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TECHNIQUES FOR CUTTING IRRADIATED FUEL DUCTS AT FFTF/IEM CELL

Wayne H. Payzant
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P.O. Box 1970, Mail Stop N2-54
. Richland, Washington 99352

(509) 376-9716

ABSTRACT

Two remotely controlled mill-type cutters have been used in the

Fast Flux Test Facility Interim Examination and Maintenance Cell to
assist in the disassembly of 18 fuel assemblics. These cutters slit the
outer duct of the fuel assemblics, which allows the ducts to be removed
and provides access 1o the encased fucl pins. The cutters were
devcioped by Westinghouse Hanford Company and thoroughly tested
~ by cutting prototypic ducts. During actual usc, however, occasional

loss of cutting depth control occurred. A discussion of the contrel
problems and the operation and design techniques developed for lhcxr
resolution is presented.

INTRODUCTION

. The Fast Flux Text Facility (FFTF) is a U.S. Government owned,

400 MW, sedium-cooled fast reactor plant designed for irradiation test-'

ing of nuclear reactor fucls and materials, reactor safcty, rescarch and

development, testing of advanced reactor concepts, and cquipment

demonstration for liquid-metal fast reactors. The FFTF is located on

the U.S. Department of Energy's Hanford Site ncar Richland,

Wishington, and is operated by the Westinghouse Hanlord Company,
_a subsidiary of the Westinghouse Electric Corporation,

The Interim Examination and Maintcnance (IEM) Cell is a verti-
cal hot cell located within the FFTF containment building and is uscd
for processing reactor core assemblies and limilcd maintecnance
activitics. The atmosphere within this hot ccll is argon, which permits
sodium-weticd assemblics Lo be handled. Sclected irradiated fuel
assemblies from the FFTF reactor core are processed in the IEM Cell to
determince the performance of experimental fucls and materials. Typi-
cally, sodium is clcancd off of the irradiated fucl assemblies, which
then are dimensionally measured and disassembled, and the fuel pins
arc sent elsewhere for further examination.

Disassembling a fucl assembly requires cutting the outer
hexagonal duct horizontally above the inlet nozzle and lifting the duct
off the cneased fuel pins. If the duct has dilated significantly in the fucl
region, the duct must first be cut vertically-on three sides. This allows
the duct to expand over the internal swollen [uel pins as it is removed.
Specially designed vertical and horizontal cutters are uscd to perform
the duct culting.

During the last seven years, these duct cutters have been used for

remote disassembly of 18 fuel assemblies. During the early years of
. operation, cutting problems were common, but their frequency

diminished as expericnce was gained, equipment upgradcs were incor-
porated, and techniques were developed. Duct cuiting is now bccommg
routine,

EQUIPMENT :

: Bath the horizontal and vertical duct cutters arc controlled by a
computer and operator console located in the operating gallcry.3 The
cutting hardwarc is located on the disassembly station inside the
1EM Cell. Figure 1 illustrates this disasscmbly station and mounting for
the cutters. The fuel asscmbly is clamped vertically to the support
column and the vertical or horizontal cutter is mounted on the .

X-Y table of the equipment column. The Z-drive assembly of the
cquipment column provides vertical movement f{or the cutier. The
X-Y table movement dircctions are also illustrated in Figure 1. Manual
controls on the operating console provides for station setup and inital
cutler positioning. - ‘

Both cutters use 127-mm (5-in.) by 1.58-mm (1/16-in.) metal slit-
ling saws driven by 1/4 hp variable-specd motors. Table motions arc
controlled by the computer, which receives {ecdback information on

- the relative position of the duct surface to cutting blade from a depth-

scnsing probe. A backup stop-disk is mounted on the vertical cutter
arbor 1o physically limit the maximum depth of cut.

Accclcrometers, one mounted on cach cutter, function as acousti-
cal sensors to provide the operator with an audio indication of the cut-
ling process. A shroud covers the cutting blade, except for the
immediale cutling area; the shroud is attached o a vacuum system
which contains the activaied cutting particles. Figure 2 shows thc
horizontal cutter in usc at the disassembly station,

CUTTER OPERATION‘

Fucl assembly ducts arc cut by performing multiple culling
passes, cach .381 mm (.015 in.) deep, until the desired depth is reached.

" For signifizanuly dilated Aucts, as determined by previous dimensional
. measuring, scrical cuts are performed, typically on three sides.

Horizontal cutting is then performed on all six sides. Figure 3
illustrates a fucl assembly with both horizontal and vertical cuts. Fuel
asscmblics with insignificant dilation nced only horizontal cutling.

Because fucl pins conuicﬁ the inncr surface of the duct wall, vcru-‘
cal cutting requires precise control of depth to avoid cutting into the

" fuel pins. The computer control system achicves precision by using

fecdback information from the depth-sensing probe mounted adjacent
to the cutter blade. For vertical cutting, the desired depth of cut is
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Figure 3, FFTF Fucl Asscmbly Hllustrated With
Horizontal and Vertical Cuts,

nominally .051 mm (,002 in.) less than the thickness of the duet wall,
Icaving a thin web, After all cutting 1s completed, but before pulling
the dugt off the pin bundle, this wzb is then mechanically broken with a
pry bar. To guard against inadveriently cutting through the cladding of
{uel pins inside the duct because of a possible system anomaly, the
backup stop-disk, which is only slightly smaller than the cutting blade,
physically contacts the duct and limits the blade’s depth.

Precision depth control for horizontal duct cuiting is not as
crucial as for vertical cutting because this cut is located below the fucl
pin region. Mulliple cutting passcs, donc similarly to vertical cutting
but without the backup stop-disk, are performed until full penetration
of the duct is achicved.

The initial development of the duct cutters was performed in a
mock-up lacilily and tested by cutting prototypic ducts. However,
during actual usc of this system in the FFTF/IEM Cell, occasional tass
of depth control occurred.

The depth conwrol problem was found Lo have three primary
causcs, calegorized as geometric, clectrical, and mechanical, The
geometric cause was limiled to the vertical cutter whereas the electricul
and mechanical causes affected both the horizontal and vertical cutters.

SPECIAL TECHNIQUES
A. Geometric

The loss of depth control from geometric causes was {ound to
result from the uncven topography of the duct surfaces. The duct sur-
fuces becoine uneven in the reactor core when the swelling internal fuel
pins, which arc spiral-wirc wrapped for pin spacing, push outward on
the containing duct. This pressure results in a gencral dilation of the
duct surface in the fuel region as well as localized dilation where the
fuel pins excrt the greutest pressure. Figure 4 shows a fucl assembly
with its duct partially removed, revealing the spiral-wire wrapped fucl
pins. As the culter traverses these dilated duct surface arcas, the
geometric relationship of the duct surface to the cutter's depth sensing
probe, blade, and backup stop-disk changes, Figure SA illustrates how

" cutting'depth errors occur with uneven duct surfaces, Neither the sens-

ing probe nor the backup stop-disk provide the required depth control
when the cut is located on the siope of dilated arcas.

Correcting the loss of depth control from geometric causes

_ requires making the geometry as consistent as possible throughout the

full vertical cutting range. This range extends from below the fucl pins
ncar the duct/nozzle junction to above the fuel region, typically about
1.27 m (50 In.). The geometry of the duct surface below the fuel region
is essentially flat and can be readily adjusted parallel to the cutter's
x-axis. In the fuel region, the only surface arca parallel to the below-
fucl region is at the peak of each of the dilation arcas. Therefore, as
illustrated by Figure SB, cutting across the peaks of the dilation areas
became a necessity. Also, straight-line vertical cutting needed to be
retained because other methods would add considerable complexity.
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Figure 5B, Cutting at Cenler of Dilation
Minisnizes Depth Control Errors,

Implementing these requirements required chararterizing the duct
surface topography to locate the arcas of greatest dilation. Then, at the

"disasscmbly station, sctup would ~cquire the [ollowing:

+  Assuring correct rotational alignment of the [ucl assembly
_in the disassembly station, as referenced (o the cutter’s
horizontal x-axis

+ Locating the horizontal position of the dilation arca peaks
and assuring thesc peaks are aligned vertically in the disas-
sembly station, as referenced (o the cutter’s vertical axis

+ Positioning the cutter such that the vertical cut traverses the
peaks of the dilation arcas.

Characterizing the duct's surface topography was accomplished
by using profilometry data acquired previously at the duct measuring
station, An off-line computer program, BULGE, reports the arcas of
greatest dilation with a graph and numcric listing, The graph shows the
posmon of greatest dilation for cach measurement scan, while the

numeric listing delincates its magnitude. The corrclation between this
BULGE-generated graphical map and the physical duct is shown in
Figure 6A. One face of a fuel region duct segment is overlaid with a
BULGE-gencrated graph; the three points having the greatest dilation
for the entire duct face indicated by open square data poinls,

BULGE generatcs onc program report {or cach duct face. Il a
BULGE program report indicates that the maximum duct face dilation
is small [i.c., less than about .036 mm (015 in.)], the x-ixis positlon for
vertical cutting is sct (o the center of the duct face. This magnitude of
dilation will not cause significant depth crrors, regardless of whete the
vertical cut is located. However, if the BULGE program report indi-
cales greater duct face dilation, alignment of the duct dilation arcas
with the cutter's vertical axis and placing’ the cutter's x-axis at the apex
of the dilation arcas is necsssary.

The horizontal position of the diiation peuks, as indicated by the
BULGE report, is not dircctly transferrable to the disassembly station
because of the following: .

» Deformation of the fucl assembly By bdwing and twisting
along the vertical axis causes horizontal shifting of the dila-
tion peaks in reference o the culter’s X-axis

= No mecchanism exists for transferring given horizontal posi-
tions at the measuring station to corresponding positions at
the disassembly station, The reference position at the
measuring station is a mathematically derived centerpoint
whereas the reference position for culting is the cutter's
x-axis cast movement limit,

Profilometry data acquired at the measuring station is routinely
used to generate face plots, These are point-graphs of individual
measuring passes across all the faces of the duct at all the measured
vertical positions. Figure 6B shows an example of three face plos,
corresponding to the three largest dilation peaks reported by BULGE,
and showing the contour of the dilation arcas, The greater the slope of
the dilation contour at the position of cutting, the greater the depth
control crror will be, The BULGE program report is uscd in conjunc-
tion with the face plots and two of the (hree dilation peaks are sclected
bascd on their potential to cause the greatest depth control errors. In the
case of the cxample shown by Figures 6A and 6B, the two dilation
peaks sclccled would be at vertical positions 1.92 and 1,49 m (75 and
58 in., respectively). These two vertical positions arc used with an
on-line program, HIGH, at the disassembly station,

When a fucl assembly is transferred to the disassembly station, an
on-linc program, RALIGN, is [irst run to assist with rotational align-
ment. With the cutting blade removed, this program automatically
moves the culler’s depth sensing probe across the face of the duct, just
above the duct/nozzle junction, and reports the slope of the duct face in
reference to the cutter's horizontal axis, Wlien the slope is less than
0.007 (slope = AY/AX), rotational alignment is satis{actory.

To locate the opumum position for the vertical cut along the
cutter's horizontal x-axis, the program HIGH is run, With the cutting
blade removed, HIGH automatically moves the cutter's depth sensing
probe across the face of the duct at the two vertical positions previously
sclected using BULGE and reports the horizontal positions where the
peaks occur. If the horizontal positiens of the two peak dilation points
do not agree within a specificd tolerance, the assembly is adjusted
vertically on the support column and the alignment rechecked.

To assist the operators in positioning the cutters at their initial
starting locations, the on-line program PLACE is run. This program
accepts position information, compensates for olfscts such as the blade
tc depth sensing probe distance, and moves the cutter (o the desired
position. The duct/nozzle junction is uscd as the ve:ical reference
position for the initial vertical starting location, whereas the horizontal
refercnee point is the table's cast movement limit,
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B, Electrical

The loss of depth control from electrical causes was aftributed Lo
the harsh cnvironment of the IEM Cell and the vulnerability of the
instrumentation and clectrical (1&E) cables and connectors to physical
abuse. The original design of these componcnts on the duct culiers,
while similar to other long-lived hot ccll components, did not hold up
well, Factors identificd as unique to the cutters and contribuling 1o
difficultics in the I&E componcnts' performance were as follows:

* Frequent remote handling, including coupling and uncou-
pling of clectrical conneclors

.+ Snagging porcntial, since normal operation involved
significant movement, during both cutting and handling

+ Elcctrical conncctors not sufficiently rugged for repeated
handling by heavy duty remote manipulators.

Correcting the loss of depth control from electrical causes was
implemented during a gencral system upgrade and involved a newly
designed cutting system with a complete cable and connector replace-
ment Belore the upgrade, the motor, depth sensor, and accelerometer
cach had its own.cable, which were separately connected 1o a ncarby
junction box. The depth sensor and accelercmeter each had a conneetor
on their housing for connecting their cables. but the motor did not and
was hard-wircd. The cables werce then harnessed together for case of
handling. As the individual depth sensor and accelerometer cables
failed, they were remately replaced, but the cables could not bo
remotely harnessed to the original cable. At the time of the gencral

upgrade, the vertical and horizontal cutters had three and two scparate

cables, respectively. These extra cables were difficul: to handle
remotely and were additional obstacles to the cutting process, Figurc 2
shows the disarrayed horizontal culter cabling, which was also typical
of the vertical cutter cabling, before the gencral upgrade,

Figure 7 illustrates the upgraded vertical cutter; the horizontu
cutter was similarly upgraded. The major electrical improvements were
as follows:

3 -2 -1 a 1 2 3
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Distance-from Duct Center,
Centlmelers (Inches)
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Figurc 6B, Across Duct Face Plots of Three
Largest Dilation Peaks.

= Installing a removable wiring hamess with a local motor
connector and a heavy-duty main connector designed for
remote applications

» Consolidaling the mating 1&E cables into onc of rugged
design, and making them remotely detachable.

Special design [eatures of the cable included the following:
» Rcmote connector plugs with stainless steel shells
+ Double-jacketed polyimide insulated wires
+  Woven slainless steel ouicrjackcl

»  Muliiple layers of derscly woven fiberglass sleeving
between wires and the outer jacket.

With these clectrical improvements, avoiding component
damage and improving the case of remote operation and maintenance
have been significantly enhanced.

C. Mcchanical

The loss of dcptﬁ control from mechanical causes was attributed

. primarily to cutter parts looscning from vibration.? A contributing

causc was the sensor probe linkages sticking because of mechanical
binding,

Both cutters use mechanical linkages between the depth sensing
probe’s contact point and the position transducer. The position
transducors are Lincar Variable Diflcrential Transformers (LVDT)
with moveable center cores, Each cutter's linkage consists of a lever,
pivoted at the center, with a hardened steel contact button at ons end o
follow the duct surface, The other end connects 1o the position
transducer's core via an extension shalt. Retrn springs are used o
hold the contact button against the duct and to remove backlash of the
lever's pivot bearing and extension shalt joint,
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Figurc 7. FFTF/IEM Cell Vertical Duct Cutler,

crrors caused by the non-uniform geometry of dilated ducts. These tech:
niques, which utilize existing profilometry data and computer-assist
programs, signilicandy [acilitate the duct cutting process. The electri-
cal and mechanical cutler upgrades utilized techniques that assure reli-
able performance in the harsh cavironment of the [EM Cell. The
methodology that has been developed has proven to be very successful
in preparing ducts for removal (rom the irradiated fucl assemblics.

Correcting the loss of depth control from mechanical causcs was
implemented as follows:

«  Using a permancni acrobic thread adhesive on all fixed
threaded fasteners, notably the LVDT core exlension shafts

« Routincly checking Lightness of the LVDT sccuring thumb

SCTCWS
« Design refinement of the position transducer linkages REFERENCES
» Reversing the blade and stop-disk position, With the stop- 1. P.W.GIBBONS, "Fast Flux Test Facility Intcrim Examination

disk next o the arbor nut and being thicker than the blade, and Maintenance Cell Fuel Duct Cutters: Remote Operations

it will not slip out of place as the blade has donc. This also
positions Lhe blade closer to the depth sensing probe, reduc-
ing the depth conlrol error when cutling through dilated
arcas of the duct. ‘

CONCLUSION

Several years of operating experience has enabied us to refine the

techniques for cutting fucl assembly ducts. Vertical cutling depth
control improved markedly after implementing technigues to climinate

Design Considerations," ANS, Proc. 3rd Conf. Robolics and

- Remote Syst (1989),

P. W. GIBBONS, "Fuel Asscmbly Duct Cutting in the
FFTF/IEM Cell," ANS, Proc. 33rd Conf. Remote Syst. Technol
(1985).

D. M. ROMRELL, "Remote Cutting of Irradiated Fuel Ducts at
FFTE," ANS, Proc. 32nd Conf. Remoie Syst. Technol (1984).
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