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T E S T I l l G  OF ORI-lL R A D I O I S O T O P E  S t i I P P I I 4 G  PACKAGII jG FOR COIlPLIAt4CE M l T t i  
DOT S P E C I F I C A T I O N  7 A  A I D  I A E A  T Y P E  A AND I A T A  R E G U L A T I O N S  

F. N.  Case, K. W. Haff,  and R. G. Niemeyer 

A B S T R A C T  

Four types of ORNL sh ipp ing  c o n t a i n e r s ,  designed f o r  shipping 
Type A q u a n t i t i e s  of r a d i o i s o t o p e s ,  w e r e  t e s t e d  and found t o  
b e  i n  compliance wi th  t h e  USA DOT-7A*, IAEA** Type A, and t h e  
IATA**fC requirements.  

I N T R O D U C T I O N  

A n o t i c e  of Proposed Rule Making by t h e  Hazardous Materials Regulat ions 
Board, Department of T ranspor t a t ion  (DOT), DOT No. Hl f -111 ,  Not ice  No.  73-7 
s t a t e d  t h a t  t h e  p r e s e n t  l i s t i n g  of au tho r i zed  DOT s p e c i f i c a t i o n s  i n  
paragraphs 173.394 and 173.395 of t h e  Code of Fede ra l  Regulat ions (CFR) DOT 
(Type A packages) would be d e l e t e d  and t h a t  each s h i p p e r  of Type A q u a n t i t i e s  
of r a d i o a c t i v e  material would b e  r e q u i r e d  t o  test o r  analyze,  c e r t i f y  and 
document t h a t  t h e  packaging complies w i th  DOT S p e c i f i c a t i o n  7A performance 
requirements.  I n t e r n a t i o n a l  shipments of Type A q u a n t i t i e s  must a l s o  conform 
t o  t h e  I n t e r n a t i o n a l  Atomic Energy Agency (IAEA) Regulat ions f o r  t h e  Sa fe  
Transport  of Radioact ive Materials, 1973 Revised E d i t i o n  of S a f e t y  Series No. 6. 
and, t o  Sec t ion  V,  General Packaging Requirements of t h e  I n t e r n a t i o n a l  A i r  
Transport  Assoc ia t ion  ( IATA),  R e s t r i c t e d  Articles,  August 1, 1975 Ed i t ion .  
Domestic shipments must comply wi th  DOT and U T A  requirements.  To determine 
compliance wi th  t h e s e  r e g u l a t i o n s ,  f o u r  types of sh ipp ing  c o n t a i n e r s  w e r e  
t e s t e d  and found t o  m e e t  t h e  DOT, IAEA, and IATA requirements f o r  Type A 
shipments. 

The sh ipp ing  c o n t a i n e r s  t e s t e d  w e r e  t h e  non-returnable combination cardboard 
box-steel  can c o n t a i n e r s ,  r e t u r n a b l e  aluminum-clad wood box c o n t a i n e r s ,  
r e t u r n a b l e  gas c y l i n d e r s ,  and r e t u r n a b l e  cyc lo t ron  t a r g e t  con ta ine r s .  Each 
of t h e s e  f o u r  types of c o n t a i n e r s  are f a b r i c a t e d  i n  one o r  more s i z e s ,  and 
comprise sets of c o n t a i n e r s  i d e n t i c a l  i n  design b u t  d i f f e r e n t  i n  s i z e  and 
weight. Only t h e  h e a v i e s t  c o n t a i n e r  i n  each set w a s  t e s t e d  s i n c e  i t  i s  
s u b j e c t e d  t o  t h e  g r e a t e s t  p o s s i b l e  stress due t o  i t s  weight.  L igh te r  con- 
t a i n e r s  of t h e  same series were n o t  t e s t e d  s i n c e  t h e  stress induced du r ing  
t e s t i n g  would have been less than t h a t  occu r r ing  i n  t h e  h e a v i e s t  con ta ine r  
( r e f e r r e d  t o  i n  t h e  r e p o r t  as t h e  "test package"). 

'WSA DOT S p e c i f i c a t i o n  7A CFR-49. 
*>\Regulations f o r  t h e  Sa fe  Transport  of Radioact ive Material, IAEA S a f e t y  

*fcfcInternational A i r  Transport  Assoc ia t ion ,  R e s t r i c t e d  Art ic les ,  August 1, 
S e r i e s  N o .  6 ,  1973, Revised Ed i t ion .  

1975. Sec t ion  V,  General  Packaging Requirements. 



Table 1. Summary of Container Test Resu l t s  

T e s t  

Mechanical 

Container Type* Water Spray 30-ft  Free  Drop Pene t r a t ion  Compression Corner Drop 

Cardboard Box Passed IAEA Passed IAEA Passed IAEA Passed IAEA Passed IAEA 
Container  and DOT and DOT and DOT and DOT and DOT 

Wood Box Passed IAEA Passed IAEA Passed IAEA Passed IAEA Passed IAEA 
Container and DOT and DOT and DOT and DOT and DOT 

Gas Cylinder Passed IAEA Passed IAEA Passed IAEA Passed IAEA Passed IAEA 
and DOT and DOT and DOT and DOT and DOT 

Cyclotron Passed IAEA Passed IAEA Passed IAEA Passed IAEA Passed IAEA 
Container and DOT and DOT and DOT and DOT and DOT 

J f A l l  con ta ine r  types  passed t h e  v i b r a t i o n  test  requi red  under IAEA r e g u l a t i o n s  and t h e  
environmental tests r equ i r ed  under both  IAEA and DOT r egu la t ions .  

N 
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The tests (Table 2)  w e r e  t h e  f r e e  drop, compression, p e n e t r a t i o n ,  and co rne r  
drop, preceded i n  each case by t h e  w a t e r  spray test. I n  most cases more than 
one of t h e  above l i s t e d  tests w e r e  performed on a s i n g l e  t es t  package. For 
t h e  IAEA tests, t h e  w a t e r  soaked i n t o  t h e  package t o  t h e  m a x i m u m  e x t e n t  
without  a p p r e c i a b l e  d ry ing  of t h e  e x t e r i o r  of t h e  test: package. The packages 
w e r e  t e s t e d  immediately fo l lowing  t h e  water spray,  which w a s  app l i ed  t o  each 
corner  consecu t ive ly  over a per iod of one hour,  which w a s  equ iva len t  t o  a 
r a i n f a l l  of 2 i n . / h r  a t  a 45" a n g l e  from t h e  h o r i z o n t a l  and d i r e c t e d  s o  as t o  
s t r i k e  t h e  s i d e s  and top of t h e  test packages. The DOT w a t e r  sp ray  tes t  w a s  
less demanding, r e q u i r i n g  a w a t e r  spray heavy enough t o  keep t h e  e n t i r e  exposed 
s u r f a c e  of t h e  t es t  package (except t h e  bottom) cont inuously w e t  du r ing  a 
per iod of 30 minutes. Packages f o r  which t h e  o u t e r  l a y e r  cons i s t ed  e n t i r e l y  of 
metal, wood, ceramic, p l a s t i c  o r  combinations of t h e s e  are exempt from t h e  DOT 
w a t e r  sp ray  test. 

I n  cases where t h e  IAEA tests w e r e  equa l  t o  o r  more demanding than t h e  
corresponding DOT tes ts ,  only t h e  IAEA tes ts  w e r e  performed. However, t h e  DOT 
r e g u l a t i o n s  r e q u i r e  t h a t  t h e  "Packaging" s h a l l  b e  sub jec t ed  t o  t h e  consecut ive 
a p p l i c a t i o n  of a t  least two of t h e  tests from which i t  i s  n o t  s p e c i f i c a l l y  
exempted.'' To m e e t  t h i s  DOT requirement,  two consecut ive IAEA tests which 
w e r e  equa l  t o  o r  more demanding than t h e  corresponding DOT tests w e r e  made 
on t h e  test packages. 

A l l  of t he  test packages were examined be fo re  t e s t i n g  t o  i d e n t i f y  and record 
divergence from s p e c i f i c a t i o n s ,  d e f e c t s  i n  c o n s t r u c t i o n ,  and d e t e r i o r a t i o n  o r  
d i s t o r t i o n  of f e a t u r e s .  A f t e r  t e s t i n g ,  t h e  packages were examined to de te r -  
mine i f  t h e  containment w a s  breeched, o r  t h e  s h i e l d i n g  w a s  damaged s u f f i c i e n t l y  
t o  exceed t h e  al lowable r a d i a t i o n .  Labels and o t h e r  i d e n t i f i c a t i o n  marks were 
examined t o  determine i f  they remained a t t a c h e d  and l e g i b l e .  I n  some in-  
s t a n c e s  t h e  l a b e l s  w e r e  no t  v i s i b l e  on t h e  photographs because t h e  t es t  
packages were o r i e n t e d  t o  show areas where damage occurred as a r e s u l t  of a 
test. I n  most i n s t a n c e s  damage w a s  minor and n o t  v i s i b l e  on t h e  photographs. 

ORNL NON-RETURNABLE CARDBOARD BOX S H I P P I N G  CONTAINERS 
FOR GASES, L I Q U I D S ,  AND S O L I D S  

D e s c r i p t i o n  of C o n t a i n e r  

Two s i z e s  of cardboard box sh ipp ing  c o n t a i n e r s  are used (Table 3 ) ,  (Fig. 1). 
The cardboard box used t o  enc lose  t h e  i n n e r  package and t o  c a r r y  l a b e l s  is  
procured as a DOT s p e c i f i c a t i o n  12B.*  
metal s t a p l e s  and c o n t a i n s  cardboard spacers used t o  c e n t e r  a 4 1/4-in.-diam 
by 6 7/8-in.-high s teel  can having a w a l l  t h i ckness  of 0.01 i n .  
d i f f e r e n t  packages contained w i t h i n  t h e  steel  can depending on t h e  amount and 
type of material. These are shown i n  F igu res  1 through 3. 
w a s  t h e  h e a v i e s t  package and contained a 4-in.-diam l e a d  s h i e l d  having a 
he igh t  of 6 1/2-in.  which was placed i n s i d e  t h e  steel  can. 
con ta ins  a h igh ly  absorbent  material, Kimpak ( o r  e q u a l ) ,  which i s  wrapped 
around a heavy paper tube s o  as t o  f i l l  t h e  void space between t h e  paper tube 

The cardboard box is  c losed  wi th  coated 

There are t h r e e  

The package t e s t e d  

The l e a d  s h i e l d  
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Table 2. Comparison of IAEA, IATA, and DOT Type A 
Package Test Specifications 

Test IATA IAEA Type A DOT-7A 

Water Spray NR* 1 hr at 45', 15 min 30 min total to all 
each side sides except bottom. 

metal, wood, 
ceramic, and 

Free Drop 

Corner Drop 

Penetration 

Compression 

Vibration 

NR* 

NR* 

NR* 

NR* 

0.2 in. amplitude at 
7 cycles/sec (1 G 
acc.) to 0.002 in. 
amplitude at 200 
cycles/sec (8 G) 

plastic exempt 

4 ft for 2L cylinder Between 1.5-2.5 hr 
30 ft for all others after spray test 

Free 4 ft drop to 
unyielding surface 
to strike surface 
of package for 
which most damage 
is expected 

NR* From a height of 
1 ft onto each 
corner or quarter 
of each rim. Applies 
only to wood or 
fiberboard and does 
not exceed 100 lb. 
Applies to fissile 
Class I1 

13.23 lb wt, dropped 13 lb wt dropped 40 
6 6 . 9  in. 1.26 in. in. 1.25 in. diam 
diam hemispherical bar 
head 

5 times package wt or For packages weighing 
1.849 lb per square 10,000 lbs or less. 
inch times pro- 24 hr compressive 
jected vertical area, load equal to 5 times 
whichever is greatest package wt or 2 lb 

per square in. times 
maximum cross section, 
whichever is greatest 

NR* NR* 

High Temperature +130 'F -40'F to +158'F +130 OF 

Low Temperature -40'F -40'F -40'F 

Low Pressure 0.5 atm. abs. 0.5 atm. abs. 0.5 atm. abs. 

*NR - Test not required. 
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ORNL-DWG 74-9293 

Figure 1. Cardboard Box Shipping Containers 
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ORNL-DWG 76-6220 

FIBERBOARD 

Figure 2.  Disposable Container f o r  Radioactive Liquid  Shipments 
(Maximum Volume 10 m l )  
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ORNL- DWG 76-3863R 

Figure  3.  Disposable  Container  f o r  Radioac t ive  Gas Shipments 
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con ta in ing  a b o t t l e  of r a d i o a c t i v e  material and t h e  l e a d  s h i e l d .  
package i s  used f o r  shipment of r a d i o a c t i v e  gases  and c o n t a i n s  a glass ampule 
enclosed w i t h i n  a l- in.-thick l e a d  s h i e l d  wi th  an epoxy s e a l e d  cap. 
then dipped i n  polyvinyl  a c e t a t e  emulsion and d r i ed .  The g l a s s  ampule i s  
cushioned on each end wi th  1/2-in.-thick p i e c e s  of foam rubber.  The l e a d  
s h i e l d  assembly is  placed i n s i d e  a 1 1/4-in. schedule  40 b l ack  i r o n  pipe,  and 
is  wrapped i n  absorbent  material and placed i n  the  steel can. A s  many as 
t h r e e  of t h e s e  ampules s o  packaged may be shipped i n  one can. 

The second 

This i s  

The t h i r d  package is  used f o r  q u a n t i t i e s  of r a d i o a c t i v e  materials shipped i n  
l i q u i d  o r  s o l i d  form i n  which no l e a d  s h i e l d i n g  i s  required.  It c o n s i s t s  of 
a b o t t l e  i n t o  which the  material t o  b e  shipped is  placed i n t o  a f ibe rboa rd  
tube which i n  tu rn  i s  placed i n  a 1 1/4-in.  schedule  40 s t ee l  pipe and t h e  
assembly wrapped i n  absorbent  material and placed i n  t h e  can. 

The steel  can is  e f f e c t i v e l y  prevented from moving i n  t h e  cardboard box 
under normal t r a n s p o r t  cond i t ions  by means of cardboard space r s  which form a 
b rac ing  system t o  t h e  s i d e s  of t h e  box. The l i d  of t h e  l e a d  s h i e l d  is  secured 
with a p l a s t i c  t ape  seal and t h e  steel  can i s  s e a l e d  by mechanical crimping. 
The l e a d  s h i e l d  con ta ins  more than t w i c e  as much absorbent  as i s  needed t o  
absorb t h e  l i q u i d  i n  t h e  g l a s s  b o t t l e .  

Table 3 .  ORNL Non-returnable Cardboard Eox Shipping 
Containers f o r  S o l i d s ,  Liquids ,  and Gases 

S i z e  Weight ( 1  i n .  l e a d  s h i e l d i n g )  Weight (no s h i e l d i n g )  
( in . )  ( l b )  (1b) 

12 1 / 4  cube 32  4 

8 1 / 2  cube 30 3 

I A E A  Type A Tests on ORNL Non-Returnable 
Cardboard Box Shipping Containers 

Penetration Test 

Immediately fol lowing t h e  water sp ray  test ,  t h e  p e n e t r a t i o n  test w a s  performed 
on t h e  1 2  1/4-in. tes t  package No. 1, weighing 32  l b ,  u s ing  a 13.23-1b, 
1.26-in.-diam s t ee l  b a r  with a hemispherical  end, dropped pe rpend icu la r ly  t o  
t h e  test package s u r f a c e  from a h e i g h t  of 66.9 i n .  The b a r  w a s  dropped onto 
t h e  c e n t e r  of t h e  tes t  package because t h e  c e n t e r  can be considered t o  b e  t h e  
weakest p o i n t ,  and with s u f f i c i e n t  p e n e t r a t i o n  t h e  s tee l  b a r  would s t r i k e  t h e  
s t ee l  can. This r e s u l t e d  i n  a non-penetrating deformation of t h e  w e t  cardboard 
box and a 1/16-in.-deep by 3/4-in.-diam non-penetrating i n d e n t a t i o n  i n  t h e  top 
l i d  of t h e  s teel  can. To test f o r  leakage,  a g l a s s  b o t t l e  f i l l e d  wi th  
potassium permanganate s o l u t i o n  w a s  used t o  s imula t e  t h e  r a d i o i s o t o p e  s o l u t i o n  
b o t t l e .  A broken b o t t l e  o r  l e a k i n g  cap would be i n d i c a t e d  by s t a i n i n g  of 
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t he  absorbent  material l o c a t e d  i n s i d e  t h e  l e a d  s h i e l d  nex t  t o  t h e  b o t t l e .  
leakage occurred as a r e s u l t  of t h i s  test as evidenced by t h e  absence of 
permanganate c o l o r i n g  of t h e  absorbent .  

No 

The l e a k  test w a s  negat ive.* 

Compression Test 

Following t h e  w a t e r  sp ray  tes t ,  test package No.  1 w a s  immediately placed on 
a conc re t e  pad and f i v e  test packages weighing a t o t a l  of 150 l b  w e r e  s t acked  
on top of i t  f o r  a pe r iod  of 24 hours  (Fig. 4) .  This  r e s u l t e d  i n  deformation 
of t h e  w e t  cardboard box of up t o  1 i n .  on a l l  f o u r  s i d e s .  
bottom s u r f a c e s  w e r e  deformed less than 1 / 2  i n .  and remained i n t a c t .  The 
b o t t l e  con ta in ing  t h e  permanganate d i d  n o t  l e a k  as evidenced by no c o l o r i n g  
of t h e  absorbent .  

The top and 

The l e a k  test w a s  negat ive.* 

Corner Drop Test 

Immediately fo l lowing  t h e  w a t e r  sp ray  test ,  test package No.  1 w a s  
s u c c e s s i v e l y  dropped from a h e i g h t  of 12  i n .  onto each of t h e  f o u r  co rne r s  
of t h e  package, each t i m e  s t r i k i n g  a f l a t  uny ie ld ing  h o r i z o n t a l  su r f ace .  The 
only damage w a s  1/2-in. d e n t s  a t  t h e  p o i n t s  of impact. The cardboard box and 
con ten t s  remained i n t a c t .  The containment system w a s  n o t  breeched as evidenced 
by t h e  f a c t  t h a t  no potassium permanganate w a s  found i n  t h e  absorbent .  The 
b o t t l e  con ta in ing  permanganate w a s  n o t  broken. The l e a k  tes t  w a s  negat ive.* 

Free Drop Test 

Immediately fo l lowing  t h e  w a t e r  spray test ,  test package No. 2 ( i d e n t i c a l  t o  
test package No. 1) w a s  dropped from a h e i g h t  of 30 f t  onto a t h i c k  conc re t e  
s l ab .  This r e s u l t e d  i n  minor deformation (up t o  1 in.)  and some seam s p l i t t i n g  
of t h e  cardboard box on a l l  f o u r  s i d e s  (Fig.  5 ) .  The bottom of t h e  ca r ton  w a s  
n o t  damaged. The cardboard s p a c e r s  used t o  p o s i t i o n  t h e  s teel  can i n s i d e  t h e  
box w e r e  deformed somewhat. The l e a d  s h i e l d  and t h e  s teel  can w e r e  dented 
about 1 / 2  in .  a t  t h e  p o i n t  of impact. The impact p o i n t  w a s  a t  t h e  bottom edge 
of t h e  cardboard box. The sample b o t t l e  d i d  n o t  l e a k  as evidenced by t h e  f a c t  
t h a t  none of t h e  potassium permanganate w a s  found i n  t h e  absorbent .  The l e a k  
test w a s  negative.;? 

The s t e e l  can w a s  found t o  l e a k  i n  t h e  so lde red  seam a t  t h e  s i t e  of impact 
when t e s t e d  by f i l l i n g  t h e  can wi th  w a t e r .  The t a p e  seal on t h e  l e a d  s h i e l d  
w a s  undamaged. 

*Observation f o r  leakage w a s  made a t  t h e  end of t h e  f o u r  tests l i s t e d .  
- 

USA DOT-7A Type A Container Tests on Non-Returnable 
Cardboard Box S h i p p i n g  Containers 

Free Drop Test 

The DOT 4-f t  f r e e  drop test w a s  n o t  performed s i n c e  t h e  IAEA 30-ft  f r e e  drop 
test performed w a s  much more s t r i n g e n t .  
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F i g u r e  4 .  F r o n t  V iew of IAEA C o m p r e s s i o n  T e s t  on T e s t  P a c k a g e  No. 1 
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Figure  5 .  S i d e  V i e w  of IAEA 30-ft Free Drop T e s t  on T e s t  P a c k a g e  No. 2 
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Compression Tes t  

The DOT compression tes t  w a s  no t  performed s i n c e  t h e  IAEA compression tes t  
performed w a s  t h e  s a m e  as t h e  DOT test. 

P e n e t r a t i o n  Test 

The DOT p e n e t r a t i o n  test i n  which a 13 l b ,  1.25-in.-diam s teel  b a r  w i th  
a hemispherical  end i s  dropped from a he igh t  of 40 i n .  onto t h e  most vu lne rab le  
s u r f a c e  of t h e  tes t  package and perpendicular  t o  t h e  package s u r f a c e ,  w a s  n o t  
performed s i n c e  t h e  IAEA p e n e t r a t i o n  test w a s  more s t r i n g e n t  i n  t h a t  t h e  
s teel  b a r  w a s  dropped from a he igh t  of 66.9 i n .  and weighed 13 .23  l b .  

Corner Drop Tes t  

It w a s  n o t  necessary t o  perform t h e  co rne r  drop test because t h e  corresponding 
IAEA c o m e r  drop tes t  performed u t i l i z e s  t h e  s a m e  test procedure as t h e  DOT 
test . 
Consecut ive A p p l i c a t i o n  o f  Two of  t h e  Tests From Which t h e  Tes t  Package i s  
Not S p e c i f i c a l l y  Exempted 

Since t h e  No. 1 test  package w a s  sub jec t ed  t o  t h r e e  consecut ive IAEA tests f o r  
p e n e t r a t i o n ,  compression, and corner  drop, each of which w a s  equa l  t o  o r  more 
s t r i n g e n t  than t h e  corresponding DOT tests, t h e  requirement f o r  t h e  a p p l i c a t i o n  
of two consecut ive DOT tests w a s  s a t i s f i e d .  

ORNL RETURNABLE DOUBLE 0- R I  NG-SEAL ALUMINUM-CLAD WOOD 
BOX S H I P P I N G  CONTAINERS FOR LIQUIDS AND SOLIDS 

D e s c r i p t i o n  o f  Conta iner  

The double 0-ring-seal wood box c o n t a i n e r s  c o n s i s t  of a series of c o n t a i n e r s  
which are i d e n t i c a l  except f o r  s i z e  and weight (Fig. 6).  The boxes are con- 
s t r u c t e d  of 3 / 4  i n .  plywood and are completely covered wi th  an 0.03-in.-thick 
p r o t e c t i v e  aluminum cladding. The aluminum i s  he ld  i n  p l ace  with an adhesive 
and i s  n a i l e d  a t  t h e  c o m e r  pos t s .  The c a r r y i n g  handles  and a s teel  deck 
p l a t e ,  which suppor t s  t h e  carr ier ,  are b o l t e d  through t h e  plywood box and t h e  
cover is  hinged f o r  removal. During t r a n s p o r t  t h e  cover is  prevented from 
opening by a pinned hinge. 
seal is  provided. The dimensions of t h e  s t a i n l e s s  s tee l  c o n t a i n e r s  placed 
i n s i d e  t h e  plywood box varies from 6-in.-diam by g-in.-high t o  14-in.-diam 
by 15-in.-high wi th  1 t o  3.5 i n .  s t a i n l e s s  steel  c l a d  l ead  sh ie ld ing .  This 
con ta ine r  has a f langed top he ld  i n  p l ace  wi th  six b o l t s  and sea l ed  wi th  an 
O-ring. A removable s t a i n l e s s  steel  2R type  can wi th  a screw top,  s ea l ed  
with an O-ring, i s  placed i n s i d e  t h e  s t a i n l e s s  s teel  c l ad  l e a d  s h i e l d .  
This 2R can accommodates 25 t o  100 m l  b o t t l e s .  The g ross  weight of t h e  
e n t i r e  con ta ine r  v a r i e s  from 87 t o  208 l b  (Table 4).  

The p i n  i s  118 diam s teel  s tock.  A s e c u r i t y  
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ORNL-DWG 75-16833 
NOTES: 

( 0 1  RETURNABLE SHIPPING CONTAINERS ARE IN THREE 
SIZES: 12in. x 12in., 17in. x17in., 21 in. x 21 in. 

( b )  THICKNESS OF LEAD SHIELDING VARIES FROM !'/,in. 
TO 3in. 

SPECIAL 
AND BOT 

( c )  VOLUME SIZE OF SHIPMENT FROM 15ml TO 200ml 

-STAINLESS STEEL-CLAD 
LEAD CARRIER COVER 

SCREWDRIVER SLOT 
2R CONTAINER CAP 
O-RING SEAL 

SPACER FOR 15ml AND 
50ml BOTTLES 

2R CONTAINER TOOL-WRENCH 
TLE CAP REMOVER 

DECK (STEEL PLATE) ALUMINUM-CL 
PLYUOOD BOX 

STAINLESS STEEL LINE 

LEAD CARRIER 
FOR TYPE A LIQUID AND SOLID SHIPMENTS 

Figure 6. ORNL Returnable Shielded shipping Container 
USA DOT-7A Type A 
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Table 4 .  ORNL Returnable  Shipping Containers  For S o l i d s  and Liquids  
S i z e s  and Weight of  Wood Box Shipping Containers  

Container  Gross w t .  
(1b) 

S i z e  
( in . )  

Capaci ty  
( m u  

3ABP-7 
52CDP 
25ABP 
2ABP 
32ABP 

208 20 x 20 x 16 25 
205 21  x 21 x 16 100 
19 4 1 7  x 17 x 16 25 
136 1 7  x 1 7  x 16 25 

87 17  x 1 7  x 16 25 

I A E A  Type A Tests on ORNL Returnable 
Wood Box Shipping Containers 

The sh ipp ing  con ta ine r  t e s t e d  (3ABP-7 tes t  package) w a s  s e l e c t e d  because i t  
w a s  t h e  h e a v i e s t  (208 l b )  of t h i s  series of  c o n t a i n e r s  and, t h e r e f o r e ,  
r ep resen t s  t h e  most severe stress s i t u a t i o n  f o r  t h e  series wi th  r e s p e c t  t o  
containment. (There w a s  one except ion;  a 32ABP con ta ine r  w a s  sub jec t ed  t o  
a corner  drop test ( s e e  below). 
w a s  f i l l e d  wi th  a w a t e r  s o l u t i o n  of  potassium permangante. 

For l e a k  test  purposes t h e  glass b o t t l e  

ComPression Test 

Immediately a f t e r  t h e  water sp ray  tes t ,  a uniformly d i s t r i b u t e d  weight of 
1040 l b  w a s  app l i ed  t o  t h e  top s u r f a c e  of t h e  3ABP-7 tes t  package f o r  
24 hr .  There w a s  no damage t o  t h e  package as a r e s u l t  of t h i s  test .  The 
l e a k  test w a s  nega t ive .  

Penetration Test 

Immediately fo l lowing  t h e  water sp ray  test a 13.23 l b ,  1.26-in.-diam steel 
b a r  w i th  a hemispher ica l  end w a s  dropped pe rpend icu la r ly  from a he igh t  of 
66.9 in .  on to  t h e  c e n t e r  of t h e  top of t h e  3ABP-7 test package which i s  t h e  
weakest p o i n t  s i n c e  wi th  s u f f i c i e n t  p e n e t r a t i o n  t h e  s teel  b a r  would s t r i k e  
t h e  containment system. This  test r e s u l t e d  i n  a minor non-penetrat ing den t  
i n  t h e  c e n t e r  of t h e  top of t h e  3ABP-7 test package. The l e a k  test w a s  
nega t ive  . 
Corner Drop Test 

A l l  of t h e  wood box con ta ine r s  were exempt from t h e  co rne r  drop test because 
they weighed more than 110 l b ,  except  t h e  32ABP tes t  package which weighed 
87  l b .  Immediately fo l lowing  t h e  w a t e r  sp ray  tes t  t h e  32ABP tes t  package 
w a s  success ive ly  dropped from a h e i g h t  of  12  in .  on to  each corner  of t h e  
package, each t i m e  s t r i k i n g  a f la t ,  unyie ld ing ,  h o r i z o n t a l  conc re t e  su r face .  
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The only damages w e r e  minor d e n t s  a t  t h e  p o i n t s  of impact .  
nega t ive .  

The l e a k  test w a s  

Free Drop Test 

Immediately fol lowing t h e  w a t e r  spray test ,  t h e  tes t  package w a s  dropped from 
a h e i g h t  of 30 f t  onto a t h i c k ,  h o r i z o n t a l  conc re t e  s l a b  i n  such a way as t o  
cause t h e  m a x i m u m  damage wi th  r e s p e c t  t o  containment. About h a l f  of t h e  n a i l s  
w e r e  p u l l e d  ou t  of t h e  box, t h e  top and bottom plywood s h e e t s  w e r e  j a r r e d  
l o o s e ,  t h e  aluminum c ladd ing  remained l a r g e l y  i n t a c t ,  al though much of i t  w a s  
torn as a r e s u l t  of t h e  impact (Fig.  7) .  A s tee l  p l a t e  used t o  p o s i t i o n  and 
support  t h e  s t a i n l e s s  s tee l  c l a d  l e a d  s h i e l d  i n  t h e  plywood box remained 
secured t o  t h e  w a l l s  of t h e  plywood box and w e r e  undamaged. The s teel  hinges 
and w i r e  seals w e r e  n o t  damaged. The l e a k  tes t  w a s  nega t ive .  Most of t h e  
damage t o  t h e  top of t h e  box occurred by a c c i d e n t  when a heavy a n g l e  i r o n  
b race  a t t a c h e d  t o  t h e  drop mechanism s t r u c k  t h e  top of t h e  box. 

The s t a i n l e s s  s teel  s h i e l d e d  3AEiP-7 test package w a s  removed from t h e  wood 
box. An examination of a l l  t h e  p a r t s  i n d i c a t e d  t h a t  no damage had occurred 
t o  t h i s  con ta ine r .  The s t a i n l e s s  s teel  c l a d  l e a d  s h i e l d ,  con ta in ing  t h e  2 R  
can and b o t t l e  of permanganate s o l u t i o n ,  w a s  removed from t h e  plywood box 
and dropped from a h e i g h t  of 30 f t  onto t h e  h o r i z o n t a l  conc re t e  pad. The 
only damage t o  t h e  s h i e l d  w a s  a 1-in. d e n t  on t h e  bottom edge (Fig. 8). 
The l e a k  test w a s  nega t ive ,  i n d i c a t i n g  t h a t  t h e  s h i e l d  and 2R con ta ine r  
a lone ,  w i thou t  t h e  wood box and steel suppor t  p l a t e ,  w a s  s u f f i c i e n t  t o  
ma in ta in  containment. The g l a s s  b o t t l e  con ta in ing  t h e  potassium permanganate 
s o l u t i o n  d i d  n o t  l e a k  o r  break. 

USA DOT-7A Type A Tests on ORNL Returnable 
Plywood Box Shipping Containers 

Free Drop Test 

The DOT 4 f t  drop test w a s  n o t  performed s i n c e  t h e  IAEA 30-ft  drop test 
of t h e  3ABP-7 tes t  package w a s  much more s t r i n g e n t .  

Compression Test 

The DOT compression tes t  w a s  no t  performed s i n c e  t h e  IAEA compression test 
w a s  t h e  same as t h e  DOT test. 

Penetration Test 

The DOT p e n e t r a t i o n  test w a s  n o t  performed s i n c e  t h e  IAEA p e n e t r a t i o n  tes t  
w a s  more s t r i n g e n t .  
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F igure  8. 30-f t  Drop (Container on ly)  3ABP-7 
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Corner Drop Tes t  

The DOT co rne r  drop tes t  w a s  not  performed s i n c e  t h e  3ABP-7 test package 
weighs more than 110 l b  and is, t h e r e f o r e ,  exempt from t h i s  test. It w a s  
not  necessary t o  tes t  t h e  32ABP t es t  package s i n c e  t h e  DOT corner  drop tes t  
i s  t h e  same as t h e  IAEA test. 

Consecut ive A p p l i c a t i o n  o f  Two of  t h e  Tests  From Which t h e  Package i s  
Not Speci f i  cal l y  Exempted 

Since t h e  3ABP-7 tes t  package w a s  sub jec t ed  consecu t ive ly  t o  t h e  t h r e e  IAEA 
tests f o r  compression, p e n e t r a t i o n ,  and f r e e  drop i t  m e e t s  t h e  test r equ i r e -  
ments f o r  t h e  a p p l i c a t i o n  of two consecut ive tests, each of which were equa l  
t o  o r  more s t r i n g e n t  than t h e  corresponding DOT tests. 

RETURNABLE S H I P P I N G  CONTAINERS FOR GASES 

D e s c r i D t i o n  o f  Conta iners 

The r e t u r n a b l e  sh ipp ing  c o n t a i n e r s  f o r  gases  c o n s i s t  of a series of c y l i n d e r s  
which are i d e n t i c a l  except f o r  s i z e  and weight. The c o n t a i n e r s  (Table 5 )  
c o n s i s t  of a valved i n n e r  s t a i n l e s s  s teel  c y l i n d e r  j acke ted  wi th  a l a r g e r  
s t a i n l e s s  s t ee l  case.  The i n t e r v e n i n g  space may b e  void o r  l e a d - f i l l e d  f o r  
s h i e l d i n g .  An O-ring s e a l e d  threaded valve cap i s  screwed onto t h e  shoulder  
of t h e  c y l i n d e r  du r ing  t r a n s p o r t .  A w i r e  and l e a d  seal  i s  a t t ached  t o  t h e  
va lve  handle  and i s  secured wi th  a w i r e  seal a f t e r  f i l l i n g  t h e  c y l i n d e r  and 
c l o s i n g  t h e  valve.  Wax seals are placed on t h e  va lve  t ens ion  n u t  and a t  t h e  
valve o u t l e t  cover t o  i n d i c a t e  tampering du r ing  t r a n s p o r t .  A 1/8-in.  p i p e  
plug on top of t h e  va lve  cap provides  a sens ing  p o r t  f o r  probing t o  determine 
va lve  leakage p r i o r  t o  removing t h e  valve cap (Fig. 9 ) .  

The 1000 m l  and g r e a t e r  capac i ty  gas con ta ine r s  have f o u r  v e r t i c l e  s t a i n l e s s  
steel l u g s  which are welded t o  t h e  con ta ine r  w a l l s  and are e q u a l l y  spaced t o  
p ro t rude  above t h e  con ta ine r  va lve  caps t o  prevent  damage t o  the  valve and 
va lve  cap. Containers  w i th  capacities less than 1000 m l  do n o t  have p r o t e c t i v e  
lugs.  

Two d i f f e r e n t  s i z e d  gas c y l i n d e r s  were sub jec t ed  t o  the  IAEA tests; t h e  
HOKR-500-9, t es t  package, having a weight of 47 l b s ,  and the  HOKR-1000-22 
tes t  package, having a weight of 116  l b s .  
a con ta ine r  series r e p r e s e n t s  t h e  worst  p o s s i b l e  case wi th  respect t o  p o s s i b l e  
stress, a l l  of t h e  gas c y l i n d e r s  having v e r t i c l e  l u g s  t o  p r o t e c t  t h e  contain- 
ment system and n o t  weighing more than 116 l b s  are assumed t o  a l s o  p a s s  t h e  
tests of t he  type which w e r e  performed on con ta ine r  HOKR-1000-22. Also, 
those c o n t a i n e r s  which r e l y  on t h e  heavy duty va lve  cap f o r  p r o t e c t i o n  of 
t he  containment system, weighing 47 l b  o r  less, are assumed t o  a l s o  p a s s  
t h e  tests performed on con ta ine r  HOKR-500-9 t es t  package. 

Since t h e  h e a v i e s t  con ta ine r  of 



ORNL-DWG 75-16651 

VOID SPACE TO BE FILLED WITH 
LEAD SHIELDING IF NECESSARY ACCESS FOR POURING 

LEAD FOR SHIELDING 

TYPE 304 STAINLESS STEEL TUBING 

GLANDANDNUT(N0T RETURNABLE) 
FURNISHED FOR CUSTOMERS' USE 
IN REMOVING GASES 

BLIND GLAND AND NUT 
FOR SUPPLEMENTAL SEAL 

TYPE 304 STAINLESS STEEL 

O-RING GASKET 

ACCESS FOR SAMPLING UNDER 
COVER FOR LEAK DETECTION PRIOR 
TO COVER REMOVAL 

CYLINDER 

Figure  9. ORNL Returnable  Gas Cylinder;  USA DOT 7A Type A 
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Table 5. ORNL Shipping Containers  f o r  Radioactive Gases 

Ove ral1 Largest  

(ml) ( in . )  ( in . )  ( I b )  
Container Capacity Length Diameter Weight 

T r i t i u m  Cylinders  

HOH- 10 10 7.5 3.5 6-8 
HOH-50 50 12.5 3.5 15-17 
HOH- 15 0 15 0 15.5 3.5 11-13 
HOH-3 0 0 300 15.5 3.5 13-15 
HOH- 5 0 0 500 21 3.5 15-17 
HOH- 10 0 0 1000 17 6 35-37 
HOH-2000 2000 24 6 50-52 

Xenon Cylinders 

HOXE-10 
HOXE-50 

10 7.5 3.5 9-10 
50 12.5 3.5 15-17 

Krypton Cylinders 

HOKR-10 10 7.5 3.5 9-10 
HOKR- 5 0 50 12.5 3.5 15-17 
HOKR- 15 0 150 15.5 3.5 37-39 
HOKR-300 300 15.5 3.5 36-39 
HOKR-500 500 21 3.5 45-47 
HOKR-1000 1000 17 6 116-120 

Leak tests of t h e  gas  c y l i n d e r s  cons i s t ed  of evacuat ing the  c y l i n d e r s  t o  -28 i n .  
Hg (%2 in .  Hg abso lu te )  be fo re  t h e  tests and measuring the  p re s su re  a f t e r  7 
days. An i n c r e a s e  i n  p re s su re  i s  a p o s i t i v e  l e a k  test. 

IAEA Type A Tests on ORNL Returnable 
Gas ShiDDina Containers 

IAEA Tests Performed on 1000 ml Gas S h i p p i n q  Cylinder 

Free Drop Test 

Immediately fol lowing t h e  water sp ray  test ,  t h e  test package w a s  dropped from 
a he igh t  of 30 f t  w i th  t h e  va lve  cover f a c i n g  down onto a f l a t ,  e s s e n t i a l l y  
unyielding,  h o r i z o n t a l  conc re t e  s u r f a c e ,  s t r i k i n g  t h e  s u r f a c e  i n  a p o s i t i o n  
f o r  which maximum damage w a s  expected. I n  t h i s  test t h r e e  of t h e  p r o t e c t i v e  
ears w e r e  ben t  about 1 i n .  and a weld i n  t h e  valve cap w a s  cracked, b u t  
remained i n t a c t  (Fig. 10) .  The l e a k  test w a s  negat ive.  
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Corner Drop Test 

This test w a s  no t  r equ i r ed  f o r  m e t a l  con ta ine r s .  

Penetration Test 

Immediately fo l lowing  t h e  w a t e r  spray test, t h e  p e n e t r a t i o n  tes t  w a s  per- 
formed on t h e  t e s t  package u s i n g  a 13.23 l b ,  1.26-in.-diam steel  b a r  w i th  
a hemispherical  end dropped from a h e i g h t  of 66.9 in .  onto t h e  c e n t e r  of 
t h e  top of t h e  p r o t e c t i v e  va lve  c a p ,  which i s  considered t o  b e  t h e  weakest 
p o i n t  s i n c e  with s u f f i c i e n t  p e n e t r a t i o n  t h e  b a r  would h i t  t h e  containment 
system. There w a s  no damage as a r e s u l t  of t h i s  test except a minor non- 
p e n e t r a t i n g  s u r f a c e  mark. The l e a k  test w a s  nega t ive .  

Compression Test 

Immediately a f t e r  t h e  w a t e r  sp ray  tes t  t h e  test package w a s  sub jec t ed  t o  
a uniform compressive load of 580 l b s  f o r  a per iod of 2 4  hours which i s  t h e  
g r e a t e r  of t h e  two compression test methods r equ i r ed  by t h e  r e g u l a t i o n s .  
There w a s  no damage as a r e s u l t  of t h i s  test (Fig.  11) .  The l e a k  test w a s  
negat ive.  

I A E A  Tests Performed on 500 m l  Capacity Gas Shipping Cylinder 

Free Drop Test 

Immediately fol lowing t h e  w a t e r  sp ray  test, t h e  test package w a s  dropped from 
a he igh t  of 30 f t  onto a f l a t ,  e s s e n t i a l l y  unyielding,  h o r i z o n t a l  conc re t e  
s u r f a c e ,  s t r i k i n g  t h e  s u r f a c e  wi th  t h e  va lve  cap f a c i n g  down, a p o s i t i o n  f o r  
which m a x i m u m  damage w a s  expected. Impact w a s  on t h e  p r o t e c t i v e  va lve  cap. 
The only damage w a s  a 1/2-in. dent  on t h e  valve cap (Fig. 12 ) .  The l e a k  
tes t  w a s  nega t ive .  

Corner Drop Test 

This  test i s  no t  r equ i r ed  f o r  m e t a l  con ta ine r s .  

Penetration Test 

Immediately fol lowing t h e  water sp ray  test, t h e  p e n e t r a t i o n  tes t  w a s  performed 
on t h e  test package, u s ing  a 13.23 l b ,  1.26-in.-diam steel  ba r  w i th  a 
hemispherical  end dropped from a he igh t  of 66.9 i n .  onto t h e  c e n t e r  of t h e  
top of t h e  p r o t e c t i v e  valve cap,  which i s  considered t o  b e  t h e  weakest p o i n t  
s i n c e  wi th  s u f f i c i e n t  p e n e t r a t i o n  t h e  b a r  would h i t  t h e  containment system. 
The only damage w a s  a minor non-penetrat ing s u r f a c e  m a r  on t h e  va lve  cap. 
The l e a k  tes t  w a s  nega t ive .  
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Figure  11. IAEA 1000 m l  Container  Compression T e s t  
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F igure  1 2 .  Free  Drop, P e n e t r a t i o n  and Compression 
T e s t  on 500 m l  Container  
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Compression Test 

Immediately fol lowing t h e  w a t e r  sp ray  test  t h e  test package w a s  s u b j e c t e d  f o r  
a pe r iod  of 24 hours t o  a uniform compressive load  of 235 l b s  which i s  t h e  
g r e a t e r  of t h e  two compression test methods given i n  t h e  r e g u l a t i o n s .  There 
w a s  no damage as a r e s u l t  of t h i s  tes t .  The l e a k  test w a s  negat ive.  

DOT-7A Type A Tests 

DOT Tests  on 1000 m l  Conta iner  

Free Drop Test  

The DOT 4 - f t  f r e e  drop test w a s  n o t  performed on t h e  1000 m l  con ta ine r  
s i n c e  t h e  IAEA 30-ft  f r e e  drop test performed w a s  much more s t r i n g e n t .  

Compression Tes t  

The DOT compression tes t  w a s  not  performed s i n c e  t h e  IAEA compression test 
performed w a s  t h e  same as t h e  DOT test. 

P e n e t r a t i o n  Test  

The DOT p e n e t r a t i o n  tes t  w a s  n o t  performed s i n c e  t h e  IAEA test performed w a s  
more s t r i n g e n t .  

Corner Drop Test  

This  test i s  n o t  r e q u i r e d  f o r  m e t a l  c o n t a i n e r s .  

Consecut ive A p p l i c a t i o n  o f  Two of  t h e  Tests From Which t h e  Test  Package Was 
Not Speci f i  c a l  l y  Exempted 

Since t h e  1000 m l  package w a s  sub jec t ed  t o  t h r e e  consecut ive IAEA tests f o r  
f r e e  drop, p e n e t r a t i o n ,  and compression, i t  m e t  t h e  DOT test requirements f o r  
t h e  a p p l i c a t i o n  of two consecut ive tests. 

DOT Tests on 500 rnl Conta iner  

Free Drop Tes t  

The DOT 4-ft f r e e  drop test w a s  n o t  performed on t h e  500 m l  c o n t a i n e r  s i n c e  
the  IAEA 30-ft f r e e  drop performed w a s  much more s t r i n g e n t .  



Compression Tes t  

The DOT compression test w a s  n o t  performed s i n c e  t h e  IAEA compression test 
performed w a s  e s s e n t i a l l y  t h e  same as t h e  DOT test. 

P e n e t r a t i o n  Tes t  

The DOT p e n e t r a t i o n  tes t  w a s  n o t  performed s i n c e  t h e  IAEA p e n e t r a t i o n  test 
performed w a s  more s t r i n g e n t .  

Corner Drop Test  

This test i s  no t  r equ i r ed  f o r  m e t a l  con ta ine r s .  

Consecut ive A p p l i c a t i o n  o f  Two of  t h e  Tests From Which t h e  Tes t  Package Was 
Not S p e c i f i c a l l y  Exempted 

Since t h e  500 m l  package w a s  sub jec t ed  consecu t ive ly  t o  t h r e e  IAEA tests f o r  
free drop, p e n e t r a t i o n ,  and compression, i t  t h e r e f o r e  m e t  t h e  DOT test require-  
ment f o r  t h e  a p p l i c a t i o n  of two consecut ive tests. 

ORNL RETURNABLE S H I P P I N G  CONTAINERS FOR 86-INCH CYCLOTRON 
FLAT-PLATE TARGET S H I P P I N G  CONTAINERS 

D e s c r i p t i o n  o f  Conta ine r  

The oblong-shaped cyc lo t ron  f l a t - p l a t e  t a r g e t  sh ipp ing  con ta ine r s  (Table 6 )  are 
of s t a i n l e s s  s t ee l  cons t ruc t ion< , (F ig .  13 ) .  Flanges are welded t o  both top and 
bottom of t h e  con ta ine r s .  The c o n t a i n e r s  are s e a l e d  by means of a neoprene 
gasket which i s  compressed between t h e  f l anged  l i d  and t h e  top f l a n g e  of t h e  
con ta ine r  by means of b o l t s .  The r a d i o a c t i v e  material i s  produced i n  a 6-in. 
by 5 5/8-in. by 1/2-in. copper f l a t  p l a t e  t a r g e t .  
t h e  t a r g e t  i s  pu t  i n t o  a p l a s t i c  bag and placed i n  a c a v i t y  i n s i d e  t h e  
s h i e l d e d  con ta ine r .  One t o  two inches  of l e a d  is  used as a r a d i a t i o n  s h i e l d .  
The cyc lo t ron  f l a t  p l a t e  t a r g e t  c o n t a i n e r s  w e r e  l e a k  t e s t e d  by f i l l i n g  t h e i r  
c a v i t i e s  w i th  potassium permanganate s o l u t i o n  p r i o r  t o  t e s t i n g  and p l a c i n g  
them upside down f o r  seven days and r i g h t  s i d e  up f o r  an a d d i t i o n a l  seven days 
af ter  t e s t i n g .  A l e a k  would have been i n d i c a t e d  by potassium permanganate on 
t h e  o u t s i d e  s u r f a c e  of t h e  test package o r  on t h e  b l o t t e r  paper which w a s  
placed underneath t h e  t es t  package du r ing  l e a k  t e s t i n g .  

A f t e r  cyc lo t ron  bombardment 

Table 6. S i z e  and Weight of Cyclotron Containers 

Gross w t  
( I b )  Container 

S i z e  
( i n . )  

- 

12 x 8 x 1 2  CYC-7 249 
CYC-3 825 1 2  x 8 x 1 2  
CYC-1w-4 129 1 2  x 6 x 11 
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DOT-7A Type A Tests 

Tests o f  241) l b  and 825 l b  Cyc lo t ron  Target  Sh ipp ing  Conta iners 

Water Spray Test  

The test package i s  exempt because i t  is  made of m e t a l  and neoprene p l a s t i c .  

Free Drop Test 

The test packages were both dropped from a he igh t  of 4 f t  onto a f l a t ,  
unyielding h o r i z o n t a l  s u r f a c e  s t r i k i n g  t h e  s u r f a c e  on the  s i d e  of t h e  con ta ine r  
s o  t h a t  t h e  f o r c e  of t h e  impact w a s  absorbed by t h e  f l anges .  The only damage 
w a s  a n inor  non-penetrating ab ras ion  on t h e  top  edge of t h e  l i d  (Fig. 14) of 
t h e  smaller con ta ine r .  The l e a k  test w a s  nega t ive .  
e s s e n t i a l l y  t h e  s a m e  damage. The l e a k  test on i t  w a s  a l s o  nega t ive .  

The l a r g e r  s u s t a i n e d  

Corner Drop Test 

This package i s  exempt because i t  is  made of metal and neoprene p l a s t i c  
and weighs more than 110 l b s .  

P e n e t r a t i o n  Test 

A 1 3 . 2 3  l b ,  1.26-in.-diam s t ee l  b a r  w i th  a hemispherical  end w a s  dropped 
v e r t i c a l l y  from a he igh t  of 40 inches onto t h e  c e n t e r  of t h e  l i d  of t h e  test 
packages. This i s  considered t o  b e  t h e  weakest p o i n t  i n  both packages s i n c e  
s u f f i c i e n t  p e n e t r a t i o n  would s t r i k e  t h e  containment system. The l e a k  tests 
were nega t ive .  

Corlipression Tes t  

The 249 l b  test package w a s  placed on i t ' s  s i d e  and a 
placed on the  l i d  f l a n g e s  which support  t h e  con ta ine r  
The gas c y l i n d e r  remained on t h e  f l a n g e s  f o r  a pe r iod  

1245-1b gas c y l i n d e r  w a s  
l i d  du r ing  t r a n s p o r t .  
of 24 hours. The 

con ta ine r  l i d  i s  considered t o  b e  t h e  weakest p o i n t  s i n c e  f a i l u r e  of t h e  
f l anges ,  f l a n g e  b o l t s ,  o r  t h e  neoprene gasket  would, w i th  s u f f i c i e n t  penetra- 
t i o n ,  breech t h e  containment system. The l e a k  tes t  w a s  nega t ive .  The 
compression test performed on the  825 l b  package c o n s i s t e d  of p l a c i n g  a 
5000 l b  weight on i t s  top  i n  t h e  same manner as wi th  t h e  249 l b  package. No 
l e a k s  w e r e  de t ec t ed  as a r e s u l t  of t h i s  tes t .  

Consecutive A p p l i c a t i o n  o f  Two o f  t h e  Tests From Cdhich t h e  Test Package i s  
Not Speci f i  c a l  l y  Exempted 

Since t h e  tes t  package w a s  sub jec t ed  consecut ively t o  t h r e e  DOT tests f o r  
f r e e  drop, p e n e t r a t i o n ,  and compression, i t  m e e t s  t h e  consecut ive a p p l i c a t i o n  
requirements.  
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F i g u r e  14 .  DOT 4 - f t  Drop and P e n e t r a t i o n  T e s t s  
on 249 l b  CYC-7 Container  
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Tests o f  129  l b  Containers 

Water Spray l e s t  

This package is  exempt because i t  is  made of m e t a l  and neoprene p l a s t i c .  

Free Drop Test 

The package w a s  dropped from a he igh t  of  4 f t  onto a f l a t  unyie ld ing  
h o r i z o n t a l  s u r f a c e  s t r i k i n g  t h e  s u r f a c e  wi th  t h e  l i d  f a c i n g  down and absorb ing  
the  i m p a c t .  The package hand les  w e r e  ben t  s l i g h t l y .  No o t h e r  damage t o  t h e  
package occurred  (Fig.  15 ) .  The l e a k  test  w a s  nega t ive .  

Corner Drop Test 

Exempt because t h e  package has  m e t a l  cons t ruc t ion .  

Penetration Test 

A 13.23 l b ,  1.26-in.-diam s teel  b a r  wi th  a hemispher ica l  end w a s  dropped 
v e r t i c a l l y  onto t h e  c e n t e r  o f  t h e  l i d  of t h e  package, considered t o  b e  t h e  
weakest p o i n t  s i n c e  s u f f i c i e n t  p e n e t r a t i o n  would s t r i k e  t h e  containment system. 
The only  damage w a s  a minor s u r f a c e  den t  where t h e  s t e e l  rod h i t  t h e  top  of 
t h e  test  package. The l e a k  tes t  w a s  nega t ive .  

Cor,ipression l e s t  

The test package w a s  placed on i t ' s  s i d e  and a 645-1b gas  c y l i n d e r  w a s  placed 
on t h e  f l a n g e s  which suppor t  the package du r ing  t r a n s p o r t .  The gas cy l inde r  
remained on t h e  f l a n g e s  f o r  2 4  hours  (Fig. 16 ) .  The package l i d  was considered 
t o  b e  t h e  weakest po in t  s i n c e  f a i l u r e  of  t h e  f l a n g e s ,  f l a n g e  b o l t s ,  'or t h e  
neoprene gaske t  would, w i th  s u f f i c i e n t  p e n e t r a t i o n ,  breech t h e  containment 
systerfi. 

Consecutive Application o f  Two o f  the Tests From Which the l e s t  Package i s  
Not Speci f i  cal l y  Exempted 

Since  t h e  tes t  package w a s  sub jec t ed  consecut ive ly  t o  t h r e e  DOT tests f o r  
f r e e  drop,  p e n e t r a t i o n ,  and compression, i t  met the consecut ive  a p p l i c a t i o n  
requirement . 
Since none of t h e  test packages leaked  as a r e s u l t  o f  e i t h e r  t h e  IAEA o r  
DOT t e s t s  performed on them, r a d i o a c t i v i t y  would n o t  have been r e l e a s e d  
under t h e  test condi t ions .  I n  a d d i t i o n  t o  t h e  tes t  packages pass ing  t h e  
test requirements  f o r  t h e  IAEA and DOT, t h e  test packages a l s o  passed t h e  
tes t  requirements  f o r  t h e  IATA (Table 2) .  
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Figure  15. DOT 4 - f t  Drop and Pene t r a t ion  Tests 
on 129  lb CYC-1FP-4 Container  
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ENVI RONISENTAL EFFECTS 

Temperature and Pressure 

The temperature range of -40°F t o  158°F s p e c i f i e d  i n  t h e  IAEA test procedures 
and -40°F t o  130°F s p e c i f i e d  i n  t h e  IATA and DOT t es t  procedures f a l l  w i t h i n  
temperature ranges i n  which no damage can occur  t o  any of t h e  materials of 
c o n s t r u c t i o n  used i n  t h e  ORNL sh ipp ing  c o n t a i n e r s .  T e s t i n g  w a s  t h e r e f o r e  
confined t o  those  components o f  t h e  package t h a t  could be a f f e c t e d  by 
temperature o r  p r e s s u r e  extremes s p e c i f i e d  i n  t h e  procedures.  The components 
t e s t e d  were t h e  g l a s s  b o t t l e s  used t o  c o n t a i n  l i q u i d s  and thus  s u b j e c t  t o  
f r e e z i n g ,  t h e  va lves  on gas sh ipp ing  c o n t a i n e r s ,  and t h e  l e a d  ampule s h i e l d  
used f o r  r a d i o a c t i v e  gas shipments made i n  g l a s s  ampules. The test procedure 
w a s  as fol lows:  

Ten 20 m l  g l a s s  sample b o t t l e s  were 50% f i l l e d  wi th  KMnO4 s o l u t i o n  and s e a l e d  
i n  t h e  normal manner as used f o r  r a d i o i s o t o p e  shipments. The sample b o t t l e s  
w e r e  then s u b j e c t e d  t o  t h e  fo l lowing  tests. 

1. 
2. Cooling t o  -40°F f o r  30 min. 
3 .  

Heating i n  an oven f o r  30 min t o  a temperature  of 140'F. 

Exposing t o  a 1 / 2  atmosphere p r e s s u r e  f o r  30 min wi th  b o t t l e  i n v e r t e d  
t o  expose cap  seal t o  t o t a l  immersion i n  s o l u t i o n .  

One hundred p e r c e n t  of t h e  b o t t l e s  t e s t e d  passed wi th  no s o l u t i o n  leakage 
o r  b o t t l e  breakage. 

One complete ORNL type A cardboard sh ipp ing  package component c o n s i s t i n g  of 
a 20 ml b o t t l e  50% f i l l e d  w i t h  KNnO4 s o l u t i o n ,  wrapped i n  Kimpak and placed 
i n  t h e  s t anda rd  metal i s o t o p e  "key s t r i p "  opening can, w a s  sub jec t ed  t o  

1. 
2. Cooling t o  -40'F f o r  30 min. 
3. Exposing t o  1 / 2  atmosphere p r e s s u r e  f o r  30 min i n  t h e  i n v e r t e d  p o s i t i o n  

Heating i n  an oven a t  140'F f o r  30 min. 

t o  expose t h e  b o t t l e  cap seal t o  100% immersion. 

Examination a f t e r  a l l  t h r e e  tests had been completed showed no leakage had 
occurred. 

I n  a l l  c a s e s  t h e  low temperature  caused t h e  con ten t s  of t h e  b o t t l e  t o  f r e e z e  
s o l i d .  

One gas sh ipp ing  package c o n s i s t i n g  of a 10 cc  s e a l e d  g l a s s  ampule placed 
i n s i d e  a l e a d  s h i e l d  w i t h  an epoxy s e a l e d  cap t h a t  had been dipped i n  po lyv iny l  
acetate emulsion and d r i e d  a t  200°F f o r  approximately 30 min, w a s  sub jec t ed  
t o  t h e  fo l lowing  tests. 

1. Heat ing t o  140°F f o r  30 min. 
2. Cooling t o  -40°F f o r  30 min. 
3. Exposing t o  1 / 2  atmosphere p r e s s u r e  a t  ambient temperature f o r  30 min. 
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The o b j e c t i v e  of t hese  tests w a s  t o  determine leakage a t  t h e  l e a d  cap seal 
as a consequence of t h e  environmental  cond i t ions  imposed. The l e a k  test 
c o n s i s t e d  of immersion of t h e  l e a d  s h i e l d  i n  e thy lene  g l y c o l  a t  1 / 2  
atmospheric p re s su re  over  t h e  g lyco l .  No leakage i n  t h e  form of bubbles 
of gas r e l e a s e d  from i n s i d e  of t h e  l e a d  s h i e l d  w a s  observed and t h e  test 
w a s  nega t ive .  

A 150 ml tritium gas sh ipp ing  c o n t a i n e r  of t h e  type desc r ibed  under 
Returnable Shipping Containers  f o r  Gases, Desc r ip t ion  of Containers ,  w a s  
evacuated t o  a vacuum of -28 i n .  Hg ( ~ 2  i n .  Hg a b s o l u t e ) ,  t h e  valve closed,  
and t h e  c y l i n d e r  s h e l f  t e s t e d  f o r  24 hours.  The p r e s s u r e  w a s  aga in  measured. 
Any i n c r e a s e  i n  p r e s s u r e  w a s  considered t o  be an i n d i c a t i o n  o f  valve leakage. 

Following t h e  eva lua t ion  of va lve  cond i t ion ,  t h e  c y l i n d e r  w a s  sub jec t ed  t o  
t h e  fol lowing tests.  

1. Evacuation t o  -28 i n .  Hg (Q2 i n .  H g  a b s o l u t e ) .  
2. Heating i n  an oven t o  140°F f o r  30 min. 
3. 
4. 

Cooling t o  -40°F f o r  30 min. 
Exposing t o  1 / 2  atmosphere p r e s s u r e  f o r  30 min. 

Following t h e s e  tests t h e  p r e s s u r e  i n  t h e  c y l i n d e r  w a s  measured. No i n c r e a s e  
i n  p re s su re  w a s  noted,  i n d i c a t i n g  no valve leakage had occurred as a 
consequence of t h e  environmental  tests adminis tered.  

Since a l l  c y l i n d e r s  used f o r  ORNL shipments of r a d i o a c t i v e  gas have t h e  
same va lve  design t h e  test w a s  considered v a l i d  f o r  c y l i n d e r s  of t h e  va r ious  
c a p a c i t i e s  shown i n  Table 5. 

Vibration Tests 

The cardboard Type A package, t h e  gas sh ipp ing  c y l i n d e r s ,  t h e  cyc lo t ron  
t a r g e t  sh ipp ing  con ta ine r ,  and t h e  r e t u r n a b l e  plywood box sh ipp ing  con ta ine r  
w e r e  sub jec t ed  t o  v i b r a t i o n  tests. The cr i ter ia  f o r  f a i l u r e  of t h e  package 
when exposed t o  v i b r a t i o n  of 0.2 i n .  amplitude a t  7 c y c l e s  p e r  second 
(1 G a c c e l e r a t i o n )  t o  0.002 i n .  amplitude a t  200 c y c l e s  p e r  second (8 G 
a c c e l e r a t i o n )  w a s  any leakage of l i q u i d  o r  gas from t h e  con ta ine r  as a 
consequence of t h e  v i b r a t i o n  test. I n  no case d i d  t h e  package s u s t a i n  any 
damage as a r e s u l t  of t h e  v i b r a t i o n  t e s t i n g .  The d a t a  from t h e s e  tests 
concerning r e sonan t  f r equenc ie s ,  ampli tude,  g-forces and tes t  t i m e s  are 
presented i n  t h e  Appendix. 

General 

The packages t e s t e d ,  w i th  except ion of t h e  ampule l e a d  s h i e l d ,  have been 
used f o r  many y e a r s  under cond i t ions  of normal a i r  and s u r f a c e  t r a n s p o r t ,  
wi thout  f a i l u r e  of t h e  containment system o r  occurrence of o t h e r  than normal 
w e a r  and tear due t o  v i b r a t i o n ,  dock handl ing,  and exposure of temperature 
p r e s s u r e s  and a c c e l e r a t i o n .  The epoxy s e a l e d  l e a d  s h i e l d  f o r  ampules w a s  
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of  r e c e n t  design and w a s  added t o  ma in ta in  s h i e l d e d  containment of gaseous 
r a d i o n u c l i d e s  i n  case of  g l a s s  ampule f a i l u r e ,  as absorbent  material i s  used 
t o  c o n t a i n  l i q u i d s  i n  a s h i e l d e d  cond i t ion  i n  case of g l a s s  b o t t l e  f a i l u r e .  
While not  s p e c i f i e d  i n  t h e  t e s t i n g  procedures  f o r  IAEA o r  DOT, w e  have con- 
s i d e r e d  t h e  e f f e c t  o f  severe c rush  type  a c c i d e n t s  t o  t h e  type A cardboard 
box package and as a consequence have p r o t e c t e d  t h e  g l a s s  b o t t l e  by i n s e r t i n g  
a s e c t i o n  of 2-in. diam p i p e  between t h e  cardboard tube  t h a t  ho lds  t h e  g l a s s  
b o t t l e  and t h e  Kimpak absorbent .  With t h i s  a d d i t i o n  t h e  g l a s s  b o t t l e  
survived without  leakage when t h e  package w a s  crushed under t h e  wheel of a 
2-ton t ruck .  This  should s i m u l a t e  most highway o r  a i r p o r t  a c c i d e n t s  
i nvo lv ing  wheeled v e h i c l e s .  
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APPENDIX A 

Tables A 1  through A5 c o n t a i n  t h e  resonant  frequency d a t a  f o r  t h e  IATA 

v i b r a t i o n  test conducted on O W L  r a d i o i s o t o p e  sh ipp ing  c o n t a i n e r s  d i scussed  

i n  t h i s  r e p o r t .  

The test procedure followed i n  each case w a s  t o  s e c u r e  t h e  con ta ine r  t o  t h e  

v i b r a t i o n  test equipment t a b l e  and scan through t h e  f r equenc ie s  and amplitude 

range s p e c i f i e d  i n  t h e  test. During t h i s  s can  t h e  r e sonan t  f r equenc ie s ,  

ampli tudes,  and g-forces w e r e  noted. A f t e r  de t e rmina t ion  of r e sonan t  

f r equenc ie s  t h e  c o n t a i n e r  w a s  t e s t e d  a t  each r e sonan t  frequency f o r  a pe r iod  

of 10 minutes.  The t o t a l  t i m e  r equ i r ed  f o r  scanning, p l u s  t h e  t i m e  t h e  

package w a s  s u b j e c t e d  t o  i n d i v i d u a l  resonance frequency t e s t i n g  i s  shown. 
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Table A l .  Vibra t ion  T e s t  Data for Cardboard Box Container 
(Resonant Frequencies)  

Amplitude 
( inches)  

Frequency 
( cyc le s / sec )  

GForce  
( lbm-f t / l b  f-sec2) 

0.015 178.0 3.7 
0.02 36.8 1.4 
0.02 58.5 1.7 
0.02 148.0 1.9 
0.02 168.0 6.2 
0.02 196.0 3.3 
0.03 18.6 1.0 
0.03 19.4 1.1 
0.03 152 .O 7.5 
0.04 16.4 1 . 7  
0.04 17.0 1.6 
0.04 178.0 3.7 
0.04 186.0 3.8 
0.05 41.3 2.0 
0.05 16.3 2.1 
0.05 19.0 1 .3  
0.05 40.0 1.5 
0.05 40.8 1.1 
0.05 42 .O 1.3 
0.05 58.3 1.4 
0.05 146.0 2 .1  
0.05 172.0 5.2 
0.06 15.1 5.0 
0.06 15.2 2.2 
0.06 15.8 1.1 
0.06 17.0 1.5 
0.06 34.8 2.1 
0.07 8.9 3.0 
0.07 15.0 2.9 
0.07 15.0 2.4 
0.07 76.6 5.3 
0.08 11.2 1.8 
0.08 13.3 1.25 
0.09 12.8 1.25 
0.09 14.8 3.8 
0.09 33.4 2.5 
0.10 7.8 2.2 
0.13 13.7 4.2 
0.13 15.7 5.0 
0.14 15.3 3.8 

Scan T i m e  265 min 
Resonant Frequency T e s t s  400 min 

To ta l  T e s t  Time 665 min (11 h r  5 min) 
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Table A2. V ib ra t ion  T e s t  Data for Wood Box Container  
(Resonant Frequencies)  

Amp 1 it ude 
( inches)  

Frequency 
( cyc le s / sec )  

G F o r c e  
( l b  m -f t / l b f - sec2 )  

0.07 

0.10 

0.10 

0.115 

0.125 

0.13 

0.13 

0.135 

0.16 

0.16 

0.175 

0.185 

0.19 

0.20 

16 .O 

16.0 

16.2 

16  .O 

16.3 

15.8 

15.9 

16 .3  

16.1 

16.3 

11.0 

11.0 

15.4 

15.4 

1.0 

1.2 

1.25 

1.4 

1.4 

1.6 

1.6 

1.7 
1.95 

1.9 

1.05 

1.1 

2.2 

2.2 

Scan T i m e  125 min 
Resonant Frequency Tests 140 min 

T o t a l  T e s t  T i m e  265 min (4 h r  25 min) 
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Table A3. Vibra t ion  T e s t  Data f o r  1000 m l  G a s  Shipping Cylinder  
(Resonant Frequencies)  

Amp1 i t ude 
( inches)  

Frequency 
(cyc les / sec)  

G F o r c e  
( l b  -f t / l b f - sec2 )  m 

0.09 

0.11 

0.11 

0.115 

0.13 

0.13 

0.13 

0.155 

0.16 

0.16 

0.18 

0.19 

0.20 

0.20 

0.20 

0.20 

0.21 

15.3 

14.8 

15.3 

14.6 

14.9 

15.0 

15.2 

14.7 

15.1 

15.3 

14.5 

11.0 

14.6 

14.8 

1 4 . 8  

14.9 

9.4 

1.0 

1 .2  

1.25 

1 . 2  

1 .3  

1.5 

1.5 

1 . 7  
1.8 
1.8 

1.9 

1.3 

2.3 

2.2 

2.3 

2.8 

0.95 

Scan T i m e  195 min 
Resonant Frequency T e s t  170 min 

To ta l  T e s t  T i m e  365 min (6 h r  5 min) 
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Table A4. V ib ra t ion  T e s t  Data f o r  500 ml G a s  Shipping Cylinder  
(Resonant Frequencies)  

Amplitude Frequency (lbm-f t / l b f - sec2 )  G F o r c e  
( inches  ) ( cyc le s  / s  ec)  

0.05 

0.05 

0.06 
0.08 

0.085 

0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.11 

0.11 

0.12 

0.13 

0.13 

0.14 

0.15 

0.17 

0.18 

19.5 

20.7 

19.7 

20.3 

19.4 

20.0 

19.7 

20.0 

20.3 

18.1 

18.5 

19.2 

20.2 

19.2 

18.0 

19.2 

18.2 

17.4 

17 .8  

11.2 

1.6 
1.0 

1.3 

1.5 

1.9 
2.2 

2.8 

1.6 

2.0 

1.5 

1 . 7  
1.8 

1.85 

2.6 

2.3 

3.0 

3.5 
2.2 

2.9 
1.05 

0.18 17.4 4.0 

0.195 1 1 . 2  1 .2  

145 min Scan T i m e  
Resonant Frequency T e s t s  220 min 

To t a l  T e s t  T i m e  365 min (6 h r  5 min) 
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Table A5. Vibra t ion  T e s t  Data f o r  Cyclotron Container  
(Resonant Frequencies)  

Amplitude 
( inches)  

Frequency 
( cyc le s  / sec)  

G F o r c e  
( l b  -f t / lbf-sec2-) 

m 

0.005 

0.008 

0.015 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.035 

0.04 

0.04 

0.05 

0.05 

0.05 

0.07 

0.07 

0.14 

0.15 

0.17 

0.19 

0.20 

170.0 

151.0 

161.0 

110.0 

173.0 

167.0 

37.8 

148.0 

152.0 

148.0 

37.9 

150.0 

37.0 

151.0 

153.0 

19.2 

36.0 

1 2 . 7  
12.8 

12.9 

12.0 

12.6 

1 . 3  

3.2 

1.8 

1.3 

2.2 

1.6 

1 . 4  
4.5 

1.3 

6.0 

1.4 

2.9 

2.0 

4.4 

1.7 

1.25 

3.0 

1.1 

1.3 

1.4 

1.4 

1.5 

Scan T i m e  105 min 
Resonant Frequency T e s t s  220 min 

T o t a l  T e s t  T i m e  325 min (5 h r  25 min) 
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