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1.1 

I. ORNL TYPE A PACKAGES 

Oak Ridge National Laboratory (ORNL) shipping containers for radioac- 
tive materials which meet the requirements of the Code of Federal 
Regulations No. 49 [Department of Transportation (DOT)], and the 
International Atomic Energy Agency (IAEA) Safety Series No. 6 (1973) for 
Type A packaging are divided into three categories. 

A .  Radioactive Liquids and Solids 
B .  Radioactive Solids 
C. Radioactive Gases 

The quantities of radioactive material that are approved for shipment 
by the CFR-49, Transportation, Part 173.435, in a Type A package are 
listed in Table I, where A1 represents the maximum curie content in 
Special Form and A2 represents the maximum curie content in Normal Form. 



Table I. Table of AI and A2 values t o r  rad ionuc l i des  
_I_____ - 

S p e c i f i c  I Spec l t l c  
Symbol of Element and A c t i v i t y  1 Symbol of Element and Act l v  I t y  

rad ionuc i  I da  atomic number AI(CI) A2(Ci )  (Cl /g)  1 r a d l o n u c l l d e  atonic number A l ( C i )  A2tC 1 ) LCi/g) 

Asta t lne  (615) 

Gold (79 )  

Barium (56) 

B e r y l l i u m  0 )  

Bismuth (83) 

1000 

10 

40 

7 

100 

8 

8 

1000 

20 

1 

1000 

20 

10 

300 

200 

200 

50 

40 

200 

40 

40 

20 

300 

5 

10 

100 

6 

1000 

0.003 

4 

40 

7 

20 

0.008 

0.008 

1000 

20 

1 

400 

20 

10 

20 

7 

200 

30 

20 

25 

40 

10 

m 
300 

5 

10 

4 

6 

1 

7.2 x 10 

2.2 x 106 

3.1 lo4 
4.7 103 

1.6 105 

3.2 

1.9 x IO-1 

I,O 105 

4.3 107 

4.3 107 

2.4 lo4 
1.0 105 

1.6 x IO6 

1 . 1  x 106 

2.1 x 106 

9.3 105 

1.2 105 

2.5 105 

2.1 105 

8.7 lo4 

7.3 104 

3,5 105 

9.9 104 

2.2 x 102 

1.2 165 

lb5  107 

4.0 x 10' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1.8 105 1 

Cerium ( 5 8 )  

C h i o r l n e  (17)  

C u r l u n  (96)  

C o b s l t  (27) 

Bromine (55)  70 

6 

Carbon ( 6 )  20 

1000 

Calc ium (20)  1000 

20 

Cadmium (48) 1000 

30 

80 

100 

500 

60 

10 

C a l i f o r n i u m  (98)  2 

7 

2 

300 

10 

200 

9 

10 

6 

6 

2 

5 

90 

I000 

20 

7 

25 

6 

20 

60 

25 

20 

70 

30 

20 

100 

25 

20 

1 

0.002 

0.007 

0.009 

io 
10 

0.2 

0.009 

0.0 1 

0.006 

0.006 

0.002 

5 

90 

1000 

m 
7 

7.1 105 

1.1 x 106 

8.4 103 

1.9 104 

5.9 105 

2.6 104 

5.1 105 

6.5 103 

2.8 104 

3.2 103 

4.6 

2.6 x IO5 

6.6 x IO5 

3.1  

1.5 x 10' 

6.5 x l a 2  

5.2 x IO-' 

1.3 103 

3.3 103 

4.2 x 10 

8.2 x 10 

1.0 x 10-1 

3.6 x IO-' 

3.0 lo4 

8,5 103 

5.9 103 

3.1 lo4 
1 . 1  103 

H 
to 



Table  I. Table of AI and A2 values to r  rad lonuc l l des  (Continued) 

____- 
speci f I C  S p e c t f t c  1 

Symbol of Element and A c t l v l t y  1 Symbol of Element and Activi ty 

r a d l o n u c l  [de atomic number A ~ ( C I I  %(cI) ( c l / g )  I rad tonuc t i de  atornlc number A l (C1)  Az(CI)  (C l /g )  - 

F l u o r l n e  ( 9 )  

I ron  (26) 

Galllum 0 1 )  

600 

40 

1000 

1000 

10 

1000 

7 

30 

80 

200 

100 

1000 

1000 

50 

M 

20 

IO 

400 

20 

. 5  

1000 

IO 

100 

20 

7 

200 

WM 
20 

IO00 

600 

40 

1000 

I O  

10 

25 

7 

10 

25 

25 

20 

200 

25 

20 

30 

IO 

5 

60 

20 

. 5  

1000 

IO 

100 

20 

7 

100 

20 

10 

1000 

9.2 104 

7.6 105 

LO 105 

7.4 x 106 

1.2 103 

8.8 1 0 - ~  

7.4 104 

9.8 x IO 

3.8 x IO6 

1.9 105 

8.2 x I06 

2.3 105 

8.2 104 

2.2 x 106 

2.4 x IO6 

1.9 x 10’ 

1,s x IO2 

1.4 103 

9.3 107 

7.3 x 106 

2.2 103 

4.9 104 

6.0 105 

4.0 lo7 

3.1 x 106 

1.1 x 106 

7.0 103 

1.6 105 

J.6 x IOJ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

JH Hydrogen ( 1 ) see T-Tr I t lurn 

“‘Ht Hafnlum (72) 30 

197nkL3 Mercury (BO) 200 

197w 200 

2oJHs 80 

30 

50 

l%!a bblmiurn (67) 

1231 Iodine (53) 

125, 1000 

1291 1000 

1321 7 

1261 40 

131, 40 

13JI 30 

1341 8 

1451 10 

1 1 1 1 ,  Indium (49) 30 

”%In 60 

114rnl, 30 

1 1 h l ”  100 

192 I 20 

194 I r IO 

“K Potasslum (191 10 

4% 20 

85mKr (uncrnpressed 1 Krypton (36) 100 

8-r (compressed) 3 

8% (ccrpressed)  5 

8 7 ~  (uncapressed) 20 

I O  l r l d l u r n  (77) 19OIr ’ 

( u n m p r e s s e d )  I000 

e7Kr (conpresred) 0.6 

25 1.6 io4 

200 2 . 5  105 

25 1.4 io4 

30 6.9 105 

50 1.9 x I06 

70 1.7 lo4 
7.8 104 

2 1.6 10-4 

10 1.2 105 

7 1 . 1  107 

IO 1 . 1  x 106 

8 2.7 107 

IO 3.5 x I06 

25 4.2 105 

6.6 x IO5 200 

10 

w 1.6 x lo7 

2.3 x !04 20 

6.1 x IO6 20 

IO 6.2 lo4 

10 9.1 103 

10 8.5 105 

IO 3.3 x I06 

100 8.4 x I06 

3 8.4 x 106 

10 6.0 x IO6 

1000 4.0 x 1s 
5 4.0 x l$ 

20 2.8 x 107 

0.6 2.8 107 

H 

w 



Table I .  Table o f  A I  and A 2  va lues  f o r  rad ionuc l i des  (Continued' 

__ ___ -- - 
Specl f  i c  

Act 1 v I 3 
S p e c i f i c  1 

Element and Symbol o f  Elernent and A c t i v i t y  1 Symbol of 
i -ad ionucl lde atomic number A ~ ( C I )  A Z ( C ~ )  ( c i / g )  I r a d l o n u c l i d e  atomic number A l ( C I )  A z ' C I )  l c i / g )  

1 40L.3 Lanthanum (57)  30 30 5.6 105 

LSA Lor s p e c l t i c  a c t l v i t y  ma te r ia l  - see 9173.403 

177L" 

HFP 

2 8 W  

5%n 

5% 

5 %n 

9% 

'N 

22Na 

24Nk 

9%b 

'%b 

"Nb 

' 4'Nd 

' 49Nd 

5 9 ~ i  

6% I 

6% i 

237Np 

239Np 

l*50, 

l91oS 

191.105 

l93os 

3* 

**a 

Lu te t i um (71)  

Mixed f i s s i o n  

p r o d u c t s  

Magnesium ( 1 2 )  

Manganese (25 )  

Wlybdenum (42 )  

N l t r c q e n  ( 7 )  

b d i u m  ( 1 1 )  

Niobium (41 )  

Neodymium (60) 

Nicke l  (28) 

Neptunium (93)  

Osmium ( 7 6 )  

Phosphorus ( 1 5 )  

R o t a c t i n i u m  (91) 

300 

I O  

6 

5 

20 

5 

io0 

20 

8 

5 

1000 

20 

20 

100 

30 

1000 

1000 

IO 

5 

200 

20 

600 

200 

100 

30 

20 

25 

0.4 

6 

5 

20 

5 

20 

i o  
8 

5 

200 

20 

20 

20 

20 

900 

100 

IO 

0.005 

25 

20 

200 

200 

20 

Y) 

0.8 

1.1 105 

--- 
5.2 x lo6 

4.4 105 

8.3 103 

2.2 lo7 
4.1 105 

1.5 109 

6.3 103 

8.7 x 106 

1 . 1  103 

3.9 104 

2.6 107 

8.0 104 

1.1 x 107 

8.1 x 10-2 

4.6 x 10 

1.9 x 10' 

b.9 

2.3 105 

7 .3  103 

4.6 lo4 
1.2 x I06 

5.3 105 

2.9 x 105 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Lead ( 8 2 )  

Pal ladlum (46) 

P rmeth ium (61) 

Polonium (84) 

Raseodvmlum (59) 

P la t l num 178) 

Radium (88) 

Rubidium (37) 

2 

100 

20 

100 

6 

1000 

100 

1000 

100 

200 

10 

300 

100 

200 

300 

300 

3 

2 

2 

1000 

3 

50 

6 

IO 

IO 

30 

30 

0.002 

100 

20 

0.2 

5 

700 

20 

25 

20 

0.2 

10 

20 

io0 

200 

20 

20 

0.003 

0.002 

0.002 

0.1 

0.003 

0.2 

0.5 

0.05 

0.05 

25 

x) 

Un l im i ted  U n l i m i t e d  

u\I inited Unl lm i ted  

4.5 x 10-2 

2.1 lo4  
1.7 x I06 

8.8 x 10 

1.4 x I O 6  

1.5 lo4  

2.1 x 106 

9.4 x I02 

4.2 105 

4.5 103 

1.2 x I06 

2.3 105 

2.0 105 

1.2 x 107 

8.8 i o5  

6.6 x I O 4  

1.7 x IO 

6.2 x 

2.3  x IO-' 

1.1 x IO2 

3.9 10-3 

5.0 104 

1.6 i o5  

I .o 
2.3 x I O 2  

8.2 x IO6 

8.1  104 

1.8 x 10-8 

6.6 x IO-' 



Table I. Table of A I  and A2 values for r a d i o n u c l i d e s  (Cont inued) 

S p e c l f l c  
Symbol of Eiernent and A c t l v l t y  1 Symbol of Eiament and Ac t  i v  I ty 

S p e c i f i c  I 
r a d i o n u c l  ide  atomic number A l ( C I )  , A z ( C i 1  ( C i / g )  I r a d i o n u c l l d e  atomic number Al(CI1 A z ( C I )  ( C l / g )  

Rhenlum (751 

Rhodlum (46) 

Radon ( 8 6 )  

Ruthenlum (44) 

Sulphur ( 16) 

A n t i m n v  ( 5 1 1  

Scandium (21 )  

Selenium (34) 

S I I i c o n  (14) 

Samarlua ( 6 2 )  

T l n  ( 5 0 )  

Stron t lum ( 5 8 )  

100 20 

U n l l m l t e d  U n l i m i t e d  

10 I O  

Unllmlted Unl imi ted  

1000 1000 

200 25 

IO 2 
80 80 

30 25 

20 20 

IO 7 

1000 50 

30 !AI 

5 5 

40 25 

8 8 

200 20 

5 5 

40 40 

IO0 20 

h i l m l t e d  V n l l m i t e d  

1000 90 

m 20 

€3 60 

100 100 

10 IO 

80 80 

50 30 

1.9 105 I 
3.8 x 10-8 1 
1.0 x 106 1 
2.4 x IO-' I 
3.2 107 1 
8.2 105 1 
i i 5  105 1 
5.5 105 1 
3.2 lo4 I 

3.4 103 1 
4.3 104 

5.9 105 I 
1.8 104 1 
1.4 103 I 
3.4 104 I 
8.2 105 1 

1.3 104 1 
3.9 107 1 

6.6 x 10' 1 

l r 5  x I O 6  1 

2.0 x 10-8 I 
2.6 x IO I 
4.4 105 1 
1.0 104 1 
4.4 103 I 
1 . 1  105 1 
3.2 107 I 
2.4 104 I 

89Sr 

9% 

9 l ~ r  

9% 

T (uncanpressed) T r i t i u m  ( 1 )  

T (compressed) 

T ( s c t l v a t e d  

luminous p s l n t )  

T (adsorbed on 

w i l d  c a r r l e r )  

T ( t r i t i a t e d  r a t e r )  

T ( o t h e r  forms1 

leZTa Tantalum (73) 

l@Tb Terbium (65) 

9%c Technet lum (43) 

9%c 

97mTc 

97Tc 

9 9 T c  

99Tc 

'2JmTe Tei l u r i u m  (52) 

'"%e 

127mTe 

1 2 7 ~ e  

129mTe 

IaTe 

131m~e 

IJ2Te 

100 

10 

10 

10 

1000 

1000 

1000 

1000 

IOM) 

20 

20 

20 

1000 

6 

1000 

1000 

100 

1000 

26 

1000 

300 

300 

30 

100 

IO 

7 

10 

0.4 

10 

10 

1000 

1000 

1000 

1000 

1000 

20 

20 

10 

1000 

6 

200 

400 

100 

25 

3 

100 

20 

20 

10 

20 

IO 

7 

2.9 104 

1.5 x I O 2  

3.6 x I O 6  

1.3 107 

9.7 103 

9.7 103 

9.7 103 

9.7 103 

9.7 103 

9.7 103 

6.2 103 

1.1 x l o4  

3.8 107 

3.2 105 

1.5 104 

1.4 10-3 

5.2 x 106 

1.7 x 

1.8 104 

4.0 104 

2.5 104 

2.0 lo7 
8.0 105 

3.1 105 

2.6 x lo6 

H 
wl 



Table I. Table of A I  and A2 values f o r  rad lonuc l l des  (Continued) 

-- - -- - 
SpeClflC I Spec1 f Ic 

Element and A c t l v l t y  I Symbol of Element and Act I v  I i y  
atomic number A 1 ( C I )  A 2 ( C l )  (Cl /g)  I r a d i o n u c l l d e  atomlc number A l ( C I )  A z ( C I )  (Cl/g) 

Symbol of 
rad lonuc l  I d e  

Thor lum (90) 200 

6 

3 

3 

1000 

Un I Im 1 ted 

10 
Unllmlted 

--- 
T h a l l i u m  (81) 20 

200 

40 

300 

Thul lum (69) so0 

1000 

Uranlun (92) IO0 

30 

100 

100 

100 

200 

Unl lmlted 

Unl lmlted 
Unllmlted 

0.2 

0.008 

2 

0.003 

25 

Unl l m l t e d  

10 
Un l lm l ted  

--- 
20 

200 

40 

IO 

IO 

100 

0. I 

0.03 

0.1 

0. I 

0.2 

0.2 

Unllmlted 

U n l  l m l t e d  

Unllmlted 

3.2 lo4 I 
8.3 x I02 I 

I 

5.3 105 I 
1 . 1   IO-^ I 
2.3 lo4 1 
2.2 I 

I 
5.8 I O ~  I 
2.2 105 I 
5.4 lo4 1 

6.0 103 1 
1 . 1  103 1 
2.7 lo4 I 
2.1 x IO I 
9.5 10-3 I 
6.2 10-3 I 

6.3 10-5 I 
3.3  IO-^ I 

1.9 x lo-' I 

--- 

4.3 x 102 I 

2.1 x 10-6 I 

(see 5173.4341 
(see 5173.4341 

1000 

40 

Xenon (54) 70 

5 

10 

100 

1000 

5 
70 

2 

Y t t r l u m  (39) 20 

IO 

30 

30 

IO 

IO 

Ytterb lurn (70) Ea 

400 

Z lnc  (34) M 

40 

M O  

Z l rcon lum (40) 1000 

zo 

25 

20 

70 

5 

IO 

100 

1000 
5 

70 

2 

20 

IO 

30 

M 

IO 

IO 

80 

25 

M 

20 

20 

200 

20 

9.7 10-3 

7.0 105 

2.8 lo4  
2.8 lo4  
1.0 105 

1.0 105 

l.9 105 

1.9 105 
2.5 105 

2.5 105 

2.5 105 

4.1 107 

2.5 10' 

4.5 x IO 

9.5 x 106 

3.2 x I06 

2.3 105 

1.8 105 

8.0 103 

3.3 x I06 

5.3 107 

3.5 10-3 

2.1 104 
2.0 x 106 9 7 ~ r  20 20 

Zol or g r e a t e r  100 0. I (see 1173.4341 nuclear-powered pacemakers. 
U (dep le ted )  
u (~rrad~ated)J -- --- -- I specifled In 1173.433 of t h l s  subchapter, taking In to  s c a r n t  t h e  a d l v l t y  of the 

b l l m 1 t e d  UnllNlted (sb. 5173.4341 2Th. values of A, and A 2  must be c a l c u l a t e d  In  accordance w l t h  t h e  F r o d u r e  

4% Vanadium (23) 6 6 1.7 x 105 I trssion products  and of t h e  vanIum-233 I n  a d d l t l o n  to t h a t  of the t t n r t u a .  

L3The values of A1 and A2 must be c a l c u l a t e d  I n  accordance w l t h  tho p r o d w e  l8lw Tunqsten ( 74 ) 200 100 * e 0  I d  

Footnotes f o r  Table speclfld I n  5173.433 of t h l s  subchapter, taklng Into account t h e  a t l v l t y  of t h e  

!For s h l p m n t s  s o l e l y  r l t h l n  the U n l t d  States t h e  AI va lue  Is 20 c u r l a  tor tlsslon p r o d u d s  end p lu ton ium Isotopes In  a d d l t l o n  to t h a t  of t h e  uranium. 
a r n r l c l u n  and p lu ton lum conta ined In  An-& or PuBe neutron sources a- In 

H 

QI 



I . A .  1 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

A. Radioact ive Liquids and S o l i d s  

1. Non-Shielded - Non-Returnable 

S ize :  8" x 8" x 8" 

Inne r  Containment: Duraglas b o t t l e  o r  S p e c i a l  Form capsule  i n  a 

schedu le  40 s t ee l  pipe n ipp le .  G l a s s  b o t t l e  volume v a r i e s  from 

15 cc t o  2 0 0  cc. 

Outer Containment: DOT SPEC 2N t i n  can i n  cardboard (12B)  box wi th  

p r o t e c t i v e  cardboard i n s e r t s .  

Weight: 3 l b s  . 
Radioact ive Materials: A l l  TYPE A q u a n t i t i e s  of r a d i o a c t i v e  l i q u i d s  or  

s o l i d s  r e q u i r i n g  minimal s h i e l d i n g  ( l i q u i d s  i n  Duraglas b o t t l e s  

o n l y ) .  



I . A . 2  

n 
ORNL Photo 3173-84 

ORNL Non-Returnable Type A Package 

m 
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I.A.5 

DOT-IAEA TYPE A 

O W L  SHIPPING CONTAINERS 

A. Radioact ive Liquids and So l ids  

2. Shielded - Non-Returnable 

Size:  8" x 8" x 8" 

Inne r  Containment: Duraglas b o t t l e  (15 t o  200 cc s i z e )  o r  Spec ia l  

Form capsule  wrapped i n  absorbent material and s e a l e d  i n  l ead  

s h i e l d s  (0.5 t o  1.2 inches t h i c k ) .  

Outer Containment: DOT SPEC 2 N  t i n  can i n  cardboard (12B) box wi th  

p r o t e c t i v e  cardboard i n s e r t s .  

Weight: 0.5 i n .  l e a d  s h i e l d i n g  - 22 l b s .  

1.0 i n .  l e a d  s h i e l d i n g  - 30 l b s .  

1 . 2  i n .  l e a d  s h i e l d i n g  - 33 l b s .  

Rad ioac t ive  Materials : A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  l i q u i d s  

or  s o l i d s  r e q u i r i n g  l ead  s h i e l d i n g  t o  meet DOT r a d i a t i o n  r equ i r e -  

ments ( l i q u i d s  i n  Duraglas b o t t l e s  only) .  



I . A . 6  

f-l 

ORNL Photo 3173-84 

ORNL Non-Returnable Type A Package 
(8 in. by 8 in. by 8 in.) 



I.A.7 

ORNL-DWG 74-9293R 

S FIBERBOARD INSERT 
T FIBERBOARD BOX 
U TIN CAN 

V ABSORBENT PAPER WADDING 
W S C O T C H T A P E S E A L  
X TOP SECTION LEAD CONTAINER 

Y BOTTOM SECTION LEAD CONTAINER 

DISPOSABLE CONTAINER FOR RADIOACTIVE 
LIQUID AND SOLID SHIPMENTS 

Limited to DOT Type A Quantities 





I.A.9 

DOT-IAEA Type A 

ORNL SHIPPING CONTAINERS 

A. Radioact ive Liquids and So l ids  

3. Shielded - Returnable  Outer Container 

S ize :  15" x 15" x 15" 

Inne r  Containment: Duraglas b o t t l e  (15 t o  50 cc s i z e )  o r  Spec ia l  Form 

capsu le  wrapped i n  absorbent material and s e a l e d  i n  l ead  s h i e l d s  

(0.5 t o  1.2 inches t h i c k ) .  

Outer Containment: DOT SPEC 2N t i n  can i n  cardboard (12B) box with 

p r o t e c t i v e  cardboard i n s e r t s .  Cardboard box is placed i n  a f i b e r -  

g l a s s  aluminum r e i n f o r c e d  case. 

Weight: 0.5 i n .  l e a d  s h i e l d i n g  - 40 l b s .  

1.0 i n .  l e a d  s h i e l d i n g  - 48 l b s .  

1.2 i n .  l e a d  s h i e l d i n g  - 51 l b s .  

Rad ioac t ive  Materials: A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  l i q u i d s  

o r  s o l i d s  r e q u i r i n g  l ead  s h i e l d i n g  t o  m e e t  DOT r a d i a t i o n  r equ i r e -  

ments ( l i q u i d s  i n  Duraglas b o t t l e s  only) .  



I.Aw10 

m 
ORNL Photo 0176-81 

- 

DOT IAEA Type A Shielded - Returnable  Outer Container  
(15 in .  by 15 i n .  by 15 i n . )  



I .A. 11 

ORNL-DWG 81-4566 

DOT-IAEA Type A Retu rnab le  Con ta ine r  





I.A.13 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

A. Radioact ive Liquids and So l ids  

4. Shielded - Returnable  

S ize :  17.5" x 17.5" x 16.5" - 2.0 i n .  lead 

21.5" x 21.5" x 16.5" - 2.5 and 3.0 in. l e a d  

Inne r  Containment: Duraglas b o t t l e  (15 t o  100 cc) o r  Spec ia l  Form 

capsu le  i n  an "0" r i n g  s e a l e d  s t a i n l e s s  steel  con ta ine r .  

Outer Containment: S t a i n l e s s  s tee1 c l ad  l ead  con ta ine r  w i th  "0" r i n g  

seal  under b o l t e d  l i d .  

Weight: 2.0 i n .  l e a d  s h i e l d i n g  - 136 l b s .  

2.5 i n .  l e a d  s h i e l d i n g  - 198 l b s .  

3.0 i n .  l e a d  s h i e l d i n g  - 212 l b s  . 
Radioac t ive  Materials: A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  l i q u i d s  or  

s o l i d s  r e q u i r i n g  lead s h i e l d i n g  t o  m e e t  DOT r e g u l a t i o n s  on r a d i a t i o n  

readings ( l i q u i d s  in Duraglas b o t t l e s  only) .  



I.A,14 

m 
ORNL Photo 93392 

n 

ORNL Returnable  Type A Container 



I . A . 1 5  

ORNL-DWG 75-16833 
NOTES: 

( a )  RETURNABLE SHIPPING CONTAINERS ARE IN  THREE 
SIZES: 12in. x l2 in . ,  (7in. xl7in.,  2( in. x 21 in. 

( b )  THICKNESS OF LEAD SHIELDING VARIES FROM 1’/2in. 
TO 3 in.  

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

- STAINLESS STEEL-CLAD 
LEAD CARRIER COVER 

SCREWDRIVER SLOT 

O-RING SEAL 
-2R CONTAINER CAP 

- BOTTLE 

SPACER FOR 15ml AND 
5 0 m l  BOTTLES 

e SPECIAL TOOL-WRENCH 
AND BOTTLE CAP REMOVER 

r 2 R  CONTAINER 

/O-RING SEAL 

DECK ( STEEL PLATE) ALUMINUM -CL 
PLYWOOD BOX 

STAINLESS STEEL LI 

LEAD CARRIER v 
FOR TYPE A LIQUID AND SOLID SHIPMENTS 

ORNL RETURNABLE SHIELDED SHIPPING 
CONTAINER; USA DOT-7A TYPE A 





I.B.l 

DOT-IAEA TYPE A 

OWL SHIPPING CONTAINERS 

B .  Radioactive Solids Only 

1.  Cyclotron Target - 1" Lead 

Size:  12 3/8" x 12 1/2" x 6" 

Inner Containment: Metallic target .  

Outer Containment: Stainless  s t e e l  clad lead container with neoprene 

gasket under sh ie ld  cover. 

Weight: 129 l b s .  

Radioactive Materials: A l l  Type A quantities produced on a cyclotron 

target .  



I . B . 2  

ORNL-DWG 78-10542 

TYPE A ORNL RETURNABLE CYCLOTRON TARGET SHIPPING PACKAGE 
l-in. LEAD SHIELDING, WEIGHT-129 Ibs 



I . B . 3  

ORNL Photo 5-7 

ORNL Cyclotron Ta rge t  Type A Container  

m 





I.B.5 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

B. Radioactive Solids Only 

2. Cyclotron Target - 2" Lead 

Size: 13 1 / 2 "  x 1 3  1 / 2 "  x 7 7/8" 

Inner Containment: Metallic t a r g e t .  

Outer Containment: S t a i n l e s s  s teel  c lad  l ead  conta iner  wi th  neoprene 

gaske t  under s h i e l d  cover. 

Weight: 285 l b s  . 
Radioactive Materials: A l l  Type A q u a n t i t i e s  produced on a cyc lo t ron  

t a r g e t .  



I . B . ~  

ORNL-DWG 76-10835R 

SHIELDED COVER /- 

2-in. Pb SHlEL 

TYPE A ORNL RETURNABLE CYCLOTRON TARGET SHIPPING PACKAGE 
2-in. LEAD SHIELDING, WEIGHT-285 Ibs 



I . B . 7  

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

B. Radioactive Solids Only 

3. Cyclotron Target - 4" Lead 

Size: 15 5 /8 "  x 18 1 /4 "  x 12" - 
Inner Containment: Metallic t a r g e t .  

Outer Containment: S t a i n l e s s  steel  c l a d  lead  conta iner  with neoprene 

gaske t  under s h i e l d  cover.  

Weight: 400 lbs . 
Radioactive Materials: All Type A q u a n t i t i e s  produced on a cyclotron 

t a r g e t .  



I .B.8 - 
ORNL Photo 6386-76 

ORM. Cyclotron Target Type A Container  



I.B.9 

ORNL-DWG 76-12825R2 

4-in Pb SHIELDING 

ORNL RETURNABLE CYCLOTRON TARGET SHIPPING PACKAGE 
4-in LEAD SHIELDING, WEIGHT-800 Ibs 





I . B . l l  

4. 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

B. Radioactive Solids Only 

TRU Neutron Shipping Container 

S i z e :  44" O . D .  x 48" high 

Inner Containment : Special Form capsules. 

Outer Containment: Stee l  container with water extended polyester 

f i l l i n g  . 
Weight: 3700 l b s  . 

Radioactive Materials: A l l  Type A quantities of radioactive so l ids  

requiring neutron shielding to meet DOT radiation requirements. 



I 



I.B.13 

:: g z  0 

mc : 
(D 
In 

ORNL Dwg 78-8496 

4 in. OD. 294 in. LONG 
WATER EXTENDED 
POLYESTER FILLED 

BASE PLATE 

k==4 in., SCH 40 SS PIPE 

===, 4 in. OD, 8 in. LONG 
I in. ID, 6 in. DEEP 
R E M OVA B LE 
SOURCE HOLDER 
AND SHIELD 

TRU NUCLEAR SHIPPING CONTAINER (TYPE A) 
(ATKINSON STEEL CO., SERIAL No. 241) 

Gross wt .  3700 Ibr 





I . C . 1  

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

C. Radioact ive Gases 

1. Shielded - Non-Returnable 

S ize :  8" x 8" x 8" 

Inne r  Containment: Glass ampule i n  a s e a l e d  l ead  s h i e l d  which is placed 

i n  a schedu le  40 steel  p ipe  n ipp le .  Absorbent material is wrapped 

around s tee l  pipe f o r  cushioning. Ampule volume is normally 5 cc. 

Outer Containment: DOT SPEC 2 N  t i n  can i n  cardboard (12B) box wi th  

p r o t e c t i v e  cardboard i n s e r t s .  

Weight: 4 l b s  . 
Radioact ive Materials : All Type A q u a n t i t i e s  of r a d i o a c t i v e  gases 

r e q u i r i n g  minimal s h i e l d i n g .  A l l  gas pressures  are less than 

atmos pher i c  . 



I.C.2 

-, 
ORNL Photo 3173-84 

ORNL Non-Returnable Type A Package 
(8 in. by 8 in. by 8 in.) 



ORNL-DWG 76-3863R 

/ -  

DISPOSABLE CONTAINER FOR RADIOACTIVE GAS SHIPMENTS 





I .C .5 

DOT-IAEA TYPE A 

OWL SHIPPING CONTAINERS 

C. Radioact ive Gases 

2. Shie lded  and Non-Shielded - Returnable  Cylinders 
(10 cc)  

Size:  3 1/2" O.D. x 7 5/16" long - 
Inne r  Containment: S t a i n l e s s  s tee l  cy l inde r  (10 cc volume) w i t h  a 

bellows s e a l e d  valve.  

Outer Containment: S t a i n l e s s  s t e e l  cy l inde r  w i th  "0" r i n g  seal under 

va lve  cap. Lead s h i e l d e d  between inne r  and ou te r  containment f o r  

gases  r e q u i r i n g  s h i e l d i n g .  

Weight: Without l ead  - 6 l b s .  

With l ead  - 9 l b s .  

Rad ioac t ive  Materials: All Type A q u a n t i t i e s  of r a d i o a c t i v e  gases such 

as t r i t i u m ,  xenon-133, and krypton-85. Lead s h i e l d i n g  is used on 

xenon-133 and krypton-85 t o  meet DOT r e g u l a t i o n s  on r a d i a t i o n  

r ead ings .  A l l  gas p re s su res  are less than atmospheric. 



ORNL-DWG 77- !9t 3 2 A R  

ACCESS FOR POURING LEAD z343 in. DlAM FOR SHIELDING 

ORNL RETURNABLE GAS CYLINDER -USA DOT 7A TYPE A 
lOcc ISOTOPE CONTAINER 



I .C.7 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

C. Radioac t ive  Gases 

3. S h i e l d e d  and Non-Shielded - Retu rnab le  Cyl inders  
( 5 0 ,  150, 300, 500 cc) 

S i z e :  See ORNL h g .  77-19134R (Page I.C.10) - 
I n n e r  Containment: S t a i n l e s s  steel  c y l i n d e r  (50-500 cc volume) w i t h  a 

bellows s e a l e d  valve.  

Outer Containment: S t a i n l e s s  s tee1 c y l i n d e r  w i t h  "0" r i n g  seal  under 

v a l v e  cap. Lead s h i e l d e d  between i n n e r  and o u t e r  containment f o r  

gases  r e q u i r i n g  s h i e l d i n g .  

Weight: See ORNL Dwg. 77-19134R 

Rad ioac t ive  Materials: A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  gases such  

as t r i t i u m ,  xenon-133, and krypton-85. Lead s h i e l d i n g  is used on 

xenon-133 and krypton-85 t o  meet DOT r e g u l a t i o n s  on r a d i a t i o n  

r e a d i n g s .  A l l  gas p r e s s u r e s  are less than atmospheric.  



I.C.8 



I.C.9 . 

ORNL Photo 2543-78 

ORNL Gas Container  - Type A 



I.C.10 

ORNL-DWG 77-19134R 

ACCESS FOR SAMPLING UNDER COVER 

COVER REMOVAL 
/FOR LEAK DETECTION PRIOR TO 

O-RING GASKET 

TYPE 304 STAINL 
STEEL CYLINDER 

LEAD SHIELDING 

-ACCESS FOR POURING LEAD 
FOR SHIELDING 

I 

/-BLIND GLANDANDNUT 
FOR SUPPLEMENTAL SEAL 

GLAND AND NUT (NOT RETURN- 
ABLE I FURNISHED FOR CUSTOMERS’ 
USE IN REMOVING GASES 

I 1 

CONTAINER 
NUMBER 

HOH-50 

HOXe-50 
HOKr - 50 
HOH-150 
HOXe -I 50 
HOKr-150 

HOH-300 
HOKr -300 

HOH-500 
HOK r - 500 

VOLMNE WEIGHT 
(millil!terr I iponndrl 

50 9 
50 15 
50 15 
I50 11 

I 5 0  35 
150 35 
300 12 
300 36 

500 15 
500 50 

ORNL RETURNABLE GAS CYLINDER -USA DOT 7A TYPE A 



I . C . 1 1  

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

C. Radioactive Gases 

4. Shielded and Non-Shielded - Returnable Cylinders 
(1000 cc) 

Size See ORNL Dwg. 75-16651R - 
Inner Containment: S t a i n l e s s  s teel  c y l i n d e r  (1000 cc volume) w i t h  a 

bellows s e a l e d  valve.  

Outer Containment: S t a i n l e s s  s teel  cy l inde r  w i th  "0" r i n g  seal under 

va lve  cap. Lead s h i e l d e d  between inne r  and ou te r  containment f o r  

gases  r e q u i r i n g  s h i e l d i n g .  G a s  cy l inde r  placed i n  a DOT approved f i r e  

and impact s h i e l d  f o r  t r a n s p o r t .  

Weight: See ORNL Dwg. 75-16651R 

Radioactive Materials: A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  gases such 

as t r i t i u m ,  xenon-133, and krypton-85. Lead s h i e l d i n g  is used on 

xenon-133 and krypton-85 t o  meet DOT r e g u l a t i o n s  on r a d i a t i o n  

r ead ings .  All gas p re s su res  are less than atmospheric. 



I.C.12 

ORNL Photo 0174-81 

n 

ORNL Gas Package - Type A 

m 



ORNL-DWG 75-!66SlR 

BLIND 
FOR SI 

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

LEAD FOR SHIELDING 

H 

CYLINDER 

28 '/e 
275 28 '/e 
76 HOH -5000 5000 

HOKr -5000  5000 

ORNL RETURNABLE GAS CYLINDER; 
USA DOT 7A TYPE A 

DIAM 
(in.) 
6 5/8 

6 5/8 
654, 
65/8 

8 
8 





I.C.15 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

C. Radioact ive Gases 

5. Non-Shielded - Non-Returnable 
(1000 c c )  

Size:  2" O.D. x 25 1/2" Long (Cylinder)  - 
31 1/2" x 5 1/2" x 5 1/2" ( P l a s t i c  box) 

Inner  Containment: S t e e l  gas cy l inde r  (1000 c c )  w i t h  an "0" r i n g  

s e a l e d  valve.  

Outer Containment: P l a s t i c  box. 

Weight: Cylinder - 3 l b s .  

Cyl inder  and P l a s t i c  Box - 13 l b s .  

Radioact ive Materials: A l l  Type A q u a n t i t i e s  of r a d i o a c t i v e  gases not 

r e q u i r i n g  l ead  s h i e l d i n g  t o  meet DOT r e g u l a t i o n s  on r a d i a t i o n  

r ead ings .  All gas p re s su res  are less than atmospheric. 



DOT Type A Shipping Package fo r  Non-Returnable T r i t i u m  Gas Cy l inde r  

n n 

ORNL Photo 5112-81 



r LEAK TEST PLUG 
SHOULDER CRIMP 

PLASTIC CAP /- I 

WAX SEAL 

VALVE PROTECTOR 

ORNL-DWG 76-13674R 

-;r 

NON-RETURNABLE TRITIUM GAS CYLINDER SHIPPING PACKAGE 





I.C.19 

DOT-IAEA TYPE A 

ORNL SHIPPING CONTAINERS 

C. Radioact ive Gases 

6 .  Shie lded  Cylinder  - Impact Shield 

Size:  24 1/8" O.D. x 41 7/8" i n  he igh t  

Inne r  Containment: S t a i n l e s s  s teel  cy l inde r s  (2000 cc and 5000 cc 

volume) w i t h  bellows s e a l e d  valve.  

Outer Containment: S t a i n l e s s  steel  c y l i n d e r  w i th  "0" r i n g  seal under 

va lve  cap. Lead s h i e l d i n g  between inne r  and ou te r  cy l inde r s .  

Cyl inder  placed i n  gas cy l inde r  impact s h i e l d  (see ORNL 

Dwg. 74-8422R3). 

Weight: 2000 cc cy l inde r  - 168 l b s  . 
5000 cc c y l i n d e r  - 276 l b s .  

Impact s h i e l d  - 320 l b s .  

Radioact ive Materials: A l l  Type A q u a n t i t i e s  of gases r e q u i r i n g  l e a d  

s h i e l d i n g  t o  meet DOT r e g u l a t i o n s  on r a d i a t i o n  readings.  
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O W  Photo 0418-83 

ORNL Gas Package - Type B 
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ORNL-DWG 74-8422R3 

SECONDARY CONTAINMENT 
CLOSURE 1/4 THK x 14 DlA 

FIRE SHIELD CLOSURE 
1/8 THK x 27 1/8 OIA 

- -13 9/16 ___ 

/3/8-16NC-2 x I1/4 
LG HEX HD CAP SCR 
WITH HEX NUT-12REQO 

{VALVE COVER 

42 112 I D  I 14 OD I 1/8 THK --CYLINDER VALVE 

LIFTING DEVICE 

HOKE GAS CYLINDER- 
(PRIMARY CONTAINMENT) LIFTING DEVICE 

16 Ga I 12 I D  SST-. 
1NNER LINER 1 

ICONT NTS) 4 \ I  x 1 x 118 ANGLE 
STIFFENERS 

I l l 6  Go x 24 1/8 OIA SST , FIRE SHIELD SHELL 

~L !/4 THK x 10 3/4 DIP , CYLINDER COVER 

I \  
IAN,, LINER1 L F i R E  SHIELD 

HEAD-1/4 THK HEAD-118 THK \l 518 22 114 
CROSS LAP 
TIMBERS 

ALL DIMENSIONS GIVEN IN INCHES 
TYPE B 

ORNL GAS CYLINDER FIRE SHIELD 
WEIGHT-320 Ibs 
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11. ORNL TYPE B PACKAGES 

Oak Ridge Na t iona l  Laboratory (ORNL) sh ipping  con ta ine r s  f o r  radio- 
a c t i v e  materials which meet t h e  requirements of t he  Code of Federa l  
Regula t ions  (CFR) No. 49 (Transpor t a t ion )  and the  I n t e r n a t i o n a l  Atomic 
Energy Agency ( I A E A )  Sa fe ty  S e r i e s  No. 6 (1973) f o r  Type B packaging a r e  
d iv ided  i n t o  two ca t egor i e s .  

A. Radioactive Gases 
B. Radioactive Sol ids  

The q u a n t i t i e s  of r a d i o a c t i v e  material t h a t  are approved f o r  shipment 
i n  a Type B(U) and Type B(M) package are those  prescr ibed  i n  49CFR 173.416 
o r  i n  t h e  app l i cab le  approved c e r t i f i c a t e s  under 49CFR 173.471 and 173.472. 

Q u a n t i t i e s  of s p e c i f i c  r ad ionuc l ides  can be shipped i n  packages 
approved by the  Department of Energy (DOE) and t h e  Nuclear Regulatory 
Commission (NRC). 
NRC f o r  each package and states the  l i m i t s  f o r  r ad ioac t ive  materials t h a t  
can  be shipped i n  each package. 

A C e r t i f i c a t e  of Compliance i s  i s sued  by the DOE o r  

An IAEA C e r t i f i c a t e  of Competent Author i ty  is requi red  f o r  a l l  
Type B shipments t o  f o r e i g n  coun t r i e s .  
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A. RADIOACTIVE GASES 

GAS CYLINDER FIRE AND IMPACT SHIELD 

(2000, 5000, 16000 c c )  

, 
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m ORNL Photo 0418-83 

ORNL Gas Package - Type B 9 
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ORNL-DWG 74-8422R3 

SECONDARY CONTAINMENT 
CLOSURE 1/4 THK x 14 D l A 7  

\ 
FIRE SHIELD CLOSURE 
1/8 THK x 27 118 DIA 

3/8-16 NC-2 x 1 1/4 

WITH HEX NUT-12REPD 
~ L G  HEX HD CAP SCR 

/VALVE COVER 

-CYLINDER VALVE 

1 1  11 x 1/8 ANGLE 
STIFFENERS 

\-16 Ga x 2 4  118 DIA SST 
FIRE SHIELD SHELL 

1/4 THK x 10 3/4 DlA 
CYLINDER COVER 

HEAD-I/8 THK HEAD-1/4 THK 

’ 
\l 5 /8  x 22 l/4 

CROSS LAP 
TIMBERS 

ALL DIMENSIONS GIVEN IN INCHES 
TYPE B 

ORNL GAS CYLINDER FIRE SHIELD 
WEIGHT-320 Ibs 
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l a .  Carrt f tara  Number l b .  RavlsiOn NO. 
5552 4 

DOE Form E V ~ I I  
(11 .771  

1 0  C F R 7 l  

1c. Packape Ioentificat!on No. ld.lPaga No. I l e .  T y l  No. P a p .  
USA/5552/B (DOE-OR 1 

US. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For R d i c x w c r i ~  Materials P.ck8pn 

U.S.  Department of Ehergy 
P.O. Box E 
Oak Ridge, Tennessee 37830 

A O l l l t U  \I 7- 
W i l l i a m  H. Travis, D i r e c t o r  
Safety & Ehvircnrrental Control Division 

2b. The prckagmg and contams d-8b.d In Item 5 below. meets the s a f n y  nandards 1.1 forrh m S u b p r t  C of Title 10, Coda of Federal 
Repulattons. Pert 71, “Paaagtng of R.~ID.RIM Materm1 for Transpon and Transportation o f  Radioamm h h a r i a l  Under C n t l i n  
Conditions ’‘ 

This mrtificnre does not ~ I I C Y .  the consignor f rom mrnplmnce with any rsquiremnr of The regulations o f  the US D e p K m n t  Of 
Transwnation or other aDplicrble regulatory agencis, including thc povernmnt of any country through or Into w h x h  the pckrpc 
WIII be t r anscend  

2c 

3. This oenificrte IS issued on the basis of 8 s k r v  amlysos repon O f  thc Fackage design or appliCatlon- 
I1  I Prepared by I N a m  and addrexl: I21 Title and Identi f iat ion of repon or epplicdttOn: 131 Date: 

O a k  Ridge National Laboratory Safety Analysis Report for April 1983 
P.O. Bax x Packaging for the ORNL Gas 
Oak Ridge, Tennessee 37830 Cylincler Fire and Impact Shield. 

R e p o r t  No. : ORNL/ENG/?M-5 , Rev. 1 
4. CONDITIONS 

Thls owrificata 8s conditional upon t h  fulfilling of the requirements of Subprn D of 10 CFR 71, .I applleble. and th. conditions Sp.Cifi.d 
in itam 5 ba lm.  

5. Desaiption of Packaping a n d  A u t h o r i d  Contents. Model Number, Fiutle Class. Other Conditions, 8nd flefWEnUS: 

a. Packaging: 

Model : Gas Cylinder Fire  Impact Shield. ( 1 

(2) Descriptim: Packaging for Type B quantities of 
The inner c o n t a i m t  vessels consist of the following cylinders: 

radioactive gases - tritium. 

V o l m  - 1. Tare W t .  - kg (lb) 

2 22.7 (50) 

5 34.5 (76) 

16 L8.1 (106) 

and other vessels of equivalent construction w i t h  capacities of 16 liters or 
less. ?he gas cylinders are supported by padded inserts to prevent lateral 
or vertical mticn w i t h i n  the inner 30.5 an (12 in.) dia. x 77.8 an 
(30-5/8 in.) him, 16-gauge steel vessel. ’Ihe 0.6 an ( l / L  in.) thick 
gasket& l i d  is held in w i t h  12 1 an (3/8 in.) dia. bolts. I h e  cuter shell 



II.A.5 

*age 2, C of C 5552, Rev. 4 

consists of 16-gauge 3OLL Stainless Steel drum 61.3 m (2L-l/8 in. ) 
&a. x 106.4 an (41-7/8 in.) high with a 0.3 cm (1/8 in.) thck 
rmvable head held in place by 6 1.6 m (5/8 in. ) &a. bolts ard 
nuts and equipped w i t h  l ock  washers. Sealed vent boles are provided 
in the outer dmn.  ?he space between the inner vessel and outer 
drun is filled - w i t h  a high tmperature phenolic foam containing 
glass fibers meeting DOE Specification SP-9. The m a x i m  p s s  
weight of the package is 340 kg. (750 lb. 1. 

( 3 )  Drawings: 

The packagings are as described and fabricated in accordance w i t h  
Oak Ridge National Laboratory Drawings: 

M-11574-EM-00 1 -E-6 
X3E-11572-007-E 
X3E-11572-012-0 
X3E-11572-013-0 
X3E-11572-014-0 
X3E-11572-015-0 

b. Contents: 

(1) Type and Form of Material: 

Uncqressd tritiun gas. 

(2) t4axh-m qUantitY of gases not to exceed Type B quantities of 
radioactive mterial consisting of: 

Not mre than 30,000 Ci of tritiun. 

( 3 )  bkcirnm pressures of gases not to exceed: 

Four-fifths a b  (11.8 psia) for tritium. 

(4) bhxirnm decay heat load not to exceed five watts. 

c. Prior to each shipnent, the  package rmst be inspected and leak tested 
in accordance w i t h  the procdures specified in A p p d x C  to Report 
ORNL/ENG/IM-S, Rev. 1, April 1983. 



us. Department 
of Tmnsportonon 
Research and 
Speciil Pmgmrns 
Administrotion 

II .A.6  

400 Seventh Streel. S W 
Washington. D C 20590 

COMPETENT AUTHORITY CERTIFICATION 
FOR A TYPE B(U) 

RADIOACTIVE MATERIALS PACKAGE DESIGN 
CERTIFICATE USA/5552/B(U), REVISION 0 

N G  u 3 1933 

This certifies that the radioactive materials package design described below has been 
certified by the competent authority of the  United States as meeting the  regulatory 
requirements for a Type B (U) packaging for fissile radioactive materials as prescribed 
in the IAEAl/and - USA ;/ regulations. 

1. Package Identification - Gas Cylinder Fire Impact Shield. 

2. Packaging Description and Authorized Radioactive Contents - as described in US. 
Nuclear Regulatory Commission Certificate of Compliance No, 5552, Revision 0 - - 
(attached). 

3. GENERAL CONDITIONS - 
a. Each user of this certificate must have in his possession a copy of this 

certificate and all documents necessary to properly prepare the package for 
transportation in acordance with the endorsed certificate. 

b. Each user of this certificate, other than the original petitioner, shall 
register his identity in writing to the  Office of Haz8rdot.s Materials 
Regulation, Materials Tramportation Bureau, U.S. Department of Transpor- 
tation, Washington DOC. 20590. 

This certificate does not relieve any consignor or carrier from compliance 
with any requirement of t he  Government of any country through or into 
which the package is to be transported. 

c. 

4. The package shall bear the marking USA/5552/B(U) in addition to other required 
markings and labeling. 

5. This certificate, unless renewed, expires on July 31,1988. 

d 3, /YE3 
Richard R. Raw1 @ATE) - 
Chief, Radioactive Materials Branch 
Office of Hazardous Materials Regulation 
Materials Transportation Bureau 

Series No. 6, Regulations for the Safe Tramport of Radioactive Materials, 
1973 Revised Edition" published by the  International Atomic Energy Agency (MEA), 
V i e n n a ,  Alstria. 

- 21 Title 49, Code of Federal Regulations, Parts 100-199, USA. 



I I . A . 7  

A. RADIOACTIVE GASES 

SRO-LP 50 FIRE AND IMPACT SHIELD 

(50,000 cc) 
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,- 
ORNL Photo 2416-78 

SRO Tritium Shipping Container - Type B 
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ORNL-DWG 78-6499 

t 
4’12 in. 

US DOE SR AIKEN, S.C. 
RAD1 OACT I V E MATER1 ALS 
USA166781 BL ( DOE- SR ) 
TYPE B GROSS WT 260LB 

DETAIL A 

NOTE: * SERIAL NUMBER AS SPECIFIED 
ON PURCHASE ORDER 

r- 1 f t  11’/2 in. OD _ I  

3ft 4in. 
OVERALL 

J 

FLAT-TYPE ARRANGEMENT 

I DENTlFlCATlON 
PLATE 
DETAIL A 

- INSULATION 

FIRE AND IMPACT SHIELD FOR 
L P - 5 0  GAS CYLINDER 
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ORNL- DWG 78-6200 

RADIOACTIVE MATERIALS DETAIL A 
USA/6678 /BL  (DOE-SR) 
TYPE B GROSS WT 260 L B  

NOTE: * SERIAL NUMBER AS SPECIFIED 
ON PURCHASEORDER 

I r----- 1 f t  Il'/zin. OD 

,IDENTIFICATION 
PLATE 
DETAIL A 

3f t  4 in. 
OVERALL 

DOME-TYPE ARRANGEMENT 

- INSULATION 

. 

FIRE AND IMPACT SHIELD FOR 
LP-50  GAS CYLINDER 
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--. 
1.b) trrtlllor. Ncmt.n 

2. PA€+BL€ 

6670 

Z.b) Thlr m l ~ l c c t r  b lnwj i o  rsrirfv %ion$ 173.3330. 173 334.173,35 .  ird 173 2-36 o f  tha O w r t m r r t  o f  Tcm1poflri:an Haurao~r 
khtwbt, Rwhlivn# (49 CFR 170 109 wd 14 CFR 1 0 3 )  b M  Sertonr 14G-19-1Or u-4 t4G-O-ICO of th( Dr;u.lmcnt el 
TrrripXUtlon hnprraua Catpols FIqulrtiand 146 CFR 14&149), ar r w d  

?br pckwlnp rrd mntrnlr drwlbd in ltrrn 6 brlw, m t x  tbe u h t y  rundedi mi forth In S u m  C of Tirlc 10, CO-JO of 
Fdtnl Rlgulbcionl, Phrt 71, "Pdrp lng  of R ~ h o w I w  Mwnlalr  for f r r r u p w  an3 f r s n w m t i o n  ot R.dtoatlt,+ Vat** r l  Vndr  
*&I &ndit)oni." 

i.b\ 

P.Id ?hit aMlfiut+ d w  001 ths mhibnor irov ccmpliaa whh any r q u l w - w n t  o f  thr r(pl's!~orrl of iho U.S DbptnmrTt of 
Tnnwrution Of 0 t h  bppkablr r#gulafdry w c h ,  Indudq the wwnmnl of m y  cuun\ry ihrovph or Into %+I& the p6ckwr 
wlll br t r r w n d .  

a. Thb a1fk.m b t u v d  on thr bails bf 8 safety Mbydt repan of the PM;k@r dcriQn or ipplicrton- 
8.k)  R ~ t d  b y  I' md rddrtss) 3.lb) 51th yd ldrntifiutbn of riport or rppl~cstion' 

€,I .  du Pont de Hemours L Company 
Sayannah Rlver Plant  DPSPU-74-124-5, kprll  1975, Rev. 1, 
Alken, SC 29801 4/70. 

E . I .  du P o n t  dc  Nemours & Conpany Report No. 

3.k) W n  No. 71-6678 
4. CONOITIONS 

Thlr Dl1tifiQM 11 COndlIbntl upon tht fulillllfq of lb r.su\rrmsntr 8f Subpert D cf 10 CFR f i ,  II #pp(iobib, rrd thr wdllanr rpsclfixl 
h I t m  6 b low.  

6, Pwlplion of P1ck6glng and Aurhoritd Conlrntr, W r l  Numbor. F i d r  O w ,  O r h a  Cordltlons, rnd R s l s r m o i  

( a )  Packaglng 
(1) Model No,: LP-50 

( 2 )  Descr fpt ion 

Parka I n g  for large  quant i t ies  o f  trltium. ?'he containrnent vessel I s  
1 nan 4 nal 50 I i t e r  304L stainless steel vessel f i t t e d  w i t h  stainless 
Steel vacuum v a l v e  assembly. The contalnment vesse) Is 13-5/8-inch 
0.0, by 25 Inches h i g h  wl th  0.078 i nch  ball thickness. The contalnnent 
vessel i s  h e l d  with in  a closed aluminum bucket with a 14 I n c h  G m O , ,  30 
inches h lgh  and minimum 75/64 i n c h  walls, 
centered and supported wlthin a lG-gAge, 23-1/2 inch O.D. by 40 Inch 
steel drum uslng c e l o t e x  Insu la t ion .  The drum I s  closed u s i n g  a 
bolted l ock ing  r j n g ,  The  package grass Might i s  260 pounds. 

The aluminum bucket  I s  

( 3 )  Drawings 

The packaging i s  fabrfcated In accordance wlth DuPont Drawlng Nos.: 
55-2-5733, Rev. 16; 55-2-5734, Rev, 9; 55-2-5735, Rev. I i  5 4 - 2 - 5 9 5 ,  
Rev, 0; $5-2-186, Rev. 5 8 ;  S5-2-18?, Rev. 22;  54-2-633, Rev. 1; and 
Figure 4 of OuPont Report No. DPSPU-74-124-5, Aprll 1975, Rev, 1, 
4/78. 
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Pa,ge 2'- tcrtlftcstc !io. 6678 - CtvlsIon No, 3 - Docket  ho. 71-5578 

5. 

6. 

7. 

8. 

9. 

E. 

(b) Contents 

( I )  Type and form o f  materlal 
T r i t i u m  I n  mlxture  w i t h  other gases. 

(2) ttaxlmum quantity of materlal per package 
Hot  more than 75,360 m of  tritlum a t  STP (1 am, 2 5 ' C ) ,  and a flaxinurn 
acttvfty o f  193,500 Curies. 

3 

The maxlmum In te rna l  f l l l  pressure In t he  primary cantalnnent vessel shall  not 
exceed 23.2 p s l a  at 25'C (77°F). 

Acceptance, mafntenance end use of the  package s h a l l  be i n  accordance w l t h  the  
rocedures 8nd requlrments of  Chapters 6 and 7 of  DuPont Report No. DPSPJ-7!+- ! 24-5, Aprll 1975, Rev, 1, 4/78. 

The package authorized by this c e r t i f i c a t e  i s  hereby approved for use under t h e  
general license. provlsions o f  10 CFR § 7 1 . 1 2 ( b ) .  

Expiration d a t e :  September 30, 1987. 

_REFERENCE 
, DuPont de Nemourr and Canpany Report No. DPSPU-7 !124-.,, Aprtl 1975,  Rev. 7 ,  

FOR THE U.S. NVCLEAR REGULATORY CCMISSION 

SEP 1 7  1982 ~ 

Date ; 

Fbtertal Safety 
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A.  RADIOACTIVE GASES 

KRYPTON-85 SHIPPING CONTAINER 



ORNL- OWG 7 0  -44392 

COU 

Outer 

Phenolic Foam Insula1 

Oak Stringer (4 each) 

Shield Cask For 
Gas Cylinder (see f ig  3) 

iphlening Setscrew 
lor Bolt ( 6 e o c h )  

Center Of Gra 

Shield Cork 

Krypton Shipping Container 
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F o r m  AEC618 
I l ? - f J )  

IO  cr'u 8 1  
A f  Chi 5 ? 0  1 

5. D-lpt,On o: p a ~ a p , n g  ad ~ ~ ~ b ~ ~ ~ &  Contents, Mod4 Number. Flrsila Class. Other Condmns.and Refmnes: 
5.a. Descr ip t ion  of Packagizg (Coimon rime - Krypton Shippirg Contafner) 

(1) Outer Psckaging 
(a) End-loading c y l i o d r i c a l  therm21 s h i e l d  ccnsis t inp;  o f  crmczl._trfc in= 4 

o u t e r  steel G a l l s  (A6 gage each) 6" a p a r t ,  f i l l e d  with h i g ' n - t e q e n t ~ e  
r e s i s t a n t  ( t o  2,200 F) phenol ic  fo2n p l a s t i c  a ~ c ?  1 o n g F Z u a d .  o& st&ge 
a t  goo i n t e r v a l s .  

1/2" bol t s .  
six 3/4" b o l t s  torqued t o  33 f t .  l b s .  

(c) E x t e r i o r  dimensions : Thermcl s h i e l d  83-1/2" long, 30" diar;lr,ter, wftb 
metal fraccwork (2" schedule  40 pipe) which measures 69-3/4" long 
30-1/4" vide.  

(d) Ncta l  i d e n t i f i c a t i o r !  p l a t e  with conta iner  noe=ncla ture ,  serial nmber, 
q u a c t i t y  of r a d i o a c t i v i t y ,  and name and address  of o:.ner. 

( a )  -tion Shield Contair.er 

(b) Closed by 1/2" steel p l a t e  bo l ted  t o  f langed inner steel w a l l  w i t h  sfx 
Outer cover (phenolic foam f i l l ed  to 5-3/8") 'attache& wirb 

Frrnework w e d  f o r  l i f t i n g  and tie-down purposes, 

( 2 )  Inner  Fncknziny 

1. End-loading c y l i n d r i c a l  steel-encased (1/4") h a d  (2" t h i c k )  shield 
wi th  3 stccl-encased p l q s  f o r  loading,  valve access, and access to 
gas cyl inder  r e t a i n i n g  s t e e l  band. 

2. Closure by r e t e n t i o n  of end s h i e l d i n g  plug with c l a c p  (11'* >: 4-1/29 
held  i n  p l a c c  by two 5/3" set S C L ' C ~ .  
measuring 14" diameter i s  held i n  place by "V" r i n g  (clamped w i t h  

Shield cask cap (3 /4 l '  t h i c k )  
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Page 2 

two 5/16" b o l t s ) .  
(b) Gas Cylinder 

1. Primary containcent  by DOT Spec i f i ca t ion  3A gas c y l i n d e r  (lerrgth 

2. Equipped with s p e c i a l  high t enpe ra tu re  canel valve (8440 S 70) 

Valve Pieasures 4-5/8" with a torque o f  90 in, l b s ,  f o r  

52' and ou t s ida  d i a c e t e r  of 9'*) r a t e d  t o  2015 psig.. 

Kero te s t  Mfg. Corporation, 2525 Libe r ty  Avecue, P i t t s b u r g h ,  Pa, 
15222- 
c losu re .  

( 3 )  Gross Weight: 5200 l b s .  
( 4 )  Sketches of conp le t e ly  assenbled con ta ine r  (Figure I), lead s h i e l d  a d  

gas c y l i n d e r  (Figure 2) and s p e c i a l  Eonel valve ( F i y r e  3) are attached, 

Gaseous Krypton-85 (Transport  Group 111) i n  Large Quanti t ies .  not to exced: 
(1) 74,000 Cur ie s  
(2) 1000 BTU/hr decay heat (293 w a t t s )  
(3) 500 p s i g  gas c y l i n d e r  pressure.  

5.b- Authorized Contents 

- -  
Developwnt and Tes t ing  P rogra r ,  K-.1661 Uni 
1966 
A. J. Nallett and C. E. Newton, P r o t e c t i v e  ShiwinR Packages €or  30-Inck 
D i a m e t e r  UF Cylinaers ,  K-16S6, Union Caibide CorporaCLon, AEC-ORCSP, 
A p r i l  3.3, 1867 . 
49 CFRw P a r t s  170-169, DOT Hazardous Naterials Regulat ions 
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A.  RADIOACTIVE GASES 

ORNL SPEC 6M-TRITIUM TRAP PACKAGE 
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LOCKING RING AND 5/,6-in. DlAM BOLT 
WITH LOCK NUT 

ORNL- DWG 76- 13675R3 

f DRUM 

TYPICAL ASSEMBLY DETAIL, 10gal SIZE DOT-6M 
SPECIAL FOR PACKAGE, TYPE B 



1 I . A  .20 

l a .  Cert i f iete Number l b .  Revision No. 

9859 0 

D 3 E  Form E V +  1 8  
( 1 1 - 7 7 )  

10  C F R 7 l  

IC. Package Iaentificauon No. 

U S A / 9 8 5 9 /  B(U)  (DOE-OR) 
I d .  Page No. l e .  Total No. Pages. 

1 2 

U.S. DEPARTMENT OF ENERGY 

C E R T I F I C A T E  OF COMPLIANCE 
For Radboacrwe Materlals Packages 

1 Safety 8 Environmental Control D i v i s i o n  

20. The packaging and contents descrtbed in item 5 below. meets the safety nandards set forth on Subpart C of Title 10. Code of Federal 
Regulations. Part 71. “Packaging o f  Radnoanara Material for Transpon and Transportation o f  Radioanive Material Under Certain 
Condbtions ’’ 

This certificate does not relieve the consignor from compliance with any requiremenf of the regulations of the US Department Of 
Transponatfon or other applrwble regulatory agencies, including the government of any country ihrough or lnto which the package 
w6II be transported. 

Zc 

3. Thts tert i fcate IS issued on the basis of a safety analyslr repon o f  the packagedesign or appl8wt!On- 
( 1 )  Prepared by (Name and a d d e d  12) Tttle and Identification o f  repOrt or appltwtlon I31 Oate 

Oak Ridge Nat ional  Labortory Safety Analysis Report for January 1984 
P.O. Box X Packaging-The ORNL OOT 
Oak Ridge, TN 37831 Spec i f i ca t ion  6M--Trit ium 

Trap Package 
ORNL/TM - 8633 

4 CONDITIONS 
Thls cenificare IS conditional upon the fulftllrng of the requirements of Subpart D of 10 CFR 71. as appllable. and the condtrions specified 
In item 5 below 

5 Descriprion o f  Packaging and Authorized Conrents. Model Number, Fissile Class, Other Conditions. and ReferenCeS 

a. Packaging 

(1) Model No.: DOT-6M Type B - T r i t i u m  Trap 

( 2 )  Metal Packaging as described i n  accordance w i t h  DOT 
S p e c i f i c a t i o n  6M (49 CFR §178.104), 10-Gallon ( 3 8 - l i t e r )  s i z e  
as an overpack and an innermost Model DG-1 T r i t i u m  Trap. The 
DOT S p e c i f i c a t i o n  6M overpack consis ts  o f  a nominal 10-gal 
( 3 8 - l i t e r )  s i z e  DOT Spec i f i ca t ion  6C m e t a l  drum 15 inches 
OD x 18 inches high (38.1 cm OD x 45.7 h igh)  w i t h  an inner  s tee l  
DOT S p e c i f i c a t i o n  2R container, 4.18 inches I D  x 10 inches h igh  
(10.6 cm I D  x 25.4 cm high). 
t a i n e r  i s  closed w i th  a 4-inch (10.2 cm) diameter pipe plug. 
The space between the  outer  drum and t h e  inner  s p e c i f i c a t i o n  2R 
i s  f i l l e d  w i t h  s o l i d  i n d u s t r i a l  cane f iberboard  (Celotex) having 
a dens i ty  > 15 l b / f t . 3  ( >  0.24 g/cc). 
16-gauge lock ing  r i n g  wiTh a 5/16 inch  (.8 cm) diameter b o l t .  

The inner  s p e c i f i c a t i o n  2R con- 

The outer  drum has a 

6a. Dareof Issuance January 1 9 ,  1983 I ~b Expiranon Date January 31 1988 
FOR THE U S DEPARTMENT OF ENERGY 

7a. Addrws (of DOE Issurng O%cel 7b Sgnature. N a m ,  and Title /of DOE Approlvng Offmall 

U.S. Department o f  Energy 
P.O. Box E 
Oak Ridge, TN 37831 

W91,LUId 755uj 
Wil l iam H. Travis, D i r e c t o r  
Safety 8 Environmental Control D i v i s i o n  

W91,LUId 755uj 
Wil l iam H. Travis, D i r e c t o r  

I 



C e r t  i f i c a t e  o f  Compl i ance 
No. 9859, - 2 -  

The o u t e r  drum has four 0.5 i n c h  (.12 cm) d iamete r  vent ho les  
near  t h e  t o p  and e q u a l l y  spaced around the  o u t e r  su r face  o f  
t h e  drum. The ho les  are covered w i t h  w a t e r p r o o f  seals.  The 
T r i t i u m  Trap c o n s i s t s  of a c y l i n d e r  f a b r i c a t e d  f rom Type 316 
s t a i n l e s s  s t e e l  p i p e  2.32 inches ID x 2 5/16 i nches  h i g h  
(5.9 cm ID x 5.6 cm h igh) .  
o f  t h e  c y l i n e r .  A Type 347 s t a i n l e s s  s t e e l  s i n t e r e d  metal  
f i l t e r  i s  p o s i t i o n e d  between the  va l ve  and t h e  250 gm o f  
dep le ted  uranium metal  t u r n i n g s  used t o  absorb t h e  t r i t ium.  
The t r i t i u m  t r a p  s i t s  on a s t e e l  r i n g  i n s i d e  t h e  i n s i d e  
s p e c i f i c a t i o n  2R vessel. A plywood i n s e r t  p r o v i d e s  p r o t e c -  
t i o n  f o r  t h e  valve.  The gross weight  o f  t h e  package i s  60 l b  
(27.2 kg) .  

A bel lows va l ve  i s  mounted on t o p  

(3) Drawings 

The innermost  t r i t i u m  t r a p  and v a l v e  p r o t e c t o r  a r e  desc r ibed  
and c o n s t r u c t e d  i n  accordance w i t h  Oak Rdige N a t i o n a l  
Labora to ry  Drawing Nos. DSK2117-B and DSK 2118. 

b. Contents 

(1) Type and form o f  m a t e r i a l :  

T r i t i u m  as s o l i d  uranium t r i t i d e .  

(2)  Maximum q u a n t i t y  o f  m a t e r i a l  per package: 

500,000 C i  o f  T r i t i u m  

c. Maximum R a d i o c a t i v e  decay heat:  

10 wat ts  

d. The T r i t i u m  Trap must be l eak  t e s t e d  t o  assure a l e a k  r a t e  < 1 x 
10-7 s t d  CM3/sec p r i o r  t o  shipment. - 





1I.B.l 

B. RADIOACTIVE SOLIDS 

ORNL DOT-6M - SPECIAL FORM 



II.B.2 

/? 

ORNL Photo 2539-68 

DOT SPEC 6M - Type B Container 

rn 



I I . B . 3  

ORNL-DWG 76-13675R2 

TEFLON TAPE SEALANT 

SPECIAL FORM 
WELDED S.S. 

TYPICAL ASSEMBLY DETAIL, 10 gal SIZE DOT-6M 
WEIGHT-60 l b s ,  TYPE B 



I I . B . 4  

US. DEPARTMENT OF ENERGY 
CERTIF l C A f E  OF COMPUANCE 

F a  R . d D . n i Y  M ~ n t o b  ROuw 

I lei Rmusion No. IL lamifiation No. 1.. Tom1 No. Rm. 
/USA/9855/B(U) (DOE-OR) I'ealR"No- I 2 

la. Cut i f ia tn  Num&r 
9855 

Safety Analysis Report for Packaging: 
The ORNL DOT-6M Type B 
Special Form Packaging 

Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, TN 37830 Report ORNL/TM-8340 

a. tackaging 

(1) 

( 2 )  Description 

Model No.: DOT-6M Type B-Special Form 

Metal packaging as described and constructed in acco 
6M (49 CFR 178.1041, 10-gallon size. 

b. Contents: 

(1)  Type and Form of Material: 

(a) Fissile and nonfissile, 5olid radioactive mater 
at temperatures up to 250 F. 

(bl Radioactive material is encapsulated in a metal 
form definitions of: 

dance with DOT Spec f ication 

als which wi.11 not decompose 

capsule meeting the special 

- 1 U.S. Department of Transportation Regulations, 49 CFR 173.403(2) and 

b. D . n o f I ~ ~ :  April 12, 1957 1 e. Eapmion on.: Apr i 1 30, 1989 
COP. THE U.S. 6EPARtMENT O F  ENEP-" - - - - - - - -..-n"r 

'Ia. A d d m  lof DO€ Isrwng 0ffre.l 

U. S. Department of Energy 
P . O .  Box E 
Oak Ridge, Tennessee 37830 



II.B.5 

Certificate No. 9855, Rev. 1 -2- 

2 International Atomic Energy Agency Safety Series No. 6, Regulations for - the Safe Transport of Radioactive Materials, 1973 Revised Edition ( A s  

Capsules are individually leak tested during fabrication per ANSI N542, 
procedure A2.2.1 (ethylene glycol-vacuum technique) or equivalent. 

Amended 1, Part 135. 

( 2 )  Maximum quantity of material per package: 

The maximum quantity of radioactive material is a Type B quantity for special 
form which is limited to: 

(a) Up to 10 watts of thermal decay energy, 

(b) fissile materials are further limited to 15 g, and 

(c) The authorized external radiation levels specified within the regulations of 
the U.S. Department of Transportatio? 49 CFR 173.441. 

( 3 )  Restrictions 

Due to the lack of radiation shielding, the following radionuclides are excluded: 

6oCo, 19'Ir, 13'Cs, 90Sr, and other radionuclides emitting similar levels of 
penetrating radiation. 



I1 .B .6 

US Department 400 Seventh Srreet S W 
Washington D C  20590 of Transportation 

Research and 
Special Programs 
Administration 

IAE2i CERCIFI(3ATE OF 03MPE;TENT AUTHORITY 

Radiqactive Material Package Design 

Certificate & USA/9855/B(U)T 
Revision 0 

This establishes that the packaging design described krein, when loaded 
w i t h  the authorized radioactive contmts, has ken oartified by the Natiandl 
(bmpetent Authority of the United States as meting the regulatory r e q u i r m t s  
for B packaging for radioactive materials as prescribed in IAEA 1/ 
Regulations and in accordance w i t h  SS 49 CFR 173.393b and 173.7(d) o f the  
USA - 2/ Regulations for the t r a n s p r t  of radioactive rraterials. 

I. Package Idmt i f ica t im - Dcrr specification 6M. 

11. 
consists of a sealed DOT Specificatim 2R (Appesldix A) m e t a l  inner contain- 
ment vessel, centered and supparted w i t h i n  a 10 gallon m e t a l  outer drum by 
means of mchined discs and rings of specified solid mterials which provide 
thermal and impact protection. Packaging mt crarrply with the provisions of 
49 CFR S178.104, attached as Ap- B. 
i l lustrated in ~ppenaix C. 

111. 
special form encapsulations of nonfissile solid radicactive mtexials which 
w i l l  not deccmpose at temperatures up to 250OF. 
not exceed 10 watts arxl contents shall not exceed 5,000 curies. 
iridium-192, cesium-137 and strontium-90 are excluded. 

Contents mst be of a design wh.icQ has W n  tested and demnstrated to be 
leaktight to a sensitivity of 10- a t m d  /sec or less. 

packaging Description - The packaging authorized by t h i s  certif icate 

mid assembly detail is 

Authorized Radioactive contentents - The authorized contents consist of 

?he decay kat  load shall 
oobalt-60 

IV. General Conditions - 
a. 
certificate. 

Each user of this certif icate ITplst have in his possession a copy of this 

b. 
shall  register his i d a t i t y  in writing to the Office of Hazardous Materials 
Regulation, Materials Transportatian Bureau, U.S. Department of 'lYansportation, 
Washington, D.C. 20590. 

c. 
with any requirement of the Govemmnt of any muntq through or into which 
the package is to be transported. 

Each user of this certificate, than the Department of -gY 

This certif icate does not relieve any consigmr or carrier fran a~apliance 

- This certificate, unless renewed, expires on August 



II.B.7 

C e r t i f i c a t e  Number USA/9855/B (u) T, Revision 0 Page 2 

This certificate is issued i n  acmrdance w i t h  the requirgnents of the  VIE^ 
and USA Bgulations and in response to the June 14, 1982 = t i t i o n  by the 
Department of Energy, Washington, D.C. and in consideration of the associated 
infopation provided in DOE Certificate of (Bnplaince US~/9855/B (DOE-OR) 
(Appendijc D). 

Certified by: 

" 
Chief, Fadioactive Materials Branch 
Office of Hazardous &aterials Regulation 
Materials Trnsportation Bureau 

1/ "Safety Series No. 6, p12gulations for the Safe Wansport of Radioactive 
Bterials, 1973 E&X&S~ Edition" published by the International ~tomic 
Energy Agency (-1, Vienna,  Austria.  

- 2/ T i t l e  49, Code of Federal Ftegulations, Parts 100-199, USA. 
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B. RADIOACTIVE SOLIDS 

DOT - 6M 
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I1 .B. 11 

ORNL- DWG 76-1 3675R 

y- LOCKING RING AND 5/16-in. DlAM BOLT ,-DRUM LID 

TYPICAL ASSEMBLY DETAIL, 10gal SIZE DOT-6M 
WEIGHT-60 Ibs, TYPE B 





11. B. 13 

B .  RADIOACTIVE SOLIDS 

DOT-2OWC- 1 



IJ. B. 14 

-! 
ORNL Photo 2866-78 

r? 
DOT 2OWC-1 - Type B Container 



II.B.15 

B .  RADIOACTIVE SOLIDS 

DOT-2OWC-3 



I1 .B. 16 

f@=Y 

ORNL Photo 2426-78 

DOT 2OWC-3 - Type B Container 



11. B. 17 

B. RADIOACTIVE SOLIDS 

DOT-20WC-4 
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11. B. 19 

ORNL-DWG 76-!3677 

0 \ 

191n DEEP 

PLYWOOD RINGS 

FIRE SHIELD US DOT-20 WC-4 





11. B. 21 

B. RADIOACTIVE SOLIDS 

ORNL DOT-2OWC-5 - SPECIAL FORM 
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II.B.23 

ORNL-DWG 76-10834R2 

RADIOISOTOPE 
SHIPPING CASK 

-27-in. DIAM 

PLYWOOD RING! 

ORNL DOT-20 WC-5 -SPECIAL FORM PACKAGE 
WEIGHT - 4000 I b (181 5 Kg 1 



II.B.24 

I 1 b. Revision No. IC. Piuagr  laentiiiation No. la. Certifuxe NumMr 
9856 2 USA/9856/B(U) (DOE-OR) 

DOE Form E V ~  I a 
( 1 1 - 7 7 )  

l g C P R 7 I  

l d .  i;lor No. 11.. To;I No. Paga. 

US. DEPARTMENT OF ENERGY 
CERTIFICATE OF COMPLIANCE 

For Radioacriu Materials Paaaws 

7a Addr-sr lor DOE lssurng O%CC) 

U.S. Department o f  Energy 
P.O. Box E 
Oak Ridge, TN 37831 

7b Sognacure, Name. ana T d e  lo1 DOE Approvmg Off,aal) 

u.\\.- A T  
W i l l i a m  H. T r X D i r e c t o r  
S a f e t y  & Env i ronmen ta l  C o n t r o l  D i v i s i o n  

Zb. The -&aging and eonterm d M i b c d  in itrm 5 below. m s  the safety standards sat foKh on Subpln C of Title 10, Code of F e i l  
Rqufmons.  P a n  71, “Paaagtng of R a d i o a n i u  Material for Transport and Tramwni t ion  of R a a i o a m u  Material Under U m i n  
Conamons.“ 

This a m f i e r e  does not r e l e a  the conmgnor from mmplianee with m y  requiremnt of the regulations of the US. Deoartmnt Of 

Tranrwnation or other apoiiuole regulatory agencies, including the govwnrwm of any country thrOugn or into whim the plc*a99. 
wdl b. transmrted. 

Zc. 

3. Thtr O r ~ i f l Q I e  IS issued on Ihe basis of a safety analysis report of t h .  package daign or aDplication- 
I1 I orecared by /Name and addrusl. (21 Title and Identifietion of report or aDPliatiOn 131 Oar :  

Oak Ridge N a t i o n a l  Labora to ry  S a f e t y  A n a l y s i s  Repor t  f o r  October 1982 
P.O. Box X Packaging: The ORNL DOT (Revised 
Oak Ridge, TN 37830 S p e c i f i c a t i o n  2OWC-5 March 1983) 

Speci a1 Form Packaging 
Repor t  ORNL /TM-8347/Rl 

4 CCNDlTlONS 
This certificate IS condittonal u m n  the fulfilling of th. raquaremntr of Suboan D of 10 CFR 71, as aDpliable. and th.  WnditiOm SDOClflc6 
In item 5 below 

5 Dncription of Pauaging and Authorized Contents. Model Number, Fissile Class. Other Condirionr, ana Rererencar: 

a. Packaging 

(1) Model No. : DOT 2OWC-5 - Spec ia l  Form 

( 2 )  D e s c r i p t i o n :  Wooden p r o t e c t i v e  j a c k e t  as d e s c r i b e d  and c o n s t r u c t e d  i n  
accordance wi th  DOT 2OWC-5 (49 CFR 178.194) w i t h  a s i n g l e  i n n e r  packaging 
c o n s i s t i n g  o f  a l e a d  s h i e l d  encased i n  s e r i e s  300 s t a i n l e s s  s t e e l  and 
con fo rm ing  t o  DOT 7A (49 CFR 178.352). 

The wooden p r o t e c t i v e  j a c k e t  i s  a h o l l o w  c y l i n d r i c a l  s h e l l  c o n s t r u c t e d  o f  
one-p iece d i s c s  and r i n g s  f a b r i c a t e d  f r o m  1 - inch  (2.5-cm) t h i c k  e x t e r i o r  
grade, Douglas f i r  plywood. The d i s c s  and r i n g s  a r e  b o t h  g lued  and n a i l e d  
t o g e t h e r  and r e i n f o r c e d  w i t h  16 l / Z - i n c h  (1.3-cm) d i a m e t e r  s t e e l  rods. 
C l o s u r e  i s  p r o v i d e d  by t h e  b o l t e d  r e i n f o r c i n g  rods. Usab le  c a i r t y  dimen- 
s i o n s  a r e  27-inches ID X 27-inches h i g h  (69.6-cm ID X 69.6-cm h igh ) .  
Minimum plywood th i cknesses  around t h e  c a v i t y  a r e  6 - inches  (15.2-cm) i n  
t h e  w a l l  and 8-inches (20.3-cm) a t  t h e  ends. The p r o t e c t i v e  j a c k e t  has s i x  
chimes w i t h  an O.D. o f  43- inches (109-cm). The p r o t e c t i v e  j a c k e t  i s  
mounted on a s k i d  60-inches X 60- inches (152-cm X 152-cm). 



II.B.25 

C e r t i f i c a t e  o f  Compliance 
NO. 9856, Rev 2 

- 2 -  

The DOE S p e c i f i c a t i o n  7A i s  a 300 s e r i e s  s t a i n l e s s  s t e e l  encased, lead  
s h i e l d e d  cask. The o u t e r  s h e l l  i s  f a b r i c a t e d  f rom l j 4 - i n c h  (0.64-cm) t h i c k  
s t e e l  p l a t e  and t h e  c a v i t y  i s  l i n e d  w i t h  11 gauge s t e e l  p la te .  C losure  i s  
accompl ished w i t h  a s tee l - c lad ,  recessed p lug- type l i d  w i t h  e i g h t  1/2- inch 
(1.3-cm) b o l t s .  
encapsu la t ion .  

The gross weight o f  t h e  packaging i s  4,000 lbs .  (1815 kg). 

s p e c i f i c a t i o n s  shown on pages 68, 69, 70, 71, and 72 and DOT S p e c i f i c a t i o n  
2OWC-5. A t y p i c a l  s p e c i a l  form capsule i s  cons t ruc ted  i n  accordance w i t h  
t h e  drawings and s p e c i f i c a t i o n s  shown on page 5 ( F i g u r e  2) and 67. 

Containment f o r  t h e  conten ts  i s  p rov ided  by s p e c i a l  form 

( 3 )  Drawings: The packaging i s  cons t ruc ted  i n  accordance w i t h  t h e  drawings and 

b. Contents 

(1) Type and Form o f  M a t e r i a l :  

( a )  N o n f i s s i l e ,  s o l i d  r a d i o a c t i v e  ma te r ia l s .  

(b )  Rad ioac t i ve  m a t e r i a l  encapsulated i n  a metal  capsu le  meet ing  t h e  
s p e c i a l  fo rm d e f i n i t i o n s  o f :  

1) U.S. Nuclear Regu la to ry  Commission Regu la t ions ,  10 CFR 71.13 and 
71.75. 

2 )  U.S. Department o f  T ranspor ta t i on  Regu la t ions ,  49 CFR 173.469, and 

3) I n t e r n a t i o n a l  Atomic Energy Agency Safe ty  Ser ies  No. 6 ,  
Regu la t ions  f o r  t h e  Safe Transpor t  o f  Rad ioac t i ve  M a t e r i a l s ,  
1973 Revised E d i t i o n  (As Amended), Pa r t  135, and s p e c i f i c a l l y  
l i m i t e d  t o  t h e  rad io i so topes  and i n  Type B Spec ia l  Form 
q u a n t i t i e s  s p e c i f i e d  i n  t h e  f o l l o w i n g  I A E A  C e r t i f i c a t e s  o f  
Competent A u t h o r i t y :  

USA/0156/S USA/0204/S 

USA/0198/S USA/0205/S 

USA/0202/S USA/0206/S 

USA/0203/S 

( c )  Maximum q u a n t i t y  pe r  package. The maximum i n t e r n a l  heat i s  l i m i t e d  t o  
100 wat ts .  

c. Other  R e s t r i c t i o n s  and L i m i t a t i o n s  

Only one t ype  o f  r a d i o a c t i v e  m a t e r i a l  w i l l  be shipped p e r  capsule. 





1I.B-27 

B. RADIOACTIVE SOLIDS 

DOT-20WC-6 



11. B. 28 

ORNL Photo 3232-84 
n 

DOT 2OWC-6 - Type B Container 



II.B.29 

B. RADIOACTIVE SOLIDS 

DOT-2 1WC 



II.B.30 

? 
ORNL Photo 88461 

DOT 21WC - Type B Container ? 



II.B.31 

ORNL-DWG 67-78lZR 

RADIOISOTOPE SHIPPING CONTAINER WITH FIRE AND IMPACT SHIELD 
TYPE B DOT-21WC, WEIGHT-4500 Ibs 



II.B.32 

USA DOT SPEC 21WC 

5 178.195 SPECIFICATION 21WC; wooden-steel p r o t e c t i v e  overpack. 

§ 178.195-1 General requirements . 
(a) Each j a c k e t  must meet a l l  t h e  app l i cab le  requirements of 

5 173.24 and t h i s  subchapter .  

( b )  The maximum author ized  gross weight of t he  overpack, inc luding  

i t s  inner  conta iner  and contents  may not  exceed 1360 k i l o g r a m  (3000 pounds). 

§ 168 . 195-2 Materials of cons t ruc t ion  and o the r  requirements . 
( a )  The genera l  conf igura t ion  of t he  p r o t e c t i v e  overpack m u s t  be a 

combination of two nes ted  plywood boxes, each 2.5 cent imeters  (1 i nch )  

t h i c k ,  nested w i t h i n  a t h i r d  wooden box of nominal 5 cent imeters  (2 i n c h )  

th ickness  s o l i d  hardwood. The t h r e e  nested boxes must be enclosed w i t h i n  

a welded framework cons t ruc ted  of mild s teel  s t r a p ,  nominally 1 cent imeter  

(3/8-inch) t h i c k  by 8-10 cent imeters  (3-4 i nches )  wide. 

of each box must be coated wi th  intumescent pa in t .  

A l l  ou t e r  su r f aces  

(b)  Plywood must be ex ter ior -grade ,  void-free,  Douglass f i r ,  o r  equi- 

v a l e n t ,  a t  least 2.5 cent imeters  (1 i nch )  t h i c k .  Sol id  hardwood must be 

m a p l e ,  o r  equiva len t .  

(c)  A l l  box j o i n t s  and i n t e r i o r  su r faces  must be glued with a s t r o n g ,  

shock-resis  t a n t  adhesive such as polyvinyl-acetate  emulsion, o r  equiva len t .  

( d )  A l l  hardwood j o i n t s  must be mi te red ,  o r  equiva len t ,  r e in fo rced  wi th  

No. 10 cement-coated n a i l s  spaced on nominal 15 cent imeters  (6 i nch )  cen te r s .  

( e )  A l l  plywood j o i n t s  must be but t - type,  o r  equiva len t ,  r e in fo rced  wi th  

No. 10 cement-coated n a i l s  spaced on nominal 15 cent imeters  (6 i nch )  c e n t e r s .  

( f )  The angles  and s t r app ing  of t he  metal frame must be spaced such 

t h a t  s e p a r a t i o n  d i s t ances  do not  exceed 15 cent imeters  (6  inches) .  
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(g )  The l i d  must be of t he  same material as t he  box and f a b r i c a t e d  i n  

such  a manner t h a t  c losu re  forms a mitered j o i n t  with the  hardwood box and 

2 s tepped-j o i n t s  wi th  t h e  plywood boxes. 

5 178.195-3 Closure. Closure f o r  t h e  p r o t e c t i v e  overpack must be 

provided by at  least 4 mild s tee l  hinges formed from minimum 2.5 cent imeter  

( 1  inch)  x 5 m i l l i m e t e r  (3/16-inch) bar  s tock .  Hinge pins must be minimum 

6 millimeter (1/4-inch) diameter by 13 .3  cent imeters  (5  1/4-inches) long 

mild s tee l  rod d r i l l e d  at: both ends f o r  c o t t e r  pins .  

5 178.195-4 Tests. P r i o r  t o  each use, each overpack must be v i s u a l l y  

inspec ted  f o r  de fec t s  such as wood checking o r  s p l i n t e r i n g ,  weld cracking,  

co r ros ion  of steel  p a r t s ,  improper j o i n t  bonding, o r  improperly f i t t i n g  

c l o s u r e  l i d .  

5 178.195-5 Required marking. ( a )  Marking must be as prescr ibed  i n  

5 178.24 of t h i s  subchapter .  

( b )  Marking on the  ou t s ide  of each overpack must inc lude  t h e  fol lowing:  

68-748 2A 
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B. RADIOACTIVE SOLIDS 

LiOH FIRE BND IMPACT SHIELD 
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ORNL Photo 2868-78 
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ORNL LiOH F i r e  and Impact Shield 
Type B Container 
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SHIPPING CASK 

CLOSURE BOLTS 

TIE-DOWN LUG 
(TYP 4 PLACES) 

IDENTIFICATION 

GIVEN IN INCHES) 

L i O H  FIRE AND IMPACT SHIELD PACKAGING 
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le. Package Identification NO. lb.  Revirion No. l a .  Certificate Number 985 1 2 USA/985 1 /B (U) (DOE-OR) 

OOE Form EV6 1 8  
( 1  1 - 1 7 )  

1 0  CFR 7 1  

l d .  Page No. 
1 

le.  Total No. Pam. 
2 

US. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Rzdioactiw Manriala Packaw 

P.O.  Box E 
Oak Ridge, Tennessee 37830 

William H. Travis, Director 
Safety & Environmental Control Division 

2b. The packaQing and contents described in imm 5 below, m t s  tha safety mndardr sat forth in Subpart C of Title 10, Code of Faderat 
Rqulsrionr, Part 71, "Packaging of Radioactive Material for Transport and Tranrportation of Radioactive Material UndU Certain 
Conditionr." 

2c. This certificate d m  not raliern the consignor from compliance with any requirement of the regulations of the U.S. DeparImnt Of 
Transportation or other applicable regulatory agencies, including the government of any country through or into which the pfkage 
will be transported. 

3. This certificate ia issued on the basis of a safety analysis rapon of the package design or a~ l i ca t ion-  
(2) Titla and Identification of report or application: (3) Date: 

November 1983 [ 1 I Prepared by /Name and address/: 

Oak Ridge National Laboratory 
Post Office Box X 
Oak Ridge, TN 37830 Hydroxide Fire and Impact Shield 

Safety Analysis Report for 
Packaging for the ORNL Lithium 

Report No. : ORNL/ENG/TM-8/Rl 
4 CONDITIONS 

Thlr fenificafa is conditional upon the fulfilling of the requiremenu of Subpan D of 10 CFR 71, as applicable. and the conditions specified 
In itam 5 below 

5 Damption of Packaging and A u t h o r i d  Contenu, Model Number. Fissile Class. Other Conditions, and References: 

(a) Packaging: 

(1) Model: Lithium Hydroxjde Fire and Impact Shield 

( 2 )  Description: 

Packaging for inner Type A packages to permit transport of Type B quantities of 
radioactive materials and limited quantities of fissile materials, which are 
contained within inner special form encapsulation. The inner vessels will be 
blocked to minimize movement during transport. 

The inner cavity of the shield is a cylinder 27 inches diameter x 26 inches high 
(68.6 cm. dia. x 66 cm. high). The outer shell is 36 inches diameter x 30-3/4 
inches high (91.4 cm. dia. x 78.1 cm. high). 

The lid i s  4-5/8 inches (11.7 cm.) thick. 
inches (0.3 cm.) thick 304-L stainless steel with the 4-1/4 inches (10.8 cm.) 
nominal space between inner and outer cladding being filled with LiOH'H20 
crystals. The outer surface of the shield has 92 vertical cooling fins. 
flanged closure is held in position by twenty 1-inch (2.5 cm.) alloy steel bolts. 

The shield is fabricated from 1/8 

The 
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C of C USA/9851/B(U)(DOE-OR ) ,  Rev. 2 Page 2. 

The inner Type A package i s  a top loading, cylindrical lead shield clad with 
3/8 inch (1 cm.) thick Series 300 stainless steel. Outside dimensions are 
20 inches OD x 21-11/16 inches high (51 cm. OD x 55 cm. high). Cavity dimensions 
are 7-1/4 inches ID x 10-1/2 inches high (18.4 cm. ID x 26.7 cm high). The 
cavity plug is closed with eight 1/2-inch (1.3 cm.) diameter bolts and nuts. 

The gross weight of the package is 4,000 lbs. (1814 kg.). 

(3) Drawings: 

The overpack and the inner Type A Cask are described and fabricated in accord- 
ance with Union Carbide Corp., Nuclear Division, Oak Ridge National Laboratory 
drawings : 

0-RD-2760-D through D-RD-2764-D, X3D- 1091 -109, and X3D- 10191-109. 

(b) Contents: 

(1) Type and form of material: 

Any solid, large quantity of radioactive materials, fissile and nonfissile, 
meeting special form and whose decay heat load does not exceed 300 watts. 

( 2 )  External radiation levels will be within the levels prescribed in DOT Regula- 
tions, Title 49. 

(3 )  Specific limits of contents: 

(i) 5 g of: 

(ii) 100 g of: 
235,, or 233u 

(iii) Irradiated metal such as tensile, impact, and weld specimens (including 
but not limited to stainless steel, mild steel, INOR-89, nickel, high- 
nickel alloys such as Inconel, Monel, and tungsten ).  

(c) Fissile Class: I 
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B. RADIOACTIVE SOLIDS 

TUNGSTEN SHIELDED CASKS 
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ORNL Photo 2996-79 

ORNL Tungsten Shielded Type B Container - 
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ORNL-DWG 78-1 f597R 
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l a .  Cet:i!ia:t Numbsr 

5597 

US. DEPARTMCNT OF ENERGY 

CERTIFICATE OF COLIPLIANCE 
For Radioactive Ma:eriJIs Packarjas 

lb .  Revision No. IC. P3zkag3 loeorification i‘lo. Id.  P i p  No. le.  ‘ToraI NO. ?35e% 

3 i US.h./5597/3L(COE-CR) 2 

Oak Ridge N a t i d  Laboratory 
P.O. Box X 
Oak  Ridge, Tennessee 37830 

zb. The packaging and contents described in item 5 below. meets ths safety standards set forth in Subprr  C of Title 10. Coda of Fdera l  
Rqulations, Pan 71, “Packaging of Radioactive ,%rerial for Transpon and Transponation of Radioactive M~ter ia l  Undrr Carrain 
Conditions.” 

This cerri:icate doa, not reliem the consignor from compliancs with any requirsment of the regulations of the U.S. Oaprtrren: Of 

Transporntion or other applicable rqlulatory agencia. including the govwnmnr o f  any country through or into which the Paadrase 
will be transpond. 

Zc 

ORNL hgst&Shieided Cask, 
Report No. ORNL/ENG/TJI-3 

Tungsten-ShielM Cask, P.dd-m 1, b)  marc^ 1979 

a)  et. 1977 

b) Safety  Analysis R e p o r t  for the ORNL 

Report hb- OFlNL/mG/TM-3. Ad&?& 1 

3. This csx i f ia te  is issued on the basis of a safety analysis report o f  the packagedesign or application- 
(2) Titleand Identification of repon or application: (3) Date: I a) Safety Analysis Report for the 

( 1 )  Prepared by INdrn.9ddaaddf8Ssk 

7a. Address /of DOE Issuing Office) 

U.S. Department of Energy 
e.0. EOX E 
Oak Ridse, Tennessee 37830 

7b. Signature, Name, and Title (of DOE Approving Official) 

m,\t,rW A T 4  
W i l l i a m  H. T r a v i s ,  Director 
Safety and Envircmental Control Dicsion 

l. 
4. CONDITIONS c) L t r  fran Scm?s?feld t o  Lenhard 5 )  Apt: 7,1982 

f h i s  certificate is conditional upon the fulfilling of the requirements of Sobpan D of 10 CFR 71. ar applicable. and t t e  zanditlons specttled 
in irem 5 below. 

5. Desoiption of Packaging and Authorized Contents. Model Number, Fissile Class, Other Conditions. and References: 

a, Pzc’agirrg: 
( L 1 rkdel: ’hn+ten-%ielded’ cask. 
(2) Description: 

The packaging consists of a right circular cylinder with a hefccisphrical b t t c m .  
It has a m;udrrann outside diameter of 16-in. a t  the base. The cask itself has an 
outside dimeter of 8-in. The overzll height is 15-1/4-in. Inner cavity dirm- 
sions are 3.120-in.-dim. by 6-1/2-in. high. Shielding is composed of a 2-in. 
thickness of isostatically pressed and sintered tungsten alloy containing 95% 
tungsten, 3.5% nickel, and 1.5% iron, w i t h  a l/d-in. type 304L stainless steel 
cladding outside and a l/S-in. type 304L stainless steel cladding inside. The 
gasketed l id consists of a 150-lb. flange ta vtiich the top shield plug is attached 
and is held in place by eight 5/8-in. studs and bolts. A capped 1-in. pipe is 
welded t o  the wdersid? of the cask l i d  t o  position the contents. The gross weight 
of the basic cask is 381 lbs. 

A tungsten insert, heat shield, atxi skid are uti l ized far shipping radioactive 
materials having higher internal heat loads and external radiation levels. The 
gross weight of the cask, insert, heat shield and skid is 565 lb. 
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Certificate of Cmpliance 5597, Rev. 3 Page 2 

( 5 ) Drawings : 

The packaging is as described and fabricated i n  accordance with Oak Ridg- 
rdational Laboratory Drawings N o .  M-11575-E%~-001-Z-Rev. 2 ,  X3D11575-002, .ad 
X3D-11575-003-Rev. 3. 

h. Contents: 

(1 ) Type and Fom of Phterial : 

(a )  Monfissile, solid radioactive materials b h i c h  will not deconpose a t  tenpra-  
tures up to  25OoF. 

(b) Rzdioactive material is encapsulated in a metal capsule meeting the special 
form definitions of: 

- 1 U.S. Department of Transportation Regulations, 49 CFR 173.389(g) and 

- 2 International Atomic Energy Agency Safety Series NO. 6, Regulations for 
the Safe Transport of Radioactive Materials, 1973 Revised Edition (As 
Amended), Part 135. 

Capsules are individually leak tested during fabrication per ANSI N542, pro-  
cedure A2.2.1 (ethylene glycol-vacum technique) or equivalent. 

(2) h%xim quantity of material per package: 

The maxirmn quantity of radioactive material is a large quantity which is limited 
to: 

(a) For the packags without the insert, heat shield, and skid-- 525 watts of 

(b) For the package with the insert, heat shield, and skid-- 3 0  watts of thermal 

t h e d  decay energy 

decay energy 

(c) The authorized external radiation levels specified within the regulations 
of the U.S.  Department of  Transportation 49 CFR 173.393(j). 

(3) Prior t o  each loading: 

(a) The package and gakets  will be inspected. The gaskets shall be replaced w i t h  
new gaskets i f  any defects are noted or every six mnths, whichever occurs 
first . 

(b) The packag2 shall be leak tested to  16' at .  an /sec using the soap bubble 3 
test or equivalent. 

( L )  Within six (6) mnths prior to shipment, package welds w i l l  receive a dye pene- 
trant inspection. Repairs will be made as appropriate. 
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B. RADIOACTIVE SOLIDS 

TRU CURIUM SHIPPING CONTAINER 
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ORNL Photo 0784-74 R2 /1 

ORNL TRU Shipping Container - Type B 



11. B. 49 

ORNL DWG 67-9810 

\ 

\ 

Y 
ORNL TRU Shipping Conta iner  - Type B 
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U.S. NUCLEAR REGULATORY COMMISSION I! 
CERTIFICATE OF COMPLIANCE NRC FORM 618 

FOR RAOIOACTIVE MATERIALS PACKAGES 
i CERTIFICATE NUMeER b REVISION NUMEER c PACYAGE IDENTIFICATION NUMBER a PrGE NUMBER e TOTAL NUMBER PAGES i 

I 
USA/5461/B( ) 1 3 i 

l i  

' t  

2 PUMMBLE 
a ThisCnrliflCaIe IS issued lo certily thallhe packagingandconlenladescrlbed inltern 5 below meels ineapplicablesafetystandardsaet form In Title 10 Codeof 

b Thls cerliflcate does no1 relieve Ihe consignor from complillnce vrln any requrremenl of the regulallons of tho U S Depanrnenl of Transportation or olher 
applrcabls regulatory agencies. lncludlng Iha government 0) any counlry through or In10 whlch lhe package wlll Be transponed 

i 

i 
Federal Ragu~etionc. pin 71 'Pachaglng of Radicacllve Materrah for Trenspon and Transvonalron of Radioacllve Materral Under Certain Condilions 

I 

! 
i 

I 
Oak Ridge Na t iona l  Labora to ry  Sa fe ty  Ana lys i s  Report f o r  Packaging (SARP) of 1 

t h e  Oak Ridge N a t i o n a l  Labora to ry  TRU Curium 1! 
Oak Ridge, TN 37830 Sh ipp ing  Conta iner ,  Repor t  No. ORNL-5147/RI, 1 

August 7, 1981 Rev is ion .  

3 THIS CERTIFICATE IS ISSUED ON THE 0ASlS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION 
I PREPLRED a V  1N-. and A d d r u r l  b TITLE AND IDENTIFICATION OF REPORT OR APPLICATION 

c DOCKET NUMBER 71-5461 I 

I 
i 1 CONDITIONS 

73,s ceniticate IS condifional upon lullilllng the requtremenls of 10 CFR Part i l  as appllcable and the COndlIlOns specified below 

1: 

( a )  Packaging 1 

( 1 )  Model No: ORNL TRU Curium Sh ipp ing  Con ta ine r  11 
( 2 )  D e s c r i p t i o n :  

2ackaging f o r  s o l i d  r a d i o a c t i v e  m a t e r i a l s .  
c i r c u l a r  c y l i n d e r  29 inches i n  d iameter  and 30-7/8 inches h i g h  w i t h  a 
304L s t a i n l e s s  s t e e l  o u t e r  s h e l l  which i s  3 /8- inch t h i c k  f o r  t h e  
bot tom and s ides  and 1 /4 - inch  t h i c k  f o r  t h e  top.  The s h e l l  f o r  i n n e r  
c a v i t y  i s  8-1/4 inches i n  d iameter  x 19-1/4 i nches  deep, i s  f a b r i c a t e d  
f rom 1 /4 - inch  t h i c k  304L s t a i n l e s s  s t e e l  p l a t e ,  and i s  recessed 1-3/8 
i nches  f rom t h e  top. The i n n e r  c a v i t y  f o r  t h e  r a d i o a c t i v e  m a t e r i a l s  
i s  6 inches i n  d iameter  x 8 inches  h i g h  and f a b r i c a t e d  from 1 /4 - inch  
t h i c k  304L s t a i n l e s s  s t e e l .  
space between t h e  s ides  and bot tom o f  t he  c a v i t y  s h e l l  and the i n n e r  
c a v i t y .  The annulus between t h e  o u t e r  s h e l l  and i n n e r  s h e l l  i s  f i l l e d  
w i t h  l i m o n i t e  concrete.  The i n n e r  c a v i t y  i s  c losed  w i t h  a concrete-  
and-lead p l u g  which i s  enclosed i n  1 /4 - i nch  t h i c k  2OaL s t a i n l e s s  s t e e l  
p l a t e .  A 1 /16- inch t h i c k  Neoprene gaske t  serves as a seal between the  
t o p  f l a n g e  o f  t he  p l u g  and the  cask body. E igh t ,  1 /2  "-13 UNC-2 nu ts  
on s tuds h o l d  the  p l u g  f l a n g e  t o  the  cask body. 
304L s t a i n l e s s  s t e e l  b a i l  i s  used t o  l i f t  t h e  p lug .  A 1 /4 - i nch  t h i c k  
304L s t a i n l e s s  s t e e l  p l a t e ,  which covers t h e  t o p  13Ui.K-2 nu ts  on 
s tuds .  The cask i s  equipped w i t h  f o u r ,  1 / 2 - i n c h  t h i c k  l i f t i n g  and 
t ie-down ears w i t h  two, 1 - i nch  d iameter  ho les pe r  ea r .  The cask is 
vounted on a s k i d .  The gross we igh t  o f  t he  cask and s k i d  i s  2,300 
pounds. 

The c o n t a i n e r  i s  a r i g h t  

Seven-e ights- inch t h i c k  l ead  f i l l s  t h e  

I 

A 3 /8 - i nch  d iameter  
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Page 2 - C e r t i f i c a t e  No. 5461 - Revision No. 1 - Docket No. 71-5461 

5. ( a )  ( 3 )  Drawing 

The packaging f o r  the TRU C u r i u m  Shipping Container  i s  cons t ruc ted  i n  
accordance w i t h  Oak Ridge National Laboratory Drawing No. F1-12175-CP- 
078-E-3 (Report No. ORNL-5147/RI, August 7 ,  1981 Revis ion) .  

( b )  Contents  

(1)  Type and form of m a t e r i a l  

( i )  Transuranics ,  inc luding  any i s o t o p e s  o f  curium, berkelium, c a l i f o r n i u m  
and fermium i n  the form of  meta l ,  ox ide ,  c h l o r i d e ,  o r  o t h e r  s a l t  
conta ined  i n  capsules  t h a t  meet the  requirements  of s p e c i a l  form 
r a d i o a c t i v e  m a t e r i a l .  

( i i )  Transuranics ,  inc luding  any i s o t o p e s  o f  plutonium i n  the form of 
meta l ,  ox ide ,  c h l o r i d e ,  or other s a l t  doubly encapsulated in  
capsules  t h a t  each meet t h e  requirements  o f  s p e c i a l  form r a d i o a c t i v e  
m a t e r i a l .  

( 2 )  Maximum q u a n t i t y  of mater ia l  per  package 

The maximum i n t e r n a l  h e a t  not t o  exceed 150 w a t t s ;  d '9 
!H 

( i )  For t h e  mater ia l  descr ibed  i n  5 ( b ) ( l ) ( i )  a t o t a l  of 10 g o r  any d 
combination of Am-242, Cm-243, Cm-245, Cn-247, o r  Cf-249. 'd i$ 

LiJ 

il 

( i i )  For the mater ia l  descr ibed  in  S ( b ) ( l ) ( i )  a t o t a l  of 3 g of Cf-251. 

( i i i )  For the mater ia l  descr ibed  in 5 ( b ) ( 2 ) ( i i )  t h e  t o t a l  of any combination ,$ 
'9 o f  Pu-239 and Pu-241 s h a l l  be l i m i t e d  t o  10 g. 
B 

6 .  Special  form r a d i o a c t i v e  mater ia l  capsules  nay be held wi th in  DOT S p e c i f i c a t i o n  
2R c o n t a i n e r s .  

7 .  The package au thor ized  by t h i s  c e r t i f i c a t e  i s  hereby approved f o r  use under 
general  p rovis ions  of 10 CFR gZ1.12. 

18 $ d 
& d 
:1 8. Expi ra t ion  d a t e :  June 30, 1986. 
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CONDITIONS (connnuedl 

Page 3 - C e r t i f i c a t e  No. 5461 - Revision No. 1 - Docket No. 71-5461 

REFERENCE 

S a f e t y  Analysis  Report f o r  Packaging (SARP) of t h e  Oak Ridge National Laboratory TRU 
Cur ium Shipping Conta iner ,  August 7 ,  1981 Revision t o  Report No. ORNL-5147/RI. 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

Charles  E. MacDonald, Chief 
Transpor ta t ion  Certification Branch 
Divis ion of Fuel Cycle and 

Mater ia l  S a f e t y ,  NMSS 
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400 Sevenfn Slreel. S W 
Wasninglon. D C 20590 

IAEACEEITIFICATE OF m R I T y  

?Lpe B EBdioxtive Material Package Design 

ReSeaKh and 
Special Programs 
Admlnistmtii 

Certificate Mms3er uSA/5461/B( ) 
(%vision 3) 

This establishes t h a t  t k  packaging design descrM herein, when loaded 
w i t h  the authorized radioactive cantents, has k e n  certified by the xational 
C a p t e n t  Authority of the united States as reeting the regulatory rec_ntirarents 
for 'X&e B packaging for radioactive mteridls as prescribed in BEq 1/ 
Regulations and 49 CFR §§ 173.393b and 173.395 (c) (2)  of the USA 2/ w t i o n s  
for  the t r ansp r t  of radioactive materials. 

I. Package Identification - Edel No. ORM; TRU Curium Shipping cmtainer. 

11. Packaging Description - Ihe packaging authorized by t h i s  certif icate 
consists ot a stauiless steel w e l h t  29" in dimter ani 31" long with 
shielding provided by 1 inch of lead and +3/4 inches of lirronite m n c e t e .  
Inner cavity closure is by mans of a neoprene gasketed stainless steel 
plug which is f i l l ed  with lead d cancrete and which is blt& b t k  
cask bxly. A stainless stee l  plate covers the closure. Gross k q h t  
of the cask and skid is 2,800 pa-&. 

- 

111. 
any isotope of amricium, curium, berk elim, californium,fexnium or ~lutonium 

Authorized Radioactive Contents - The authorized mntents mrsist of 

as-metal, oxide, chloride o r  other sal t  contained in capsules -6 the 
reciuirenwts fa r  special form (49 CFR 173.389 (g))- Cantents are limited to 
a total log of Ikn-242, -243, -245, -247, (3-249, pu-239 an3 -241. 
Californiw251 is Limited to 3g. 
f i s s i l e  isotopes present is limited to a total decay kat Load rat to 
exceed 150 watts. 
Specificiation container. 

Iv. General aditions 

Ihe b a W  of o t k r  transuranic and non- 

Ehcapsulations m y  be further contained in  a COT 

a. 
of t h i s  certificate. 

Each user of this certificate rmst have in his pssession a aqy 

b. 
Washington, D.C. shall register his identity in writing to the Office 
of Hazardous h t e r i a l s  Regulation, U.S. D s p r b r m t  of nxnsprtation, 
Washington, D.C. 20590. 

Each use r  of t h i s  certificate, other than the 3ep.r-t of Energy, 

V. Marking and Labeling - The package nust bear the rrarking E ~ / 5 4 6 1 / B (  ) 
as w e l l  as the Other marking ard labels prescribed by the USA w a t i o n s .  

VI. 
30, 1986. 

Expiration Date  - This CertifiCate, unless mew.3, T i r e s  an June 
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This certificate is issued in accordance w i t h  t k  requhnmts of the 
and USA €bgulatiOns an3 in reqmnse to the Fehruary 25, 1982, petition by 
me Departrrwt of Ezlergy, Washington D.C., and in ansideration of the 
associated infomtian provided in Departrtlent of m g y  Certificate No. 5461 
and Nuclear Regulatory cckrmission certificate No. 5461, b t h  of which 
constitute Apperdix A. 

certified by: 

Richard R. Raw1 

1T"safety Series No.6, Regulatians for the Safe " p r t  of Fadid&= 
F $ t e r i d l s , m i t i w "  published by the International Atnmic  Ehezgy 
Agency (IAEA), Vienna ,  Austria. 

Revision 3 issued to ixorpra te  USCOE Certificate No. 5461, Wvisicn 1 and 
USMI13 Certificate No.5461, Revision 0 and to extend expiration date. 
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B. RADIOACTIVE SOLIDS 

TRU TEN-TON CALIFORWIWi SHIPPING CONTAINER 
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TRU TEN TON CALIFORNIUM SHIPPING CONTAINER 1;/ 
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la. Cert i fmre NLmSer l b .  Revision [do. 

5740 3 

DOE Form EVd 1 2  
( I  1-7 7 I 

1 0  C F R  7 1  

l d .  Page No. le. Total No. Pager. 1c. Package Identifica:ion Elo. 

USA/5740/B( ) ( D O E - 0  ) 1 2 

U.S. DEPARTMENT OF ENERGY 

CERTIFICATE OF COiVlPLlAIJCE 
For Rldioactivd lhter ie ls Packages 

S F P  0 9 1913 

Zb. The I.acksging and confects described in item 5 below. meets the safety standards set fsrth i n  Subpart C o f  Ti t ie 10. Code of Fedxa I  
Regul;.ticos, Psrt 71,"Packaging o f  Radioactive 1Aa:er;aI for Transport and Transpartation of Radioaciivc L1a:eriaI Under Certain 
Conditions." 

This certificatedoer not relieve the consignor from compliance w i th  any requirement of th? regulations o f  the US. Department of  
Tranipo:rarion or other applicable regulatoruj sgcncier. including the government of any country through or inro which the pJckage 
wil l be transported. 

2c. 

3. This certificare 3s issued on thebaiis o f  a safety analysis report of the package design or appIic3tian- 
(1) Prepared bv O h m  andaddr%sl: 12) Title and 1den:ifiwtion o f  report o r  appliwtion: 

Oak Ridge National Laboratory a. Safety Analysis Report for Packaging 
Post Office Box X (SARI of the Oak Ridge Rational Laboratory 
Oak Ridge, Tennessee 37830 TRU Californium Shipping Container. 

Report ORNL-5409/Rl and Revisions of 8/7/81. 

13) Dare: Jan. 1980 

b. Ltr. dtd. 5/30/83, Sommerfeld to Lenhard. 
4. CONDITIONS 

This sertificate IS cond,tional upon the fulfilling o f  the rquirementsof Subpart D of 10 CFR 71.asapplicable.and the conditions specified 
in item 5 beiorv 

5. Desnlptton of PJcregong and Authorized Contents. Model Number. Fissile Class. Other Condltlons, and References 

(a) Packaging 

(1) Model : ORNL TRU Californium Shipping Container. 

(2) Description: A 304L stainless steel encased concrete shipping cask. 

The outer she1 1 consists of two 1/2-in.-thick, 66-in.-dia. hemispherical 
heads joined by a 6-in. cylindrical section. The cylindrical cavity has a 
1-in.-thick stainless steel wall and is 3-in. dia. x 6-in. long. Shielding 
consifts of 30-in. of Blackburn limonite concrete having a density of 4 7 5  
lb/ft . Upper and lower level ball valves located at the end o f  concrete- 
filled plugs define, isolate, and seal the cavity. Both of these plugs which 
utilize O-ring seals are bolted in place and are protected with a gasketed 
cover plate. Fusible plugs are located in the cover plates and the shell. 

The top ball valve and plug may be replaced by other plugs for multiple 
source shipments. Sources are contained in special form containers. 

- I , ?  cask is mounted onto a 1-in.-thick steel base plate by eight steel 
,* 1/2-in. NPS Schedule 40 pipe struts. The cask is transported on its own 

.cia1 trailer. The gross weight o f  the cask is 23,500 lb. 

6. Date of 15 L a  September 8, 1983 I 6b. Expwation Date September 1 ,  1986 
FOR THE U.S DEPARTMENT OF ENERGY 

7b. Signature. Name and Tltle (of DOE Approvrng OfhcralJ 
Wa!\c-A t- > 
William H. Travis, Director 
Safety & Environmental Control Division 1; 

7a. Address lor  c' iutng O'ftceJ 

U.S. De,, 'r,ient o f  Energy 
P.O. BOX * 

Oak Ridgc.  lcnnessee 37830 
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Certificate o f  Co:npliancc 5740 
Revision No. 3 

Page 2. 

( 3 )  Drawings: 

The package and special trailer are constructed in accordance with Oak Ridge 
National Laboratory ( O R N L )  Drawings 14-1 1230-EN-001-C through 003-D, 012-E, 
O l / i - E ,  017-0, 013-E, and M-12166-CD-019-D (Rev. 1 for 004 and Rev. 17 for 
017). 

(b) Contents 

(1) Type and Form o f  blaterial 

The contents consist of isotopes of Americium (Am), Curium (Cm), Berkelium 
(Ck) ,  Californium (Cf), Einsteinium (ES), and Fermium (Fm) a s  a solid 
(metal, oxide, oxysulfate, or dry salt) that is contained in a DOT Specifica- 
tion 2R inner container(s1 or in a special form capsule(s). 

(2) l4aximum Quantity o f  Material Per Package 

3 g. (large quantity). 

(3) Other Limitations 

a. Maximuin heat load - 5W. - 
b. External radiation dose rates - limited t o  DOT Regulations, 
- 49 CFP 173.393. 

c. Conditions 

A minimum of two lifting ribs shall be used t o  lift the package. 
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B .  RADIOACTIVE SOLIDS 

D-38 URANIUM SHIELDED SHIPPING CASK 
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-f 
ORNL Photo 94766 

ORNL D-38 Uranium Shielded Container 
Type B 
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ORNL Dwg 68-9572R6 

20 

ORNL D-38 Uranium S h i e l d e d  Conta iner  
Type B 
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IC. Package ldentlficstion No. la.  Certif iare Number 1 b. Revision No. 
5787 1 USA/5787/BLF(COE-OR) 

DOE Farm Evb 18  
(1 1 -7 7 ) 

10 CFR 7 1  

Id.  Pago No. l e .  Total No. Pages. 
1 2 

US. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radioactiw Materials Packages 

(1  1 Prepared by l N a m  and addrarrl: 

Oak Ridge National Labratory 
Post Office Box X 
Oak Ridge, Tennessee 37830 

(31 Date: 1 April 1978 
(2) Title and Identification o f  repon or application: 

Safety Analysis Report for 
Packaging (SARP) of the Oak 
Ridge National Laboratory Shipping Cask D-38 
Report ORNL-5406 

4 -CONDITIONS 
Thns mrtfficate IS conditional upon the fulfillrng o f  the requirements o f  Subwrt  0 of 10 CFR 71, as applicable. and tha conditions specifled 
in item 5 below 

5 D a u i p t i o n  of Packaging and Authorized Contents, Model Number, Fissile Class. Other Conditions. and References 

(a)  Packaqing: 

(1) Model: D-38 Shipping Cask 

( 2 )  Description: 

Packaging for transport of f i s s i l e  ard large quantities of radioactive raterial  
as  solids including mixed fission products, fuel elermts, and waste, which  are 
contained within inner COT Special Form Containers or meet Special Form encapsu- 
lation. P l u t d u n  is doubly contained. 

The inner cavity of the cask is a 300 Series Stainless Steel Schedule 40 pipe 
with inside dimensions 6-1/16 in. diameter x 13-13/16 in. high. The outer shel: 
is a 300 Series Stainless Steel Schedule 30 pipe 20-1/2 in. high. 
cmists of depleted uraniun metal with a thickness of 2-3/4 in. The top opn- 
ing p l q  is held i n  place by eighteen l/S-in. studs equipped w i t h  nuts. The 
is sealed with a neoprene gasket. The cask is munted on a 14-in. square x 
5 /8 -k .  thick base plate. 
shroud my be utilized during transprt. The cask is bolted w i t h  four 1-in. 
bolts to a 3-ft. square pallett .  

Shielding 

Six of the studs are extra long so that a protective 

The gross w e i g h t  of the package is 1525 lb. 
a. Date o f  Issuance: July 2L, 1981 

7a. Address /of DOE Issuing 0ff;cul 

1 6b. Expiration Date: 

I 7b. Signature. Name. and Title (of DOE Approving Official) 
FOR THE U.S. DEPARTMENT OF ENERGY 

W i l l i a m  H. Travis, Director 
Safety & Envirorxnental Control Division 

U.S. Department of Energy 
Post Office Box E 
Oak Ridge, Tennessee 37830 
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Page 2 of Certificate No. 5787 

(3) Drawings 

The cask is described and fabricated in accordance with Union Carbide Corpora- 
tion, Nuclear Division, Oak Ridge National Laboratory drawings: 

M-12133-CD-126E. Rev. 12 and M-12166-CD-022 Rev. 1. 

(b) Contents: 

Type and form of material: 

(1) Solid, large quantity of radioactive materials, fissile and nonfissile, packaged 
in DOT Specification 2R inner Container(s) or meeting Special Form. 
will be doubly contained inside the cask. 
watts. Heat loads in excess of 20 watts are shipped "exclusive-use" of vehicle. 

External radiation levels will be within the levels prescribed by E T  Regula- 
tions, Title 49 CFR 173.393. 

Plutoniun 
Dry heat load does not exceed 80 

(2) 

(3) Specific limits of contents: 

(i) 500 g of 235U, 

(ii) 

(iii) 350 g of any canbination of (i) or (ii) above. 

350 g of 233~ or 2 3 9 ~ ,  

(c) Fissile Class: I 
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B.  RADIOACTIVE SOLIDS 

HFIR IRRADIATED FUEL ELEMENT CASK 



1I.B. 68 

m 
ORNL Photo 2376-78 

0% HFIR Irradiated Fuel Element Container 
Type B 
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ORNL DWG 74-6113 
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l d .  P q n  No. 1 b. Revision NO. I C  Packaqs ldsntificarion NO. la.  Certificate Numbor 

DOE Form EV4 I 8  
111.771 

10 CFRll 

1% Total No. Pdgcs. 

US. DEPARTMENT OF ENERGY 
CERTIFICATE OF COMPLIANCE 

For Radioactive Materiais PacXaqes 

5507 10 USA/5507/B ( ) (DOE-OR) 1 3 
2. PREAMBLE 

2a. t h i l n n i f i s a t r  is  inued to latisfv S m i o n r  173.393a.173.394. 173395, and 173.396 of the Desanment of TransPonation i lazardou 
Matorials Regulations (49 CFR 170-1m). 

2b. Tho packaging and contents des f f i bd  in itam S b l o w .  m a t s  the safitv standards sat f onh  tn Subpar7 C o f  Title 10. Cods of Federal 
Rqulationr, Part 71, “Packaginp of RadioaaiH Material for Tnnspcn and Transporntion o f  Radboactive Materlal Under Cenaln 
Conditions.” 

This csrtifimta d o n  not reliew the consignor from mrnpliawe with any requinrmnt of thn regulattona of thn U 5 .  Oeoarrment of  
Transwnarion or other aoplisble regulatory agencies, including the gownnment of any coumw through or Into N h c h  the package 
wil l be transwnsd. 

2c. 

3. This ertif icata IS issued on the basis of a efaw altilvsis rewn of the package design or apolication- 
(31 Oars. (1) Prepared by  (Name i7dsddntrl: 12) Titla and idnnt i f iet ion of r c w n  or appliarion. 

a. Safety Analysis Report for November 1977 
Oak Ridge National Laboratory 
Post Office Box X 
Oak Ridge, TN 37830 

Packaging (5ARP)--HFIR Spent 
Fuel Element Shipping Cask 
Report No. : ORNL/ENG/TM-12 
(continued on next page ) 

4. CONOlTlONS 
Thlr cenif iutn 4s conditional uwn the fulfilling of the requiremenu o f  Subpan D of 10 CFR 71, as aoplieble. and lhn cjndittona rpeclfled 
in Item S bnlow. 

5. Oacription of Packsqmg and Yurhorized Contenu. Modnl Number, Fissile Class, Othnr Conditions. and Rererencer 

(a) Packaging: 
( 1 )  Model: HFIR (High Flux Isotope Reactor) Spent Fuel Element Shipping Cask 
(2) Description: 

Packaging for irradiated fuel elements and irradiated UCC primary 99~0 target 
capsules. The inner cavity is 45.4 cm (17-7/8 in.) diameter x 81.3 cm (32 i n . )  
deep. The internal configuration is determined by the type of fuel elements 
being shipped as follows: 

(il For HFIR fuel elements--a removable post consisting o f  aluminum wrapped 
with cadmium is centered in the cavity. The fuel assembly ( 1  inner 
element and 1 outer element) is positioned in the cavity by a concentric 
fuel basket fabricated o f  stainless steel clad cadmium. 

(ii) For the Oak Ridge Research Reactor (ORR) type fuel elements which also 
include Bulk Shielding Reactor (BSR) fuel elements, for Puerto Rico 
Research Reactor ( P R R )  fuel elements, and for Chicago Pile No. 5 (CP-5) 
fuel assemblies--the fuel elements are positioned i n  the cavity l$’$ a 
magazine fabricated of stainless steel clad cadmium. The primary Mo 
target capsules will be positioned in the same magazine. Adapters will 
be utilized to hold the capsules i n  the magazine. The center post is 
removed. 

~ ~ _ _ _  ~- 
B. Data of Issuanca: Aor i 1 24 . 1984 

FOR THE U.S. DEPART 
71. Address /of DOE Issuing Olficcl 

US Department o f  Energy 
Post Office Box E 
Oak Ridge, TN 37830 

6b Expiration Oats  Apri 1 30, 1989 
ENT OF ENERGY 

Safety & Environmental Control Division 
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Certificate of Compliance, No. USA/5507/B( )(DOE-OR), Revision 10 Page 2 .  

3. (21 (Continued) 

b. Memorandum, R. M. Moser to William H. Travis, December 30, 1975. 

c. Memorandum, R. M. Moser t o  William H. Travis, October 27, 1976. 

d.  Letter, M. E. Ramsey to J .  A. Lenhard, July 26, 1979. 

e. Letter, K. W. Sommerfeld to 3. A. Lenhard, July 29, 1982. 

f. Memorandum, R. M. Moser to W. H. Travis, July 1 1 ,  1983. 

g. Memorandum, R. M. Moser to W. H. Travis, March 14, 1984. 

- 

5 .  (Continued) 

( i i i )  For TRIGA/FLIP and standard TRIGA type fuel assemblies--the fuel 
assembltes are positioned in the. cavity by a steel, aluminum, and 
elastomer basket. The center post is removed. 

Shielding consists of a nominal 22.2 cm (8-3/4-in.) thickness of lead between 
1.3 cm (1/2-in.) thick stainless steel inner and outer liners. Overall dimen- 
sions are 117.8 cm (46-3/8-in.) diameter x 184.2 cm. (72-1/2-in.) high. Access 
to the cavity is through a top plug having 3.8 cm (14 1-1/2-in.) alloy steel 
studs. The gross weight is 10,430 Kg (23,000 lb.). 

(3) Drawings: 

The cask and modifications are described in Oak Ridge National Laboratory 
Drawings: M-10191-EL-001-D through -006-D, -007-C, and -008-D through 012-D. 

The TRIGA/FLIP and standard TRIGA fuel basket is described in Argonne National 
Laboratory Drawing No.: W-0170-0090-DE-00. 

( b )  Contents: 

(1) Type and Form of Material 

Sol id, large quantity of radioactive materials, fissile encase& in metal 
cladding as irradiated fuel elements OR as irradiated primary Mo target 
capsules. 

( 2 )  Maximum quantity of fissile material per package 

(i )  One HFIR irradiate${uel assembly containing up to 9,500 g of 235U as 
uranium oxide at a U enrichment up to 93%. 

(i i )  Seventeen ORR-type irradiated fuel elements (These fuel elements are also 
referred to as -type fuel elements. Other MTR-type fuel elements with 
up to 400 g '% loading and construction similar to the 0$t5fuel 
elements are also authorize$& each containing up to 400 g of L)3$; uranium-aluminum alloy at a U enrichment up to 93% for a rr,aximum 
content of 6,800 g. 
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Certificate of Compliance, No. USA/5507/8( 1 (DOE-OR) , Revision 10 Page 3. 

( i i i )  >Qgenteen irradiated PRR fu& elements each containing up to 192 $35i 
content of 3,264 g. 

(ivjSev%en irradiated ANL-CP-5 fuel assembjj2s each containing up to 170 g 
of U uranium-aluminum alloy at a U enrichment up to 93% for a 
maximum 245U content of 2,890 g. 

(v) Forty-eight TRIGA/FLIP and/or standard TRIGA irradiated fuel afjfmbl ies, 
cooled for at least 30 days, each co?%ining up to 125 g U as a 
uranium-zirconium hydride mixture, jjith U enrichments of 70% and about 
19.5%, respectively, for a maximum 

(vi) Four irradiated primary 99M0 target capsules, cooled for eight hours 
after a93yradiatio53feriod of less than 30 daysY2#ch containing up to 
20 g of 

(vii) Seventeen irradiate$&;L-JANUS reactor fuel assembl iesz35ach containing 
u p  to 1.41 grams of uranium-aluminum alloy at a U enrichment up 
to 93% for a maximum of 235U content o f  2,397 grams. 

U as uranium oxide as a U enrichment up to 20% for a maximum 

U content o f  6,000 9. 

U at 93% U enrichment, for a maximum U content of 80 g. 

( 3 )  The heat load is i 3.57 kw. 

I11 ( c )  Fissile Class - 
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B .  RADIOACTIVE SOLIDS 

ORNL LOOP TRANSPORT CASK 
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l a  Cerzhatr  Nvmbn 1 b Rcnwon No. I C  Packag. Identiticatmn No 

Fovrn AECd 1 # 
( I  2 -1 3 1 

10 C F R 7 l  
AECYS201 

Id. -No. le  Total No. Rw. 

US. ATOMIC ENERGY COMMISSION 
CERTIFICATE OF COMPLIANCE 

F a  Radmactnm H.IWIS~S Pa&- 

5753 1 I J V - O R I  1 2 

11) P r . p r d  bv tNmv.ndrddmrl 

Oak Ridge National Laboratory 
Post Off ice  Box X 
O a k  Ridge, Tennessee 37830 

(a) Packaging: 

(3) 081.: 

November 1977 
Safety Analysis Report f o r  Packag 1, g-- 
ORNL Loop Transport Cask 

Report No. : ORNL/ENG/TM-ll 

(2) Tttlr and Idantif iatton of r.pon 01 apgllcrtmn 

(1) Model No.: ORNL Loop Transport Cask 

W i l l i a m  H. Travis,  Director  
Safety & Environmental Control Division 

(2) Description: 

Packaging f o r  i r r a d i a t e d  experimental capsules and spent  f u e l  elements. 
Containment cons i s t s  of t h e  cladding o r  j acke t s  of f u e l  elements o r  
capsules o r  an inner  container meeting DOT Specif icat ion 2R o r  s p e c i a l  
form. The inner  cav i ty  is 5 3/4 in .  diameter x 68 in .  long. The out- 
s i d e  dimensions a r e  24 i n .  diameter x 89 318 i n .  long. Shielding cons i s t s  
of a minimum thickness of 8 5/16 in.  l ead  with a 118 i n .  t h i ck  inner  
s t a i n l e s s  s t e e l l i n e r  and an outer s h e l l  consis t ing of a 24 in.  schedule 40 
carbon steel  pipe. Access t o  t he  cav i ty  is through: 

A s l i d i n g  door having 8 112 i n .  c losure bo l t s .  (i) 

( i i )  A plug on the  opposite end having 8 112 i n .  c losure bo l t s .  

Each opening is gasketed with a neoprene gasket. 
cask i s  16,150 lb.  

The gross weight of t he  
The skid weight is about 1000 lb. 

6a Dateof Issuance October 17, 1977 €a Exwatton Date 

7s Address of IsuingOffKe: I 7b Sigoature, N a m .  a? Title o f  Approving Off ic ia~~  
FOR THE U S  ATOMIC ENERGY COMMISSION 

Department of Energy 
Post Off ice  Box E 
Oak Ridge, Tennessee 37830 
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( 2 )  Description (continued) 

A f i r e  s h i e l d  consis t ing of 30 in.  diameter n i l d  s t e e l  cover 118 in.  
thick and painted with intumescent pa in t  surrounds the cask. 

(3) Drawings : 

The cask w a s  constructeland modified i n  accordance with OWL Drawings 
M-11109-EL-008-D through -013-D, -020-E, and -021-D. 

{b) Contents: 

(1) Type and Forn of Material 

Solid,  l a r g e  quant i ty  of radioact ive materials, f i s s i l e  and non-f iss i le ,  
increased i n  metal cladding, meeting s p e c i a l  form or packaged i n  DOT 
Spec i f i ca t ion  2R inner  container and whose decay heat load does not 
exceed 450 w a t t s  when shipped by Common Carr ier .  
c lusive use vehicle ,  t h e  decay heat  w i l l  not  exceed 1,000 w a t t s .  

Maximum Quantity of Material per Package 

F i s s i l e  material is l imited t o  1250g. per shipment; however, i f  the t o t a l  
quant i ty  of f i s s i l e  material exceeds 800g., the d i s t r i b u t i o n  of f i s s i l e  
material is fu r the r  l imited t o  200g. per l i n e a r  f t .  

When shipped by ex- 

( 2 )  

(c) F i s s i l e  Class I - 
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B o  RADIOACTIVE SOLIDS 

HFIR UNIRRADIATED FUEL ELEMENT CASK 
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ORNL Photo 2375-78 

ORNL HFIR Unir rad ia ted  Fuel  Element Shipping Container (Outer) 
Type B 
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ORNL HFIR Unirradiated Fuel Element Cask (Inner) 
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ORNL DWG 74-9721 
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ORNL HFIR Unirradiated Fuel Element Shipping Container (Outer) 
Type €3 
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l a  Cer t i f#wrc Number 

DOE Form E V d  1 8  
I1 1 . 1 7 )  

1 0  C F R  1 1  

I 

l b  

) 

U S  OEPART1v'ENT OF E N E S G Y  

CERTIFICATE OF COMPLIANCE 
For Radtoactive hla:erds P a c r b j e s  

2a. This certificate IS issued IO satisfy Secttons 1 7 3 . 3 3 3 .  173.394. 173.395. and 173.396of  the Dewerlment of  Transpor:ation Hizdrdour 
Materials Rqulat ions 149 CFR 170-1891. 

2b The packagang and contents described ~n i tem 5 below, meets the safety standards ret for th  an Subpart C of T i t le  10. Code of  Federal 
Rwulatlons, Part 71, 'Packaglcg of Radioactive Matertal for Transport and Transportatlon of  Radoantve M a t e r m  Under Cerrafn 
Condit ions '' 

Thls certlflcaie does not relieve the consignor f r o m  compliance wi th  any requtrrment of the regulations o f  the U S  Dewrrment  Of 
TransDovtation or other appltcable regulatory agencles, lncludlng the government o f  any country througn or Into whrch the package 
wi l l  be transported 

2c 

3. Thls cert! f ,cate IS issued on the basis of a safety analysts r e w n  of the package design or application- 
(1  I Prepared b y  /Name and address1 (21 Tl t le  and Identificat8on o f  report or a p p i i w t i o n  I31 Date 

Oak Ridge National Laboratory Safety Analysis for the ORNL HFIR hovember 1977 
P.O. Box X Unirradiated Fuel Element Shipping 
Oak Ridge, Tennessee 37830 Containers, ORNL/ENG/TM-9 

Ltr., Postma to Lenhard Oct. 19, 1983 
4 CONDITIONS 

Thlr cerr!flcate 13 condittonal upon the fulfilling of the requirements of Subpart 0 of 10 CFR 71. as appl lwble. and the wndt t lonr  Speclfled 
In  item 5 below 

5 Desnipt lon of Packaging and Authorized Contents. Model Number, F iss i le  Class, Other Condlrlons and Relerenaes 

a. Packaging 

(1)  Model Nos.: (a) Inner High Flux Isotope Reactor (HFIR) Unirradiated Fuel Element 
Shipping Container; 

(b) Outer HFIR Unirradiated Fuel Element Shipping Container. 

( 2 )  Description 

Packaging for unirradiated fissile radioactive material as fuel elements for the 
HFIR. The containers are right circular cylinders with an 11-gauge carbon steel 
shell. Closure is provided by 16, 3/8-inch (1 cm) diameter steel bolts which 
attach the lid to the cylindrical steel shell. The steel shell is filled with 
laminated Douglas fir plywood with a minimum thickness of 6 inches (15.2 cm). A 
central cavity is  formed irl, the plywood, and lined with a 1-inch (2.5 cm) thick- 
ness of polyethylene foam. 

(a) Packaging for the inner HFIR fuel element bas overall dimensions of 
25-inches OD x 45 inches high (63.5 cm OD x 114.3 cm high), with cavity 
dimensions of 17-3/8 inches ID x 31-1/8 inches deep ( 4 4 . 1  cm ID x 79.1 cm 
deep). The gross weight i s  660 lb ( 2 2 9  kg). 

6a Date of Issuance October 27, 1983 I 6b Expirat ion Date October 31, 1988 

71 Address (of DOE lssurng O'hcel 7b Signature. Name. and Title (of DOEApprovmg O f f t o a l l  
FOR T H E  U S. DEPARTMENT OF ENERGY 

~ 

U.S. Dept. of Energy 
P.O. Box E 
Oak Ridge, Tennessee 37830 William H. Travis, Director 

Safety & Environmental Control Division 
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( b )  Packaging f o r  t h e  o u t e r  HFIR f u e l  element has o v e r a l l  d i m n s i o n s  o f  
31.5 i nches  OD x 45.75 inches h i g h  (80 cm OD x 116.2 cm h i g h ) ,  w i t h  c a v i t y  
d imensions o f  17-3/8 inches ID x 31-1/8 inches deep (44.1 cm I D  x 79.1 cm 
deep). The g ross  we igh t  i s  1050 l b  (476 k g ) .  

( 3 )  Drawings 

( a )  The packaging f o r  t h e  i n n e r  HFIR f u e l  element i s  d e s c r i b e d  and c o n s t r u c t e d  
i n  accordance w i t h  Oak Ridge N a t i o n a l  L a b o r a t o r y  Drawing No. M-20978-EL-003, 
Rev. 4 .  

( b )  The packag ing  f o r  t h e  o u t e r  HFIR f u e l  element i s  d e s c r i b e d  and c o n s t r u c t e d  i n  
accordance w i t h  Oak Ridge N a t i o n a l  L a b o r a t o r y  Drawing No. K-20978-EL-002, 
Rev. 4. 

b .  Contents  

( 1 )  Type and f o r m  o f  m a t e r i a l  

Uranium as U 0 -A1 cermet, e n r i c h e d  up t o  93% i n  t h e  U-235 i so tope ,  and c l a d  i n  
aluminum, 103m?ls t h i c k ,  and 

( a )  l o r  t h e  packaging desc r ibed  i n  5a 
Ridge N a t i o n a l  L a b o r a t o r y  Drawing 

( b )  F o r  t h e  packaging desc r ibed  i n  5a 
Ridge N a t i o n a l  L a b o r a t o r y  Drawing 

3 ) ( a ) ,  t h e  c o n t e n t s  a r e  desc r ibed  i n  Oak 
No. D-42118, Rev. J ;  

3 ) ( b ) ,  t h e  c o n t e n t s  a r e  desc r ibed  i n  Oak 
No. D-42126, Rev. G. 

( 2 )  Maximum q u a n t i t y  o f  m a t e r i a l  p e r  package 

( a )  F o r  t h e  c o n t e n t s  desc r ibed  i n  5 b ( l ) ( a ) ,  n o t  more t h a n  1.7 k g  o f  U-235; 

( b )  F o r  t h e  c o n t e n t s  desc r ibed  i n  5 b ( l ) ( b ) ,  n o t  more t h a n  6.9 k g  o f  U-235. 

c. F i s s i l e  C l a s s  I 

d. P r i o r  t o  d e l i v e r y  t o  a c a r r i e r  f o r  t r a n s p o r t ,  t h e  shipper s h a l l  ensure t h a t ,  a t  no 
podn t  a i o n g  t h e  proposed s h i p p i n g  r o u t e ,  t h e  ambient t e m p e r a t u r e  w i l l  be l e s s  t h a n  
32 F (0  C), ' o r  t h e  shipment s h a l l  b e  vade an a heated v e h i c l e  such t h a t  t h e  package 
tempera tu re  s h a l l  n o t  be l e s s  t h a n  32 F (0  C) a l o n g  t h e  s h i p p i n g  r o u t e .  
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us. NUCLEAR nEGULATORY COhlMlSSlON CERTfFlCATE OF COMPLIANCE 
FOR RADIOACTIVE MATERIALS PACKAGES 

NRC FORM 018 
16ml 

1 CERTl6lCAlE NUUSER b REVISIOP( NUMBER c PACKAGE I O E N r ~ F I C A l l O N  NUMOER d PAGE NUMBER TOTAL NULIOIR PAGES 

IOCFR I t  

ii 5797 1 

~ 
-~ 

1. comnribNs 81 This CMlticat .  is condilkwal upon fullillioq Ih. requirsmsnta of 10 CFR Pun i l .  as applicable. Jnd the condiltonr spcclfled balow. 

USA/5797/AF 1 3 

a (a.) Packaging 

U S .  Department of Energy 
P.O.-BOX E 
Oak Ridge, TN 37830 

(1) Wodel Nos.: Inner HFIR Unirradiated Fuel  Element Shipping Container, 
and Outer HFIR Unirradiated Fuel Element Shipping 
Container 

Safety Analysis Report for  Packaging: 
ORNL HFIR Unirradiated Fuel, Element Shipping 
Containers, ORNL/ENG/TII-9, November 1977, a s  
amended. 

T h e  

71 -5797 e. DOCKET NUMBER 

(2)  Description 

Packaging for  unirradiated f i s s i l e  radioactive material a s  fuel elements 
fo r  the High Flux Isotope Reactor (HFIR). The container is a r i g h t  
c i r cu la r  cylinder w i t h  an 11-gauge carbon s tee l  shell. 
provided by 16, 3/8-inch diameter s teel  bol ts  which  a t t ach  the l i d  t o  
the cylindrical  s teel  shel l .  
Douglas f i r  plywood w i t h  a minimum thickness of 6 inches. 
cavi ty  is formed i n  t h e  plywood, and lined w i t h  a 1-inch thickness of 
polyetheylene foam. 

The packaging fo r  the inner HFIR fuel element has overall .dimensions 
of 25-inch OD by 45-inch h i g h ,  a 10-7/8-inch diameter by 30-1/4-inch 
deep cavity,  and a 660 pound gross weight- 

Closure i s  

The s teel  shell  i s  f i l l e d  w i t h  laminated 
A central 

The packaging f o r  the-outer HFIR fuel element has overal l  dimensions 

deep cavity, and a 1059 pound gross weia_ht. 
I of 31.5-inch OD x 45.75-inch h i g h ,  a 17-3/8-inch diameter by 31-1/8-inch 
I 

I 
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5. 

6. 

7. 

8. 

(a )  Pa.ckaging (Cont'd) 

( 3 )  Drawings 

(4) The packaging fo r  the inner HFIR fuel i s  constructed in.accordance 
w i t h  Oak Ridge National Laboratory Drawing No. 11-20978-EL-003, 
Rev 4. 

( i i )  The packaging fo r  the outer HFIR fuel is constructed i n  accordance 
w i t h  Oak Ridge National Laboratory Drawing No. 14-20978-EL-002, 
Rev. 4. 

(b) Contents 

(1) Type and form o f  material 

Uranium as  U 0 -A1 cermet, enriched u p  t o  932 i n  the U-235 i so tope ,  
and clad i n  h & n i n u m ,  10-mils t h i c k ,  and: 

( i )  For the packaging described i n  5 (a ) (3 ) ( i )  the contents a r e  
described in Oak Ridge National Laboratory Drawing No. D-42118, 
Rev. J.  

( i i )  For the packaging described i n  5 ( a ) ( 3 ) ( i i )  the contents  are 
described i n  Oak Ridge National Laboratory Drawing No. D-42126, 
Rev. G. 

Maxi.mum quant i ty  of material per package 

( i )  

(2) 

For the contents described i n  S ( b ) ( l ) ( i )  not  more than 2.6 kg of 
U-235. 

( i i )  For the contents described i n  5 ( b ) ( l ) ( i i )  not more than 6.8 kg of 
U-235. 

(c)  Fiss-ile Class I 

Prior  t o  del ivery. to  a ca r r i e r  fo r  transport ,  the shipper s h a l l  ensure t h a t  a t  
no point along the proposed shipping route t h a t  the a m b i e n t  temperature wi l l  be 
l ess  than 32°F; o r ,  the shipment sha l l  be made i n  a heated vehicle  such t h a t  the 
package temperature shal l  not'be less  than 32°F along the s h i p p i n g  route.  

The package authorized by th i s  c e r t i f i c a t e  is hereby approved f o r  use under 
general l icense provisions of 10 CFR 971.12. 

Expiration date:  September 30, 1984. 
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REFERENCES 

Oak Ridge National Laboratory Report No. ORNL/ENG/TM-9, Nov. 1977. 

Supplements dated:  J u l y  31,  1978; and September 17, 1979. 

FOR THE U . S .  NUCLEAR REGULATORY COElMISSION 

u r & w  
Charles  E.  MacDonald. Chief 
T r a n s p o r t a t i o n  C e r t i f i c a t i o n  Branch 
Div is ion  of Fuel Cycle and 

Mater ia l  S a f e t y ,  NMSS 

Date: SEF 9 s  ism 
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B .  RADIOACTIVE SOLIDS 

ORNL GARDEN CARRIER NO. 2 
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ORNL Photo 98436A 

ORNL G a r d e n  C a r r i e r  No. 
Type B 
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LsKID L K M w m L  -BOTTOM CLOSURE PLATE LGARDEN CARRIER 
INSULATION (GASKETED) HOCD DOWN BOLTS ( 8 )  

ORNL Garden Carrier No. 2 - Type B 
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l a .  Certificate Number 1 b. Revision No. IC. Package Identification No. I d .  Page No. 
6088 1 USA/6088/BLF(COE-OR) 1 

DOE Form E V 4  I 8  
( 1 1 . 7 7 )  

10  C F R 7 1  

l e  Total No. Pages. 
2 

U.S. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radioactive Materials Packages 

(1 I Prepared by /Name and address): 

O a k  Ridge National Labratory 
Post Office Box X 
O a k  Ridge, Tennessee 37830 

(31 Date: 
lAu$?st 1979 

(21 Title and Identification of report or application' 

Safety Analysis Report for 
Packaging (SARP) of the Oak Ridge 
National Laboratory Garden Carrier No. 2, Revision 1, 
Report ORNL-5408/Rl 

2. PREAMBLE 
2a. This certificate is issued t o  satisfy Sections 173.393a. 173.394, 173.395, and 173.396 of the Department of Transportation Hazardous 

Materials Regulations 149 CFR 170-1891. 

6a. Date of Issuance: Jme x), 1981 I 6b. Expiration Date: 

7a. Address lof DOE Issuing Office1 
FOR THE U.S. DEPARTMENT OF ENERGY 

I 7b. Signature, Name, and Title fof DO€ Approving Official/ 

William H. Travis, Director 
Safety & Fnviromental Control Division 

U.S. Department of Energy 
Post Office Box E 
Oak Ridge, Tennessee 37830 
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(Babcock & Wilcox ceramic fiber insulation) encased in steel plate--1/2 in. thick 
outside and 3/16 in. inside. The void between the top of the cask and inside 
of the fire shield is partially filled with an annular ring of maple wood. Two 
maple wood pads fastened to the inside of fire shield are positioned over the 
drawer cover plates. The fire shield is aligned on the skid by 2 locating pins 
and is attached to the skid by 8 1-1/2 in. dia. x 3-1/2 in. long bolts. 

(3) Drawings: 

The cask, skid, fire shield, and inner flanged container and modifications are 
described in O a k  Ridge National Laboratory Drawings: 

M-11332-EM-010-E-4 
M-11332-EM-011-E-3 
M-11332-EM-012-E-2 
M-11332-EM-013-E-0 
M-11332-EM-014-E-2 
M-11332-EM-015-E-1 
M-11332-EM-016-E-0 
M-11332-W017-D-0 
M-11332-EM-018-E-4 
M-11332-EM-019-D-0 
M-11332-EM-020-E-4 
M-12124-CB-043-E-2 
M-12166-CD-037-E-2 
M-12166-CD-043-E-1 

(b) Contents 
(1) Type and Form of Material: 

Solid, fissile, and large quantity of radioactive rraterials in the form of unir- 
radiated or irradiated fuel elements, whole or sections, solid fission products, 
and wastes. The radioactive materials are contained within a Dcrr Specification 
2R inner container as specified in Report OFtNL-%08/Rl. 

M a x i m n n  quanti& per package: 
(a) 500 g of 5~ or 
(b) 
(c) 

Other limitations: 

350 g of 233U or pu or 
350 g of any canbination of fissile material. 

(a) Maxinuin heat load--100 W. 
(b) External radiation dose rates--limited to COT Regulations, 49 CF'R 173.393. 

(c) Fissile Class: I 
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ORNL URANIUM SHIELDED SHIPPING CASKS 



ORNL Photo 2289-78 
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ORNL Uranium Shielded Shipping Cask - Type B 
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CONTAINMENT 

I I I  . 
405 STAINLESS STEEL 

3 0 4 - L  STAINLESS STEEL 
C4VlT l  DlMENSlONS 
f l m  D t 4 M . l 7 h , n  DEPTH 

1 0 4 - L  STAINLESS STEEL 
CAVITY DIMENSIONS 
l l i n  DlAM,q73,am DEPTH URANIUM URANIUM 

WEIGHT- l3.2001br WEIGHT- I I ,6001br 

MODEL L MODEL M 

ORNL Uranium S h i e l d e d  Sh ipp ing  Cask - Type B 
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la. Certificste Number lb .  Revision No. IC. Package ldentificarion No. 
5595 5 USA/5595/B(U) (DOE-OR) 

DOE Form EVb 1 a 
(11.17) 

10 CFR 7 1  

Id.  Page No. l e .  Total No. Pages. 
1 2 

US. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radioactiw Materials Packages 

7a. Address (of DOE Issuing Office) 

U.S. Department of Energy 
P.O. Box E 
Oak Ridge, Tennessee 37830 

7b. Signature, Name, and Title (of DOE Approving Official) 

r n * t h ~  r\ Ti&+ 
William H. Travis, Director 
Safety 8 Environmental Control Division 

2b. The packaging and conterns desuibed in item 5 below. meats the safety standards set forth in Subpart C of Title 10, Code of Fmjeral 
Regulations, Part 71. “Packaging of Radioactivr Material for Transport and Transportation of Radioactive Matertal Under Certain 
Conditions.” 

This certificxe does not relieve the consignor from mmpliancc with any requirement of the regulations of the U.S. Department Of 

Transponation or other applicable regulatory agencia, including the govanmsnt of any muntry through or into which the packag. 
will be transported. 

2.2. 

3. This certificate ii issued on the basis of a safety analysis repon of the package design or application- 
( 1  1 Prepared by /Alarm and addmssl: (2) Title and Identification of report or application: 13) Date: 

Oak Ridge National Laboratory Safety Analysis Report for Packaging Nov. 1977 
P.O. Box X for the ORNL Uranium-Shielded 
Oak Ridge, Tennessee 37830 Shipping Casks. 

Report No. ORNL/ENG/TM-4 
Ltr., Sommerfeld to Lenhard, 4/14/82 

4. CONDITIONS 
This fenificate is conditional upOn the fulfilling of the requirements of Subpart D of 10 CF R 71, as applicable. and the conditions Specified 
in item 5 below. 

5. Description of Packaging and Authorized Contents. Model Number. F i d e  Class, Other Conditions, and References: 

a. Packaging: 
(1) Model(s): L and M 
(2) Description: 

Type B Packaging for large quantities of nonfissile radioactive material con- 
sisting of a right circular cylinder of 1/4-inch-thick stainless steel-clad 
depleted uranium having a plug-type, bolted and gasketed top lid closure. 
Details of the two models are as follows: 

Cavity 
I.D. (in.) 1 1  1 1  

Model L Model M 

Height (in. ) 17-1/2, 17-1/2 
Outside Dimensions 
0.0. (in.)* 
Height (in. 1 
Bottom Lug Plate O.D. (in.) 

25-1/2 25 
39-3/4 38 
35-5/8 35-1/8 
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Minimum U Shield Thickness (in.) 

Gross Weight (lbs.l** 

**Including Skid 

Plodel L Model M 
- I _ _ _  

6-3/4 6 

13,200 11,600 

Each cask is mounted on a skid and covered with a personnel heat shield. 

(3) Drawings 

The packagings are as described and fabricated in accordance with the follow- 
ing Union Carbide Corporation, Nuclear Division, Paducah Plant Drawings: 

Model M - M-11572-EM-001-E through -003-E 
Model L - M-11572-EM-010-E through -014-E 

b. Contents 

(1) Type and Form of Material 

Radioactive material as a solid is encapsulated in a metal capsule meeting 
the special form definitions of: 

(a) U.S. Department o f  Transportation Regulations, 49 CFR 173.469, and 
(b) International Atomic Energy Agency Safety Series No. 6, Regulations for 

the Safe Transport of Radioactive Materials, 1973 Revised Edition (as 
Amended 1, Part 135. 

Capsules are individually leak tested during fabrication per ANSI N542, pro- 
cedure A2.2.1 (ethylene glycol-vacuum technique) or equivalent. 

( 2 )  Maximum quantity of material per package: 

The maximum quantity of radioactive material i s  a large quantity which is 
limited t o :  

(a) A maximum thermal decay energy not to exceed 4000 watts; however, when 
the thermal decay energy exceeds 1125 watts, transport will be made by 
exclusive-use vehicle. 

(b) The authorized external radiation levels specified within the regulations 
of the U.S. Department of Transportation 49 CFR 173.441. 
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B. RADIOACTIVE SOLIDS 

ORNL FOAMGLASS SHIPPING CONTAINER 
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ORNL DWG 68-14352 RS 

FOAMGLAS SHIPPING CONTAINER 
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la. Certificate Number l b .  Revision No. IC. Package Identification No. 

5795 1 USA/5795/BLF(DOE-OR) 

9JOE Form EV6 1 I 
(1 1 -7 7 ) 

I O  CFR 71 

Id .  Page No. l e .  Total No. Pam. 

1 3 

U.S. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radioactive Materials Packapar 

(1 ) Prepared by /Name and addnul: 

Oak Ridge National Laboratory 
Post Office Box E 
Oak Ridge, TN 37830 

(2) Title and Identification of report or application: 131 Date: 

Safety Analysis Report for Pack- Januarv 1979 
aging (SARF') of the OGk Ridge National Laboratory 
Foamglas Shipping Container 

Report No.: ORNL-5407/RZ 

Zb. The packaging and Contents desuibed in item 5 below, meets the safety nandards set forth in Subpart C of Title 10. Code of Federal 
Regulations, Part 71, "Packaging of Radioactiw Material for Transport and Transpartation of Radioactiw Material U n d r  Cntain 
Conditions." 

This certificate does not relieve the consignor from compliance with any requirement of the regulations of the US. Departnwnt Of 
Transportation or other applicable regulatory agencies, including the government of any co,unttv through or into which the pdtrp. 
will ba transported. 

Zc. 

4. CONDITIONS 
This certificate is  conditional upon the fulfilling of the requirements of Subpart D of 10 CFR 71, as applicable, and the conditions w c i f i d  
in iten\ 5 below. 

5. Description of Packaging and Authorized Contents, Modal Number, Fissile Class, Other Conditions. and References: 

(a) Packaging 

(1) Model: ORNL Foamglas 

(2) Description: 

Packaging for fissile material. 
Specification 2R inside container consisting of a 4.81" I.D. x 18" long 
Schedule 80 stainless steel pipe (0.375" wall thickness) with a 1/4" thick 
welded bottom plate. 
10" O.D. silicone gasket. Fissile material is contained inside sealed 
metal cans within the containment vessel. 
ment vessel may be filled with crumpled aluminum foil. 
vessel is supported inside a DOT Specification 17H 55-gallon drum by solid 
foamed boron silicate glass (foamglas). The outer steel drum is 23" O.D. x 
35 1/16" long. It has a 12-gage bolted closure ring with drop forged lugs, 
one of which is threaded, and has a 518" steel bolt and lock nut. 
package gross weight is 215 lb. 

The containment vessel is a flanged DOT- 

The flange is sealed with a 1/8" thick x 5" I.D. x 

Void space inside the contain- 
The containment 

The 

(3) Drawing: 
The packaging is as described and is fabricated in accordance with ORNL 
- GR - lL757R6. - .- 

~~ 

6a. Date of  Issuance: I 6b. Expiration Date: 

I 7b. Signature, Name, and Title /of OOf Approving Official) 
FOR THE US. DEPARTMENT OF ENERGY 

7% Address /of DOE Issuing Office1 

U. S. Department of Energy 
Post Office Box E 
Oak Ridge, Tennessee 37830 

(3- d C - L  
William H.  Travis, Director 
Safety & Environmental Control Division 
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(b) Ccnrents  

(1) Type and form of material: 

U r a n i u m a d p l u t o n i u m  i s o t o p e s  e i t h e r  s i n g l y  o r  i n  mixture ,  
as metal oxide.  
Plutonium i n  q u a n t i t i e s  g r e a t e r  than 50g w i l l  c o n t a i n  at  
least 60wt X 239Pu, more z40Pu than 241Pu, and 238Pu w i l l  
be  considered as  239Pu. 

Uranium may c o n t a i n  up  t o  100% 2331J, 235U,0r 238U. 

(2) Maximum q u a n t i t y  of material per  package: 

N o t  t o  exceed 10 w a t t s  thermal decay and f o r  t h e  f i s s i l e  
c o n t e n t s  decr ibed  i n  5 ( b ) ( l ) ,  t h e  assignment of t h e  r rans-  
p o r t  Index f o r  F i s s i l e  Class I1 is  c o n s i s t e n t  wi th  t h e  
fo l lowing  l i m i t a t i o n s  of form, mass, H:X r a t i o ,  and 
d e n s i t y :  

Mass (kg of X) 

T m  spr  t u), Oxide UO, Oxide  
Indax k t a l  H:X < 0.h H:X 3 

0.1 17.2 kg 10.8 kg 15.L kg 
0.2 19.5 24.1 18.h 
0.3 20.8 28.2 20.h 

2 .o 28.8 56.1 32.8 

0 S. 23 .o 33 .a 23 .O 
1 .o 25.6 b3.7 27.h 

Plub  niur-2 j9 

0.1 
0.2 
0.3 
0.5 
1 .o 
2 .o 

0.1 
0.2 
0.3 
0 e 5  
1 .o 
2 .o 

5.3 kg 
5.6 
5.8 
6.2 
6.5 
7 .O 

(P - 18.h 
g U/cmJ) 

7.5 kg 

0.3  
0.8 
9.2 
9.9 

a .o 

(P = 8.73 (p = L.71 
e W c n ’ )  g PC/C.I=) 

10.5 kg 7.2 kg 
11.6 10.7 
12.4 11.8 
13.5 13.3 
1h.9 15.6 
16.5 18.3 

Uranium-233 

(p 8.03 (p .I &.lib 
g Wcm’) g cJ/cn”) 

11.1 kg 8 . 3  kc 
12.6 1 P . l  
13.7 11.5 
1.5.0 13.3 
17.1 16.P 
19.3 19.8 
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(c) F i s s i l e  Class - I1 and III 
(1) Minimum t r anspor t  index t o  be 

be shown on l a b e l  f o r  Class I1 0.1 

(2) Maximum Transport  Indexes per 
shipment f o r  Class I11 100 

(d) Externa l  r a d i a t i o n  l e v e l s  w i l l  conform t o  US DOT Regulations,  
49 CFR 173.393. 

ORNL foamglas conta iners  loaded wi th  Pu i n  excess of 20 C i  
w i l l  be t ranspor ted  i n  SST's (Safe Secure T r a i l e r s )  operated 
by USDOE-ALO i n  order  t o  conform t o  10 CFR 71.42(b) 

(e) 
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l a  Cerrificate Number l b  Revision No IC Package Identi f icat ion N o  

9860 0 USA/9860/B( U I F  

DOE Form EVd 1 a 
i l : - 7 7 )  

I O  C F 3  7 1  

l d  Page N o  l e  Total N o  P a p s  

1 3 

U.S DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radmacrwe Marerials Packages 

U.S. Department o f  Energy 
P.O. Box E 
Oak Ridge, TN 37831 

W i l l i a m  A. P r y o r  
Sa fe t  & En ' 

. . .  

2a Thts certificate IS  assued to satisfy Sections 173 39% 1 7 3  394, 173.395, and 173 396 of the Department of Transportatton Hazardous 
Materials Regulations (49 CFR 170-189) 

2b The packaging and contents described ~n i tem 5 below, meets the safety standards set f o r t h  In  Subpart C of T i t le  10. Code of Federal 
Regulations Parr 71, "Packaging o f  Radioactive Material for Transporr and Transportat ion of Radioactive Material Under Certain 
Conditions " 

Thts certificate does not relieve the consignor from mmpl lance wi th  any requirement o f  the regulations of the U S  Department Of 
Transportation or other appllcable regulatory agenctes, including the government o f  any country through or ln to  whlch the package 
w ~ l i  be rransoorted 

2c 

~~ 

3 This cer t i f ,wte IS issued o n  the basis of a safety analysls repon of the package design or application- 
I 1  I Prepared b y  fNarne and address/ 12) Tctle and Identi f icat ion of report or application (31 Date 

( a )  Union Carb ide Corp. Sa fe ty  A n a l y s i s  Report January 31, 1984 
Nucl e a r  D i  v i  s i  on f o r  Packaging (Oak Ridge 
Oak Ridge Y-12 Plant  Y-12 P l a n t  Model DT-14A 
P.O. Box Y Package f o r  Enr iched 
Oak Ridge, TN 37831 Urani urn) Report Y/DD-326 

4 CONDITIONS 
T h ~ s  certlflcate IS condirional upon the fulf t l l ing of the requirements of Subpart D of 1 0  CFR 71, as appllcable, and the condttmns SpeClfled 
in i tem 5 below. 

5 Description of Packaging an0 Authorized Contents. Model Number, Fissile Class, Other Conditions. and References 

a. Packaging 

( 1 )  Model No.: DT-14A 

( 2 )  D e s c r i p t i o n  

Packaging f o r  uranium e n r i c h e d  i n  t h e  235U i so tope .  
(16.5-crn ID )  s t e e l  conta inment  vessel i s  l i n e d  l a t e r a l l y  w i t h  a 0.006-inch 
(0.1524-mm) t h i c k  l a y e r  o f  cadmium. 
0.22-inch (5.59-mrn) t h i c k  covers t h e  bo t tom and l a t e r a l  i n s i d e  sur face.  
The use fu l  i n s i d e  dimensions are 6.06-inches I D  X 15 1/2-inches (15.4-cm 
I D  X 39.4-crn). 

The 6 1/2- inch I D  

High d e n s i t y  po l yu re thane  rubber, 
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No. 

(3)  

5. 

9860, Rev 0 

The drum s h a l l  have a t  l e a s t  f o u r  0.375- nch (9.53-mm) diam. vent  ho les  near  t h e  
top. Each h o l e  i s  covered w i t h  e i t h e r  a weatherproof  t ape  o r  f u s i b l e  p lug,  o r  an 
equ i va 1 e n t  dev i  ce. 

The o v e r a l l  package dimensions a r e  18-inches d iameter  X 30-inches h i g h  (45.7-131 
d iamete r  X 76.2-cm h igh) .  The package gross we igh t  i s  210 l b  (95.2 kg). 

Drawings 

The packaging i s  c o n s t r u c t e d  i n  accordance w i t h  t h e  drawings shown i n  F igu res  1, 
2, and 3 o f  Oak Ridge Y-12 P l a n t  Repor t  Y/DD-326, January 13, 1984. 

(b)  Contents  

(1) Type and form o f  m a t e r i a l  

Uranium as meta ls ,  a l l o y s ,  compounds, m ix tu res ,  or s o l u t i o n s  e n r i c h e d  t o  
any degree i n  t h e  235U i so tope .  
o f  t h e  235U. 

The 233U i s o t o p e  n o t  t o  exceed 1.0 w/o 

( 2 )  Maximum q u a n t i t y  o f  m a t e r i a l  pe r  package 

Not t o  exceed 10 w a t t s  i n t e r n a l  decay heat. 
w i t h i n  t h e  conta inment  vessel n t t o  exceed 66.2 l b  (30 kg), t h e  U-235 
d e n s i t y  n o t  t o  exceed 18.8-g/cmg, and con ten ts  a r e  f u r t h e r  r e s t r i c t e d  as 
f o l  1 ows: 

Maximum c o n t e n t  we igh t  

Maximum U-235 Mass (kg)  

Meta l  o r  
A1 1 oys* M ix tu res ,  compounds, and s o l u t i o n s  

3 235U d e n s i t y  (g/cm ) (18.8 

H/235U atom r a t i o  0.00 - <0.43 - (3.22 - <10.7 - <21.4 U n l i m i t e d  

(8.33 - <4.55 - <2.05 - <1.15 - <18.8 

235U mass/package 18.0 21.0 16.0 8.5 5.5 1.0 
( kg )  

Minimum Transpor t  FC-I* FC- I *  0.1 0.1 0.2 FC-I* 
Index 

* F i s s i l e  Class I 

( c )  Other Requirements and R e s t r i c t i o n s  
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3 
(1) Any amour,t o f  l ow-dens i t y  (<1.0 g/cm ) packaging m a t e r i a l ,  p r o v i d i n g  i t  

i s  n o t  i n t e r m i n g l e d  w i t h i n  %e load ing ,  may be used t o  cush ion  t h e  
1 oadi  ng w ;  t h i  n t h e  i n n e r  containment vessel . 

( 2 )  Up t o  120 g o f  packaging m a t e r i a l  may be i n t e r s t i t i a l l y  used f o r  meta l  
p ieces ;  however, g r e a t e r  packagi ng-mate ia l  masses r e q u i  r e  t h a t  t h e  
l i m i t s  on m ix tu res ,  compounds, and s o l u t i o n s  be observed. A l l o y s  w i t h  
23% d e n s i t i e s  8 . 3 3  g/cm3 may be packaged under t h e  l i m i t s  f o r  m i x t u r e s ,  
compounds, and s o l u t i o n s  i n  (b ) (2 ) .  

Uranium hyd r ides  w i t h  d e n s i t i e s  g r e a t e r  t h a n  4.55 g/cm3 a r e  n o t  per-  
m i  t t e d  . ( 3 )  

( 4 )  B e r y l l i u m  and deu te r ium a r e  no t  pe rm i t ted .  

( 5 )  Me ta l s  o r  a l l o y s  i n  s o l i d  form must be h e l d  w i t h i n  t h e  conta inment  
c a v i t y  i n  screw t o p  p o l y e t h y l e n e  b o t t l e s  w i t h  a 1-mm (40 m i l s )  minimum 
w a l l  t h i c k n e s s  o r  meta l  cans wi th  nominal w a l l  t h i c k n e s s  o f  0.254-mm (10  
m i l s ) .  

(6 )  Powders must be packaged i n  a w a t e r - t i g h t  screw-top p o l y e t h y l e n e  b o t t l e  
w i t h  a 1-mn (40  m i l s )  minimum w a l l  t h i ckness .  B e f o r e  l oad ing ,  t h e  l i d  
on t h e  p o l y e t h y l e n e  b o t t l e  must be v i s i b l y  i n s p e c t e d  t o  ensure t h e  
gasket  i s  p resen t  and f u n c t i o n a l .  Each loaded p o l y e t h y l e n e  b o t t l e  must 
be i n v e r t e d  and hand shaken; a smear must be taken  and checked w i t h  an 
a lpha  d e t e c t o r  t o  ensure non-leakage o f  t h e  powder w i t h  a l l  o f  t hese  
c o n d i t i o n s  a r e  s a t i s f i e d ,  t h e  l i d  must be sea led  and c l o s e d  u s i n g  
p r e s s u r e - s e n s i t i  ve tape. 

S o l u t i o n s  must be packaged i n  a wate r  t i g h t ,  screw-top p o l y e t h y l e n e  
b o t t l e  w i t h  a 1-mn (40  m i l s )  minimum w a l l  t h i ckness .  Be fo re  l o a d i n g ,  
t h e  l i d  on t h e  p o l y e t h y l e n e  b o t t l e  must be v i s i b l y  i n s p e c t e d  t o  ensure 
t h e  gasket i s  p resen t  and f u n c t i o n a l .  Each f i l l e d  p o l y e t h y l e n e  b o t t l e  
must be i n v e r t e d  and observed f o r  f i v e  minutes. I f  no leakage i s  
v i s i b l e ,  a smear must be taken  and checked w i t h  an a lpha d e t e c t o r  t o  
ensure non-leakage o f  t h e  s o l u t i o n .  When a l l  o f  t hese  c o n d i t i o n s  a re  
s a t i s f i e d ,  t h e  l i d  must be sealed u s i n g  p r e s s u r e - s e n s i t i v e  tape. 

(8)  Upon r e c e i p t  and p r i o r  t o  t h e  f i r s t  use o f  each new package, t h e  con- 
ta inmen t  vessel must be l eak  t e s t e d  t o  1 X 10-7 atm-cm3/sec a t  s tandard  
t e s t  c o n d i t i o n s  o f  ANSI  N14.5. 

(7) 

( 9 )  Containment vessels  must be l eak  t e s t e d  t o  1 X atm-cm3/sec a t  s tand-  
a r d  t e s t  c o n d i t i o n s  o f  ANSI N14,5 a f t e r  t h e  t h i r d  usage, and wi th in  one 
y e a r  f rom t h e  l a s t  i n s p e c t i o n  d a t e  t h e r e a f t e r ,  p r i o r  t o  use. 
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ORNL UNIRRADIATED FUEL SHIPPING CONTAINER 
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la. Certificate Number 1 b. Revisaon No. 
9853 2 

DOE Form EV-618 
( 1  1 -7 7 ) 

1 0  CFR7l 

lc. Package Idmtification No. Id. Papa No. le. Total No. Pam. 
USA/9853/AF I 1  I 2  

US. DEPARTMENT OF ENERGY 

CERTIFICATE OF COMPLIANCE 
For Radioactiw Materials Packagn 

O a k  Ridge, Tennessee 37830 W i l l i a m  H. Travis, Director 
Safety & Enviromental Control Division 

~ ~~ ~ ~~ 

Z.PREAMBLE 
Za. This certificate ts issued to aatisfv Sections 173.39%. 173.34. 173.395. and 173.396 of the Departnunt of Transportation Heardous 

Materials Regulations 149 CFR 170-169). 

Zb. The packaging and contents described in item § b low .  mNts the m f n y  nand.rds set forth in Subprt  C of Title 10, Code Of Fednrl 
Regulations. Part 71, "Packaging of Radioactim Material for Transport and Transpcftation of Radioactiw Material Undw Certain 
Conditions." 

This csrtificrte d o a  not reliew the consignor from compliance with any raquirsmnt of the regulations of the U.S. O e p r t W n t  Of  
Transportation or orher applicable regulatory agencies, including the governmsnt of any country through or Into which tho packal. 
will be transported. 

Zc. 

3. Thm certificate IS issued on the basis of a safety analysis repon of t h .  package dnign or application- 
( 1  ) Prepared by / N a m  and addmd: 

O a k  Ridge National Laboratory 
P.O. Box x Packaging: The Unirradiated Fuel 
Oak Ridge, TN 37830 Shipping Container Report, ORNL/ENG/TM-15 

(2) Title and Identification of report or application: 131 Date: 

( a )  Safety Analysis Report for ( a )  8/79 

(b) L t r .  M.E. Ramsey to  J .A .  Lenhard (b) 1/22/80 
( c )  L t r .  K.W. S m r f e l d t o  J.A.  Lenhard (c)  4/28/82 

4. CONDITIONS 
Thas certificate is conditional upon the fulfilling of the requlremnn o f  S u b p n  D of 10 CFR 71, as applicrble, and the conditions SWCifisd 
in item 5 below. 

5. Description of Packaging and Authorized Contents, Model Number, Fissile Class. Other Conditions. and References: 

a. Packaqing: 
(1) Model: 

( 2 )  Description: 

ORNL Unirradiated Fuel Shipping Container 

Packaging for unirradiated f iss i le  material as fuel e l e m t s .  The fuel elements 
are positioned in  a basket consisting of seven square cavities fabricated frcm 
16 guage plate and a base fabricated frcm 11 gauge plate. The plate is "pe 300 
stainless steel. E i g h t  3/8" nuts and bolts retain the basket l i d ,  which is made 
from 0.125"-thick almim, i n  place. The basket is positioned inside a cylin- 
drical outer shell. The outer shell and l i d  are fabricated frcm 11 gauge plate 
and the base is 1/4"-thick plate. The plate for the shell is Type 300 stainless 
steel .  The outer l id  is held in place by s ix  5/8" nuts ard bolts. The basket is 
supported on 2" x 6" timbers inside the outer shell. The remining space around 
the basket is f i l led with phenolic foam insulation. 
There are different types of packages. Table I details the design of each 
container and the types of fuel elements shipped therein. 

b. Contents: 
(1) Type and form of material: 

The uranium is enriched t o  -93% 235U, is in oxide form, and is contained in  fuel 
nlates 3% fOlloWS: 

6s. Date of l ssuke :  May 13, 1982 

7a. Address /of DOE /suing Office1 

1 6b. Expiration Date: 

I 7b. Signature. Name. and Tit le (of DOE ApBrovinp Officiall 

FOR THE U.S. DEPARTMENT OF ENERGY 

U.S. Department of Energy 
P.O. Box E 
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(a) Assembled into reactor fuel elements. 

(b) Unassembled fuel plates. 

(2) Maxinarm quantity of material per package. 

(a) As fuel elemts (see Table I) as follows: 

i. For e% type of shipping container - seven fuel elemts containing 
370 g U per fuel element. 

or - 
ii. For mixed loading of the NBS shipping cmtainer, six fuel elemts as 

follows: no more than two NBS fuel elements containing 210 g U per 
fuel w t ,  no mre than four ALRR fuel elements containing 
841 g U per fuel element. 

of 19.5 g 2 3 5 ~  per fuel plate. 
(b) As fuel plates: 

Maxinun of 50 fuel plates per boLn?d stack with each stac& wrapped in 
4-6 mil polyethylene. 'Ityo tiers of stacks permitted. Total 'U content< 
13.7 kg. 

(3) Fissile Class: I 
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ORNL TRITIUM TARGET SHIPPING CONTAINER 
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1 
ORNL Photo 2866-78 

m ORNL Tritium Target Shipping Container 
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F E B  27 1984 

LI 8 Deportmrd 
of 'iromporiotion 
Research and 
Special Programs 
Administration IAE A CERTIFICATE OF COMPETENT A UTH 0 RITY 

'Qpe B(U) Radioactive Materials Packwe Design 

Certificate Number USA/032 1 /B( U) 
(Revision 0) 

This establishes that the packaging design described herein, when loaded wi th  t h e  
authorized radioactive contents, has been certified by the National Competent Authori- 
ty of the United States, as meeting the regulatory requirements for Type B(U) 
packaging for radioactive materials as prescribed in IAEA .l/ Regulations and in 
accordance with SS 49 CFR 173.472 of the USA 21 Regulations for the transport of 
radioactive materials. 

I. Packwe Identification - ORNL Tritium Target Shipping Assembly. 

II. Packwirg Description - Packaging authorized by this certificate consists of a 
Specification 20 WC-1 wooden outer protective jacket, used wi th  a single, snug-fitting 
inner specification 2R (Appendix A) inner containment. The 2R is a bolted and gasketed 
flanged closure configuration. Construction and preparation for shipment must be in 
accordance with Union Carbide Drawing No. DSK 2330 and the October 28, 1983, letter 
from K.W. Sommerfeld to J.A. Lenhard. 

III. 
than 10,000 curies of tritium adsorbed on a solid, metallic carrier. 

Authorized Radioactive Contents - The authorized contents consist of not more 

IV. General Conditions - 
a. Each user of this certificate must have in his possession a copy of this 

certificate. 

b. Each user of this certificate, other than the U.S. Department of Energy, 
shall register his identify in writing to the Office of Hazardous Materials 
U.S. Department of Transportation, Washington, D.C. 20590. 

This certificate does not relieve any consignor or carrier from compliance 
with any requirement of the Government of any country through or into 
which the package is to be transported. 

Marking and labeling - Each package must also bear the marking USA/0321/B(U), 

c. 

V. 
as well as the other markings and labels prescribed by the USA Regulations. 

VI. Expiration Date - This certificate, unless renewed, expires on February 28, 1989. 
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Certificate Number USA/0321/B(U), Hevisio:, 

This cer t i f icate  is issued in accordance w i t h  t h e  requirement of t h e  IAEA and USA 
Regulations and in response to  the March 22, 1983 petition by the Department of 
Energy, Washington, D.C. and in consideration of the associated information provided in 
DOT Regulations 4 9  CFR Parts  173 and 178, t h e  DOE application and related 
correspondence. 

Certified by: 

Richard R. Raw1 
Chief, Radiaoctive Materials Branch 
Office of Hazardous Materials Regulation 
Materials Transportation Bureau 

- 1/ "Safety Series No. 6, Regulations for the Safe Transport of Radioactive Materials, 
1973 Revised Edition," published by the International Atomic Energy Agency (IAEA), 
Vienna, Austria. 

- 2/ Title 49, Code of Federal Regulations, Par t s  100-199, USA. 
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1 . b )  Cerr i l iwte Numbar 1 .Ibl Revision No. 
6613 1 

Form NRC-618 
t 12-73) 

10 CFR 71 

U.S. NUCLEAR RCOULATORV COMMISSION 

1.W Pachaqe ldentlficarlon No. ).(dl Pages No. 1.lrl Total No. Pagst 
USA/6613/B( 1 1 2 

CE RTI  Fl CATE 0 F COMPLIANCE 
For Radioactive Materials Packagss MAY 24  Is82 

3.kd Prepared by  ( N m e  dnd ~ c ' d r ~ ) :  

Technical Operations,  Inc. 
Northwest Indus t r ia l  Pa rk  

3.lbl Tit le dnd iden1i l ic~t i~ i : i  0 1  report or a>glication: 

Technical Operations, Inc. appl ica t ion  dated 
February 11 ,  1982, as supplemented 

71-6613 Burl ington, MA 01803 
3.lc) [lochel No .- 

4 CONDITIONS 
This ccriilicare is conditiond w u n  the fulf i l l ing of the requirements 0 1  Subii.irr D crl IO CFR 71, as applicale. and the conditions speci l id 
in iten1 5 below -- 

5. Description of Packaging and Authorized Contents, Model Number, Firsole CIJS:. Orher Conditions. and References: 

( a )  Packaging 
( 1 )  Model No.:  702 
( 2 )  Description 

The cask system overa l l  diinensions a r e  19"x21"x208'. The cask is  a 
s t a i n l e s s  s t e e l  weldrnent containing depleted uranium sh ie ld ing .  
cask has a cen t r a l  cav i ty  which i s  2.26 inches i n  diameter by 3 . 2 5  
inches long. 
inch b o l t s  and a s t a i n l e s s  s t e e l  stepped plug containing depleted 
uranium sh ie ld ing .  The c losure  i s  equipped w i t h  an eye b o l t  and tkio 
d ra in  a n d  vent p l u g s .  
s tee l  skid vii%h f o u r  l/Z-inch b o l t s  a n d  a t i e  down system cons is t ing  
o f  four  1/2-inch diameter threaded rods w h i c h  connect a clamp r ing  a t  
the top  of the  cask t o  channel brackets welded t o  the sk id .  
cagi. constructed of 1-1/4 i n c h  s j u a l e  s t ee l  tubing a n d  perforated 18 
giuge steel  shee t s  tack welded t o  t h e  t ub la r  frame surrounds t h e  cask 
and i s  bolted t o  the skid by four l/Z-incn b o l t s .  
weight o f  t he  packaging i s  370 pounds. 

The 

Closure i s  accomplished by a neoprene gasket,  six 3/8 

The cask i s  mounted on a l9"x21" rec tangular  

A protec t ive  

Maximum gross 
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Page 2' - Cer t i f ica te  No. 6613 - Revision No. 1 - Docket No. 71-6613 

5. 

6. 

7 .  

8. 

( a )  Packaging (continued) 

( 3 )  Drawings 

The cask and other system components are constructed i n  accordance 
with the following Technical Operations, Inc. Drawing Nos.: 70290, 
Sheet 1 o f  4 ,  Rev. A; 70290, Sheet 2 of 4 ,  Rev. None; 70290, Sheet 3 
o f  4, Rev. None; 70290, Sheet 4 of 4,  Rev. A .  

(b )  Contents 

( 1 )  Type and fonii o f  material 

Metallic iridium 192 sources w h i c h  meet the requirements of special 
form a s  defined in 10 CFR s 7 1 . 4 ( 0 ) .  

Maximum quantity of material per package 

10,000 curies .  

( 3 )  Maximum decay heat per package 

100 watts.  

( 2 )  

The name plate  must be fabricated o f  materials capable o f  resis t ing the f i r e  
t e s t  o f  10 CFR P a r t  71 and maintaining the i r  l eg ib i l i ty .  

The package authorized by th i s  ce r t i f i ca t e  i s  hereby approved for  use under the 
gcneral l icense provisions of 10 CFR §71.12(b) .  

Expiration date:  March 31, 1987. 

REFERENCES 

Teclinical Operations, Inc. application dated February 11, 1982. 

Supplement dated: I-larch 2 6 ,  1982. 

FOR THE U . S .  NUCLEAR REGULATORY C0MMISSIOt.S 

'Charles 8 a r L Q  E. MacDonald, Chief 

Transportation Certif ication Branch 
Division of Fuel Cycle and 

Material Safety, NMSS 
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111. COMMERCIAL PACKAGES SHIPPED FROM OJXNL 
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GENERAL ELECTRIC COMPANY MODEL NO. 8500 



111.8 

-7 

ORNL Photo 2418-78 

General Electric Shipping Container 
Type B 
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GENERAL ELECTRIC -MODEL 8500 SHIELDED CONTAINER 
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1.b) Certificate Numbor 
6697 

Form NRC618 
(12-731 

10 CFR 71  

1 .(bl  Revision No. 1 . k )  Package Identification No. l . (d)  Pages No. l . (e l  Total No. Pages 
6 USA/6697/B( I 1 3 

US. NUCLEAR REGULATORY COMMISSION 

CERTIFICATE O F  COMPLIANCE 
For Radioactive Materials Packaws 

3.b) Prepared b y  (Name and address): 

General Electr ic  Company 
P.O. Box 460 
Pleasanton, California 94566 

3.lb) Title and identification of report or application: 

General Electr ic  Company application dated 
November 29, 1979. 

3 .W Docket No. 71 -6697 

2.k) This certificate does not relieve the consignor f rom compliance with any requirement o f  the regulations of the US. Department of 
Transportation or other applicable regulatory agencies, including the government o f  any country through o r  into w h i h  the package 
wil l be transported. 

4. CONDITIONS 
This certificate i s  conditional upon the fulfilling o f  the requirements o f  Subpart D o f  10 CFR 71, as applicable. and the conditions specified 
in item 5 below. 

5. Description of Packaging and Authorized Contents, Model Number, Fissile Class, Other Conditions. and References: 

( a )  Packaging 

( 1 )  Model No.: GE-8500 

( 2 )  Description 

The packaging i s  a s t ee l ,  uranium shielded shipping cask surrounded 
by a laminated plywood protective jacket.  

The inner shielded cask i s  an  upright c i rcu lar  cylinder,  consisting 
o f  an inner she l l ,  2-7/8 inches ID x 6-1/8 inches high, made o f  
1/8-inch thick s ta inless  steel  which i s  surrounded by 1-13/16 inches 
o f  depleted uranium and enclosed in a 7-inch OD x 10-1/2-inch high x 
lld-inch thick s ta inless  steel  outer shel l .  

Closure i s  by means of s ix ,  3/8-inch diameter bolts and a 1/8-inch 
thick neoprene rubber gasket between body and l i d .  The shielded cask 
i s  positioned in a two-piece protective jacket of solid plywood 
laminations which i s  bolted to  a rectangular pa l le t  made o f  aluminum. 
The protective jacket i s  15-1/4 inches OD x 20-1/2 inches high and 
together with the pal le t ,  weighs 80 pounds .  
shielded cask contains a leak t igh t ,  .2R type, s teel  i n se r t ,  shown 
on G E  Drawing No.161F443, Rev. 5 or 135C5982, Rev. 4 ,  or 10603830, 
Rev. d ( the  l a t t e r  t o  be used with the l i ne r  shown on 153C4613, 
Rev. 1 ) .  The gross weight of the loaded package i s  approximately 
285 pounds. 

The cavity o f  the 
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5. 

6. 

7 .  

d .  

9. 

10. 

11. 

( a )  Packaging (continued) 

(3 )  Drawings 

The  package is  constructed in accordance with the following General 
Electr ic  Company Drawing Nos.: 277E696, Rev. 6; 277E712, Rev. 6; 
174F482, Rev. 5; 289E795, Rev. 3; 195F169, Rev. 2; 289E796, Rev. 5; 
161F443, Rev. 5; or 135C5982, Rev. 4; or 106D3830, Rev. 8 w i t h  153C4613, 
Rev. 1. 

( b )  Contents 

(1) Type and form of material 

Radioactive materials i n  solid or l iquid form. 

(2)  Maximum quantity of material per package 

Greater t h a n  Type A quantit ies of solid radioactive material with the 
decay neat load not exceeding 50 watts.  
(20)  curies  per package must be in the form of metal, metal a l loy or 
reactor fuel elements. 

L i q u i d  radioactive material i s  limited to  100 ci  of 140-Tc solution. 

Plutonium i n  excess o f  twenty 

Liquids shall  be fur ther  packaged in a leak t igh t  polyethylene bot t le  within the 
2R inser t .  
with Attachment 3 o f  General Elec t r ic ' s  l e t t e r  dated November 29, 1979. 

Each polyethylene bot t le  shall be sealed and tested in accordance 

Prior t o  each shipment, the package l i d  Neopoene gasket shall be inspected. 
gasket shall  be replaced with a new Neoprene gasket i f  inspection shows any defects 
or  every twelve (12) months, whichever occurs f i r s t .  In each shipment, a new Viton 
O-ring shall be used t o  seal the 2R type inser t .  

The LR type inser t  shall  be pretested to  ensure leak t ightness prior t o  each use i n  
accordance with Attachment D o f  General Electr ic 's  l e t t e r  dated November 29, 1979. 

The radiation dose level shall not exceed 1000 millirem per hour ,  a t  a distance o f  
3 feer; from the surface of the depleted uranium cask, when the wooden protective 
jacket  i s  n o t  in place. 

The package authorized by t h i s  ce r t i f i ca t e  i s  hereby approved for  use under the 
general l icense provisions of 10 CFR §71.12(b). 

Expiration date:  February 28, 1985. 

The 
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REFERENCE 

General Electric Company application dated November 29, 1979. 

FOR THE U. S. NUCLEAR REGULATORY COMMISSION 

G t & . & f & U  
Charles E. MacDonald, Chief 
Transportation Certification Branch 
Fuel Cycle and Material Safety 

FEB 2 1 1990 
Date: 
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(NRC or DOT Approved) 

J. L e  SHEPHERD AND ASSOCIATES 
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ORNL Photo 5902-84 

J. L. Shepherd and Assoc ia tes  Shipping Container  
(Model A-0109 i r r a d i a t o r  and Model A-0117 overpack) 
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U.S. NUCLEAR REGULATORY COMMISSIC'.. 
CERTIFICATE OF COMPLIANCE 

FOR RADIOACTIVE MATERIALS PACKAGES 
b REVISION NUMBER c PACKAGE IDENTIFICATION NUMBER d PAGE NUMBER e TOTAL NUMBER PACT ! 

I 

1 1 a CERTIFICATE NUMBER 

-_ - 4  1 2 6280 3 USA/6280/B( ) 
2 PREAMBLE .') 

E;  
a Thiscerltficate IS Issued locerllfy lhalIhepachagingandcontentsdescr!bed lnltem5below meelSIheappf~cablesafelyslandards~et forth InTitle 10 Code01 

b Thls Cenifcale does no1 relieve the consignor from COrnDlianCe wtth m y  requlrement of the regulallons 01 the U S Oepanment of Transponallon or other 

1,; Federal Aogulalrons. Pan 7 1  Packaging of Radioaclive Materials lor Transport and Transporrallon 01 Radroaclive Malerlal Under Cscaln Conditions 

appl~cablg regulatory agencies including IhE government of any country lhrough or lnlo which the package wlll be Iransporled 

J .  L. Shepherd a n d  Associates appl ica t ion  
dated September 5 ,  1979. 

(1 )  Wodel No.: , A-0109 I r r ad ia to r  i n  A-0117 Overpack 

(2)  Description 

The packaging cons is t s  of an inner,  l e a d - f i l l e d ,  s t e e l  weldment (ilodel 
A-0109 i r r a d i a t o r )  enclosed within a n  outer pro tec t ive  enclosure 
(;*lode1 A-01\17 overpack). The i r r a d i a t o r  i s  a r i g h t  cy l inder ,  31 
inches diameter by 36 inches high, with a bolted top plug c losure .  
The overpack i s  a double-walled s t ee l  cy l inder  enclosing a shock 
abosrb ing  and thermal insu la t ion  core of glue-bonded layers  o f  balsa 
wood (11 lbs/cu f t .  dens i ty ,  12 inches thick on the s i d e s ) .  The 
i r r a d i a t o r  ,is held i n  place in the overpack by s t ee l  spacers attached 
t o  a 1/2-inch thick s t e e l  p l a t e  a t  each end. The v o i d  between the 
i r r a d i a t o r  and inside wall of the overpack i s  f i l l e d  w i t h  hardwood 

-spacers. 
b o l t s .  . Tbe dimesions o f . t h e  package a re  50.5 inches diameter by 73 
inches long .  .The weight o f  the shielded i r r a d i a t o r  i s  7,000 lbs  and 
the  weight o f  .the. overpack. i s  3,400 lbs, t o t a l ing  10,400 lbs. 

The overpack cover i s  secured by 30 5/0- inch diameter 

The overpackand i r r a d i a t o r  a r e  constructed i n  accordance with J. L. 
Shepherd and.Associates Drawing Nos. A-OlOg-Al, A-0109-10, A-0109- 
20, A-0117B, A-O117C, and A-0117-C1. 
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5. 

6. 

7. 

8 .  

(b)  Contents 

(1) Type and form o f  m a t e r i a l  

C o b a l t  GO as c o b a l t  w i r e  encapsulated and h e l i a r c  welded i n  a s t a i n -  
l e s s  s t e e l  tube. The source i s  f u r t h e r  e n c a p s u l a t a i  i n  an a n n u l a r  
capsule app rox ima te l y  6 inches i n  d i a n e t e r  by 6.43 i nches  l o n g  and 
sca led  by , h e l i a r c  weld ing.  The c o b a l t  GO must meet t i ic roq1Jire:netits 
O F  s p e c i a l  fonn r a d i o a c t i v e  m a t e r i a l .  

(2)  Maximum q u a n t i t y  of m a t e r i a l  p e r  package 

30,000 c u r i e s  

The overpack must be mod i f i ed  by t h e  a d d i t i o n  of  n o t  l e s s  than 13 l / j - i n c h  
d iameter  v e n t  ho les  i n  the o u t e r  s h e l l  ( two  a c i i  i n  t t ic t o p  cap and cdp s ide ,  
two i n  the  bottom, and i n  two s i d e  t i e r s  of  4 h o l e s  each, a t  90" s e p a r a t i o n ,  
w i t h  each t i e r  l o c a t e d  about  one f o o t  from each end) .  
t o  p reven t  t h e  i n leakage  of water  b u t  not  so ds t o  a f f e c t  t h e i r  c a p a b i l i t y  of  
v e n t i n g  i n  t h e  event  o f  f i r e .  

The package a u t h o r i z e d  by t h i s  c e r t i f i c a t e  i s  hereby approved for use under t h e  
genera l  l i c e n s e  p r o v i s i o n s  o f  10 CFR 971.12. 

E x p i r a t i o n  date:  November 30, 1934. 

The ho les  must be sealed 

REFERENCE 

J. L. Shepherd and Assoc ia tes '  a p p l i c a t i o n  dated September 5 ,  1979. 

FOR THE U.S. NUCLEAR REGULATORY COIIMISSIOP1 

w r L u  
Char les E. MacOonald. C h i e f  
T r a n s p o r t a t i o n  C e r t i f i c a t i o n  Branch 
D i v i s i o n  o f  Fuel Cyc le and 

M a t e r i a l  Safety .  NMSS - -  
SEP 06 1,083 Date: 
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111. COMMERCIAL PACKAGES SHIPPED FROM ORNL 

(NRC o r  DOT Approved) 

GAMMA INDUSTRIES 
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n 

ORNL Photo 2540-78 

r 

. 

GAMMA INDUSTRIES DOT 2OWC-1 - TYPE B 

n 
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111. COMMERCIAL PACKAGES SHIPPED FROM O W L  

(NRC o r  DOT Approved) 

GENERAL ELECTRIC COMPANY MODEL GE-1500 



111.20 

n 
ORNL Photo 4936-84 

GE-1500 Shipping Cask 

n 

n 
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1500 Series Certificolion No. 5939 f 6. I.A.E.A. Cert i f ied  
Cosk Weisht 12,000 Lbs. - 5455 Kgs. 
Assembly Weight 15,160 Lbs - 6890 Kgs. 

Assembly Drowing No. 106D3870Gt 

M o d e s  0 )  TronsPo*)ation - ALL EXCEPT PASSENGER AlRCR 
Watt L o a d  01 100-F Ambient 3120 Vlorts 
Fisrilo Load 500 /300 /300  Grams a s  Firsit. Class 111 
Wal l  Load a1 1OO.F Ambient LOO Worts 

73 

- 

FT 

Box Section Outer Jocket so-i/2 in. 

BOX Section Inner Jacket 47 in. 

Outer Jacket 
60. 

!in. 

8 in. 

lnnei 
59 

Cork 31in. diam 

Pollet 59-1/2 in. sq. 

- 
-10 is. b o d  

Covitv 
7 in. diam x 25 in 

-1/2 ia. 

GENERAL ELECTRIC - MODEL 1500 SHIELDED CONTAINER 
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1.M Certificate Number 
5939 

Form NRC-618 

10 CFR 71 
(12-x331 

1.k) Package Identification No. l.(d) P 05 No. l . (d  T al No. Pages f" 4 1.lb) Revision No. 
9 USA/5939/6( IF 

U.S. NUCLEAR REGULATORY COMMISSION 
CERTIFICATE OF COMPLIANCE 

For Radioactive Materials Packags 

3.M Prepared by (Name and addrepr): 

General E l e c t r i c  Company 
P.O. Box 460 
Pleasanton, CA 94566 

3Abl Title and identification of report or application: 

General E l e c t r i c  Company app l i ca t i on  dated 
February 21, 1980, as supplemented. 

3.k) Docket No. 71-5939 

2. PREAMBLE 

2.(a) This certificate is  issued to satisfy Sections 173.393a. 173.394, 173.395, and 173.396 of the Department of Transportation Hazardous 
Materials Regulations (49 CFR 170-189 and 14 CFR 1031 and Sections 146-19-loa and 146-19-100 of the Department of 
Transportation Dangerous Cargoes Regulations (46 CFR 146-1491. as amended. 

The packaging and contents described in item 5 belod, meets the safety standards sat forth in Subpart C of Title 10, Code of 
Federal Regulations, Part 71, "Peckaging of Radioactive Materials for Transport and Transportation of Radioactive Material Under 
m a i n  Conditions." 

This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of 
Transportation or other applicable regulatory agencies, including the government of any country through or into which the package 
will be transponed. 

2.(b) 

2.(c) 

( a )  Packaging 

(1) Node1 No.: GE-1500 

(2) Desc r ip t i on  

A s tee l  encased lead shielded shipping cask. The cask i s  a double- 
wa l led  s tee l  c i r c u l a r  cy l inder ,  31-inch-diameter by 48 inches high 
w i t h  a cen t ra l  c a v i t y  7-inch-diameter by 25 inches high. 
diameter i s  reduced from 31 inches t o  17-1/2 inches by cone cons t ruc t ion  
a t  the top 7-1/2 inches o f  the cask. Approximately 11 inches of 
lead  surround the  cent ra l  cav i t y .  The cask is equipped w i t h  a 
c a v i t y  d r a i n  l i n e  and l i f t i n g  device. Closure i s  accomplished by 
a gasketed and bo l ted  steel  l e a d - f i l l e d  plug. A p r o t e c t i v e  j a c k e t  
cons i s t i ng  o f  an u p r i g h t  c i r c u l a r  cy l i nde r  w i th  open bottom and a 
p ro t rud ing  box sec t ion  d iamet r i ca l l y  across the  top and v e r t i c a l l y  
down the sides attaches t o  a square p a l l e t .  Dimensions o f  the  
p r o t e c t i v e  j acke t  are 60-7/8 inches h igh  by 49-3/4 inches wide 
across the  box sect ion.  The outer c y l i n d r i c a l  diameter i s  36-1/2 
inches and the  p a l l e t  i s  59-1/2 inches square. 
o f  the packaging i s  approximately 15,000 pounds. 

The 

The maximum weight 
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5. ( a )  Packaging (continued) 

(3 )  Drawings 

The packaging i s  constructed i n  accordance with the following General 
Electr ic  Company Drawing Nos.: 129D4748, Rev. 3; 129D4749, Rev. 3; 
and 129D4750, Rev. 3. 

Lift ing and/or tie-down devices which are  a structural  pa r t  of the 
package must be in accordance w i t h  the above drawings. 

( b )  Contents 

(1)  Type and form of material 

( i  1 Byproduct material and  special nuclear material meeting special 
form requirements o f  10 CFR §71.4(0)  and antimony pins encased i n  
s ta in less  s tee l ;  or  

( S i  1 Byproduct material i n  the form of "SrF2 o r  137CsC1. 

(2) Maximum quantity of material per package 

Not t o  exceed a decay heat generation of 3,120 watts and 

( i )  Item 5 ( b ) ( l ) ( i )  above: 

Plutonium i n  excess of twenty (20) curies per package must be i n  
the form of metal, metal alloy o r  reactor fuel elements, and 
500 grams U-235 equivalent mass. 
U-235 mass plus 1.66 times Pu mass. 1 

(U-235 equivalent mass equals 

( i i )  Item 5 ( b ) ( l ) ( i i )  above: 

458.000 C i .  

( c )  Fis s i l e  Class I11 

22 Maximum number of packages per shipaent 

6. For the contents described i n  Item 5 ( b ) ( l ) ( i i )  above: 

"SrF must be encapsulated i n  accordance w i t h  Vitro Drawing Nos. H-2-66759, 
Rev. 6 ;  and H-2-66758, Rev. 0; or  

137CsC1 must be encapsulated i n  accordance w i t h  Vitro Drawing Nos. H-2-66760, 
Rev. 0;  and H-2-66761 , Rev. 0. 

The "SrF and 137CsCl capsules a f t e r  fabrication must be leak tested u s i n g  a 
method ha3ing suff ic ient  sensi t ivi ty  t o  detect  a leak r a t e  ( a i r  a t  s t a n d a r d  
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temperature and pressure l eak ing  t o  atm) o f  atm cc/sec. Any capsule 
w i t h  a de tec tab le  leak may n o t  be de l i vered  t o  a c a r r i e r  f o r  t ranspor t .  

The package au thor ized  by t h i s  c e r t i f i c a t e  i s  hereby approved f o r  use under the  
general l i c e n s e  prov is ions  of 10  CFR S71.12(b). 

7. 

8. Exp i ra t i on  date: December 31, 1987. 

REFERENCES 

General E l e c t r i c  Company a p p l i c a t i o n  dated February 21, 1980. 

Supplement dated: September 8, 1982. 

Oak Ridge Nat iona l  Laboratory l e t t e r  dated A p r i l  3 ,  1980. 

Supplement dated: May 7, 1980. 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

L % 4 % & W  
Charles E. MacDonal d, Chief  

DEC 2 2  1982 
Date : 

Transpor ta t ion  C e r t i f i c a t i o n  Branch 
D i v i s i o n  o f  Fuel Cycle and 

Ma te r ia l  Safety 
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111. COMMERCIAL PACKAGES SHIPPED FROM ORNL 

(NRC or DOT Approved) 

TELEDYNE ENERGY SYSTEMS SENTINEL I S  
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l.(c) Packa e Identification N . l.(d) P es No. 
lfSA/9153/B( 9 I Y 1 Ab) Revision No. 

1 
l.(a) Certificate Number 

9153 

Form NRC-618 
(12-73' 

10 CFR 71 

l.le) Tot No. P8W ? 

US. NUCLEAR REGULATORY COMMISSION 

CERTIFI~ATE OF COMPLIANCE 
For Radioactive Materials Packages 

3.(a) Prepared by  (Name and address): 
Teledyne Energy Systems 
11 0 West Timonium Road 
Timonium, M D  21093 

3.lb) Title and identification of report or application: 
Teledyne Energy Systems application 
dated October 5, 1981, a s  supplemented. 

3.k) Docket No. 7l -91 53 
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Description (continued) 

The finned (13'' OD x 14.5") aluminum housing (7" OD x 8.97") fonns the 
outer protective shell of the generator (70 lbs). The generator is 
held in place within the cask by a hold down assembly with a rubber 
pad on top and a 2-inch thick (1/8"-0.001" core) aluminum honeycomb 
with a 97 square inch effective area, on the bottom. The total system 
weight i s  approximately 7,190 pounds. 

Drawings 

The packaging is constructed in accordance with Teledyne Energy Systems 
Drawing Nos.: 013-01000, Rev. 0; 013-01001, Rev. 0; 013-01002, Sheets 
1 and 2, Rev. 0; and assembled in accordance with Figure 2.7-1, p 3-17 
of the application. 

(b) Contents 

(1) Type and form o f  material 
90 Strontium fluoride ( 

fuel capsule, with a Hastglloy C-276 liner which meets the requiremen:s 
of special form as defined in 10 CFR §71.4(0). 

SrF ) doubly encapsulated in a Hastelloy C-276 

(2) Maximum quantity of material per packdge 

12,000 curies. 

6. 

7 .  

a. 

The lifting rings must be either removed, securely covered, or locked during 
transport to prevent their use as tie-down devices. 

The package authorized by this certificate is hereby approved for use under the 
general license provisions of 10 CFR 571.1Z(b). 

Expiration date: October 31, 1986. 

REFERENCES 

Teledyne Energy Systems application dated October 5, 1981. 

Supplements dated: October 21 and November 30, 1981. 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

Charles & 2 u y r z c l ( ~  E. MacDonald, Chief 

Transportation Certification Branch 
Division o f  Fuel Cycle and 
Material Safety, NMSS 

2 5 1932 Date: 
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111. COMMERCIAL PACKAGES SHIPPED FROM ORNL 

(NRC or DOT Approved) 

TELEDYNE ENERGY SYSTEMS SENTINEL-8S 



111.30 

U S  NUCLEAR REGULATORY COMMISSION NRC FORM 610 

a This certilicale IS m u e d  to csrtily that the packaging and content9 described In Item 5 below. meets thsaPPliCableYktyslandards sel lonh in Title 10. Code 
01 Federal Regulations Part 71. "Packaging 01 Radloacttve Malerials lor Transport and Transportation of Radioactive Material Under Cenatn Conditions '' 

b Th8s certificate dms not relteve the conslgnor lrom comploance with any requirtmen( 01 the repulatlons 01 the U S Department 01 Transportation or other 
applicable regulatory agencies including the government 01 any COunlry through or inlo which the package will be transooned 

3 THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACUAGE DESIGN OR APPLICATION 
a PREPARED BY (Name and Addrersl b TITLE AND IDENTIFlrATION OF-REPORT OR APPLICATION 

Teledyne Energy Systems , 110 West Timonium Road 
I Timonium, MD 21093 
1 

Teledyne Energy Systems a p p l i c a t i o n  
dated Flarch 3, 1977, as supplemented. 

71-9085 I 
I c DOCKET NUMBER 

~ 

4 CONDITIONS 
This cerltlicate IS condilional upon lulltlling the requirements 01 10 CFR Part 71. as applicable and the condillons specitled below 

i s  (a) Packaging 
I 

(1) Model No.: SENTINEL 8s 

(2)  Desc r ip t i on  

The packaging conta ins a the rmoe lec t r i c  generator  wi th 55,000 c i  o f  
s t r o n t i u m  90 t i t a n a t e  o r  s t ron t i um 90 f l u o r i d e .  The dimensions a re  
32.2 inches i n  h e i g h t  by 37.53 inches i n  diameter. 
welded t o  a 39.5-inch square, s t e e l  p a l l e t ,  which i s  4 inches high. 

The contents  a r e  housed i n  a s t a i n l e s s  s t e e l  o r  H a s t e l l o y  C-276 l i n e r .  
The l i n e r ,  w i t h  i t s  pressed cap, i s  conta ined w i t h i n  a f u e l  capsule 
( 5 . 5 "  x 3.735" OD).  The capsule l i d  i s  threaded f o r  s t reng th  and 
welded (minimum weld pene t ra t i on  o f  0.055" i s  s p e c i f i e d )  t o  g i ve  a 
p o s i t i v e  seal .  The w a l l  th ickness o f  the capsule i s  a minimum o f  
0.3475 inch.  The fue l  capsule i s  const ructed of H a s t e l l o y  C-276 ( o r  
U n i l o y  H C ) .  The capsule i s  i n s e r t e d  i n t o  t h e  tungsten b i o l o g i c a l  
s h i e l d  (8.367" x 6.467" OD), and the s h i e l d  p lug i s  b o l t e d  i n t o  p lace 
u s i n g  th ree  s t e e l  b o l t s ,  e q u a l l y  spaced on a 5.093-inch b o l t  c i r c l e .  

The tungsten s h i e l d  i s  he ld i n  a h o r i i o n t a l  p o s i t i o n  w i t h i n  the genera to r ' s  
aluminum housing by the s ized Min-K-1301 thermal i n s u l a t i o n .  Min-K 
and load  b e t r i n g  Glasrock a re  used t o  suppor t  t he  s h i e l d  base. A 
r e t a i n i n g  r i n g  i s  used t o  pre load the Min-K and t o  dampen any v i b r a t i o n a l  
1 oads. 

The package i s  

4 2 9  
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, . * r  . a t ,  . U S NUCLf r F C"JLAICQ * C .,I, t > ' I "  CONDITIONS (continued) 

Page 2 - C e r t i f i c a t e  No. 9085 - Revis ion No. 3 - Docket No. 71-9085 

(2) D e s c r i p t i o n  (cont inued)  

The f i n n e d  6061-T6 aluminum housing forms the ou te r  p r o t e c t i v e  s h e l l  
o f  the generator. Curing shipment, the detachable f i n  extensions w i l l  
be b o l t e d  t o  t h e  f i ns .  This  increases t h e  f i n  diameter from 22 inches 
t o  26 inches, ho ld ing  the generator secure ly  i n  the  sh ipp ing cask body 
(5.68" min. w a l l  thickness, ASTM A-181 grade 2 forged s t e e l ) .  The 
i n t e r f a c e  between the over lapping f i n  surfaces i s  coated with a heat  
t r a n s f e r  compound (D IM Corning 340). 
approx imate ly  7,400 pounds. 

The t o t a l  system weight i s  

(3  Drawings 

c...'. , - 
L.' 

' 
6. The package au tho r i zed  by vP @ i s  c e r t i f i c a t e  i s  hereby abproved fo r  use under the 

f d 1% 'I\' I*-. 
general l i c e n s e  p rov i s ions  o f  I$CFR 971 32.a.-  s ;  

7. E x p i r a t i o n  date: A p r i l  30, 1987. 

REFERENCES 

Teledyne Energy Systems a p p l i c a t i o n  dated March 3, 1977. 

Supplement dated: March 17, 1978. 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

A 

u r h w U &  
Charles E. MacDonald. Ch ie f  
T ranspor ta t i on  C e r t i f i c a t i o n  Branch 
D i v i s i o n  o f  Fuel Cycle and 

M a t e r i a l  Safety, FMSS 
sEP 0 6  1983 430 Date: 
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111. COMMERCIAL PACKAGES SHIPPED FROM ORNL 

(NRC or DOT Approved) 

GENERAL ELECTRIC COMPANY MODEL GE-500 
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Cask 28-1/2in. diam. 

Pallet 47-1/2in. rq c 

GENERAL ELECTRIC - MODEL 500 SHIELDED CONTAINER 
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F 
U.S. NUCLEAR REGULATORY COMMISSION 

'f 

\ 9049 4 USA/9049/B( ) 1 2 ? 

It 

CERTIFICATE OF COMPLIANCE 
FOR RADIOACTIVE MATERIALS PACKAGES 

NR6 fORM 618 

10 CFR 71 
1 ( M u 1  

1 a CERTIFICATE NUMBER b REVISION NUMBER c PACKAGE IDENTIFICATION NUMBER d PAGE NUMBER TOTAL NUMBER PAGES 

' 2  PREAMBLE 
r 

I. 

: 
1 
! 

a. This certiilcate is issued to certify that the packaging and Contenlsdescribed In Item 5 below meets Iheapplicabl~ralelyslandardrrel lorth In Title 10 Code 
of Federal Regulations. Part 71. 'Packaging of Radioactive Materials lor Transport and Transportation o i  Radioactive Material Under Certain Conditions ' 

n i s  certificate do01 not relieve the consignor from compliance with any requirement o i  the regulations o i  the u s Department 01 Transportation or Other 
applicable regulatory agencies. including Ihe government 01 any country through or into which the package will be transported 

! 

3 THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFEPI ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION 

i L PREPARED BY i N m e  md Addmasl b TITLE AND IDENTIFICATION OF REPORT OR APPLICATION 

General E lec t r i c  Company General E lec t r i c  Company application dated 
P.O. Box 460 February 21 ,  1980, as supplemented. 
Pleasanton, CA 94566 

c DOCKETNUMBER 71 -9049 
4 CONDITIONS 

Tkis certilicate is conditional upon lulltlling the requirements of 10 CFR Part i t  as applicable and theconditions specitled below 

5. 
( a )  Packaging 

(1)  Model No.: GE-500 

( 2 )  Description 

Steel encased lead shielded shipping cask. A double-walled s t ee l  
cy l inder  protective jacke t  encloses the cask during t ranspor t .  I t  i s  
bolted to  a s t ee l  p a l l e t .  
plug f i t t e d  w i t h  a s i l i cone  rubber gasket and bolted closure.  The 
cavi ty  drain l i n e  i s  closed by e i t h e r  a s t a i n l e s s  s t ee l  or fus ib l e  
plug (melting point 500?F). 

The cask i s  closed by a lead-,filled flanged 

The physical descr ip t ion  i s  as follows: 

Cask h e i g h t ,  i n  
Cask diameter, i n  
Cavity height,  i n  
Cavity diameter, in 
Lead sh ie ld ing ,  i n  
Protective j acke t  height,  i n  
Protective jacke t  width, i n  
Packaging weight, l b  

29 .o 
7.0 
7.0 

10.0 
38.9 
40.75 

28.0 

7,800 

( 3 )  'Drawings 

The packaging i s  constructed in accordance with the following General 
E lec t r i c  Company Drawing Nos.: 

212E246, Rev. 7 106D3855, Rev. 4 
106D3870, Rev. 1 1  12904690, Rev. 0 
706,5790, Rev. 4 
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I '  ' >:..- CONDITIONS (conrinued) a :  .-, . 
b 

Page 2 - C e r t i f i c a t e  No. 9049 - Revision No. 4 - Docket No. 71-9049 t 

5. 

6. 

7 .  

8. 

( i i )  

I =  

i and form of material t 

Byproduct material meeting the requirements of special  form 
radioactive material ; o r  ' r  

I Solid nonf i ss i le  i r rad ia ted  metal hardware and reac tor  control 
rods (blades) . 

'i 

t 

( 2 )  Maximum quantity of material per package 

Radioactive decay. heat not t o  exceed 780' wat t s .  
I! 

i Shoring sha l l  be provided t o  minimize movement of contents during accident I 
conditions of t ranspor t .  

' i  
Package contents sha l l  be-delivered to  a c a r r i e r  dry, t 

gasket sha l l  be replaced i f  inspection shows any defec ts  or every twelve ( 1 2 )  
months, whichever occurs f i r s t .  Cav i tyd ra in  l i n e  sha l l  be sealed with appropriate i 
sea lan t  applied to. threads o f  p i p e  p lug . ,  . 

I 

Prior t o  each shipment the s i l i cone  rubber l i d  gaske t  sha l l  be inspected. This ti 

9. The package authorized by t h i s  c e r t i f i c a t e - i s  hereby approved f o r  use under the 
general l i cense  provisions of 10 CFR 071.12- 

I 

10. Expiration date:  Ju ly  31, 1985 

REFERENCES 
I 

General Elec t r ic  Company application dated February 21 ,  1980. 

Supplement dated: A u g u s t  26. 1980. 
I 

FOR ME U.S. NUCLEAR REGULATORY COMMISSION 
I 

Charles c 7 4 L L Y ~ Q - 4  E. MacDonald, Chief 
I 

Transportation Cer t i f i ca t ion  Branch 
Division of Fuel Cycle and 

Material Safe ty ,  NMSS 
SEp n f i  1983 Date: 
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111. COMMERCIAL PACKAGES SHIPPED FROM ORNL 

(NRC or DOT A p p r o v e d )  

ISOMEDIX, INC. ,  HUSMAN IRRADIATOR 
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US NUCLEAR REGULATORY COMMISSION 
3 831 CERTIFICATE OF COMPLIANCE 

FOR RADIOACTIVE MATERIALS PACKAGES )ccP-, 

CERTIFICATE uu*IIBEO t PEVISION NUMBER 

91 82 0 USA/9132/B( U) 
PPEAMBLE 
a l n t s  certDlocare 1s ts5vea l o c e r l d y  lha l  the ~acmagmg ana COnlenlSdesCr~bed In t iem 5 below meets IheaDDl~Taolesafelystandarar sei  lonh tnTtt le i o  Coae 

01 Federal Regulataons Pari 71 

D i h l s  cerilhcate aoe5 not  telleve fhe constgnor f rom c o m m a n c e  wtth any reaukremen! of :he regulations of tne u S Department of Transportal lon or Other 
applicable regulatory agenLies inc luamg the government 01 any country through or anto whlch the package will b e  transponea 

Pacmagmg of Raa*oactwe Malerlals for Transpor: and TransDorlallon of Ra:*oactwe Maler8al Under Cenatn Condrl,ons 

3 THIS CERTIFICATE IS ISSUED ON THE 8AS15 OF A SAFETY ANALYSIS REPORT OF THE PACUAGE DESIGN OR APPLICATION 
PREPARED 81 INMW and Addr.JJl b TITLE AND IDENTIFICATION OF REPORT OR APPclCATION 

U.S. Department o f  A g r i c u l t u r e  Nuclear Packaging, I nc .  a p p l i c a t i o n  dated 
Rad io log i ca l  Sa fe ty  S t a f f  
B e l t s v i l l e ,  HD 20705 

May 16, 1983, as supplemented. 

71-9182 
C DOCKET NUMBER 

4 CONDITIONS 
This  cerl i f icale IS condif ional upon Iullllling the requirements 01 10 CFR Part 51 as aoollcable. a n d  the condotions specoft& MIOW 

5 
(a) Packaging '3 

(1) Model No.: Husman I r r a d i a t o r  

(2) Desc r ip t i on  

The package i s  a c y l i n d r i c a l ,  steel-encased, lead f i l l e d  weldment 
36.4" OD by 39.6" high. 
l i m i t e r s .  The dimens'ions of t he  package w i t h  the  at tached impact 
l i m i t e r s  i s  53.5" OD by 56.0" high. The impact l i m i t e r s  are held i n  
p lace  by th ree  ( 3 )  turnbuck les.  The i r r a d i a t o r  cons i s t s  o f  a r o t a t i n g  
annu la r  r o t o r  between an i n t e g r a l  c e n t r a l  core and the ou te r  annular 
s h e l l .  Three equa l l y  spaced specimen chambers i n  the r o t o r  a re  used 
t o  t ranspor t  pupae con ta ine rs  t o  the  i r r a d i a t i o n  p o s i t i o n .  The e n t i r e  
cask assembly i s  welded c losed t o  preclude removal o f  the sealed 
sources. The package weight is 17,000 pounds. 

The package i s  provided w i t h  two foam impact 

(3) Drawings 

The packaging i s  const ructed i n  accordance w i t h  Nuclear Packaging, 
I nc .  Drawing No. SK-209, Sheets 1 and 2, Revis ion 6. 

(b) Contents 

Type and form o f  m a t e r i a l  

Cesium 137 sources meeting requirements f o r  spec ia l  form r a d i o a c t i v e  
m a t e r i a l  . 
Maximum q u a n t i t y  o f  ma te r ia l  per package 

50,000 c i  . 
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9 CONDITIONS Iconlmued) 
3 
9 
a 
3 
B 
3 a 
3 
3 
3 
ii 7. E x p i r a t i o n  date:  October 31, 1988. 8 

Page 2 - C e r t i f i c a t e  No. 9182 - Revis ion No. 0 - Docket No. 71-9182 

6. The packa e au tho r i zed  by t h i s  c e r t i f i c a t e  i s  hereby approved f o r  use under the  
general  1 7 cense p rov i s ions  of 10 CFR 971.12. 

3 
3 
3 
8 
5l Nuclear Packaging, 3 

Supplements dated: 
z 

REFERENCES 

Inc .  a p p l i c a t i o n  dated May 16, 1983. 

October 3 and 21, 1983. 

FOR THE U. S.  NUCLEAR REGULATORY COMMISSION 

Charles &Le E. MacDonald, r L u  Chie f  

T ranspor ta t i on  C e r t i f i c a t i o n  Branch 
D i v i s i o n  of Fuel Cycle and 

M a t e r i a l  Safety,  NMSS 



DEC 13 1983 

mDePMtm 400 Seventh Slreel. S W 

OlTmnspOrt~ COMPETENT AUTHORITY CERTIFICATION Wash'np'on. 20590 

Research and 
Speckl Progmms 
Adminlstrotkn CERTIFICATE USA/9182/B(U), REVISION 0 

FOR A TYPE B (U) 
RADIOACTIVE MATERIALS PACKAGE DESIGN 

\ 

This certifies that the radioactive materials package design described below has been 
certified by the competent authority of the United States as meetinc the regulatory 
requirements for a Type B (U) packaging for fissile radioactive materials as prescribed 
in the IAEA A/ and USA 2/ regulations. 

1. Package Identification - Husman Irradiator 

2. Packaging Description and Authorized Radioactive Contents - as described in U S .  
Nuclear Regulatory Commission Certificate of Compliance No. 9182, Revision 0 
(attached). 

Contents must be-Qf a design rhich has been tested and demonstrated to be 1eaktil;rht to 
a sensitivity of 10 atm - c m  /sec or less. 

3. GENERAL CONDITIONS - 
a. Each user of this certificate must have in his possession a copy of this 

certificate and all documents necessary to properly prepare t h e  package for 
transportation. 

b. Each user of this certificate, other than the original petitioner, shall 
register his identity in writing to the Office of Hazardous Materials 
Regulation, Materials Transportation Bureau, US.  Department of T rans  
portation, Washington D.C. 20590. 

This certificate does not relieve any consignor or carrier from compliance 
with any requirement of the Government of any country through or into 
which the package is to be transported. 

4. The package shall bear the marking USA/9182/B(U) in addition to other required 
markings and labeling. 

5. This certificate, unless renewed, expires on October 31. 1988 

c. 

Certified by: 

Richard R. Raw1 (DATE) 
Chief, Radioactive Materials Branch 
Office of Hazardous Materials Regulation 
Materials Transportation Bureau 

- 1/ "Safety Series No. 6, Regulations for the Safe Transport of Radioactive Materials, 
1973 Revised EditJmqq published by the International Atomic Energy Agency (IAEA), 
Vienna, !Ahstria. ;i3;! 

- 2/ Title 49, Code of Federal Regulations, Parts 100-199, USA. 
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IV. ORNL SPECIAL FORM CONTAINERS 
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Research ond 
Special Progrms MEA CERTIFICATE OF COMPETENT AUTHORITY 
Adrninistmtion 

Special Form Radioactive Material Encapsulation 

Certificate Number USA/Ol56/S 

Revision 2 

This certifies that the encapsulated source, as described, when loaded with the 
authorized radioactive contents, has been demonstrated to meet the regulatory 
requirements for special form radioactive materials as prescribed in MEAL/ and USA - 2/ regulations for the transport of radioactive materials. 

I. Source Description - The source described by this certificate is identified as the 
Type 1 Powder Shipping Can which is a 304-L stainless steel welded encapsulation 
measuring 0.15 inches in diameter by 3.0 inches in length constructed 6s described in 
Union Carbide Nuclear Division drawing B-RD 9092. 

II. Radioactive Contents - The authorized radioactive contents of this source consist of 
not more than: 

Form - Radionuclide 
Maximum Content, 
Curies, per Capsule 

Americium-241 Oxide, AmOZ 50 
Americium-243 Oxide, Am02 3 

Curium-244 Oxide, Cm02 1,000 

Neptunium-237 Oxide, Np02 0.01 

Cesium-137 Chloride, CsCl 375 
Cobalt-60 Metal 5,000 

Iridium-192 Metal 5,000 

Plutonium-23 8 oxide, m a ;  
Plutonium-239 Oxide, quoz 
Plutonium-240 oxide, PUOq 
Plutonium-241 oxide, PUO2 
Plutonium-242 oxide, PUO 
Promethium-147 Oxide, Pma03 

.7. 
Strontium-90 
Strontium-90 

Fluoride, SrF2 
Oxide, SrO 

250 
m o o  

3.40 
1,500 

0.06 
5,000 

450 
450 

Titanate, SrO' ( n o  ) 450 2 x  Strontium -90 
where x A 0.5 

Thorium-230 Oxide , Thoz 
Uranium-233 Oxide, U308 

0.30 
0.14 

Uranium-233 Metal 0.14 
Uranium-234 Oxide, U308 0.09 
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Certificate Number USA/0156/SJ Revision 2 

IXl. This certificate, unless renewed, expires February 28, 1988. 

This Certificate is issued in accordance with paragraph 803 of the IAEA Regulations &/, 
end in response to the February 10, 1983 petition by the Department of Energy, 
Washington, D.C., and in consideration of the associated information -therein. 

Certified by: 

Page 2 

Chief, Radioactive Materials Branch 
Office of Hazardous Materials Regulation 
Materials Transportation Bureau 

- 1/ "Safety Series No. 6, Regulations for the Safe ?'ransport of Radioactive Materials, 
1973 Revised Edition" published by the International Atomic Energy Agency (MEA), 
Vienna, Austria. 

- 2/ Title 49, Code of Federal Regulations, Parts 170-178, USA 

Revision l-amended contents, reflected conformance with 1973 MEA regulations and 

RevisionZ-extended expiration date. 

extended expiration date. 
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ORNL-DWG 80-141 79 

r G T A  WELDED 
/ (IN-CELL) 

<OR GTA WELDED 
PRESS FIT PLUG 

51 
mm 

\ 

. 

-VOLUME 
6.2 cm3 

6 mm 

MATERIAL: 304L 
STAINLESS STEEL 

-BOllOM PLUG 
GTA WELDED 

ORNL SPECIAL FORM 
CAPSULE = TYPE I 
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DEPARTMENT OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAWS ADMINISTRATION 

WASHINGTON. D.C. 20590 

Rad i onuc 1 ide 

Anericium-241 

Americium-243 

Cesium-137 

€obalt - 60 
Curium-244 

Iridiun-192 

NepC-.'~-237 

Piutonium-238 

Plctonium-239 

Plutonium-240 

Plutonium-241 

P 1 uton ium- 24 2 
Pronethim-147 

Strontium-90 

Strontiun-90 

Strontium-90 

Thoriuin-230 

Uranium-233 

Uranium-233 

Ur an iun - 2 34 

Form - 
Oxide, An02 

Oxide, An102 

Chloride, CsCl 

Metal 

Oxide, CnQz 
Hetal 

Oxide, NpO2 

Oxide, hi02 

O x i d e ,  PUOz 

Oxide, kt02 

Oxide, hi02 

Oxide, h i 0 2  

Oxide, h ~ O 3  

Fluoride, SrF2 

Oxide, SIO 

Ti tanatc ,  SrO. (TiOz) 

Oxide, Tho2 

Oiide, U3Ou 

Metal 
Oxide, U t 0 8  

X uhere x 2 0.5 

Maximum Content, 
Curies per Capsule 

200 

12 
1,500 

5.000 

4,000 

5,000 

0.04 
I ,  000 
3.6 

14.0 

5,000 

0.25 

5 , 000 
2,000 

2,000 

2,000 

1.2 

0.6 

0.6 

0.4 
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Certified by: 
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ORNL- DWG 80 -141 80 

MATERIAL: 304L 
STAINLESS STEEL 

BOTTOM PLUG 
GTA WELDED 

ORNL SPECIAL FORM 
CAPSULE - TYPE I1 
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us. Department 
of Tmnsportanon 
Research and 
Special Programs 
Administration ILEA CERl'~ICA!E OF 0- AUTHORITY 

400 Seenrn Srreer. S w 
Washir.;ron. Q.C. 20590 

s_;?ecial Form Radioactive Material Encapsulation 

certificate Numb=r USA/0203/S 

 his certif ies that th= encags~lated source, as described, wtren 1- 
with the authorized radioactive contents, has been demnstrated to n e e t  
the regulatory requirments for special foxn radioactive mterial as 
prescrM in Ip;EA 1/ and USA - 1/ regulations for the transport of 
radioactive materia&. 

I. Source &scriptian - The source described ky this certificate is 
identified as Oak Ridge National iakoraatory (OHM;) powder Shipping 
Can !Qpe 3 which is a tungsten-inert gas =lded double encapsulation 
construW of sta in less  steel. 
external dimnsions of 8" in length by 1.25" in diarrreter. 

The capsule is cylindricdl w i t h  

11. 
source consist of not mre than: 

Radioactive Contents - The authorized radioactive mntents of this 

Radionuclide Form - 
Cesim-137 Chloride, C s C l  4,000 

cobalt-60 M e t a l  5,000 

Iridium-192 

Strontium-90 

s t r o n t i m 9 0  

Strontium- 90 

P2tal 5,000 

oxide, SrO 5,000 

Fluoride, SrF2 5,000 

Ti tanate ,  SrO. (Ti02)x 5,000 
W e  x mre than 0.05 

111. This certifi-te, unless renewed, €@.res an February 1, 1984. 

This certificate is  issued in accordance w i t h  paragraph 803 of the IAEA 
Regulations 1/, and in response to the October 24, 1980 petition by Oak 
Ridge Natior& Laboratory ad in consideration of the associated infomtion 
therein. 
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C e r t i f i c a t e  K m k r  us'i/3203/S Page 2 

C e r t i f i e d  by: 

Chief, Radicz;lctive 5 h t p ' i a l s  Branch 
office of ~azardcRls M a t e r i a l s  m a t i o n  
Materials Transparta tia? Bureau 

U 

1/ 
bterials, 1973 Revised ELiticn", publiskd by the IntematiandL Atanic 
Energy Agency (IAEA), V k m a ,  Austria. 

I 2/  T i t l e  49, Code of Fe5eral REqulations, P a r t  170-178, USA. 

"WeQ Series No. 6, m t i o n s  for the S a f e  Transport of Radioactive 
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ORNL-DWG 80-14181 

TGTAWELDED 
/ (IN-CELL) 

\ 

7- 178 

mm 
I 

-VOLUME 
70 cma 

203 mm 
BOITOM PLUGS 
GTA WELDED 

MATERIAL: 304L 
STAINLESS STEEL 

ORNL SPECIAL FORM 
CAPSULE - TYPE 111 
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Rescorch and 

C e r t i f i c a t e  i'u2mber usA/0204/s 

T h i s  certifies that the encapsulated source, as descri.kd, F;tre? loaded 
w i t h  the authrized radioactive contents ,  has k e n  demnstrata? to m e t  
th? regulatory requixenwts for mial form radioactive mterial as 
prescribed in  LWi 1/ and USA 2/ regulations far the transport of 
radicactive materhTs. - 
I. 
iderittiifid as W &-e National Ldmrztory (ORs,) R r d a  S,hipping C a n  
?Lpc IV which is a tungsten-ir-ert gas e lded  double encapsulation con- 
structed of stainless s t e e l .  'Ex capsule is cyl indrical  w i t h  exterrml 
dimmsions of 9" in le i i th  by 2.5" in diar.dxr. 

Source Description - Tine source described by t h i s  c e r t i f i c a t e  is 

11. 
smrce consist of not mre than: 

mdicactive Contents - T k  authorized radioactive contents of this 

Radionwlide Form Fhximuni Content, 
Curies per Capsule 

Ces iun- 13 7 Chloride, CsCl 5,000 

Cobdl t- 6 0 Petal 5,000 

I r i d i m r l 9 2  b k t a l  5,000 

StroniLum-90 Ckide, SrO 5,000 

strai tim 90 

S t r o n t i m  90 

Fluoride, SrF2 5,000 

111. This certificate, unless renm.ed, expires m Fehru;ty 1, 1984. 

This certificate is issued in accordaxe wi t% paragraph 803 of the lAEA 
Regulations 1/, a d  in respnse to the October 24, 1980 p e t i t i o n  by 
Oa!! Pidcjn NaFiom1 I h r a t o r -  ard i.r? a m i d e r a t i o n  of the assxiated 
informtion therein. 
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Page 2 

Cert i f ied by: 

- I/ "Safety Series Fa. 6, ReyuLations for t2.e Safe 'i'r~nsprt of Radioac t ive  
b h t e r i a l s ,  1973 Re;ised Edition", published by 
Eherqy Agency (IAFA), V i e r m ,  A u s t r i a .  

- 2/  Title 49, Code of Federal Fe-Jdatiori, P a i i  170-178, USA. 

Interrutiai  AtCnic 
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ORNL-DWG 80-14182 

\ 

GTA WELDED 
(I N-CELL) 

-VOLUME 
326 cm3 

19 mm 

FBO~TOM PLUGS 
GTA WELDED 

MATERIAL: 304L 
STAINLESS STEEL 

ORNL SPECIAL FORM 
CAPSULE = TYPE IV 
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DEPARTMENT OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION 

WASHINGTON, 0.C 20590 

Certificate Ncnrrber USWO198/S 

This certifies that the encapsulated xlurce, as described, when loaded w i t h  
the authorized radioactive contents, has been darrons'crated to  =t the requ- 
htory -its for special form r- 've ~ ~ t e x i a l s  as prescribed in 
I A E A ~ /  - ard USA - 2/ regcllations for the t ra rs p~  of radiwctive mterials. 

I, Source DescriptiOn - The source describd by this certificats is ida t i f i sd  
asc3ak  Ri6ge National Jaboratory Wsule Pm-1 b.fiich is a M e  cylhdical 
eMapsuLaticxl COS1StIUCted * of 304L stainless steel with the outer apsiie closed 
and sealed by mlding. The Outer capsule n-easures 1.25" in outside dianeter by 
7.0" in length. 

11. 
consist of: 

Radioactive cantents - The authorized raiioactive contents of this sauce 

Radionuclide 

Americium-241 

Americium-243 

Curium-244 

Neptunium-237 

Plutonium- 238 

Plutonium-239 
Plutonium-240 

Plutonium-241 
Plutonium-242 
Promethium-147 

Strontium-90 

Strontium-90 

Strontium-90 

Thorium- 230 

Uranium-233 

Uranium- 23 3 

Uranium- 234 

Form - 
Oxide, Am02 

Oxide, AmG2 

Oxide, CmO2 

Oxide, NpOp 

Oxide, Pu02 

Oxide, pU02 
Oxide, PuO2 
Oxide, Pu02 
Oxide, pU02 

Oxide, h 2 O 3  

Fluoride, SrF2 

Oxide, SrO 

Titanate, SrO- ( T i 0 ~ ) ~  

Oxide, Tho2 
Oxide, U3O8 

Metal 

Oxide, U3O8 

where x > 0.5 - 

Maximum Content, 
Curies per Capsule 

130 

8 

3,ooc 
0.03 

680 

2.50 
10.0 
4,000 

0.15 
5,000 

1,200 

1 , 200 
1,200 

0.80 

0.40 

0.40 

0.25 
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Certificate N u n k  UWOlSS/S Page 2 

111, This certificate, unless renewed, expkes Janairry 31, 1983. 

This certificate is issued in accodance w i t h  -graph 803 of the IAZA P q +  
laLdons 1/, and in respnse t o  the October 24, 1980 p t i t i o n  by oak Ridge 
Nzkiond-mratory and in cansideration of the asscciated infomtim thsxein. 

C e r t i f i e d  by: 

_1 

R R Raw1 Date 
Chief, Radioactive Materials Branch 

1/ "Safety Series No. 6, ReguPations for the Safe Txansport of Raclioadve 
M a t e r i d l s ,  1973 Pevised Edition", published hy the D.ter~tional A t a n i c  
Energy Agency (IAEA), V i a m a ,  Austria. 

- 

2/ Title 49, Code of Federai  Regulations, P z r t  170-178, USA. 
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I ORNL-DWG 7946236 

1.25 in. D,AM 
31.8 mm I \ 

WELD TOP IN OUTER CAPSULE ONLY, 
INNER CAPSULE PLUG PRESS FIT. 

VOLUME 
1 6 . 5 ~ ~  

7.00 in. 
177.8 m m  

\ 
WELD BOTTOM PLUG IN OUTER 
CAPSULE WHEN FABRICATED 

AFTER LOADING. 

Am 1 POWDER SHIPPING CAN 
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DEPARTMENT OF TRANSPORTATION 
R E S E A R C H  A h 0  SPECIAL P R O G R A M S  A D M I N I S T R A T I O N  

WASHINGTON. O.C. 20590 

!&is cer!=ifies th+- the m.c psulated source, as described, when loaded w i t h  
the authorized r&cadve contents, has been d m s h t e d  to reek the regu- 
latory requFracpn I ts for special farm radioactive mterial as prescribed in 
IXA - 1/ and USA - 2/  regulatims for the transprt of radimctivs materials. 

I. 
as a Ridcje Natiod-mratDry (CRNL,) Capsule -192 WfLiaI is a tunqsten- 
inert welded sta in less steel. encapsuliation. ?he source is c y W i c a l  and 
has exterd. dinaensicms of 2" in length by 0.5" in diamtfx. 

11. ~ d i o a c t i v e  Cbr~tm~s - authorized radioactive cantents of th is  scnm~ 
m i s t  of not mre m i , O O O  curies of oabalt-60 or iridium - 192 as mtal 
wafers or pellets* 

111. 

This c e r t i f i c a t e  is issled i n  accordance w i t h  pyagraph 803 of the IAEA 
Rqulatims 1/, and in reslxl;lse to the CkImber 24, 1980 pe5tion by cak 
Ridge m t i d  Lab0ratory.ax-d in ccnsideratim of the asscciated information ther-irr 

source Bscriptian - The soutce describes by this certificate is identified 

'Ih;is certificate, d e s s  renewed, expires on Februay 1, 1984. 

Certified by: 

Chief , Radioactive MzterMs Eranch 
Office of Hazardous Materials Pqulatian 
Paterials Transportation Bureau 

1/ "Safety Series No. C , Rqulations for the Safe Tramqnrt of Radioactiw 
&terials, 1973 W s e c ?  Edition", plbliskd by the International A W c  
olergy (m) I Vienna, Austris. 

- 24 Title 49, code of Federal Wcplations, P a r t  170-178, E A .  
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Page 2 

1/ "safety Series No. 6, Pequlations for the Safe T r z i i p r t  of R a d i c a c t i e  
F i t e r i a l s ,  1973 Revised Edition", published by the In+kmationdl At-rmic 
Energy Agency (IAFA) , V i e m a ,  A u s t r i a .  

- 

2/ T i t l e  49, Code of Federal I?eeJulations, P a r t  170-178, USA. - 
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ORNL-DWG 80-11809R 

0.375 in. 
9.51 mm 

1. 
3 

\ 

-INNER 
CAPSULE PLUG 
PRESS FIT 

\VOLUME 
1 . 3 9 ~ ~  

r . 
IRIDIUM-192 SPECIAL FORM CAPSULE 
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D E P A R T M E N T  OF TRANSPORTATION 
RESEARCH A N D  SPECIAL PROGRAMS ADMINISTRATION 

W A S H I N G T O N .  D.C. 20590 

"his certifies that the encspsulated source, as described, whsn loailed 
w i t h  the a u t b r i z &  radioact.1 've contents, has been dmnstsated to m t  
~AE m a t c s y  mquirmmts for v i a l  fom radioactive materia l  as 
prescribed in Iriml/anc? U W J  regulatians for the transprt of radioactive 
mterials. -. -- 

11. 
soixcc cm7ist of not. rrore than: 

Radioactive Cbntmts - 'Ihe authorized radioactive contents of this - 

Radionuclide 

h e r  icium- 24 1 

Am er i c ium- 2 4 3 
Curium- 24 4 
Neptunium- 237 

P1 L! t on ium- 2 3 8 

Plutonium-239 

Plutonium- 240 

Plutonium- 241 

Plutonium- 242 

Promethium- 147 

S t r o n t  iunr-90 

Strontium-90 

St ront ium-90 

Thorium-230 

Uranium-233 

Uranium-233 

Uranium-234 

Form - 
Oxide, M2 

Oxide, Am02 

Oxide, CmO2 

Oxide, Np02 

Oxide, Pu02 

Oxide, Pu02 

Oxide, Pu02 

Oxide, PuO2 

Oxide , Pu02 
Oxide, Pm2O3 

Fluoride, SrF2 

Oxide, SrO 

Titanate, SrO. (TiOz), 

Oxide, Thoz 
Oxide, U3O8 

Metal 

Oxido, U3O8 

where x - > 0.5  

Maximum Content, 
Curies per  Capsule 

30 

2 
700 

0.01 

155 
0.60 

2 .20  

1,000 

0.04 

5,000 

300 

300 

300 

9.20 

0.10 

0.10 

0.06 
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111. This cezrtiificate, unless r e i i r e d ,  expires an February 1, 1984, 

R. R. IBul 
U. S. Deparhent of Transportation 
Office of Hazmbus Materials &@.aticm 
W n ,  1 .  D.C. 20590 

- 2/  T i t l e  49, ccde o f  Federal Fkgulatians, Part 170-178, USA. 
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ORNL-DWG 80-14184 

GTA WELDED 
IN-CELL) 

mm 

PLUG 

ORNL SPECIAL FORM 
CAPSULE - TYPE Pm-I 
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D E P A R T M E N T  OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADMlNlSTRATlON 

L V A S H I N G T O N .  D.C: 2 0 5 9 0  

I. Source Derxript5c.n - 
as ~ a k  Ridge mti&.iabratry ( o m )  Q p d e  JAEKC w h i d  is a tungsten- 
inart gas wlded double encapsulatinn cxuzstructed of stairil.ess steel. The 
capsule is c y l i r d r i d  with external dirtensions of 5" in length by 0.5" in 
2i.amter. 

source described by t h i s  certificate is identified 

Radionuc 1 ide - M a x i m u m  Content , - Forrr, Cxies per Capsule 

Americium- 24 1 Oxide, An02 so 
Americium- 2 4 3  Oxide, pun02 3 
Cesium-137 Chloride, CsCl 
Cobalt-60 Metal 

Curium-244 Oxide, CnOz 

Iridium-192 Metal 

375 

5,000 

1,000 

5,000 

Neptunium-237 Oxide, Rp02 0.01 
P1 utoniun- 238 Oxide, Pu02 

P 1 ut on i urn- 23 9 Oxide, PuOz 

250 
0.90 

Pluton iun- 24 0 Oxide, Pu02 3.40 

Plu?onium-24 1 Oxide, PuOz 1,500 
Plu t onium-24 2 Oxide, Pu02 

Promethium-147 Oxide, Pm203 

0.06  

5,000 

St ront iun-  90 Fluoride, SrF2 450 

S t r o n t  ium-90 Oxide, S r O  450 

Stront iun-90 Titanate, SrO. ( T i 0 2 ) x  450 
where x - > 0 . 5  

Thorium- 230 Oxide, Tho2 0.30 

Uranium- 233 Oxide, U&s 
Uranium-233 Metal 

Uranium- 234 Oxide, U3O8 

0.14 

0.14 

0.09 
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- 2/ T i t l e  49,  Ckde of Fkfkral Faplaticms, Part 170-178, EA. 
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