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A STUDY OF TECHNIQUES AND T H E D E V E L O P M E N T OF 
E Q U I P M E N T F O R DECANNING E B R - I I 

F U E L E L E M E N T S 

J. P . S i m o n 

A B S T R A C T 

R e m o t e l y o p e r a t e d , s e m i - a u t o m a t i c m a c h i n e s , d e 
s igned to effect the m e c h a n i c a l d i s a s s e m b l y ( i . e . , d e c a n 
ning) of spent fuel e l e m e n t s f r o m the E x p e r i i n e n t a l B r e e d e r 
R e a c t o r - I I , have b e e n deve loped . The m a c h i n e s d e s c r i b e d 
a r e l a b o r a t o r y m o d e l s which have s u c c e s s f u l l y d e c a n n e d 
s i m u l a t e d fuel e l e m e n t s . T h e y a r e e l e c t r i c a l l y o r p n e u m a 
t i c a l l y o p e r a t e d and a r e c a p a b l e of d e c a n n i n g t h r e e fuel e l e 
m e n t s p e r iTiinute withoti t the r o u t i n e u s e of m a n i p u l a t o r s . 
E a c h m a c h i n e is m a d e up of func t iona l un i t s which a r e s e 
q u e n t i a l l y p l a c e d to e l i m i n a t e h a n d l i n g b e t w e e n s t e p s of the 
decann ing o p e r a t i o n and which a r e e a s i l y r e m o v a b l e for r e 
p l a c e m e n t o r m a i n t e n a n c e . 

In the f i r s t of the two i n a c h i n e s d e s c r i b e d , p n e u m a 
t i c a l l y o p e r a t e d d e v i c e s p r e p a r e the fuel e l e m e n t for a 
r o t a r y s h e a r i n g o p e r a t i o n wh ich cu t s the tub ing j a c k e t a long 
a h e l i c a l c i r c u m f e r e n t i a l pa th a s it i s b e i n g r e m o v e d . The 
a l t e r n a t e m a c h i n e r e m o v e s the j a c k e t by m e a n s of a s e r i e s 
of s h e a r i n g r o l l s . Bo th m a c h i n e s a r e s e r v e d by a u x i l i a r y 
m e c h a n i s m s , s u c h a s i n s p e c t i o n j i g s , fuel and s c r a p c h o p 
p e r s , and t r a n s f e r m a g a z i n e s . I m p r o v e d v e r s i o n s of t h e s e 
m a c h i n e s o r m a c h i n e s e m p l o y i n g a l t e r n a t e m e t h o d s s t i l l 
u n d e r d e v e l o p m e n t a r e to b e d e s i g n e d fo r i n s t a l l a t i o n in the 
F u e l Cyc le F a c i l i t y of the E B R - I I P l a n t . 

INTRODUCTION 

E q u i p m e n t u n d e r d e v e l o p m e n t for u s e in the f i r s t s t e p of the r e p r o c 
e s s i n g of spen t fuel f r o m the E x p e r i m e n t a l B r e e d e r R e a c t o r - I I (EBR- I I ) 
i n c l u d e s two c o m p l e t e m a c h i n e s which a r e i n t e n d e d to r e m o v e the e n d s , 
s p a c e r w i r e , and tub ing j a c k e t of i nd iv idua l fuel e l e m e n t s , t o s e p a r a t e t h e s e 
p a r t s f r o m the fuel and to chop t h e fuel in to s h o r t l e n g t h s to f a c i l i t a t e 
c h a r g i n g into the m e l t - r e f i n i n g furnace. l-^) T h i s o p e r a t i o n m u s t be c a r r i e d 
out wi th a m i n i n a u m of fuel l o s s o r m i x i n g of the s c r a p wi th the fuel . 

The e q u i p m e n t wil l be d e s i g n e d for i n s t a l l a t i o n in the s h i e l d e d 
E B R - I I F u e l Cyc le F a c i l i t y Cell ,( '^) which c o n t a i n s an i n e r t d e h y d r a t e d 



a tmosphe re* provided to prevent fuel or sodium f i res and excess ive oxida
tion of the fuel It is intended that the cell be operated without the use of 
the decontamination procedure normal ly prac t iced to pe rmi t personnel 
entry; therefore , all operat ions and p rocess equipment r epa i r s must be 
remote ly handled. P r i m a r y actuation of these machines will be by pneu
mat ic or e lec t r i ca l means , since only occasional use can be made of the 
manipula tors and c r a n e s , because the l a t t e r mus t be shared for other 
operat ions in the cel l . 

The following is a d iscuss ion of the problems involved, and a 
descr ipt ion of some of the t e s t s made with labora tory equipment, before 
beginning the design of the prototype equipment for this facility. The 
object of this work has been to t es t and evaluate a number of bas ica l ly 
different decanning p rocedures , in addition to developing specific equip
ment for the p r e sen t r equ i rement . This exper ience should be valuable 
in handling subsequent var ia t ion in the fuel due to damage or changes in 
design. The atteinpt has been made to decan the eleraent, as designed, 
r a the r than to change it and to compromise the efficiency of the fuel. 

OPERATIONAL REQUIREMENTS 

The operating a r e a which has been provided for the decanning p r o c e s s 
consis ts of one bay of the Fue l Cycle Cell , a usable a r e a of approximate ly 
12 by 12 feet. This a r e a can be se rved by c r anes and a r t i cu la ted manipu
l a to r s which a r e provided to handle all t r ans f e r s of ma te r i a l in and out of 
the locks and between var ious points in the cel l . Due to the l imi ted dex
te r i ty and availabil i ty of the in-cel l man ipu la to r s , all routine machine func
tions mus t be accomplished by pneumat ic , hydraul ic or e l ec t r i ca l a c tua to r s . 
Argonne Model 8 m a s t e r - s l a v e mechanical manipula tors a r e provided in the 
adjoining a i r a tmosphere cell where in t r ica te opera t ions , such as handling 
and inspecting individual fuel pins, will be c a r r i e d out. Operat ions will be 
viewed through a three-foot square window placed d i rec t ly in front of the 
machines . Auxiliary viewing, at an angle from the r e a r , can be done through 
two s imi la r windows in the opposite wall of the cel l . In addition, magnif iers 
or pe r i scopes may be n e c e s s a r y for close \dewing of ce r t a in opera t ions . 

The fuel element,(1) which is to be disinantled is shown in F ig . 1. 
It consis ts of a 0.144-in. d iameter f i ss ium alloy**fuel pin enclosed in a 
0.009-in. wall- type 304 ha rd -d rawn s ta in less s teel tube The r e s t r a i n e r 
plug (top end) and the hanger tip (lower end) a r e h e l i - a r c welded to the 
tube. The space r wire is fusion welded to the tip and spot welded to the 

*95% argon, 5% ni trogen; 100 ppm oxygen, max . ; 5 ppm water , max. 

*A fuel containing nonradioactive isotopes of f ission product elernents 
in the abundance expected in the r e - cyc l e p r o c e s s . 
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tube at the top. The 0.006-in. annular space between the fuel and tube ID 
is filled with sodium. Ninety-one of these fuel e lements a r e contained in 
each subassembly , which is dismantled in the preceding operat ion in the 
a i r cel l . 

The ult imate condition of the fuel is not accura te ly known, but ex
pe r imen t s with the rmo-cyc led and i r r ad i a t ed tes t fuel e lements indicate 
that l inear growth of the fuel during i r rad ia t ion can cause a hel ical twist ing 
of the fuel and jacket due to r e s t r a in t of the spi ra l ly wound space r wi re . 
This inc rease in fuel length is accompanied by a cor responding dec rease 
in d iameter . It also inc reases slightly in ha rdness from its original value 
of about 45 Re and becomes more b r i t t l e . Under unusual conditions damage 
to the element naay include: tube perforat ions or bulging; bending or b r e a k 
age of the hanger tip or spacer wi re ; or br i t t le f rac ture of the fuel pin due 
to inechanical or thermal s t r e s s e s . Exper iments a lso indicate that the 
physical p roper t i e s of the s ta in less s teel jacket will r emain approximate ly 
the same after i r rad ia t ion , except for a slight inc rease in h a r d n e s s . This 
inc rease is minimized because of the high operat ing t e m p e r a t u r e (925°F). 
Prev ious studies(3) on type 347 s ta in less at lower t e m p e r a t u r e s (600'^F) 
cor robora te this evidence, since they a lso indicate only slight changes 
in physical p roper t i e s and h a r d n e s s , and a smal l dec rease in ductili ty. 

Repair procedure is based on the idea that the equipment will be 
made up of eas i ly reinovable major units The unit, containing a damaged 
or malfunctioning par t , may be moved to the adjoining a i r cell to be r e 
pa i red by means of the naas te r - s lave manipula tors or disposed of when 
r e p a i r s a r e not feasible . A duplicate unit may be insta l led to pe rmi t 
operat ions to continue with a minimum of delay, if des i red . 

Despite the low oxygen content of the cell a tmosphe re , it is d e s i r 
able to c a r r y out the decanning operation during the f i r s t hour of a shift 
in o rde r to reduce oxidation of the fuel This will pe rmi t succeeding oper 
ations to be c a r r i e d out during the r ema inde r of the same shift per iod. It 
will be n e c e s s a r y for the machine to operate at the speed of th ree pins per 
minute to meet this r equ i rement 

DESIGN REQUIREMENTS 

The ambient radiat ion level is expected to be too high to pe rmi t the 
use of organic m a t e r i a l s in the construct ion of the appara tus . Calculat ions 
indicate the background level will be approximately 10^ r / h r . Local levels 
will be 10 r / h r at th ree feet and 10® r / h r in close proximity to the fuel. 
At these levels organic m a t e r i a l s a re damaged so rapidly that every effort 
must be made to ut i l ize inorganic subs t i tu tes . 



The r e p e t i t i v e n a t u r e of the d e c a n n i n g o p e r a t i o n wil l r e q u i r e the 
u s e of spec i f i c a c t u a t o r s and c o n t r o l s for ea,ch of the o p e r a t i o n s of the 
v a r i o u s un i t s of the m a c h i n e . The l a c k of m a n i p u l a t o r s e n s i t i v i t y , coup led 
wi th the s m a l l s i z e of the e lenaent and the d i s t a n c e tit which the o p e r a t i o n s 
wi l l be c a r r i e d out, f u r t h e r e m p h a s i z e the n e e d fo r i nd iv idua l ly o p e r a t e d 
u n i t s . S ince l u b r i c a n t s canno t be u s e d , m a c h i n e c o m p o n e n t s w h i c h a r e 
l i gh t l y l o a d e d or have low rubb ing v e l o c i t i e s m u s t be s e l e c t e d w h e r e v e r 
p o s s i b l e . 

The wide p o s s i b l e v a r i a t i o n in the cond i t ion of the fuel a s it l e a v e s 
the r e a c t o r pu t s s e v e r e l i m i t a t i o n s on the m e t h o d u l t inaa te ly u s e d . It naust 
be c a p a b l e of a c c o m m o d a t i n g v a r i a t i o n s in d i a m e t e r , l e n g t h , and s t r a i g h t -
n e s s of the tub ing , a s we l l a s fuel which h a s c r a c k e d , s p l i n t e r e d , o r p o w 
d e r e d . D e s p i t e t h e s e v a r i a t i o n s , it m u s t be c a p a b l e of d e p e n d a b l e o p e r a t i o n 
wi th a v e r y s m a l l p o s s i b i l i t y of s c r a p - f u e l a d m i x t u r e o r fuel l o s s . 

In add i t ion to the b a s i c d e c a n n i n g o p e r a t i o n , a n u m b e r of p r e p a r a 
t o r y s t e p s m u s t a l s o be c a r r i e d out T h e s e include* i n s p e c t i o n , to i n s u r e 
t r o u b l e - f r e e p a s s a g e t h r o u g h the m a c h i n e , l o a d i n g in to a c o n t a i n e r o r 
m a g a z i n e s u i t a b l e for bu lk t r a n s f e r t h r o u g h the a i r l o c k b e t w e e n the a i r 
and a r g o n a t m o s p h e r e c e l l s , r e m o v a l of the s p a c e r w i r e , the h a n g e r t i p , 
and the r e s t r a i n e r ; a f t e r d e c a n n i n g , chopping of the fuel in to conven i en t 
l e n g t h s ; and f ina l ly b a l i n g or s h r e d d i n g the s t a i n l e s s s c r a p , fo r m i n i n a u m 
bu lk p r e p a r a t o r y to d i s p o s a l 

DECANNING TECHNIQUES 

S e v e r a l m e t h o d s of decann ing have b e e n u s e d in the p a s t on bo th 
aluminuiia and s t a i n l e s s s t e e l - c l a d fuel e l e m e n t s Among t h e s e a r e in 
c l u d e d s l i t t i ng o p e r a t i o n s by mieans of t o o l s , c u t t e r s o r r o l l e r s ; t u r n i n g 
o p e r a t i o n s ; and the u s e of g r i n d i n g o r a b r a s i v e cutoff w h e e l s , ' ' * ' ^ ) M o s t 
of the f o r e g o i n g m e t h o d s a r e u n s u i t a b l e in the p r e s e n t c a s e s i n c e they 
p r o d u c e a l a r g e n u m b e r of s m a l l s c r a p p a r t i c l e s which a r e dif f icul t to 
k e e p s e p a r a t e f r o m the fuel ; they u s e l i qu id cu t t ing l u b r i c a n t s o r c o o l a n t s ; 
they involve the u s e of h i g h - s p e e d e l e m e n t s wh ich d e p e n d h e a v i l y on the 
u s e of l u b r i c a n t s . 

In an ef for t to find m o r e s u i t a b l e m e t h o d s , a n u m b e r of d e v i c e s 
e m p l o y i n g d i f fe ren t p r i n c i p l e s of o p e r a t i o n w e r e bu i l t and t e s t e d . The 
m o s t s u c c e s s f u l of t h e s e w e r e 

1 V e e - R o l l T y p e . S e v e r a l c o n f i g u r a t i o n s , s u c h as t h o s e shown 
in F i g s . 3 and 4, have b e e n t r i e d They c o n s i s t of two i d e n t i c a l o p p o s e d 
r o l l e r s , h e a v i l y s p r i n g l o a d e d to a c c o m i n o d a t e v a r i a t i o n s in e l e m e n t d i 
a m e t e r , d r i v e n in c o n t r a - d i r e c t i o n The fuel e l e m e n t is fed b e t w e e n the 
r o l l s , s l i t t i n g the tube l e n g t h w i s e in one p a s s The r o l l s w o r k we l l w h e n 



freshly sharpened, but dull rapidly, and cuts become in termi t tent and 
inconaplete. It is l ikely that improved action could be obtained by changes 
in the shape of the cutting edge and by the use of mtore suitable m a t e r i a l s . 
However, this design is not favored, since it r equ i re s ex t remely high roll 
p r e s s u r e s (in excess of 1000 lb), which a re l ikely to spl inter or spall the 
fuel pin. 

Several Vee-type cu t te rs in s e r i e s were also t r i ed in an effort 
to reduce the load on the cu t t e r s . Each succeeding cut ter had a s m a l l e r 
included angle and was set to cut severa l thousandths of an inch deeper 
than the preceding one. The resu l t s were no more sa t i s fac tory than for 
the preceding method, since it was a lmost impossible to mainta in p roper 
t racking of the r o l l e r s . This problem was evidently caused by work ha rd 
ening of the ma te r i a l due to the action of the preceding r o l l s . 

2. Notched Roll Type. The original l abora tory model of the Vee-
roU machine contained a second set of ro l l s with a square notch configura
tion, which was intended to shuck or s t r ip the notched tube from the fuel 
and separa te it. Tes t s indicated that this set of ro l l s seemed to have m o r e 
effect than the c u t t e r s , and the following ro l l s were t r i ed to check this 
point. 

The notched roll (Fig. 5) is opposed by a slightly domed roll 
to prevent tight cr imping of the sc rap and consequent en t rapment of fuel 
ma te r i a l . Cutting is accomplished by shear ing the tube on each side of 
the fuel pin at a modera te p r e s s u r e of 400 lb . This p r e s s u r e , d is t r ibuted 
over a much l a r g e r a r e a than in the preceding c a s e s , is much l e s s l ikely 
to c rush the fuel pin. This type of roll is far more dependable than any of 
the others tes ted. 

Both of the preceding methods depend great ly on the integr i ty 
of the fuel pin, since the cut is in ter rupted at any gaps in the fuel l a r g e r 
than fg in. In addition, this second type cannot accommodate l a rge v a r i a 
tions in fuel d iameter , any growth being shea red off, and reduct ions in 
d iameter g rea te r than 0.003-in. causing fai lure of the cut. However, this 
p roblem can be met by providing severa l slots of different s izes on the 
same rol ls and by using the proper one after p r e l imina ry gaging. 

3. Punch and Die Type. Method A, shown in F ig . 7, cons is t s of a 
block bored to a close fit on the fuel pin and counterbored at the top to r e 
ceive the tubing. Fuel is then pushed out by means of a plunger . 

Method B, shown in F ig . 8, is s im i l a r , except that additional 
space is allowed to pe rmi t the tube to crumple p rog res s ive ly from the bot
tom as the fuel is pushed out through the opening in the bottom of the block. 
When the tube is conapletely compres sed , continued t r ave l of the inner 
plunger ejects the fuel. 



One and one-half- inch lengths of fuel were sa t i s fac tor i ly s t r ipped 
by these methods after having been soft soldered into the tubes to s imulate 
bonding or local welding of the fuel to the tube. P r e s s u r e s of approximately 
625 lb were requ i red to s t a r t s tr ipping in Method B, but after the f i r s t tube 
convolution was formed the additional fr ict ion caused by it r equ i r ed an in
c r e a s e to 1000-1100 lb. This p r e s s u r e is approximately the sanae as that 
r equ i red for Method A. Both of these methods requ i re that p re l imina ry 
prepara t ion of the fuel include the c i rcumferent ia l slit t ing of the tube and 
breaking of the fuel while still enclosed in the tube. They requ i re the 
handling of a much l a r g e r number of pieces of fuel and are a l so r a the r 
sensi t ive to pin d iameter . Fuel growth will r esu l t in l o s ses due to s h e a r 
ing on the edge of the opening, and reductions in d iameter g r ea t e r than 
0.005-in. may cause jamming 

4. Spiral Type. Drive rol ls (Fig. 9), skewed with r e spec t to the 
tube axis , drive the fuel e lement forward against a special ly ground lathe 
tool bit in contact with the face of one of the wheels . The resul t ing shear ing 
action removes the tube as the fuel pa s se s through the machine . This 
method is insensi t ive to the condition, d iamete r , or p resence of the fuel 
pin, since it is capable of str ipping half ha rd tubing even when empty. 
It is capable of handling rods which have abrupt bends with angular devia
tions of as nauch as 10°, or which a r e bowed as much as j in. in the total 
length. These deviations a r e l imi ted mainly by c l ea rances in the machine . 
However, this method will not handle tubes with la rge perforat ions or 
longitudinal sp l i t s . It is a lso neces sa ry to cut ends cleanly to pe rmi t 
easy s tar t ing of the cutting operat ion. 

DECANNING MACHINES 

Two of the preceding methods were cons idered promis ing and ad
vanced labora tory inodels were built , along with the auxi l iary appara tus 
n e c e s s a r y to handle and p r epa re the fuel eleiaients for the decanning 
operat ion. 

1. Roll Decanner . The rol l -decanning naachine is shown d i ag ram-
mat ical ly in F ig . 2. It cons is ts of a magazine , holding 25 fuel e l ements , 
which is loaded into a t r igge r mechan i sm that drops the e lements singly 
into the Vee r e s t s of the feed unit below. These units a re actuated by 
pneumatic cy l inders , which are control led by the opera tor by means of 
solenoid valves located outside the operating cell a r e a . The actuating 
fluid will be compressed , dehydrated argon, which is used to prevent 
contamination of the cell atnaosphere through leakage. The cylinder of 
the feed unit is used to drive the fuel e lement to the right, into the de-
wiring rol ls (Fig. 6), which cut the spacer wire welds and separa te it 
f rom the tube which then pas se s on to the t ip - removing cut ter (at the left 
in F ig . 10), The tip cut ter is made up of a pa i r of driven knurled rol ls 



a b o v e , and a m o v a b l e h e a d c o n t a i n i n g five tube cu t t ing w h e e l s , which i s 
a r r a n g e d to conae up froiaa be low. The h e a d d r i v e s the fuel e l e m e n t in to 
c o n t a c t wi th the d r i v i n g r o l l s and c a u s e s it to r o t a t e unt i l the tub ing i s 
cu t t h r o u g h . F i v e c u t t e r s , s p a c e d - j in a p a r t , a r e u s e d b e c a u s e of the 
p o s s i b l e v a r i a t i o n in the end p o s i t i o n of the fuel w i th in the t u b e . (The 
0 .400-i r i . e x p a n s i o n s p a c e naakes the v a r i a t i o n p o s s i b l e . ) It i s n e c e s s a r y 
for the fuel to ex tend s l igh t ly beyond the end of the t u b e , to p e r m i t p r o p e r 
s e p a r a t i o n of the s c r a p in the d e c a n n i n g o p e r a t i o n . T h i s c a n be s e e n a t 
the r igh t in F i g . 10. The snaall r i n g l e t s , f o r m e d by the m u l t i p l e c u t s , 
a r e t h e n e a s i l y s h e a r e d a n d fal l off s e p a r a t e l y . The final o p e r a t i o n of 
the m a c h i n e is to b r e a k the b r i t t l e fuel in to Ij in . l e n g t h s . T h i s i s 
b r o u g h t about by the a c t i o n of a d o u b l e - a c t i n g r a m a s the fuel p a s s e s 
t h r o u g h a h a r d e n e d b u s h i n g ( see v i ew of c h o p p e r at the r i g h t in F i g . 14). 

2. S p i r a l D e c a n n e r . The s p i r a l - d e c a n n i n g m a c h i n e i s shown 
d i a g r a m m a t i c a l l y in F i g . 11 and in the c o r r e s p o n d i n g photo ( F i g . 12). It 
c o n s i s t s of a m a g a z i n e , ho ld ing 25 fuel e l e n a e n t s , wh ich is l o a d e d in to a 
t r i g g e r m e c h a n i s m tha t d r o p s the e l e m e n t s s i ng ly in to the s h e a r s . The 
r i g h t - h a n d s h e a r ( see c l o s e - u p in F i g . 13). gag ing frona the end of the t i p , 
cu t s the tube and s p a c e r w i r e i m n a e d i a t e l y beh ind the l o w e r t ip (be tween 
the t ip and the fue l ) . The l e f t - h a n d s h e a r cu t s the tube and s p a c e r w i r e 
a t a point be low the u p p e r w i r e we ld . The s h e a r a l s o c r i m p s the m a i n 
tube to p r e v e n t l o s s of the cut p o r t i o n of the r e s t r a i n e r in s u b s e q u e n t 
o p e r a t i o n s . When the s h e a r s a r e opened , the tube and w i r e fa l l i n to the 
s l o t t e d feed r e s t ( see F i g . 13), which a l l ows the w i r e to fal l f r e e . In the 
even t tha t the w i r e r e m a i n s wound a r o u n d the t u b e , a s t r i p p i n g die o r 
o r i f i c e is p r o v i d e d to r e m o v e the w i r e a s the tube and fuel a r e p u s h e d 
t h r o u g h in to the d e c a n n e r . 

The d e c a n n e r d r i v e r o l l s a r e s k e w e d 15° wi th r e s p e c t to the 
ax i s of the fuel e l e i a i en t s . When they r o t a t e , they i m p a r t a s p i r a l f o r w a r d 
m o t i o n wh ich d r i v e s the fuel e l e m e n t a g a i n s t the t o o l . The tool ( F i g . 9) 
i s s e t 0 010 in . c l o s e r to the fuel c e n t e r ] iiie t h a n the OD of the c u t t i n g 
r o l l . The cu t t i ng r o l l is s i m i l a r to the s e r r a t e d d r i v i n g r o l l s e x c e p t tha t 
the f ron t f a c e , which b e a r s a g a i n s t the too l , i s s h a r p e n e d to f o r m a c u t 
t ing e d g e . The tool p i c k s up the l e a d i n g edge of the t u b e , s h e a r i n g it 
a g a i n s t the cu t t ing r o l l (F ig . 14) and s e p a r a t i n g i t f r o m the fue l . T h e 
fuel p in c o n t i n u e s t h r o u g h the c h o p p e r b u s h i n g to be b r o k e n off by the 
r a m a s it m o v e s b a c k and f o r t h The a r m of the m i c r o s w i t c h , l o c a t e d 
a t the top c e n t e r of the d e c a n n e r , r i d e s on t op of the fuel e lenaent 1 g in . 
a h e a d of the cu t t ing edge of the t oo l . As the t r a i l i n g end of the tube 
p a s s e s t h i s po in t , the tool is w i t h d r a w n to a l low the r e m a i n i n g p o r t i o n 
of the t u b e , c o n t a i n i n g the s h e a r e d end of the r e s t r a i n e r , to be e j e c t e d 
f r o m the m a c h i n e by c o n t i n u e d a c t i o n of the d r i v e r o l l s . S ince it i s 
a t t a c h e d to the tube s c r a p , it fo l lows the fo rnae r down the chu te in the 
f o r e g r o u n d in to the s c r a p c o n t a i n e r The c h o p p e r g u a r d , shown r a i s e d 
in the pho to , c h a n n e l s the chopped fuel into the pan b e l o w the t a b l e . 



Loading of the magazine , which is used with both naachines, is 
accomplished by the m a s t e r - s l a v e manipula tors in the a i r cel l , using a 
simple funnel-type guide (Fig. 15). The magazine is placed under the guide 
p r epa ra to ry to loading. Individual fuel e l ements , handled by a manipula tor , 
a re inspected visually or naechanically and dropped into the hopper until 
the magazine is filled. L e v e r s , not visible in the photo, se rve to cover the 
top opening of the magazine when it is removed from the guide, to prevent 
accidental loss of the fuel. Magazines a r e loaded into ca r t s which c a r r y 
them through the a i r lock into the argon cell , where they naay be placed 
onto the machines by the manipula tors . 

CONCLUSION 

It is planned to use both of the machines just descr ibed , or a l t e r 
nates still under considerat ion, because each has dist inct advantages over 
the other as re la ted to the condition of the fuel e lement . 

The spi ra l decanner will be capable of decanning fuel e lements 
which have sustained only slight external damage (to the casing) but with 
badly de te r io ra ted fuel pins. This machine is made up la rge ly of mecha 
n isms which a r e slow moving or lightly loaded, and therefore l ikely to 
operate successfully without lubricat ion even at high cyclic r a t e s . Since 
the fuel is expected to be in good condition normal ly , this machine will 
pe rmi t rapid decanning with a miniinum of opera tor attention or c o r r e c 
tive action by means of manipula tors . 

The roll decanner , in cont ras t , will handle fuel e lements with a 
g rea te r degree of external damage (bends, per fora t ions , bulges , etc.) 
provided the fuel pin is intact and supplies sufficient backing for the cut
ting action. This machine , however, is l ikely to requi re more naaintenance 
due to higher bear ing loads and a g r ea t e r number of rotating p a r t s , and a 
g rea te r amount of naanipulative a s s i s t ance by the opera tor . 

Work is continuing on improvements in the basic operation of the 
naachines, to achieve ea s i e r s tar t ing of the cut, m o r e consis tent ope ra 
tion, and be t te r separa t ion of the fuel and s c r ap . In addition, p resent 
models a re being redesigned to improve serviceabi l i ty by the use of a 
number of toggle c lamps , snap-act ion f a s t ene r s , and twelve-point ex te r 
nally wrenched cap s c r ews . 

Tes t s on a number of graphi te -base m a t e r i a l s have been made by 
this Labora to ry in o rde r to select those which a r e sa t i s fac tory for use 
in an argon a tmosphere of low humidity. Improved durabil i ty is expected 
as a resu l t of the use of these m a t e r i a l s as bea r ings , pneumatic piston 
s ea l s , and piston rod sea l s , and by the use of ceranaics as insula tors for 
switches , connectors and other wiring devices . 



An advanced model of the spi ra l -decanning laiachine is being instal led 
in a controlled a tmosphere box at ANL. It will be used to tes t durabil i ty, 
dependability, and to de termine fuel yield, e t c . , when operated with un
i r rad ia ted fuel e lements . Resul ts of this tes t will be ut i l ized in prepar ing 
the designs for the prototype equipment. 
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Fig 10 Roll Decanning Machine 
(Shown m various stages of the operation) 
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Fig. 12. Spiral Decanning Machine 
(Showing fuel in various stages of the operation) 
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