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ABSTRACT

The UMSMPC transport/storage system developed by NAC International conssts of a multi-purpose
canigter that iscdled the Trangportable Storage Canigter, whichhalds spent fuel in an orderly manner
to maintain sub-criticalty, and a concrete over-pack for storage. The multi-purpose canister conssts of
abasket, athin wal container shell and a double lid system. The basket consgts of thin wal square
tubes, and support and heet transfer disks. The components required highly accurate fabricationto
obtain a high-dengity fud assembly payloed.

In the US, severd nuclear power gations have been under decommissioning programs and alarge
quantity of Sorage systems are reguired a one time to move the spent fuds from an existing Sorage
pool to an above ground storage pad at the nuclear power gation. Asthe canisters contain 30 to 40 fud
assamblies, and 40-50 canigters are necessary for one project, more than one thousand square tubes
must be fabricated.. To cope with thisdemand for large quantities of tubesin a short period of time
and severe tolerances, laser beam weding technology has been developed and gpplied to fabricate a
large number of thin wall square tubes.

The development and gpplication of the laser beam welding technology to the fabrication of athin wall
squaretube is explained in this report. The square tube is made of thin wal sainless sed plate and hes
adouble panded sructure of the tube body and cover for the neutron absorbing material The tube
body is obtained by welding two C shgped stainless sted plates with a buit joint welds, and the neutron
cover isfitted to the four sdes of the tube by a continuous fillet joint weld.

Using laser technology, multi-purpose canigters, which satisfy al design requirements, are achieved.

INTRODUCTION

The basket assembly of the multi-purpose canister conggts of thin wall square tubes, and both support
and heat transfer disks. The components need to be fabricated with afocus on maintaining accurate
dimengons in order to obtain the highest possble dendity of fud assemblies.

The canigter contains space for 30 to 40 fue assemblies, and 40-50 canisters are necessary for one
project, requiring more than one thousand square tubes To meet the quantity, quality and time
demands, laser beam welding technology was devel oped and gpplied to fabricate alarge number of
thin wall square tubes with severe fabrication tolerances.

MULTI-PURPOSE CANISTER

The Universd Multipurpose System (UMS) and its very smilar predecessor, the Multi Purpose
Canigter System (MPC), both of which were developed by NAC Internationd, is shown in Figure 1.
The Trangportable Storage Canigter (TSC) indde the concrete overpack can been seen in the cutaway
view. The(TSC), which isa multi-purpose canigter is one of the principa components for the system
and conssts of agtainless sted canister and a basket assembly.



Sanless Sed Canider: The canidter is serves as confinement for the spent fudl during storage and has
a double welded lid closure system. The magjor canponents of the canister are the shelland bottom,
shidd lid, and structurd lid. The canister and the shidd and structurd lids provide a confinement
boundary during storage. The canigter shell and bottom are Type 304L dainlesssteel A basket
assembly is placed ingde the caniger. The shidd lid assembly isa Type 304 danless Sed disk thet is
positioned on the shield lid support ring above the basket assembly. The structurd lid isa Type 304L
dainless sed disk pogtioned on top of the shidd lid. Thelids are both welded to the shell fter the

fud loading.

Fud Basket: The basket assembly showedin Figure 2 provides the structura support and primary heat
transfer path for the fud assemblieswhile maintaining a sub-critical configuration. It is constructed of
dainless sted, but incorporates duminum disks for enhanced heet transfer. The fud basketisa
right-circular cylinder configuration with square fud tubes lateraly supported by aseries of support
disks. The basket trgpsthe fuel tubes between the top and bottom weldments, thereby preventing axia
movement of the fud tubes.

Support and Heat Transfer Disks. The disks are retained by atop nut and supported by spacers on tie
rods a eght locations. The support disks are fabricated from Type 630dtainless stedl. The disks
contain square holes for the fud tubes as shown in Figure 3. The bottom weldments are fabricated
from Type 304 sanlesssted and are geometricaly similar to the support disks. The support disk
configuration indudes webs between the fuels. The heet transfer disks are made from Type 6061
duminum dloy. The heat transfer disks are spaced and supported by the tie rods and spacers, which
aso support and locate the support disks. The heet transfer disks, located at the center of the axid
gpacing between the support disks, are Szed to diminate contact with the canister inner shdl taking
into account differentia therma expanson

Square Fud Tube The squarefud tubes are fabricated from Type 304 stainless stedl The Sainless
ged isformed into C's and then welded together to make tubes. Boral sheets are paced on each side
of the square tube, and secured to the tube with athin shaped Sainless sed coversthat are welded to
the tube. The Bord provides criticality control in the basket. The wdl of afud tubeis 1.2 mmthick
dainless sed, and the stainless sted cover layer over the Bord isjust 0.5mm thick. A cross section of
the tube is shown in Figure 4. Thefud tubes are inserted into the square holes in the disks where just
1mm clearanceis alowed between inner dimengon of the holes and outermost dimensions of the
square tube throughout the tube length of 3,000 mm, so that a straight square tube with aslittle
digtortion aspossible is required. The requirement of such a severe tolerance is the result of the
economica-based demand to load the maximum number of square fuel assemblies into acylindricd
canister.

LASER BEAM WELDING

The thickness of the stainless stled square fuel tube and the stainless steel cover for the Bord sheet are
1.2 mmand 0.5 mm respectively. Traditiond methods such as TG produced unacceptable digortion
causng the tube to display out of square and non-straight characteristics that exceeded the required
tolerance. So, lasar welding technology was adapted to minimize welding digtortion and obtain ahigh
degree of accuracy in producing sraight square tubes for the fuel basket. Figure 5 is the Continuous
Wave YAG laser beam welding equipment gpplied to fabricate the squarefue tube. The equipment
conggs of YAG laser resonator of maximum output of 4 kW and average of 2 kW, aworking sation
with a 6 axisrobot, and ared time seam tracking system with 10im resolution that is necessary for
automatic welding operation. ASMIE Sec.  QW-264 requires that fluctuations of both the laser output
a the working and focus point, and the flow rate of asss gas shdl be managed within 5%, so that
digital flow meter and alaser power reflection monitor were added to the equipment.

Size of Groove: Figure 6 shows the relation betweengroove Sze and throat thickness for both butt and
fillet welding. Through experimentation, it was determined that the Sze of the groove for both butt and



fillet welds should be not maore than 0.1mm to obtain the minimum throat thickness required by the
design specifications.

Confirmation of Output by Monitoring the Laser Pover Reflection: As mentioned above, ASVIE
required the laser power shal not exceedby more than 5% fluctuations. Real time monitoring of the
laser power at the working point proved to be quite difficult, so the welding procedure specified that

the output before and after welding isto be monitored to confirm that the fluctuationis within the
requirement. In additionto thet, the relationship between the contamination on the protection glass and
the laser power reflection were examined because the contamination may reduce the laser power at the
working point. Figure 7 shows the result, which indi cates loss of the laser power by 4% when the glass
is contaminatedand the digita monitor of the reflection power shows 25. Thetiming of the deaning of
the protection glass was determined from this result to prevent the power reduction by the
contamination.

PERFPRMANCE OF WELD BY LASER WELDING

Cross Section: Figure 8 shows the cross section of both the butt and fillet weld joints resulting from
usng the laser beam welding eguipment. No defect and/or flaw is observed in thewdd and it stisfies
ASME reguirements.

Mechanica Test: Mechanica test resullts are shown in Table 1. The tendle test was performed on T1
and T2 butt welds and it was confirmed that the strength exceeds the required strength of the base
metd (515 MPa). The bending test was carried out on B1, B2, B3, and B4 butt welds and confirmed
that no crack was observed in the test specimens.

Table1l Mechanica Test Results
Joint Tendle Strength (MPa)
T1 626
T2 658
Bl no defect
B2 no defect
B3 no defect
B4 no defect

Qudlity of the Laser Weld: Figure 9 shows the results of EPM Andysison Cr, Oand N & 0.1 mm
below the surface of both alaser weld and TG weld. The wdd width of the laser weld is 1.2 mm, and
that of the TIGwed is4 mm. Theandyzed Sgnd levels of Cr, O and N in the laser weld issame as
those of the basic metd. On the other hand, the leve of those dementsin the TIG weld varieswiddy
comparedto the base metd. From thisreault, the quality of the laser beam welding is confirmed to be
superior to that of TIG weding.

FABRICATION OF FUEL SQUARE TUBE

The square fue tube is fabricated from two C shaped plates. The two C shaped plates are fixed
together by tack welds and clamped down orto the working table. Thelaser welding is carried out
automaticaly by using the red time seam tracking system. The system is dso useful to adjugt the focus
point at the end of the tube. The tube in the Figure 10 is shown just &fter the completion of the
longitudinal butt weld. No welding digortion is observed and the fabrication tolerance is within the
design requirements. The tube is transferred to the working table, the Bord sheet is placed on asde of
the tube and thefillet weding of the Sainless sted Bora sheet cover is doneafter dimensond
ingpection. After thefillet weld, visud, dimensona and lesk inspections are carried out on the square
tubes, and compliant tubes are delivered to the basket assembling area.

Hg 11 isacompleted fuel basket. Each square tube is inserted into each square hole in the disks from
the top. After completion of dl the tube insarts, the top and bottom weldments are fixed to the basket



assembly. The high accuracy dimengion of the square tubes makes the assembly work eader and
shortenstheworking time.

SUMMARY
By applying laser beam weding technology to the square fud tube fabrication
- adraght non-distorted accurate double panded squarefud tubeis obtained,
- high speed and automatic welding isredized,
- assembling the fud basket iseasier and the working timeis shortered,
- andtheTSC can be ddivered on schedule.

LSC

Figure 1 UMSMPC for Fud Storage System
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Figure 4 Cross Section of the Fuel Square Tube

Fgure 5 Laser Beam Wdding Equipment
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Figure 8 Macro Cross Section of both Butt and Fillet Welds
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Fgure 10 Fue Sguare Tube after Longituding Butt Weding

Figure 11 Fud Basket
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