3,0.27 
NGEN,Z,1,275,290,3,0.211 
NGEN,3,1,292,295,1 ,(ORz-IR3)12 

ICOM ----. LOCKING 8 LIFTING RING GEOMETRY 
RING1=7.8775 ! Inner Radius 
RINGZa.375 ! Inside Lip 
RING3e.625 
RING44 0.1 9 
RING512.065 
RING6=12.174 ! Outside Radius 
LOCAL,15,0,,151.58 

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,901,9.97,158.08 
N,406,RING4,158.08 

! Inside Lip, Bottom of Transition 
! Outside Lip 
! Outside Radius No Threads 

! Local System z=O at Base of Lifting Ring 

2 PAGE 93 
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N,912,10.875-0.75,3.99 
N,913,10.875+0.75,3.99 
N,455,10.8754.75,3.99 
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,465,10.87!%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 
FlLL485.487 
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 
FlLL495,497 
N,922,10.8754.75,0.68 
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,51 5,10.8754.75,0.00 
N,517,10.875+0.75,0.00 
FILL,515,517 
N,525,10.125,-0.119 
N,527,11.625,4.119 
FlLL525,527 

W l S l O N  
'REPARED BY I DATE 
SHECKED BY I DATE 

! Bottom of Bolt Extension 

0 1 2 PAGE 94 

ZGS 4/17/97 ZGS 7/14/98 pG 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98 .&j 02/04/99 

ICOM -CHAMFER AND THREADS- 
N,448,RING5-.22,4.37 
N,458,RING5,3.99 
N,469,RING5,3.35 
N,468,RING6,3.35 ! 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 Threads 

! 0.D of Ring at Chamfer 



CLIENT D E S  HANFORD, INC. FILE NO: KH-8009-8-09 
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3EVISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

PLUGRk7.8775 
LOCAL,ZO,O,,158.21 

lCOM - NODES AT PLUG AXIS (FO) - 
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 

lCOM - NODAL GENERATION * 

!Local System F O  at Top Left of Shield Plug 

0 1 2 PAGE 95 
ZGS 4/17/97 ZGS 7/14/98 nrat/ 02/04/99 OF 129 
JN 4/17/97 HSA 7/14/98 02/04/99 

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,2,20,862,673,1,0.6875 
NGEN,2,20,683,693,1,0.4235 
NGEN,Z,l 0,706,713,l ,0.9515 

N,730,5.4665,-I .994 
N,736,5.4665,-4.994 
FILL,730,736,5,731,1 
N,737,5.4665,-6.75 
N,740,5.4685,-8.405 
FlLL,737,740,2.738,1 
N,741,5.4665,-9.374 
N,743,5.4865,-10.5 
FILL,741,743 
N,748,5.89,-1 .O 
NGEN,2,20,730,743,1,0.4235 
FILL,748,750 
N,766,7.265,0 
NGEN,2,20,748,763,1 ,l .375 
FlLL,766,768 
N,786,7.571 ,O.OO 
N,787,7.571 ,-OS0 
N,788,7.571,-1 
N,789,7.571,-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.!i71,4.10 
N,795,7.571,-4.90 
N,796,7.571,-5.55 
N,797,7.571,-6.75 

N,808,PLUGR4,0.00 
N,550,PLUGR4,-0.13 
N.807,PLUGR4,-0.63 

! Id Large Opening 

! Id Medium Opening 
! Id Small Opening 
! Center of Opening 

! Od Small Opening 
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PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

N,809,PLUGR4,-1.69 
N,81 O,PLUGR4,-2.26 
N,811 ,PLUGR4,-2.64 
Nr812,PLUGR4,5.28 
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 ,I 1.625,-7.854 
N,862,PLUGR2,-8.405 
N,IlOO,PLUGRZ,-8.83 
N,863,PLUGR2,-9.374 
N,865,PLUGR3,-10.5 
FlLL,863,865 
N,866,PLUGRl0.27,-6.75 ! Seal Tab 
N,869,PLUGR14.27,-8.405 
FlLL,866,869,2,867,1 
N,870,PLUGRI 0.27,-8.56 
NGEN,2,5,866,870,1,0.27 
SAVE 

1 2 PAGE 96 
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ICOM - COUPLING NODES - 
ICOM - BETWEEN LlFTlNGROCKlNG 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,I,I ,7 
CP,57+I,UY,445+10*1,91 O + T I  
+ENDDO 
! 

! Going Down The Bolt 

*DO,I,I,7 
CP,64+I,UY,447+1 O"1.91 I +TI 
"ENDDO 
I 
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CP,71 +I,UX,445+10*1,910+2*1 
*ENDDO 
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! 
CP,lOO,UY,479,289 ! Threads 
CP,IOl,UY,478,286 
CP,102,UY,488,283 
CP,103,UY,498,280 
CP,l04,UY,508,277 
S A M  

lCOM ____ ELEMENT GENERATION ___* 

lCOM SHELL L___ 

NPE, I  
MAT,1 

E,I,2,22,21 
EGEN,I 0.1 ,-I 
E,11,32,31 
E,21,22,42,41 
EGEN,I 1 ,I,-I 

E,50,51 ,I 102,1101 
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,-1 
E,65,66,100, 
E,66,101,100 
E,66,67,101 

! Plane42 - 
! Type 304U304 Properties Stainless Steel 

I Bottom Plate 

! Bottom Shell 
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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 
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TYPE,1 
W T , l  

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,237,991,252,250 
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,260,261,2€4,263 
EGEN,12,3,-1 
E,286,300,289 
E,286,287,290,300 
E,300,290,293,292 
E,292,293,296,295 

! Collar 
! 304L 

ICOM LOCKlNG RlNG 

NPE,3 
WT,4 

E,411,412,402,401 
EGEN,11,10,-1 
EGEN,3,1,-11 
E,414,415,405,404 
EGEN,P,lO,-l 
E,415,902,900,405 

! F304N 

! Top Going Down and 
I Left to Right 
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PREPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/98( ML 02/04/991 
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E,902,903,901,900 
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 

ICOM - NlTRONlC 60 BOLTS (MODELED AS RING) 

OF 129 

TYPE2 
MAT2 

E,455,456,446,445 
EGEN,8,IO,-I 
E,456,457,447,446 
EGEN,8,10,-1 
SAVE 

ICOM - SHIELD PLUG ___* 

TYPE.4 
MAT.1 

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,l3,1,-1 
EGEN,4,20,-13 
E,749,769,768,748 
EGEN,Z,I,-1 
EGEN,3,20,-2 
E.767.787.788.766 

! SA-I93 

! 304L 

EGEN,Z,I;-I . 
REVISION 1 0 1 1 1 2 I I PAGE99 



CLIENT 
PROJECT 

REVISION 0 
PREPARED BY / DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

DELS HANFORD, INC. FILE NO: KH-8009-8-09 
MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 l 

1 2 PAGE 100 
ZGS 7/14/98 02/04/99 OF 129 
HSA 7/14/98 a( 02/04/99 

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,867,872,871,886 
EGEN,4,1,-1 
E,1100,862,855 
E,856,1100,855 
E,856,863,1100 
E,857,864,863,856 
EGEN,P,I,-l 
SAVE 

ICOM ___f CONTACT ELEMENTS 

ICOM - BETWEEN SHIELD PLUG 8 SHELL 
NPE,5 
REAL,4 
E,871,271 
E,872,268 
E,873,265 
E,874,262 
E,1100,980 



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 I 

3EVISION 0 
'REPARED BY I DATE ZGS 4/17/97 
ZHECKED BY I DATE JN 4/17/97 

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 

1 2 PAGE 101 
ZGS 7/14/98 p&, 02/04/99 OF 129 
HSA 7/14/98 .&J 02/04/99 

ICOM MERGING COINCIDENT NODES 
ESEL,S,TYPE,,l 
NSLE 
NUMMRG,NODE 
EALL 
NALL 



CLIENT D E S  HANFORD. INC. 
PROJECT: 7 

WISION 0 1 
'REPARED BY I DATE ZGS 4/17/97 ZGS 7/44/98 

:HECKED BY I DATE JN 4/17/97 HSA 7/14/98 

FILE NO: KH-8009-8-09 
DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 YCO Final Design 1 

2 PAGE 102 
02/04/99 OF 129 

& 02/04/99 

NSEL,A,NODE,,lllO 
NSEL,A,NODE,,62 
NSEL,A,NODE,,lll3 
NSEL,A,NODE,,65 
NSEL,A,NODE,,IOO 
NSEL,A,NODE,,1116 
NSEL,A,NODE,,1118 
NSEL,A,NODE,,lOZ 
NSEL,A,NODE,,IlZO 
NSEL,A,NODE,,llZZ 
NSEL,A,NODE,,lW 
NSEL,A,NODE,,ll24 
NSEL,A,NODE,,1126 
NSEL,A,NODE,,IOG 
NSEL,A,NODE,,1128 
NSEL,A,NODE,,1130 
NSEL,A,NODE,,lOE 
NSEL,A,NODE,,I132 
NSEL,A,NODE,,1134 
NSEL,A,NODE,,llO 
NSEL,A,NODE,,ll36 
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,,lZO 
NSEL,A,NODE,,lZZ 
NSEL,A,NODE,,124 
NSEL,A,NODE,,l26 
NSEL,A,NODE,,128 
NSELA,NODE,,130 
NSEL,A,NODE,,l32 
NSEL,A,NODE,,l34 
NSEL,A,NODE,,136 
NSEL,A,NODE,,138 
NSELANODE,,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,,lyl 
NSEL,A,NODE,,l56 
NSEL,A,NODE,,158 
NSEL,A,NODE,,160 
NSEL,A,NODE,,l62 
NSEL,A,NODE,,164 
NSEL,A,NODE,,166 
NSELkNODE,,168 



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 1 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

NSEL,A,NODE,,172 
NSEL,A,NODE,,174 
NSEL,A,NODE,,176 
NSEL,A,NODE,,178 
NSEL,A,NODE,,180 
NSEL,A,NODE,,l82 
NSEL,A,NODE,,I84 
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,,POZ 
NSEL,A,NODE,,ZOB 
NSEL,A,NODE,,PO8 
NSEL,A,NODE,,ZI 1 
NSEL,A,NODE,.214 
NSEL,A,NODE,,ZI7 
NSEL,A,NODE,,PZO 
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,,I 100 
NSEL,A,NODE,,863 
NSEL,A,NODE,,864 
NSEL,A,NODE,,865 
NSEL,A,NODE,,858 
NSEL,AA,NODE,,851 
NSEL,AA,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 
NSELA.NODE..633 

1 2 PAGE 103 
ZGS 7/14/98 02/04/99 OF 129 
HSA 7/14/98 .j?@ 02/04/99 

! Shell at Sealing Surface 

!Seal Stop (Plug) 

! Plug Taper 

! Start Plug Bottom 



CLIENT DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT MCO Final Design DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 11 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 41m97 

SF,ALL,PRES,189 
NALL 

1 2 PAGE 104 
ZGS 7/14/98 -+ 02/04/99 OF 129 
HSA 711419a aj 02/04/99 

EALL 
LSWRITE,I 
SAVE 

/COM - LOAD 2 LIFTING LOAD .+... 
NSEL,ALL 
NSEL,S,NODE,,SO4 
NSELA.NODE..SOB 

NSEL,A,NODE,,426 
SF,ALL,PRES,587.25 
NALL 

! 2400W40.87 IN"2 (SHOE WIDTH SMEARED AROUND 
! CIRCUMFERENCE OF LIFTING EAR) 

EALL 
LSWRITE.2 
LsSOLvE,1,2 
SAVE 
FINISH 

/COM - POSTPROCESSING - 
/POST1 
SET,LAST 
!TYPE,ALL,HIDC 
/GLINE,ALL,O 
RSYS,O 
PLNSOL,S,INT 
/DSCALE,,ZO 
/REPLOT 
LPATH,1,41 ! Bottom Plate 
PRSECT 
LPATH,6,46 
PRSECT 
LPATH,10,50 
PRSECT 
LPATH,50,52 ! Lower Shell 
PRSECT 
LPATH,50,55 
PRSECT 
LPATH,62,64 
PRSECT 
LPATH,65,67 
PRSECT 
LPATH,l 00,101 ! Mid Shell 
PRSECT 
LPATH,122,123 
PRSECT 
LPATH,I34,135 
PRSECT 
LPATH,156,157 
PRSECT 
LPATH,170,171 
PRSECT 
LPATH,180,181 
PRSECT 



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.869374 
PRSECT 
LPATH,870,875 
PRSECT 
LPATH,431,434 
PRSECT 
LPATH,406,426 
PRSECT 
LPATH.404.424 
PRSECT 
SAVE 

3WISION 
'REPARED BY I DATE 
ZHECKED BY I DATE 

! Shield Plug 

! Locking Ring 

0 1 2 PAGE 105 
ZGS 4/17/97 ZGS 7/14/98 Mc/ 02/04/99 OF 129 

JN 4/17/97 HSA 7/14/98 02/04/99 



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 1 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

Project Number: 

Computer Code: 

Sofhvare Version: 

Computer System: 

Computer Run File Number: 

1 2 PAGE 106 
ZGS 7/14/98 ~ M L  02/04/99 OF 129 
HSA 7/14/98 .&J 02/04/99 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

COMPUTER RUN COVER SHEET 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95B, PentiumB Processor 

KH-8009-8-09 

POc4.0tf 

Load Case  4 Output 

16 November 1998 10:51:53 PM 

Prepared By: Michael E. Cohen Date 

/ y'v/9? 
Checked By: Zachary G. S a r g g t  Dad? 



COMPUTER RUN COVER SHEET 

REVISION 0 1 2 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 02/04/99 

CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 3 j  02/04/99 

Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Creation Date /Time: 

PAGE 107 
OF 129 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95@, Pentiurn@ Processor 

KH-8009-8-09 

TG275.inp 

Load Case 5: Differential Temperature 

11 November 1998 1:11:29 PM 

t( 4 (44 

Prepared By: Michael E. Cohen Date 

&qP 
Checked By: Z a c h w S a r g e d  ( D%te 



LISTING OF TG275.INP FILE 

REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

IBATCH,LIST 
IFILENAM,TG275 
IPREP7 
ITITLE,MCO DESIGN- 100 C TEMPERATURE DIFFERENTIAL, 189 PSI 

TREF,70 
!ETAN=0.006 ! Tangent modulus 

ICOM ELEMENT TYPES rrrrnnrnrrr 
ET,I,55,,,1 ! Shell &Collar 
ET,2,55,,,1 ! Bolts 
ET,3,55,,,1 ! Locking Ring 
ET,4,55,,,1 
ET,5,32 ! Gap Elements 

ICOM 
RA.1 ! ShelllShield Plug 
R,5,0,1.0e8,2.75e-03 
R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed 

! Reference Temperature of 70 F 

! Shield Plug & Guard Plate 

REAL CONSTANTS FOR GAP ELEMENTS 

! L. RinglShield Plug, Under Bolt, Preloaded 

1 2 PAGE 108 

ZGS 7/14/98 + 02/04/99 OF 129 
HSA 7/14/98 &5 02/04/99 

ICOM ___f MATERIAL PROPERTIES 

ICOM- MATERIAL 1, 304L STAINLESS STEEL- 
MP,DENS,l,49311728 ! 304L SS 
MP,NUXY,1,0.3 

ICOM - DEFINING TEMPERATURES FOR MPDATA- 
MPTEMP,I, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM- DEFINING ELASTIC MODULI FOR 304L- 
MPDATA,EX,1,1,28.3e+O6,28.1 e+06,27.6e+06,27.0e+06,26.5e+06,25.8e+06 
MPDATA,EX,1,7,25.3e+06,25.1e+06,24.8e+06,24.5e+06 

ICOM M E 4 N  COEFFICIENTS OF THERMAL EXPANSION (inJin.KF) - 
! SA240 Gr 304L 
MPDATAALPXI ,1,0,8.55e-06,8.79e46,9.00e46,9.19e46,9.37e46 
MPDATA,ALPX,1,7,9.53e46,9.61e46,9.69e-06,9.76e-06 



CLIENT: DE&S HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final D e s i g n  DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 

1 - 1 1 - I 

'REPARED BY I DATE I ZGS 4/17/97 I ZGS 7/14/981 02/04/991 
SHECKED BY I DATE I JN 4/17/97 I HSA 7/14/981& 02/04/99( 

MPDATA,EX,2,7,25.3e+06,25.le+O6,24.8e+O6,24.5e+O6 

! SA193 Gr B8M 
MPDATA,ALPX,2,1,0,8.54e-06,8.76e-06,8.97e-06,9.21e-06,9.42e-06 
MPDATA,ALPX,2,7,9.60e-06,9.69e-06,9.76e-06,9.8le-06 

lCOM *THERMAL CONDUCTIVITY COEFFICIENTS (BtulHr-in.-(F) SA-193 +. 
MPDATA,KXX,2,1,0.716,0.725,0.775,0.817 

lCOM - MATERIAL 4, F304N - 
MP,DENS,4,493/1728 ! 3041 ss 
MP,NUXY,4,0.3 

/COM - DEFINING TEMPERATURES FOR MPDATA- 
MPTEMP,1,70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM - DEFINING ELASTIC MODULI FOR 304L- 
MPDATA,EX,4,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5~06,25.8e+O6 
MPDATA,EX,4,7,25.3e+06,25.le+08,24.8e+O6,24.5e+O6 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inJin.l(F) - 
MPDATA,ALPX,4,1,0,8.55e-06,8.79e-06,9.OOe-06,9.19e-06,9.37e-06 
MPDATA,ALPX,4,7,9.53-08,9.6le-06,9.69e-06,9.76e-06 

lCOM - THERMAL CONDUCTMTY COEFFICIENTS (BtulHr-in.-(F) 304N- 
MPDATA,KXX4,1,0.716,0.725,0.775,0.817 

lCOM - MATERIAL 5, 304L STAINLESS STEEL- 
MP,NUXY,4,0.3 

ICOM - DEFINING TEMPERATURES FOR MPDATA - 
MPTEMP,l, 70,100,200,300,400,500 
MPTEMP,7,600,650,700,750 

ICOM - DEFINING ELASTIC MODULI FOR 304L- 
MPDATA,EX,5,1,28.3e+06,28.1e+06,27.6e+06,27.0e+06,26.5e+O6,25.8e+O6 
MPDATA,EX,5,7,25.3e+6,25.le+06,24.8e+O6,24.5e+O6 

ICOM - MEAN COEFFICIENTS OF THERMAL EXPANSION (inJin.l(F) - 
! SA240 Gr 304L 
MPDATA,ALPX,5,1,0,8.55e46,8.79e-06,9.0~-06,9.19e-06,9.37e-06 
MPDATA,ALPX,5,7,9.536,9.6le46,9.69e-06,9.76e-08 

ICOM - THERMAL CONDUCTIVITY COEFFICIENTS (BtulHr-in.-(F) 304L- 
MPDATA,~5,1,0.716,0.725,0.775,0.817 

ICOM ____f SHELL GEOMETRY 
IR=l1.49 
oR=12.000 
IR2 = 12.02 
OR2 = 12.655 
IR3 = 12.284 
IR44 2.174 ! Inside Radius 

MP,DENS,4,493/1728 ! 304L ss 

! Internal Shell Radius @ Bottom 
!Shell Outside Radius @ Bottom 

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

! Inside Radius at Collar Sealing Surface 

OF 129 
EVISION 1 0 1 1 1 2 I I PAGE109 



FILE NO: KH-8009-8-09 
IBIPARPONE 

CLIENT: DEBS HANFORD, INC. 
DOC. NO.: HNF-SDSNF-DR-003, Rev. 2, Appendix 11 PROJECT: MCO Final Design 

1 2 REVISION 0 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 ~JL 02/04/99 
CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 35 02/04/99 

ICOM - BOTTOM PLATE [DWG SK-2300378l - 

PAGE 110 

OF 129 

N,lJ .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,42,1.25,0.19 
N,43,2.13,0.69 
N,50,IR,0.69 
FILL,43,50 
N,52,OR,0.69 
FILL,50,52 

FlLL,1,41,1,21 , l , lO 
FILL,10,50,1,30 
N,32,12,-0.32 
FILL,30,32 
FILL,lO,32,1 ,I 1 
N,53,IR,1.17 
N,55,OR,1.17 

! Row 1 

!r0w3 

! Middle Row 

! Shell Stubweld 
FILL5335 
FILL,50,53,1,1101 
FILL.51.54.1.1102 
FILL;52;55;1;1103 

ICOM - 8  SHELL [DWGS SK-2300379 SK-23004611- 
N,65,IR,6.68 
N,67,OR,6.68 
FILL 
FlLL,53,65,3,,3,3,1 
FILL,53,56,1,1104 
FILL,55,58,1 ,I 106 
FILL,1104,1106 
FILL,56,59,1,1107 
FILL58.61 ,I ,1109 
FiLL1107,1109 
FILL,59,62,1 ,111 0 
FILL,61,64,1 ,I 1 12 
FlLL,lllO,lll2 
FILL,62,65,1,1113 
FILL,64,67,1,1115 
FlLL,l l l3,l l l5 

ICOM-SINGLE ROW SHELL- 
N,lOO,IR,7.18 ! Inside 
N,l40,IR,71.68 
N,180,IR,I 36.68 
N.101 ,OR,7.18 ! Outside 
N,141,OR,71.68 
N,181 ,OR,136.68 
FILL,100,140,20,,2,2,1,2.0 
FILL,140,180,19,,2,2,1,.5 
FILL.100.102.2.1116.2 



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 

REVISION 0 1 2 

CHECKED BY I DATE JN 4/17/97 HSA 7/14/98 02/04/99 
PREPARED BY I DATE ZGS 4/17/97 ZGS 7/14/98 v$- 02/04/99 

PAGE 111 
OF 129 



CLIENT DEBS HANFORD, INC. FILE NO: KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 1 

RNlS lON 0 
PREPARED BY I DATE ZGS 4/17/97 
CHECKED BY I DATE JN 4/17/97 

ICOM - COLLAR AT BOTTOM EDGE OF PLUG (.155*' above Sealing Sulfa-) - 
NGEN,2,3,259 ,,,, 0.175 

ICOM - COLLAR AT TOP EDGE OF PLUG ( I  .44" above bottom Edge) - 
NGEN,2,9,262 ,,,, 1.655 
FILL,262,271,2 
NGEN,3,1,259,271 ,l,(OR?-IR2)12 

ICOM - COLLAR AT BASE OF THREADS - 
N,274,1R4,151.58 
N,l OOO,lR2,151.58 

ICOM - TOP TO COLLAR (WELD CLOSURE) - 
N,277,lR4,152.26 
N,280,IR4,152.95 
N,283,lR4,153.63 
N,286,1R4,154.32 
N,289,IR4,154.725 
N,290,12.47,154.725 
N,291,0R2,154.725 
N,292,lR3,155.30 
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 ,(OR?-IR3)12 

ICOM 
RINGl=7.88 ! Inner Radius 
RING2=9.375 ! Inside Lip 
RING3=9.625 
RING4=10.19 ! Outside Lip 
RING5=12.065 
RING6=12.174 ! Outside Radius 
LOCAL,15,0,,151.58 

ICOM TOP EDGE - 
N,401 ,RING1,6.50 

N,404,RING2,158.08 
FILL,401,404,,,1 
N,405,9.53,158.06 
N,900,9.75,158.08 
N,901,9.97,158.08 
N,406,RING4,158.08 

! Nodes 262 

! Nodes 271 

LOCKING 8 LIFTING RING GEOMETRY 

! Inside Lip, Bottom of Transition 

! Outside Radius No Threads 

! Local System z=O at Base of Lifting Ring 

CSYS,O 

1 2 PAGE 112 
ZGS 7/14/98 02/04/99 OF 129 
HSA 71141ga a$ 02/04/99 



CLIENT: DE&S HANFORD, INC. FILE N O  KH-8009-8-09 
PROJECT: MCO Final Design DOC. NO.: HNF-SD-SNF-DR-003, Rev. 2, Appendix 11 I 

N;515;10.875-0.75,0.00 I 

REVISION 0 1 2 PAGE113 I 

F1LL,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 

PREPARED BY I DATE 

CHECKED BY I DATE 

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,P,lO,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 
FIL1465,467 
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,918,10.8750.75,2.05 
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 
FIL1495,497 
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 

ZGS 4/17/97 ZGS 7/14/98 02/04/99 OF129 I 
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! Inside Edge of Bolt Hole 
! Outside Edge of Bolt Hole 

! Double Nodes @ Bolt for Gap elements 
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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 

lCOM -CHAMFER AND THREADS- 
N,448,RING5-.22,4.37 
N,458,RING5,3.99 
N,469,RING5,3.35 
N,468,RING6,3.35 ! 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 Threads 

! Bottom of Bolt Extension 

! 0.D of Ring at Chamfer 
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ICOM SHIELD PLUG 
PLUGRI = I  I .975 
PLUGR2=11.45 I PLUGR3=11.25 
PLUGRk7.8775 
LOCAL,ZO,O,,I 58.21 ! Local System z=O at Top Left of Shield Plug I 
lCOM * NODES AT PLUG AXIS (d) - 
N,601 
N,602,0,-1 
N,603,0,-1.994 
N,606,0,-4.994 
FlLL,603,606,2,604,1 
N,607,0,6.75 
N,610,0,-8.405 
FILL,607,610,2,608,1 
N,611 ,O,-9.374 
N,613,0,-10.5 
FlLL,611,613 

lCOM - NODAL GENERATION - 
NGEN,2,20,601,613,1,0.8825 
NGEN,2,20,621,633,1,0.8825 ! Id Large Opening 
NGEN,2,20,642,653,1,0.6875 
NGEN,2,20,662,673,1,0.6875 I Id Medium Opening 
NGEN,2,20,683,693,1,0.4235 ! Id Small Opening 
NGEN,2,10,706,713,1,0.9515 I Center of Opening 

N,730,5.4665,-1.994 ! Od Small Opening 
N,736,5.4665,4.994 
FILL,730,736,5,73f ,1 
N,737,5.4665,-6.75 
N,740,5.4665,-8.405 
FlLL,737,740,2,738,1 
N,741,5.4665,-9.374 
N,743,5.4665,-10.5 
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N,87O,PLUGR1-0.27,-8.56 
NGEN,2,5,866,870,1,0.27 

ICOM- FILTER GUARD PLATE- 
LOCAL,40,0,,147.71 
PLATE1=0.273 
PLATE2=0.6575 
PLATE34.357 
PLATE440.25 
PLATES1 1.25 

N,I 200,PLATE4,-0.85 
N,1202,PLATE5,-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,i 237,6.4375,4.25 
FILL,1212,1237,3,1225,4 
N,l249,3.578,4.25 
FILL,l237,1249,2,1241,4 
NGEN,2,1,1225,1249,4,,-0.25 
NGEN,2,2,1226,1250,4,,-1.25 
FILL,1226,1228,1 ,I 227,,7,4 
N,1253,2.625,-2.375 
N,1254,2.625,-2.575 
N,1256,2.625,4.25 
FlLL,1254,1256 
N,1257,2.625,4.5 
N,1259,2.625,-5.75 
FlLL,1257,1259 
NGEN,2,10,1253,1259,1,~.5 
NGEN,Z,I 0,1263,1269,1,-0.768 
N,i283,0.6575,-2.375 
N,1284,0.6575,-2.575 
N,1260,2.125 
N,1270,1.357 
N,1280,0.6575 
N,I 290,0.273 
NGEN,3,1,1260,1290,10,,-0.56~ 

I Local System F O  at Bottom Left of Shield Plug 

ICOM - COUPLING NODES - 
ICOM- BETWEEN UFIINGROCKING RlNG &SHELL- 
ICOM- BETWEEN BOLT & LOCKING RlNG- 

CP,54,TEMP,445,910 I Inner Nodes 
CP,56,TEMP,447,911 I Outer Nods  
I 
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CP,57+l,TEMP,445+10*1,91 O + T l  
*ENDDO 
1 
*D0,1,1,7 
CP,64+l,TEMP,447+10*1,91 I + T I  
^ENDDO 
! 
CP,iOO,TEMP,479,289 !Threads 
CP,101 ,TEMP,478,286 
CP,I 02,TEMP,488,283 
CP,103,TEMP,498,280 
CP,l04,TEMP,508,277 
SAVE 

ICOM ___t. ELEMENT GENERATION 
ICOM ___f SHELL 
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TYPE,I 
MAT,I 

E,1,2,22,21 
EGEN,lO,I,-1 
E,11,32,31 
E,21,22,42,41 
EGEN,ll,l,-l 

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,~ 
EGEN,5,3,-1 
E,65,66,100, 
E,66,101,100 

! Plane42 - 
! Type 304U304 Properties Stainless Steel 

! Bottom Plate 

I Bottom Shell 
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?EVISION 
"REPARED BY I DATE 
JHECKED BY I DATE 

EGEN,32,2,-1 
E,180,181,191 
E,190,180,191 
E,181,192,191 
E,I90,191,194,193 
EGEN,9,3,-1 
E,191,192,195,194 
EGEN,9,3,-1 

TYPE,1 
hlAT,l 

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 

0 1 2 PAGE 118 
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! Collar 
! Type 3041304L 

icom - LOCKING RING - 
TYPE,3 
M T , 4  ! F304N 
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EGEN,2,2,-1 
E,903,416,406,901 
E.905.426.416.903 
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E;454;912;910;444 
E,464,914,912,454 
E,474,916,914,464 
8,484,918,916,474 
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 

lCOM ___t NlTRONlC 60 BOLTS (MODELED AS RING) ___f 

NPE,2 
MAT,2 

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

lCOM SHIELD PLUG 

MPE.4 
MAT.1 

E,602,622,621,601 
EGEN,11,1,-1 
EGEN,2,20,-11 
561 3,1290.61 2 
E,1290,1280,632,612 
E,1280,633,632 
E,633,1270,632 
E,632,1270,652 
E,1270,653,652 

+643,663,662,642 
EGEN,lO,l,-I 
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 

! SA-193 

! 304L 
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EGEN,7,1,-1 
E,731,751,750,730 
EGEN,13,1,-1 
EGEN,4,20,-13 
E,749,769,768,748 
EGEN,Z,l,-l 
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,853,880,859,852 
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,Z,l,-l 
SAVE 

lCOM FILTER GUARD PLATE 
NPE.4 
MAT.5 

E,1200,1201,858,851 
E,1201,1202,865,858 
E,1203,1204,1201,1200 
EGEN,Z,l,-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,1228,1Z1,1218,1227 
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 ,I 280,1290 
EGEN,Z,l,-l 
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ICOM CONTACT ELEMENTS ___* 

ICOM - BETWEEN SHIELD PLUG 8 SHELL- 
N P E , 5  
REAL4 
E,871,271 
E,872,268 
E,873,265 
E,874,262 
E,1100,980 
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ICOM - BETWEEN SHIELD PLUG 8 SEAL LIP - 
NPE,5  
REALA 
E,247,862 
E,248,870 
E.249.875 

ICOM- UNDERTHE BOLT- 
NPE,5  
REAL4 
E,845,525 
E,852,526 
E,859,527 

ICOM-BETWEEN LOCKING RING 8 PLUG- 
N P E , 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 

ICOM r**nmnnn* MERGING COINCIDENT NODES .nthhhm***. 

ESEL,S,TYPE,,l 
NSLE 
NUMMRG,NODE 
EALL 
NALL 
FIN1 
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ANTYPE,STATIC,NEW 
OUTRES,ALL,LAST 

ICOM - TEMPERATURE DIFFERENTIAL 32 C @ CENTER, 132 C OUTSIDE- 
! 
NSEL,S,NODE,,601,613 
NSEL,A,NODE,,I ,4120 
D,ALL,TEMP,SO 
NALL 
EALL 
NSEL,S,NODE,,lO,ll 
NSEL,A,NODE,,32,52,20 
NSEL,A,NODE,,I 103,1115,3 
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,,990,991 
NSEL,A,NODE,,255,297,3 
NSEL,A,NODE,,984,989,5 
D,ALL,TEMP,270 
NALL 
EALL 
SOLVE 
SAVE 
FIN1 

ICOM ___* STRUCTURAL ANALYSIS 
ICOM - PREPROCESSOR - 
PREP7 

ICOM ELEMENT NPES 
ET,1 &,.l ! Switches 
ET.2.42...1 ! Thermal Elements PLANE55 

! Centerline, 32 C = 90 F 

! Outside Shell from Bottom to Top 

! @ 132 C (270 F) 
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! to 
! Structural Elements PLANE42 
! Switches LINK32 to CONTACT12 

K&OPT,5,7,1 

ICOM .**rrth**.L*f REAL CONSTANTS FOR GAP ELEMENTS 
R,4,-90,1.0e8,-0.045,3.0 
R,5,0,1.0e8,2.95e-O3 
R,6,0,1.0e8,0,2.0 ! Sealing Surface, closed 

! ShelllShield Plug, Initially Open 0.045" 
! L. RinglShield Plug, Under Bolt, Preloaded 

ICOM - COUPLING NODES - 
ICOM - BETWEEN LlmNGlLOCKlNG RING 8 SHELL- 
ICOM - BETWEEN BOLT & LOCKING RING - 
CP,54,UY,445,910 ! Inner Nodes 
CP,55,UX445,910 
CP,56,UY,447,911 ! Outer Nodes 
CP,SI,UX,447,911 
! 
*~0,1,1,7 ! Going Down The Bolt 
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*ENDDO 
! 
*D0,1,1,7 
CP,€4+I,UY,447+10*1,911 +TI 
*ENDDO 
! 
'D0,1,1,7 
cP,71 +I,UX,445+10*1,91 o + n  
'ENDDO 
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*D0,1,1,7 
CP,78+I,UX,447+1O*I,911+TI 
*ENDDO 
! 
CP,l OO,UY,479,289 
CP,101 ,UY,478,286 
CP,lOZ,UY,488,283 
CP,103,UY,498,280 
CP,104,UY,508,277 
SAVE 

! Threads 

ICOM -CONTACT ELEMENTS ___t 

ICOM - BETWEEN SH!ELD PLUG 8 SHELL- 
TYPE3 
rea14 
E,871,271 
E,872,268 
E,873,265 
E,874,262 
E,II00,980 

ICOM * BETWEEN SHIELD PLUG 8 SEAL UP - 
TYPE3 
rea16 
E,247,862 
E,248,870 
E,249,875 
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E,810,441 
E,811,451 
E,812,461 
E,813,471 
E,814,481 
E,815,491 
E,816,501 
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ICOM - BOUNDARY CONDITIONS AT AXIS (X=O) - 
CSYS,O 
NSEL,S,LOC,X,O 
D,ALL,UX,O 
ALLS 
NSEL,S,NODE,,lO 
D,ALL,UY,O 
ALLS 
SAVE 
FIN1 

ICOM - SOLUTION - 
ISOLU 
LDREAD,TEMP,LAST,,,,TG275,RTH ! Reads in Temperatures from TG275.RTH tile. 
NEQIT,BO 
NSUBST,IO 

! Transfer Temperatures to  Structural Model 

ICOM- 189 PSI INTERNAL PRESSURE- 
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 
NSEL,A,NODE,,BO ! Junction at Shell 
NSEL,A,NODE,,1101 ! Bottom Shell 
NSEL,A,NODE,,53 
NSEL,A,NODE,,I 104 
NSEL,A,NODE,,56 
NSEL,A,NODE,,llO7 
NSEL,A,NODE,,59 
NSEL,A,NODE,,l 1 1 0 
NSEL,A,NODE,,62 
NSEL,A,NODE,,1113 
NSEL,A,NODE,,65 
NSEL,A,NODE,,lOO 
NSEL,A,NODE,,ll16 
NSEL,A,NODE,,1118 
NSEL,A,NODE,,102 
NSEL,A,NODE,,1120 
NSEL,A,NODE,,I 122 
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NSEL,A,NODE,,199 
NSEL,A,NODE,,ZOZ 
NSEL,A,NODE,,ZOS 
NSEL,A,NODE,,ZOI 
NSEL,A,NODE,,21 1 
NSEL,A,NODE,,214 
NSEL,A,NODE,,Zl7 
NSEL,A,NODE,&?O 
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,,I 100 
NSEL,A,NODE,,863 
NSEL,A,NODE,,8€4 
NSEL,A,NODE,,865 
NSEL,A,NODE,,IZOZ 
NSEL,A,NODE,,1205 
NSEL,A,NODE,,IZOB 
NSEL,A,NODE,,IZI 1 
NSEL,A,NODE,,1214 
NSEL,A,NODE,,1217 
NSEL,A,NODE,,IZZO 
NSEL,A,NODE,,1223 
NSEL,A,NODE,,1222 
NSEUNODE,,IZZI 
NSEL,A,NODE,,1228 
NSEL,A,NODE,,1232 
NSEL,A,NODE,,l238 
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 
f1n1 
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! Shell at Sealing Surface 

! Seal Stop (Plug) 

! Plug Taper 

! Start Plug Bottom 
1 Side of Guard Plate Ring 

! Bottom of Guard Plate 

ICOM - POSTPROCESSING - 
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PLNSOL,S,INT 
ilYPE,ALL,HIDC 
/GLINE,ALL,O 
RSYS,O 
/DSCALE,,IO 
REPLOT 
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,IOO,IOI 
PRSECT 
LPATH,l22,123 
PRSECT 
LPATH,134,135 
PRSECT 
LPATH,I56,157 
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 
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! Bottom Plate 

! LowerShell 

! Mid Shell 

! Upper Shell 

I Shield Plug 
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LPATH,730,810 
PRSECT 
LPATH,736,815 
PRSECT 
LPATH,869,874 
PRSECT 
LPATH,870,875 
PRSECT 
LPATH,431,434 ! Locking Ring 
PRSECT 
LPATH,406,426 
PRSECT 
LPATH,404,424 
PRSECT 
SAVE 
FIN1 
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COMPUTER RUN COVER SHEET 
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Project Number: 

Computer Code: 

Software Version: 

Computer System: 

Computer Run File Number: 

Unique Computer Run Filename: 

Run Description: 

Run Date I Time: 

KH-8009-8 

ANSYSB-PC 

5.4 

Windows 95B, Pentiurn@ Processor 

KH-8009-8-09 

TG275.otf 

Load Case 5 Output 

16 November 1998 10:58:29 PM 

~~ ~ 

Prepared By: Michael E. Cohen Date 

2/%? 
Checked By: Z a c h a m a r g e n i  D6te 
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MULTI-CANISTER OVERPACK DESIGN REPORT 

RUPTURE DISK DATA 

POTENTIAL RUPTURE DISK SUPPLIERS 

Address: 

Telephone: 

Fax: 

Contact: 

Address: 

Telephone: 

Fax: 

Contact: 

Fike Metal Products 
704 South 10th Street 
Blue Springs, MO 64015 

(816) 229-3405 

(816) 228-9277 

Jason Patterson 
Arthur Forsyth Co. 
(206) 283-5716 phone 
(206) 284-7269 fax 

Continental Disc Corporation 
3 160 West Heartland Drive 
Liberty, MO 64068 

(816) 792-1500 

(816) 792-5447 

Micheael Pruitt 

A-12-1 
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MULTI-CANISTER OVERPACK DESIGN REPORT 

MAIN SEAL DATA 

CARBONE LORRAINE 

Product: Helicoflex Seals 

Modemart No.: H-305236 REV NC (includes U260418 Retainer clip and screw) 

Address: Helicoflex 
2770 The Boulevard 
P.O. Box 9889 
Columbia, SC 28209 

Telephone: (803) 783-1880 

Fax: (803) 783-4279 

Contact: Michel LeFrancois 

A-I3 - f 
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Gariock Helicoflex 

I FAX 

GERARD ANTHIONE I TO: 
NORTH WEST COMPONENTS 
14661 NE 35TH ST 

I 
BELLEVEUE WA98007 I 
USA I 

P h o n e  425.861.7272 
r e l e t a x  425.867.7474 I 

I 

m-SD-SNF-DRd03, Rev..:!. 
Appendix 13 

Date  3/11/98 

FROM: Paul Hardaw 
Nuclear Applicationr specialisi 
Gariodc HeScok 
2770 The Bouievard 
Columbii SC 29209 
USA 

P h o n e  a03 783 1860 
Telefax a03 783 4279 

I 

SUBJECT: S.WPrLE SEA; E S T  

Gerard, 

Bere is the load defleczion leak test curve. It was done wit!! a sample seal with a 
.176" cross section ana silver jacket. 
a good representative of the seal designed for the MC3 cask. 
values &-e proven to be wi'3x.i.z~ 10% of the empi:ical data or better. 

Calculated Y2 load ...... 16900 lbs  
Teated Y 2  load .......... 16100 Lba 

Calculated e2 ........ 0.035" (0.031" +/- 0.004') 
Tested e2 ............ 0.034" 
Y 1  Calcalated ........ 3500 l b s  
Y 1  Teated ............ 600 lbe (under vacuum) 
Tested el ............ 0.02 a. 

Tested eo...... ...... 0.016" 

The seal OD was 3.470" This was Chosen as 
All t2eoretical 

1 803 763 4279 



Garloc k Helicoflex 
" F - S D - ~ m - ~ ~ ~ 0 3 ,  Rev, 2 ,  

Appendix 13 
Equipment used: Tinius  Olsen and Balzert helium leak detector. 

Resulting leak rate a t  16100 U s  and 0.034" compression = l.2x10-'o ccfsec 

please call wi*A any questions- 

lest Regards, 

97% 
I 
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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-SealO2.062 OD Face Type, 
Internal Pressure 

C-Seal, 3.520 OD Face Type, Internal Pressure 

C-Seal 1.1 56 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 



NOTES1 
I .  TIG WELDING PRIOR-TO-FORMING PERMITTED. 
A MAXIMUM OUT-OF-ROUNDNESS OF DIAMETERS: .016 

I -- 
L I S T  OF MATERIALS 

E 1301) 937-4010 FAX (3011 937-0134 

SEAL 02.062 OD FACE lYPE 
INTERNAL PRESSURE 

B O S S  S E A L  

MIN ID 
-@D- , 
1.800 



HNF-SD-SNF-DR-003, 
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Appendix 14 

l i G F -  --- 
M R  PER PSA 0900 

I .0015-.0025 THK 

1 
X 

NO 

=AT TREATMENT: 
PER PS 0880 SECT. 1 1.2 

I REVISIONS 
K O  NO. I APPR’L -c . 

I I I 
I 

I I 

TES : 
REWIRED OUT OF ROUNDNESS CF DIAMETERS : . too-. 130 
PLATING REWIRED OVER THIS AREA AS SPECIFIED. 

COMPLETE IN THIS AREA. 
4. INDIVIDUALLY PACKAGE PER PSI SPECIFICATION. 

6.  VAXIATION IN EASE MATWIAL  HEIGHT SHALL BE LESS THAN 
.0005-/0.5’ AROUND ENTIRE FERIMETER OF THE SEAL. 

7. TIG WELDING PRIOR TO FORMING PERMITTED. 

~ 5 .  MARK EACH PACKAGE AS SPECIFIED ON SALES ORCER. 

SECT. x-x 

R .045 MAX. 
RECOMMENDED 

CAVITY DETAILS 

k--@ 3.250 M A X 4  

MATERIAL: lW0 750 
I SIĈ  PER AMS 5598 

.015Z.001 THK 
UNLES~ OTHERWISE SPECIFIEO 

DIMENSIONS ARE IN INCXES 

TOLERANCES ON t3-Q 
11842 OLD BALTIblORE PIKE, EELTSYIUE. MARYLANO 20705-1294 

W N E  (301) 937-4010 FA% 13011 $37-0134 

I I 
I.A. 
FG K.E.M.[9-,12. 

:HEWED (2 ih%. , , _. , 

1.2 tKe- 19 -. 1 L-‘ 

NG n . & 3  

) R A W  15284 1 A  I13503 H PCRTER I 10 SEP 96 

SCALE NCNE I EST WT N/A LB ]SHEET I CF 1 

c -SEAL 
36 
-96 3,520 0 .D , FACE TYPE. INTERNAL PRESSURf 

+J\ 5 f l m  
c I b;,,+C ’ CODE CENT NO I DWG SIZE I DRAWING NO. 

PSI PROJECT NO: 10709 DIE SIZE CODE: 03.520/IZ5/15P1-SSP~UnTZ 

.. ... 3 



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

Appendix 14 

BEFORE 1.156 
PLATING (1.154) 1'.05') (.po66:) 

1. TIG WELDING PRIOR TO FORMING PERMITTED. A MAXIMUM OUT-OF-ROUNDNESS OF DIAMETERS. 
3. INDIVIDUALLY PACKAGE PER STANDARD AEP METHODS. 
4. MARK EACH PACKAGE AS SPECIFIED ON SALES ORDER. 
5. SEALING SURFACES TO CONFORM TO AEP SPEC QCS 85345. 

PLATING REQUIRED OYER THIS AREA AS SPECIFIED PER AEP SPEC PS 85681. 
PLATING OPTIONAL AND MAY BE INCOMPLETE IN THIS AREA. 

.007 

__ _-_-___ 
LIST OF MATERIALS 

ITEM QTY. PART NO DESCRIPTION MATERIAL 

I 

2 

I BllA91-0012-C C-SEAL INCONEL 718 

I 5037-0012 $ p L l ~  L I N ~ R  S T A I N L E S S  S T E E L  

-- 

300 SERIES 

- 
GAP BECOMES ZERO 
BEFORE MIN TORQUE 
IS REACHED 

8.  MINIMUM INSTALLATION TORQUE REQUIRED: 680 IN-LBS. 

CAVITY DETAILS 
HEAT TREATMENT, SEAL. 

NONE 

PLATING, SEdL: SILVER 
PER A H 9  2410 

.0005-.0015 THICX 

11642 OLD BALTIMORE PIKE. BELTSVILLE. MARYLAND 20705-1294 
TOLERANCES ON PHONE (301) 937-4010 FAX (301) 937-0134 1 ,:INEAR OIMENSIONS ] ANGLES 

C-SEA~~I . ISS  OD BOSS NPE 
INTERNAL PRESSURE WT!4 SPLIT LlNER 
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SECTION Z-Z 
OTES: 
I. 
@J OUT-OF-ROUNONESS IN EXCESS OF O!AMETER TOLEiiANCE ALLOWED 
3. 
4 

TtG WELDING PRIOR TO FORMING PERMITTED IPS 856131. 
SPLIT LINER 

INGIVIOUALLY PACKAGE PER STANDARD EP METHOGS 
MARK EACH PACKAGE AS SPECIFIED ON SALES ORDE,?. 

PLATING REQUIRED OVER THIS AREA AS SPECIFIED PER E7 SFEC PS 85681. 
5 .  SEALING SWFACES TO CCIRFORM TO E? SPEC QcS a 5 3 ~ 5 .  

a PLATING OPTIONAL AND WAY BE INCOMPLETE IN THiS AREA. 

@ 1.8753 M I N A  

CAVlTY DETAILS 

b - g  1.657 R .020 M A X  
.050 r.00 I 1.654-4 

L I S T  OF M A T E R I A L S  
I T E M  R E Q ’ C  F A R T  NO OESCRI,PTiClN b l A T C u  

LNCOqEL 
X - 7 5 0  14120 C - S E A L  

14,21 SFLIT CENTEfilNS YAIEILESS SiEEL 
.... LINER 300 SERIES 

a PER P S  m a 5  

OSS TYPE C-SEAC’ 1.843 OD FACE N P E  
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EG8G Pressure Sdenco has heen a supplier cf high performane metallic 
Seais since 1%3. Typical aFpiicaticns fcr these s2als have been in a e r o s p a a ,  
indus~al, main frame csrnputer acd semicnduecr ; rc tas ing  equipment Over 
the  pas: 37 years. a iaqe bcdy of enpirid, aFpiiczticn-speefic data has Seen 
gather& on :he perfccnance of E G G  seals; this XnCined wlth ecsncmical 
rnass-cstcmizatfcn cf =re sealiq teckcicgies has !ed tc be pcsitive reputaticn 
enjcyd by E G G  3 e s s u r e  Scienco and tc ccmpe:!rive advm's5es fcr cur 
custcmen. 

A Prsssure Sciencs CBeai ' H ~ S  z c s e n  fcr ais zcz!ica:icn tecause  near 
zefc leakage may 2 ccniner: in a cavity  xi^ a rcu5h sufaca Snish (up ;c 54 
EMS). %is is aczzmpiished fy 3ladng %e seal with 3 sci: -e!&lic jylating that is 
smeared during cmpressicn sf :he ieal. C-ctd $atir.g is i s s t  cn :his seal 
b e a u s o  of *e rnzximun :emperamre r y u i r c e n t  :cjc!c ;tatiag is x& up ;c 
14X0 3. C-SezB undergo szme ;i@:ic i e k m a i i c c  %wkec ;ns:zileP- t :be :3 :c 
2C95 squcez% reczmmede";. xwever nker; :e-~sai IR %e? x;(nai zvities. %ey 
rerim :c :heir crigml !cad. 

Ir; an effccrt :c nest !he :e-;eaiztiii!-f :e:uirtcec:s (a: :E& 5 ?e-soals whiie 
maintainins ? x 10" ct  ;er secmd Zei i tx j  cn :he F:essure Sc:er;ci SERIES $2 

c n s i d e r 4 .  A SiaCdard M S J X C C  bcss <̂ .Go acS!eS f2-i and t ?;clified 
MS33W9 bcss (with a 45' ancjied k ~ )  'were :ec:d. and c x ~ a r e i  wit? data 
frcm a cavity with pralie! sealing 4 e s  (C0 ang!e). Tkera :e96 were ;ekmed 
using a Vartan V a c ~ u n  P:cdues Mass Ccmcme!er LesK Oe!t?."cr. usin$ 
Heiiurn at 100 psi. A11 :S,res c n i i s c r s k x  'NETS c=F'oc:e d c=nttinir.c !he 
rntxiniun: leakage tc heicw I x i 0" cz per secznd i-'.e!icm ~n t e  initial seal. Tne 
fixture wit:: ;=de! sepiing !acs :C0 angiej wzs caFatie c f  : O  ieszzls, staying IC 
b e  : x 

carefr;ily. Tte prc::em with :he 'cxicai' snacec cavity (20"- 45' ar,g!e", kces) is 
that :he seai a n  seat un-parailei :o ?e tcp (flat s u h e )  sealing facz. The 
degree cf c i f . s ~ ~  pcssitie is nct snccci: :c ai?& *e %%%I ;nstailat!on I 
ccmcressicn of :he sea.  Hcwever c n e  :he seal kas beon defcrzi&. a new 
seat iog pcsi:icn with a diiferxt a r c u n t  ci 5fk2! may czate a sac :hat in scrne 
Icxtcns arcunc :?e -ircLmfer?rxo ci :he seal is e:iher larse: cr mailer  kar, 3e 
previcus gat. mis 
seal. E./icene cf :$is >accer;icg :s ne sesi free 5eiSh; ./=riaticn &e: mtlitipie 
reseais (as mucfi as .GET. N c n a l  jree heis?: variaticn 3 a cmsressed C S e a l  
is accut ,007 inckes :ctal. 

AN r'l' ,ama seal (bcss sizp 12 =A), nrze si2ecz3 seal faco inS!es :vere 

rance. Tce other :#c cznficcro~cns were tacatie ci :'p :c eigki 
e I x IC" rznge. if averfi!inc was aiisnei ac< re-sea:ei verf 

c:22;2 iarge : e a  ;at?s cr !ccai>i cver c=mpress :?e 
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07/18/98 TBC 08:.1? FAT 375 Sii4 S>T ESGI.WRISG 

DE&S Hanford. Inc. :;&~,3:~ghingtm ~ 5 2 - 0 3 5 0  HNF-S-0555 

Rer;.ion YO. 2 
Torel ?ages .s 

nenford Qperations a d  Engincarieg Conrrac:or 
for the U.S. Departrent Of b e r w  
J d e r  cantracr Yo. BE-AC36-3~LiL10930. 

SPECIFICATION FOR 
MCO INTERNAL RLTER 

System No. 

Equipment No. 

Building: 212% 
Project: W442 
Impac: Level: 

Prepared By: 

, d U  
K. J: McCracken 

Approved 9y: 

A-6000-17L (OL192) tEF204 

A - 1 5 - 2  
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MCO IXTERYAL HEPA FILTER SPEWCATION 
1.0 IKIXODU(3ION 

1.1 BACKGROL?) 

The YCO internal tilt:: is rquirsrf for ndioactivc condirnt filmtion inside &e MCO to prorxt pr-s . 
y u i p n c x  from cont;c;imticn The fiicer(sj will be 5I:rh; a z a m t e d  s e a m  mnosphere IC s t e m  flows of 100 
actual a b i c  f c t  per micure (AC31) x tenperawes nor IO exceed 50°C and helium flows of 10 ACFM at  
temperatures not to a c e d  575°C inside J v m u i n  charnber. The fdter(s) shall provide HEPA removal efficiency of 
0.3 micron ()M) particles and have a 40 yam loading cauacity witb 10 inch= water column dif5rmtial pressure at 
35 ACFM air flow. The WWs) shall bc jizcd such &at 11.5 inches water wimn Memud pressure at 100 
A C M  tir fiow clean. The filt+) s S i  be apdbiz of regenemion by back flow of p or liquid, md be xloisrur: 
repellant tos3rmtcd s t r a  The filta/rnmifold(s) shzll not be l q e r  than the envelop described in dnwing H-2- 
828049 and be no larzea *an 2.6 inches la dimetor (se &:wing for conctptunl film arrangement SC!I~C). n e  
filts/rnanifold(sj shall be constructed of ail  215 sainless se!. The filter > z ~ c t u r e  shdl also ruichand J lOOg drop 
and r n ~ t a i n  a mini?lwn of CO?5 of flow and filter loading c~pncky  but KE?X &ciency is not zqcked :o be 
maintiined d t e r  the drop. 

2.0 REQLZREMEXTS 

2.1 FILTER DOCLMENTATlON REQLTXEXEXTS 

"he bidde:s ;hall provide dooxnectarion x d c r  cesc Tesclts far &e following requirencnu tquivalmt to or 
supersedhz the docments desmbed be!ow W L ~  her proposals: 

2.1.1 

2.13 

. 2.1.3 

3.1.4 

Filter Airflow Resisance 

Test rcpons or 9ow versu dif%rential?rssscre c m e s  fcr a clean airflow (Heiicr~ steam) IO mr-: 11.5 
inches 'XPICT alum7 ct 100 .XFM ir 

Filter Removal Efficiency 

Tesr repom docmentixg DO?, or orher qp roved  [:st m i u r i ~ 1  or mcthcdolog, 0.3 pYricdarc raava1 
e??cimcy of 99.97%. 

Filter Loading CspacIty 

i c s t  repors documenhng fi!ter looding c a F x &  in accordmcc wid stadzrd S A E  17% or XSHRAE 52-76 
using ASEIUE fie (est  dust 

Filter Moisture Repellency 

Test R ~ O R  shall documcnt 5lt.x d c i e c c y  and diffem-~tial pressure p e r f o m c  while subject& to water 
s p r y  or the filtm shall provide prcvmtion of filter wcning from splnshing liquid. 

- .  
1 

A- IS -3 
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2.1.5 

2.1.6 

2.1.7 

Filter Rezenerability 

Test repom documenting ate: reperati& (minimaUy 70% dun difErzntid pressure, loading capacity 
recevc.y, and 99.97% parridate removal efficiexy der regenedon) per A S H U E  52-76. 

Filter Rough Handling 

Csidca te  a t  Ccnfommcq test repom: or snginering calculations shall be provided mnfitrming the irlter 
will uilhsrand a 1OOg drop or 100 times the flter(s) weigh in bending and maintjin 50% of original rated 
flow and 50% of Btr loading capacicy aftcr Qc drop. The flter &ail sustain no vislble intspity loss 
(crack or p u n m  in the filter media, endcaps, or manifold h s h e . )  

Filter Heating Resistance 

Test repom doCxx=fing resistme to hclted air or helium at 20 ACFM and main& paticdate m o v d  
cficierq after 240 hours of j75’C per s m d z d s  UL-586 and .MIL-FS 1068. 

2.2 FILTER DESIGN R E Q t . M E . V S  

2.2.1 

, 2.2.2 

2.2.2 

6 .  

21.3 

2.2.4 

Filter Airflow Resistance 

The filter(s) shall bc $id for a clean airflow (Helium, n e m )  of 11.5 inches water miuma J C . ~ O O  ACFM 
air. 

Filter Removal ERcienq 

The 5ite<s) shall 5: dcsipsd to uithsmd .I DOP challecge, ox other approved 2s: materkl, af 9.3 pn 
paniculate and m o s c  99.97% of me particulate. 

Filter Loading Capacity snd Sudace Ares Maximization 

The filrcrfs) shail provide maxircum resistmc of 10 inches wilm column w h m  loaded with 40 gams of 
A S F M  fine test dust at 35.4CFM a u  in acccrdmc wirh -dud SAE 1726 or ASEX.* 52-16. The 
filtc:(s) shaU also be designed to provide .I m a h u m  surfac ~LW square footage. 

Filter Moisture Repellency 

The filrer(s) shall ?rsvi& maximum repellenq of 10 inches water column whm the film is chaUen,sd uith 
supersaturated stem containing a minimum 1 p m  of cnlraind water per 1 cubic foot of air 3t 35 r\CF?vl 
or the filtc: shall prevent liquid penetration torn esremol splashins 

Fmer Regeneribility 

The CIter(s) shall be c-pable of reversc back pulsing with gas tn regin minimdly 7U% 10adh.g capacity as 
specificd in Secaon 2.2.2 and difluential pressure and 99.97% particulate filmtion pa ASH- 52-76. 
Tne 83s reversc back pu!se shall consist of npid ~ p p l k ~ t i o n  of revme flow of helium or ugm to the filter 

~ ._ . 
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mjlllfoid (all fiitxs) from 3 reservoir w ~ \ h  a maximlm size of 5 cubic fee& at a maximum initid pressure of 
100 psi chroug5 s 20 foot lex& of 1 inch D maximum dischqe !he. 

22.3 Fiiter He3ting Resistance 

The W e r  shall be designed to with stand rcsistme to h e d  i of Mium ac 20 ACFN and m a k i n  
p a n i d a t -  rrnovl l  ef5cimcy afkr  210 hours of j75"C pez scacdards LZ-586 and >fIL-R 1068. 

23.6 Filter Design Basis Accident Functionality 

The fiite=/manifoil(s) shell be designed to w i h t a n d  P lOOg drop or 100 times che 5lkfs) weight in 
bending urd mainwin 50% of original m u d  flcw and 50% cf Ster Ioadin_e capacity a f m  the drop. The 
drop or force loadins to the film shall be applied midway cn the &Iter in a ndial direction normal :o Qc 
Icngimdinal5kr x i s .  The file: shall also be desiFed to physically withstand forces related :o a 1035 
W3 (150 pig)  pmsure spike nmient snd noinwin 50% ilcw md 50% loading eap~ciry aft= the 
pr=mi+cd pulse. Thc inlezt o f &  r e q u k n e n t  is f~ mainrin a high ratovd eiEicimcy (non-EE?.\ 
ntea by ;ssuri3z 30 visibie holes. puncmurcs, cracks, or mmsive deformations that circm..t.ent or block 
the fiiter Saw pat$. 

23.1 

2.3.2 

i 

2.3.3 

Filter Media 

>e Slter(s) shall be sll st;inless s t d  conmcion-j 16L, or o k z  suitable corrosion resistant materials. 
FJter md caps (if requud) shall be construc*zd h m  3 16L suiniess steel and YOT inached to Btz media 

e p a i e s  or sealmnn. Rolled cr metallic z d  cap bondiis suck as \ve!&p or bruins may be 3ppropriate. 
Lc-wld 50p.ding Is 3tilizd. it Is sugesnd &at low cubm bas: ;r.;r=7nds such as 2 i6L or &4c: ski!x 
wrrosicn resistant materials be used. 

Filter .Mounting Hardwvlre 

Tie fikes) mountins hardware (i.:. supports, manifolds, uc.) shall be mnsrmc:d !?om 3 16L soinless 
sreel. ocbs low carbon base, cr ssroston resistant material (pain& surfac:s shall not be accqmhle). The 
filrcr(s) shall be mounted KO manifold in such a m m e r  :o prcvmr build-up of excess Ere- water inside the 
d o l d .  The fiircr(s) shall be mounted nex (-I- 0.0625 inches) bk boacm of the m d o l d  md the 
manifold mgled such that my fits water :J! rhe rnanhld wiil dram badc into ~e filter mediz The total 
wei&t of the filter and mcunciig hardware shall ncr : x e d  22.7 lig (50 Ibs). Ref= to drawin$ H-2-82S039 
ior 51& tnvelop specs, rr.ounting suggcs:ions. and additicnal consauction susgestions. 

Filter Environmental Conditions 

The 5ittn shall be d a i p c d  2nd ccrsuucted to & h a n d  &e follo\v(n_e cnvironmmwl conditions: 

Eesign Basis &:idem equal to a 100% drop cr 100 times rhe f i r e s )  weight in bmdiig per design 
stated nbovc: 
Temperature rmgrs from -20 to 375°C (375°C for a time period of 240 hours!; - 

. .  
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Intund to exturd accidental pmsure spike -*ent of I035 @a (150 psig) as described above; 
and 
W gas aknosphats such as Nitrogen, Hydrogen, Helium, Argon, Oxygm, air, and steam. 
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Source Term 

1.0 INTRODUCTION AND SUMMARY 

Cleaned and reloaded Mark IV fuel elements; 
5.43 MTU; 11 energy bins; 8.29 x 10+15 
photonds 

This evaluation provides an assessment of dose as a function of plug thickness for the K Basin 
Multiple 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 mr& or (30 mrem/hr) 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. 

~~~~~~ ~ 

Model Geometry 

Detector Geometry 

Requirement --< 100 mrem/h contact, areal 
average (Peak Load0 

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

27cm SS lid; 4 instrument penetrations; 1" 
central and lateral holes thru lid; 4 cm SS 
plate under filters; collar in place 

Tissue equivalent plastic in 3 thicknesses and 
8 rings 

< 7 mrem/h photons and neutrons 

< 2 mrem/h photons and neutrons 

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 conservztism in the results. The photon emissions of these 

1 of23 
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radionuclides were placed in 12 energy bins fiom 100 keV to 3 MeV. If the total yield 
fiaction is less than 1 X the contribution is treated as zero. 
Nominal fuel calculations are based on the an average 4-tier Concept B MCO of Mark N 
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 (Le., Icm, 15cm, and 30 cm) to 
provide a result comparable to the 15 cm radius ICRU sphere. Note that tke 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-ID. 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. 



HNF-SD-SNF-DR-003, Rev. 2, Appendix 16 

Figure 1-1 
Fuel Geometry Information 

3 o f 3  
3 of23 

n I L - <  



HNF-SD-SNF-DR-003, Rev. 2, Appendix 16 

Figure 2-1.4 
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 2-1C 
MCO Geometry 

(Lid vertical cross section, dimensions in inches) 
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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 

FIRST lOCM CF TOP T;E? t-. F i r E i  ELEMENTS (SEE FIG. I - * : .  

LCIWE? PORTICN OF TCF 
TIER FUEL ELEMENTS. 

COMElNE3 L C ' N S  3 
TlEiiS OF FUEL ELEMENTS. 

STAINLESS STEEL. 

STAINLESS STEEL RC'LECT3R. 

8 of 23 
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Upper Energy Bound (keV) 

100 

3.0 SHIELDING ANALYSIS 

Fraction 

0.089 

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-W-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 11. 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 10’5photons per second. 

I 200 I .206 I 
I 300 I .0032 I 
I 400 I ,00037 I 

500 .19 

I 600 I .0047 I 
I 800 I .496 I 
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Material 

Steel 

Air (gas) 

Uranium 

Tissue 
(ICRU) 

I 1000 I .0031 I 

Density (g/cm2) Material Constituents (Cross-section file number [Le., 
MCNP cross-section file]' and weight fraction) 

8.03 26000 (1) 

0.001293 

17.86 92000 (1) 

1.0 

7000 (0.755), 8000 (0.232), 18000 (0.013) 

1000 (0.102), 6000 (0.123), 7000 (0.035), 8000 
(0.72893), 11000 (O.OOOS), 12000 (0.0002), 15000 
(0.002), 16000 (0.005), 19000 (0.003), 20000 
(0.00007) 

I 1500 I .0059 I 
I 2000 I .00076 I 

~~~ ~~ 

I 2500 I . 0 0 0 0 0 8 3 ~ 1  

3.2 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. 

3.3 Material Densities 

The MCNP input includes the density and the makeup of the materials. This information is 
summarized in Table 3-2. 

3.4 Analysis Basis 

The shielding analysis was completed for each of the two uranium portions (Le., 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 fuel 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 

MCNF' was used to calculate the energy deposition per photon in a lcm, 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 lOOergs/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 (Le., the basis for deep dose). What we calculated was the average energy per gram of 
tissue deposited in the first cm of tissue, a 15cm 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 ICRF' 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 for a 
diskhng source lcm, 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 (Le., 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. 

5.0 UNCERTAINTIES 

The presence of a steel plug over the central cylindrical tube was not included in the original 
model. The reduction in doses fkom this plug were estimated using MCNF' as described in 
Appendix C. This dose will range fkom 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 (Le., case studies) to adequately represent the 
behavior of the system (Le., 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 (Le., cases studies) were 
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run for each source term analyzed. This means since each fuel element or section of fuel element 
(Le., 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 (Le., 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 fiom knowledge of the ratio of inner 
cylindrical section contribution relative to the outer cylindrical section contribution that had been 
ascertained fiom 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 (Le., 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 &om 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 26  is the total activity. Cells 
AC4 to BA20 calculate the total photon emissions in each bin (Le., 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. 

16of23 
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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/photodg) and the value of the convergence from 
the MCNP are included in the value column for each detector (Le., 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 cell (Le., 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 results. 
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 (Le., 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 
lcm 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 Cau 

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. 
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30 32.5 15 63 



MCNP Cell Basis for 
Unanalyzed Cells 

(2+17+24)/3 

I 25 I 8,31,48,58 I 

Cell To Which This Applies 

1,3,4,10,16,32,39,40,46,47,52,51,53,54,55, 

I 33 I 6,7,11,15,18,23,38,41,45,49,50 I 
I (26+30+44)/3 I 12,13,14,19,22,26,30,34,37,42,43,44, I 
I 31 I 20,21,27,28,29,35,36 I 
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Append= 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 ‘‘AW#la” 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 fkom 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. 
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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 
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