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FOFEWOFD 

This study of the  safe ty  of the  disassembly, shearing, and leaching 
of Zircaloy-2-clad nuclear fue l s  i s  one i n  a s e r i e s  of s i x  reports  re- 

l a t i n g  t o  the  development of a shear-leach head-end process f o r  spent 

nuclear power reactor  f u e l  reprocessing p lan ts .  The other reports  are: 

1. 

2. 

3. 

4. 

5. 

C. D. Watson, B. C. Finney, G. A. West, and B. A. Hannaford, The 
Shear-Leach Process f o r  Nuclear Fuels, ORNL-3625. 
B. C. Finney, B. A.  Hannaford, G. A. West, and C. D. Watson, Shear- 
Leach Process: Semicontinuous and Batch Leaching of Sheared Unir- 
radiated S ta in less  S tee l  and Zircaloy-2 Clad U02 and U02-Th02, 

C. H. Odom, C .  D. Watson, and B. C. Finney, Shear-Leach Process: 
Design and Development of Mechanical Components, ORNL-4062. 

E. D. Arnold, Calculated Induced Ac t iv i t i e s  i n  Nuclear Reactor Fuel 
Cladding Materials, ORNL-4065. 

J. E.  S t ra in ,  W. J. Ross, G. A. West, and J. W .  Landry, The Design 
and Evaluation of a Delayed-Neutron Leached-Hull Monitor, ORNL-4135. 

- 

0~1n-3984. 
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SAFETY STUDIES OF THE SHEAR-IZACH PROCESSING OF 
ZLRCALOY-2-CLAD SPENT NUCLEAR FUELS 

G. A. West C. D. Watson 

ABSTRACT 

A safe ty  study of the  handling of Zircaloy pa r t i c l e s  produced by 

the  Shear-Leach processing of Zircaloy-clad nuclear fue l s  w a s  conducted 

by means of  a l i t e r a t u r e  search and some abrasive d isc  sawing, shearing, 

and ign i t ion  t e s t s .  

be accomplished safely,  providing the  appropriate precautions are 

followed. 

It w a s  concluded t h a t  Shear-Leach processing can 

The l i t e r a t u r e  survey showed: (1) Dry zirconium powder i s  ign i tab le  

a t  room temperature by s t a t i c  e l e c t r i c i t y  o r  simple f r i c t i o n  and ex- 

plodes spontaneously when dispersed in to  the  a i r  as a cloud.' 

moisture content of 16% or l e s s ,  it has on a f e w  occasions exploded 

spontaneously while under vacuum.2 

occurred and produced fa ta l  in ju r i e s ,  involved powders f i n e r  than 62 p, 

or f i n e r  than 230 mesh s ize .3  

0.1 m2, caution must be exercised i n  how the  powder i s  handled.4 

t i c l e s  f i n e r  than 20 mesh (800 p) and coarser than 120 mesh (125 p) 

should be col lected wet (under water) and mixed with an equal volume of 

sand or grinding wheel g r i t . 3  

With a 

(2 )  Violent explosions, which have 

When the  surface area per  gram approaches 

Par- 

Tests showed t h a t  sawing can be done safely, provided large quan- 
tities ( m o r e  than 1 t o  2 kg) of t he  p a r t i c l e s  are  not allowed t o  ac- 

cumulate i n  the  system. The Zircaloy-2 pa r t i c l e s  d i lu ted  w i t h  abrasive 

'National Safety Council data sheet No. 382 (Rev.) (1957). 

2Zirconium Fi re  and Explosion Hazard Evaluation - Interim Report, 

3W. W.  Allison, Zirconium, Zircaloy, and Hafnium Safe Pract ice  

TID-5365 (Aug. 7, 1956). 

Guide f o r  Shipping, Storing, Handling, Processing, and Scrap Disposal, 
WAPD-TM-17 (Rev.) (December 1960). 

4W. R. DeHollander, A n  Evaluation of t he  Zirconium Hazard, Hw-44989 
(Aug. 15, 1956). 
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pa r t i c l e s  from wet sawing ( the  preferred method) a t  a minimum of three 

pa r t s  by volume i s  considered safe  t o  handle and s tore .  

Pa r t i c l e s  produced by shearing are  not converted t o  the  oxide. 

Those l e s s  than 149 p. can be igni ted by a Tesla c o i l .  Pa r t i c l e s  re- 

su l t i ng  from shearing should be s e t t l e d  out and col lected,  following 

the  leaching s tep,  and chemically dissolved. 

1. I RODUCTION 

The use of zirconium(and it P alloys) f o r  reactor  f u e l  element fab- 
r i ca t ion  is  popular i n  the  nuclear industry because of i t s  very low 

thermal neutron capture cross sect ion (0.18 barn),  excel lent  mechanical 

and fabr icat ion properties,  exceptional corrosion resis tance,  and 

s t rength a t  high temperatures. Zirconium metal i s  pyrophoric, and i t s  

use presents a sa fe ty  hazard i n  the scrap ( s m a l l  p a r t i c l e s )  produced i n  

the  fabricat ion and reprocessing of nuclear fue ls .  These p a r t i c l e s  are  
usually eas i ly  igni ted by sparks o r  s m a l l  flames, and the  f ine  powder 

can react  with explosive violence by autoigni t ion due t o  s t a t i c  charges. 

The safety aspect of handling Zircaloy-2 p a r t i c l e s  resu l t ing  from 

the  mechanical head-end process i n  remote reprocessing of spent reac tor  

fue l s  i n  a heavily shielded c e l l  was studied by sawing and shearing 

t e s t s  and a l i t e r a t u r e  survey. The head-end process consis ts  of abra- 

s ive sawing t o  remove the  surplus i n e r t  end f i t t i n g s  of an assembly, 
followed by shearing of  the  chopped tubular  array of f u e l  rods in to  

short  (-1 i n . )  lengths f o r  acid leaching of the  core mater ia l .  
The abrasive sawing t e s t s  were conducted by sawing 3/&in.-OD re- 

actor-grade Zircaloy-2 rods with and without a water spray on the  ma- 
t e r i a l  and abrasive blade, followed by s iz ing,  chemical analysis,  and 

spark t e s t ing .  

-by shearing a stacked 8 x 8 array of unsecured Zircaloy-2-clad reactor- 

grade f u e l  tubes (0.4395 in .  OD X 0.032 in .  wall  with a 0,025-in. an- 
nular U02 p e l l e t  clearance) i n t o  1- in .  lengths i n  the  ORNL 250-ton shear. 

The Zircaloy-2 par t ic les(from shearing)were produced 

2. ABRASIVE SAWING TESTS 

The safe ty  of wet and dry abrasive sawing of zirconium metal w a s  
investigated by sawing annealed, 3/8-in.-diam Zircaloy-2 rods. The dry 
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abrasive sawing created a voluminous amount of sparks and dense smoke, 

but  t h i s  w a s  v i r t u a l l y  eliminated i n  the  wet sawing operation. 

Zircaloy-2 pa r t i c l e s  d i lu ted  with the  abrasive pa r t i c l e s  from e i t h e r  

the  wet or dry sawing could not be igni ted by a 20,000-v spark. See 

Sect. 4.  

The 

It w a s  concluded t h a t  t he  w e t  abrasive sawing of Zircaloy-2 would 

be less dangerous than the  dry sawing operation, since the extensive 
sparking i n  the  l a t t e r  cons t i tu tes  a po ten t i a l  f i r e  hazard. 

A Ty-Sa-Man Machine Company abrasive s a w  used i n  the t e s t s  was 

b u i l t  t o  accommodate a 16-in.-OD abrasive disc  blade which i s  b e l t  

driven by a 7 . 5 - h ~ ~  1750-rpm motor a t  a spindle r a t i o  of 1:1.47 (Fig. 1). 

The Zircaloy-2 rods m e t  ASTM B-353-60T specif icat ions,  with analyses o f :  

1.53% Sn, 15.5 ppm H, 68 ppm Hf, 1155 ppm 0, and a hardness of 100 Rock- 

well B. The abrasive blade used was a medium-hard aluminum oxide abra- 

sive (Manhattan No. 225, 1/8 in .  th ick  x 16 in .  OD) rotated a t  10,450 
SFPM, average, and feed r a t e s  of 3 and 6 in./min f o r  wet and dry cut- 

t i n g  respectively,  A f i r e - r e s i s t a n t  p l a s t i c  shroud around the  abrasive 

saw contained the  sawed pa r t i c l e s ,  which were col lected by a vacuum 

system. 

2.1 Dry Sawing 

Abrasive sawing of the  Zircaloy-2 rods produced a stream of  high- 

b r i l l i a n c e  sparks and dense smoke while removing 2.0 cm3 of  Zircaloy-2 

metal per  minute. This sparking could be hazardous i f  low-ignition- 
temperature mater ia ls  are present.  Neither the  parent metal nor t he  

uranium dioxide p e l l e t s  could be igni ted by the  sparking. Tests show 
t h a t  sparking i s  advantageous because most of the ign i tab le  Zircaloy-2 

f ines  are  converted t o  zirconium dioxide, which i s  much sa fe r  t o  handle 

and s tore .  I n  addition t o  conversion t o  ZrO2 ,  the  zirconium pa r t i c l e s  

are  d i lu ted  with the  abrasive p a r t i c l e s  a t  a r a t i o  of 1 t o  7.3 by vol-  
ume. There a re  indications t h a t  t h i s  d i lu t ion  increases the  safe ty  

fac tor  i n  preventing spontaneous or s t a t i c  spark reactions of  t he  z i r -  

conium par t ic les .3  It has also been demonstrated t h a t  Zircaloy-2 par- 

t i c l e s  d i lu ted  with sand, 1 t o  1, would not explode.3 
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Fig. 1. Abrasive Disc Saw. 

\ . 

r 
I 
c 

1 



5 

1 

A 

The zirc'onium and abrasive p a r t i c l e s  were col lected and then clas-  

s i f i e d  by U.S. Standard shaker sieves.  Metallurgical examination5 of  

these p a r t i c l e s  revealed t h a t  t he  most dangerous (pyrophoric) s i ze  range 

( a 4 9  p, 64% of the  Zircaloy-2 pa r t i c l e s  col lected)  w a s  eliminated 

during the  dry sawing operation. 

a t  20 t o  12Ox revealed t h a t  most of the  metal pa r t i c l e s  t h a t  could be 
ident i f ied  as Zircaloy-2 were coated with a white-to-gray oxide scale,  

and the proportion increased with decreasing screen s ize .  The r e su l t s  

of analyses t o  determine the  amount of each mater ia l  i n  the various mesh 

s izes  col lected a f t e r  the  dry sawing t e s t  are  as follows: 

Observation through a stereomicroscope 

Screen Opening Pa r t i c l e s  Less than 
Size Indicated ( w t  $)a 

Microns Mesh No. Zircaloy- 2 Abrasive 

-2000 
-840 
-420 
-250 
-177 
-149 
-74 
-44 

-10 
-20 
-40 
-60 
-80 

-100 
-200 
-325 

91.1 
87.1 
78.8 
71.4 
67.2 
63.7 
49.1 
30.1 

99.1 
98.2 
54.0 
31.5 
25.3 
21.8 
14.1 
9.4 

~ 

%eight percent based on t o t a l  weight of 
Zircaloy-2 o r  abrasive pa r t i c l e s  collected.  

2.2 Wet Sawing 

The wet sawing t e s t  w a s  conducted by d i rec t ing  two water spray 
nozzles on e i t h e r  s ide of the  16-in.-OD abrasive blade and a t h i r d  

nozzle on the  cu t t ing  edge. The water spray v i r t u a l l y  eliminated any 

f i r e  hazard that  could r e s u l t  from the sparks created by the  abrasive 

cutt ing; however, the cu t t ing  r a t e  w a s  reduced about 50% because of 

cooling e f f ec t s  on the  metal and the  drag of the  water spray on the 

blade. 

without s t a l l i n g  the  7.5-hp motor was 3 in./minute. 

The maximum speed a t  which the  blade cut the  Zircaloy-2 rods 

5M. L. Picklesimer, Metals and Ceramics Division, Oak Ridge National 
Laboratory. 
Birmingham, Ala. 

Now Director of Metallurgy, Southern Research I n s t i t u t e ,  
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The wet Zircaloy-2 and abrasive p a r t i c l e s  were col lected,  dried,  

and sized through U.S. Standard vibratory screens with openings from 

2000 t o  4.4 1-1. Analyses of the p a r t i c l e s  col lected show t h a t  100% more 

Zircaloy-2 pa r t i c l e s  a re  re ta ined from the  w e t  sawing than dry sawing 

(because of  t he  burning during the  dry sawing) and t h a t  78% of these are 
l e s s  than 150 1-1 i n  s ize .  

abrasive was 1 t o  6.6 by volume, making them l e s s  l i k e l y  t o  ign i t e .  

Chemical analysis  had indicated t h a t  7% of the  t o t a l  Zircaloy-2 par- 

t i c l e s  were from 250 t o  2000 1-1. 

cat ion showed t h a t  most of the  Zircaloy-2 i n  t h i s  range was i n  the  

form of small pa r t i c l e s  clinging t o  the  l a rge r  ones; only an occasional 

p a r t i c l e  was observed i n  the  2000-p range. The r e s u l t s  of t he  chemical 

analysis of each f r ac t ion  measured are as  follows: 

The d i lu t ion  of t he  Zircaloy-2 p a r t i c l e s  with 

However, observations a t  120X magnifi- 

Pa r t i c l e s  Less than 
Size Indicated ( w t  %)a Screen Opening 

Microns Mesh No. Zircaloy- 2 Abrasive 

-2000 
-840 
4 2 0  
-250 
-177 
-149 
-88 
-74 
-44 

-10 
-20 
4 0  
-60 
-80 

-100 
-170 
-200 
-325 

99.5 
98.7 
96.2 
92.2 
85.5 
75.4 
64.0 
58.6 
37.5 

94.3 
84.3 
74.6 
68.4 
61.7 
52.2 
47.6 
44.7 
27.6 

%eight percent based on t o t a l  weight of 
Zircaloy-2 or abrasive collected.  

3. SHEARING OF ZIRCALOY-2-CLAD 
UOZ UNIRRADIATED PROTOTYPE FUEL 

A Shear-Leach head-end method* f o r  reprocessing spent power reac tor  

fue ls  involves disassembly of  fue l  assemblies by sawing, followed by 

shearing of t he  disassembled fue l  rods i n t o  short  lengths.  

leached from the  sheared rods and reclaimed by solvent extract ion.  
The f u e l  i s  

. 

a 

A 

*See 1. of Foreword. 

r, 

i 
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Since contemporary power reactors  w i l l  use Zircaloy-4-clad fue ls  which 

w i l l  require reprocessing, a study w a s  made t o  determine the  amount and 
s i z e  of the Zircaloy-2 p a r t i c l e s  (used as a subs t i t u t e  f o r  Zircaloy-4) 

produced i n  shearing the  f u e l  rods i n to  1- in .  lengths,and the  probable 

hazard of  handling the  pa r t i c l e s .  The ORML 250-ton shear (Fig. 2) w a s  
used t o  shear a stacked 8 X 8 array of unsecured Zircaloy-2-clad f u e l  

tubes, 0.4395 in .  OD X 0.032 in .  w a l l  with a 0.025-in. annular U02 pel- 

l e t  clearance. 

The shearing created one t o  three sparks per  shear cut through the  

64 stackea Zircalqy-2-clad U02 f u e l  tubes. This sparking appeared t o  

be of l o w  energy and w a s  not considered a hazard i n  ign i t i ng  the  parent 

cladding or UO;! fue l .  The sheared pieces were col lected and s ized by 

vibrat ing them through U . S .  Standard type sieves of screen s izes  from 

4760 t o  44 p. Chemical analysis  of these various screened f rac t ions  

showed a negl igible  amount (4.1%) of Zircaloy-2 i n  the  powdery f ines ,  

l e s s  than 400 p (Fig. 3) .  The t o t a l  amount of Zircaloy-2 dislodged w a s  
only 2..1% of t he  t o t a l  cladding t h a t  was sheared. Analysis of t he  Z i r -  

caloy-2 pa r t i c l e s  by a P h i l l i p s  e lectron probe analyzer d id  not revea l  any 

oxidation resu l t ing  from the  shearing operation. The presence of oxide on 

the  pa r t i c l e s  would be indicat ive of burning during shearing, which would 

probably necess i ta te  measures t o  prevent i gn i t i on  of the  parent clad- 

ding or any uranium metal present.  

shearing of Zircaloy-2-clad U02 f u e l  tubes i s  safe  and ( 2 )  the ZircaLoy-2 

The ana ly t i ca l  r e s u l t s  show t h a t  (1) 

ORNL-DWG 64-3722A 

Fig. 2. ORNL 250-Ton Shear. 
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par t i c l e s  must be per iodical ly  co l lec ted  and destroyed by e i t h e r  burning 

or  dissolving i n  an HNO3-HF solut ion t o  prevent t he  accumulation of a 
mass of p a r t i c l e s  capable of  combustion under the  proper conditions.  

Calculations based on the  p a r t i c l e  s iz ing  data (Fig. 3 )  ind ica te  
t h a t  the amount of Zircaloy-2 f i n e s  t h a t  would be accumulated i n  process- 

10,000 

5000 

2000 

.--. 
i 
0 1000 
- 
W 
LT 
3 
Lr) 
Q. 
W 
I 

N 
500 w 

U J  
W 
_I 

t- 
E 
2 

3 200 

400 

50 

20 
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0 URANIUM 

CONDITIONS: 
I .  FUEL. A STACKED 

WALL,  FILLED WITH UO, PELLETS WITH A 2.5-mi l  
ANNULAR CLEARANCE. 
2. SHEAR. HORIZONTALLY ACTUATED ORNL 250 TON 
WITH A STEPPED BLADE OPERATING AT 1.22 in. 

I 
URANIUM 0 20 40 60 80 100 

ZIRCALOY-2 0 0.4 0.8 1.2 1.6 2 .o 2.4 

PARTICLES DISLODGED (Yo LESS THAN SIZE INDICATED) 

Fig. 3. Size Distr ibut ion of Zircaloy-2 and Uranium P a r t i c l e s  
Dislodged from Shearing Zircaloy-2-Clad U02 Prototype Fuel Rods i n t o  
1-in.  Lengths. 

t 

I 
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ing  l m e t r i c  ton of uranium (1400 kg of sheared Zircaloy-2-clad U02, 19% 

cladding) would be as follows: 

Zircaloy-2 Pa r t i c l e s  Pa r t i c l e  Size 

Kilograms Liters 

-4000 
-3000 
-2000 
-1000 

-590 
-297 
-149 
-44 

3.990 
1.530 
1.410 
0.745 
0.532 
0.372 
0.266 
0.106 

0.623 
0.239 
0.220 
0.116 
0.083 
0.058 
0.042 
0.017 

I n  a t y p i c a l  leaching process, perforated baskets (1/8-in.-diam 

holes, about 5% f r e e  a rea)  contain the  sheared pieces of spent fue l .  

An analysis  of t he  p a r t i c l e  data ind ica tes  t h a t  the  amount of Zircaloy-2 

f i n e s  (< 3175 p) which could possibly escape from the  perforated basket 

and s e t t l e  t o  the  bottom of the  dissolver  would be 2.39 kg when process- 

ing  1 metric ton of uranium. These p a r t i c l e s  remaining i n  the  dissolver  
a f t e r  the  product i s  decanted should be destroyed i n  a dissolut ion s t e p  

using a boi l ing  n i t r i c  acid-f luoride solution. This technique prevents 

an accumulation of f i n e s  and the  p o s s i b i l i t y  of  an explosion. 

4. SPARK I G N I T I O N  TESTS 

The ign i t ion  tes ts  of the  pa r t i c l e s  from shearing and sawing 

Zircaloy-2 were conducted by subjecting the various s i z e  p a r t i c l e s  t o  
an e l e c t r i c a l  spark. The e l e c t r i c a l  spark w a s  generated by a high- 

frequency Tesla c o i l  probe (model BD No. 10, Electro Technic Products) 

operated a t  0.35 amp and 20,000 v, maximum. 

A s m a l l  por t ion of each f r ac t ion  of Zircaloy-2 col lected from the  

shearing of Zircaloy-2-clad U02 f u e l  tubes w a s  placed i n  a 1.5-in.-diam 

f lask;  t he  mater ia l  was then subjected t o  t he  spark. The U02 was 
dissolved away from the  Zircaloy-2 f ines  with boi l ing  6 M mO3. 

pa r t i c l e s  were aged i n  a i r  f o r  276 days before dissolving away the  U02, 

and an addi t iona l  45 days before the  spark t e s t .  

t r i c a l  spark did not i g n i t e  p a r t i c l e s  t h a t  were >590 p i n  s ize;  t he  f i n e r  

The - 

The 20,000-v elec- 

f 
A 
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screen f rac t ions  (149, 74, and l e s s  than 44 p) were readi ly  ign i ted  by 

the  sparks from the  t e s t  probe. 

f i nes  can be hazardous and should be col lected a f t e r  each leaching run 

and destroyed by control led burning o r  dissolut ion i n  an HNOs-fluoride 

solution. 

This spark tes t  shows t h a t  the  Zircaloy-2 

The Zircaloy-2 p a r t i c l e s  di luted with the  abrasive g r i t  a t  a r a t i o  

of 1 par t  t o  6.6 and 7.3 par t s  of abrasive g r i t  from the  wet and dry 

abrasive sawing, respectively,  were not ign i ted  by the  e l e c t r i c a l  spark. 

Tests were not made with the  abrasive g r i t  removed. 

The r e s u l t s  of t he  e l e c t r i c a l  spark t e s t o f  t he  various screened 

fract ions were as follows: 

Screen Size Results of Zircaloy-2 Produced from: 

Mesh No. Microns Sawing" Shearing 

N o  react ion 
11901590 No react ion No react ion 

10/16 2000/1190 No reac t ion  

16/30 
30/50 590/29? No reac t ion  One flashb 

501100 2971149 No react ion One flashb 

No react ion B r i l l i a n t  f l a s h  

No react ion B r i l l i a n t  f l a s h  
100/200 149 /74 

2001325 74/44 
(more pronounced ) 

(instantaneous and 
more pronounced) 

-325 -44 No reac t ion  Brilliant flash 

a 

bApparently, ign i t ion  involved a smaller p a r t i c l e  clinging t o  

Zircaloy-2 pa r t i c l e s  d i lu ted  with the  abrasive g r i t .  

l a rger  pa r t i c l e s  of t h i s  f rac t ion .  

5. CONCLUSIONS 

A s  a r e s u l t  of the  study of Zircaloy-2, it i s  concluded t h a t  t he  

sawing and shearing of t h i s  metal can be done safely, provided large 

quant i t ies  (more than 1 t o  2 kg) of t h e  p a r t i c l e s  a re  not allowed t o  

accumulate i n  the  system. Periodic removal of the f ines  i s  necessary 



t o  prevent a mass 

conditions. 

W e t  abrasive 

t r o l l i n g  sparking 

hazard. 

t h a t  would be 

sawing of t he  
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capable of combustion under the  proper 

Zircaloy-2 i s  more desirable f o r  con- 

t h a t  could r e s u l t  i n  an immediate or potent ia l  f i r e  

The Zircaloy-2 pa r t i c l e s  d i lu ted  with abrasive pa r t i c l e s  from the  

sawing operation a t  a minimum of one t o  three  par t s  by volume are  con- 

sidered safe t o  handle and s to re  f o r  short  periods u n t i l  proper disposal. 

Sheared pa r t i c l e s  l e s s  than 149 I-( can be ignited,as was demonstrated 

with e l e c t r i c a l  sparks from a Tesla c o i l .  

abrasive from both wet and dry sawing could not be igni ted.  
s t r a t e s  the  addi t ional  sa fe ty  feature  t h a t  r e su l t s  from mixing these 

pa r t i c l e s  with i n e r t s  such as sand or g r i t  t o rn  from a cu t t ing  wheel. 

The pa r t i c l e s  d i lu ted  with 

This demon- 

Some addi t ional  conclusions and ovservations from published re-  

ports,  of r e l a t ed  s tudies  of zirconium, a re  as follows: 

1. 

2. 

3.  

4. 

5. 

The dry powder i s  ign i tab le  at room temperature by s t a t i c  e l ec t r i c -  
i t y  or simple f r i c t ion .  When dispersed in to  the  a i r  as a cloud, it 
explodes spontaneous1y.l 

Powders containing 16% or l e s s  moisture are  considered pa r t i cu la r ly  
hazardous and have, on a few occasions, exploded spontaneously while 
under vacuum. 

The surface area of powders i n  square meters per  gram i s  within 
1% of the  reciprocal  of the  average p a r t i c l e  s i ze  i n  microns. 
When the  surface area per  gram approaches 0.1 m2, caution must be 
exercised i n  how the  powder i s  handled.4 

The chance of ign i t ing  zirconium stored under water i s  l e s s  than 
f o r  dry storage.  But i n  the  event t h a t  wet scrap i s  involved i n  
an external  f i r e  of s m a l l  l eve l ,  an extremely violent  explosion 
approaching a low-order detonation with shock f ronts  moving a t  
1000 t o  2000 m/sec i s  a d i s t i n c t  and r e a l  p ~ s s i b i l i t y . ~  

Massive i r r ad ia t ed  zirconium may be disposed o f ,  as a re  other radio- 
act ive wastes, without spec ia l  treatment. I r rad ia ted  zirconium, i n  
other than i t s  massive form, should be converted as  soon as prac- 
t i cab le  t o  a chemical compound not capable of burning or exploding, 
for disposal as radioactive waste.6 
oxide by burning, or t o  a s a l t  such as the  f luoride or  chloride,  or 
other  innocuous chemical forms. 

It may be converted t o  the  

6G. H. Bulmer and A. Quinton, Recommendation on the  Safe Handling 
of Zirconium Metal and Zirconium Alloys, AHsB(s) R-59, United Kingdom 
AEA (1963). 



6. 

7. 

8. 

9. 

10. 

The addition of a f luoride salt,  such as ammonium f luoride,  t o  
processing solutions w i l l  decrease the  danger of explosion. 

The v io len t  explosions which have occurred and resu l ted  i n  f a t a l  
i n ju r i e s  have a l l  involved powders f i n e r  than 62 p, or f i n e r  than 
230 mesh size.3 

Scrap mater ia l  f i n e r  than 20 mesh (800 p) and coarser than 120 
mesh (125 p )  should be col lected wet (under water) and mixed half  
and half  w i t h  sand o r  grinding wheel g r i t . 3  

Zirconium residues which have been s tored f o r  a f a i r l y  long period 
are  the  most hazardous t o  handle, pa r t i cu la r ly  i f  they are  i n  a 
m o i s t  s t a t e  (3  t o  16% water content) .  Prompt disposal of residues 
is, therefore,  advisable.7 

Test of c rys t a l  ba r  Zircaloy-2 i r r ad ia t ed  f o r  540 Mwd showed t h a t  
there  was no appreciable amount of hydrogen pickup due t o  i r r a -  
diat ion.  Fast-neutron bombardment (8 x lo1’ nvt)  increased the  
e l e c t r i c a l  r e s i s t i v i t y  from 49.3 t o  55.2 microhm centimeters. 
temperature coef f ic ien t  of r e s i s t i v i t y  w a s  unaffected by i r r ad ia t ion .  
The microhardness of Zircaloy-2 i r r ad ia t ed  t o  15.2 X lo1’ nvt in- 
creased from 135 t o  173 DPH as measured a t  a 50-kg load.8 

The 
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