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Foreword 
This report is a compilation of ~onsantd Research 

Corporation (MRC) documentation of development 

activities to satisfy U. S. Department of Energy 

and U. S. Department of Transportation shipping 

and safety requirements as related to the trans- 

portation of packag,es containing nuclear mate- 
, - 

rials. 

Although MRC drawings and specifications in the 

Appendix have been reauced.or reformatted, all are . 

controlled documents.with appropriate references 

to their latest technical updating and editorial 

changes. For this reason, many specifications are' 

preceded by a lead sheet indicating the original 

total number of pages' and date of latest revision. 

To obtain the latest revision to any engineering 

drawings or written specifications, inquiries may 

be directed to the following address: . 

~onsanto' Research ~dr~oration 

Mound Laboratory 

Attn: Drawing Control 

Engineering Department 

Miamisburg, Ohio 4 5 3 4 2  
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1. Summary 
T h l s  S a f e t y  A n a l y s i s  R e p o r t  f o r  P a c k a g i n g  

(SARP) s a t i s f i e s  t h e  r e q u e s t  o f  t h e  U .  S .  

Energy  R e s e a r c h  and Development  Admtinis- 

t r a t i o n  f o r  a  f o r m a l  s a f e t y  a n a l y s i s  o f  

t h e  i n s u l a t e d  drum s h i p p i n g  c o p t a i n e r  

i d e n t i f i e d  a s  USA/9506/BLF(DOE-All. The 

r e p o r t  makes a v a i l a b l e  t o  a l l  p o t e n t i a l  

u s e r s  t h e  t e c h n i c a l  i n f o r m a t i o n  and  t h e  

l i m i t s  p e r t i n e n t  t o  t h e  c o n s t r u c t i o n  and  

u s e  o f  t h e  s h i p p i n g  c c n t a i n e r s .  T h i s  

SARP i n c l u d e s  d i s c u s s i o n s  o f  s t r u c t u r a l  

i n t e g r i t y ,  t h e r m a l  r e s i s t a n c e ,  r a d i a t i o n  

s h i e l d i n g  and r a d i o l o g i c a l  s a f e t y ,  n u c l e a r  

c r i t i c a l i t y  s a f e t y ,  and q u a l i t y  c o n t r o l .  

Comple te  p h y s i c a l  and t e c h n i c a l  d e s c r i p -  

t i o n s  o f  t h e  p a c k a g e s  a r e  p r e s e n t e d .  

Each p a c k a g e  c o n s i s t s  o f  a  c y l i n d r i c a l  

s teel  i n n e r  c o n t a i n e r  c e n t e r e d  w i t h i n  a n  

i n s u l a t e d  s t ee l  drum. The c o n t e n t s  may 

b e  any  r a d i o a c t i v e  m a t e r i a l s  t h a t  s a t i s f y  

t h e  r e q u i r e m e n t s  e s t a b l i s h e d  i n  t h i s  SARP. 

The  r e s u l t s  o f  t h e  n u c l e a r  c r i t i c a l i t y  

s a f e t y  a n a l y s i s  show how much of  t h e  

f i s s i l e  i s o t o p e s  may b e  s h i p p e d  a s  F i s s i l e  

C l a s s  I ,  11, o r  111 i n  t h e  c o n t a i n e r .  

D e s i g n  and  deve lopment  c o n s i d e r a t i o n s ,  

t h e  t e s t s  and e v a l u a t i o n s  r e q u i r e d  t o  

p r o v e  t h e  a b i l i t y  o f  t h e  c o n t a i n e r  t o  

w i t h s t a n d  normal  t r a n s p o r t a t i o n  c o n d i t i o n s ,  

and  t h e  s e q u e n c e  o f  f o u r  h y p o t h e t i c a l  

a c c i d e n t  c o n d i t i o n s  ( f r e e  d r o p ,  p u n c t u r e ,  

t h e r m a l ,  qnd w a t e r  immers ion)  a r e  d i s -  

c u s s e d .  T a b l e s ,  g r a p h s ,  d i l n e ~ ~ s i o n a l  

s k e t c h e s ,  p h o t o g r a p h s ,  t e c h n i c a l  r e f e r -  

e n c e s ,  l o a d i n g  and  s h i p p i n g  p r o c e d u r e s ,  

Mound L a b o r a t o r y  e x p e r i e n c e  i n  u s i n g  t h e  

c o n t a i n e r ,  and  a  copy  o f  t h e  DOE/OSD/ALO 

C e r t i f i c a t e  o f  Compl iance  a r e  i n c l u d e d .  

An j n t e r n a l  r e v i e w  o f  t h i s  SARP h a s  b e e n  

p e r f o r m e d  l n  c o m p l i a n c e  w i t h t h e  r e q u i r e -  

ments  o f  ERDA 5 2 0 1 - P a r t  V .  



2. Introduction 
2.1. GENERAL 

DOE Manual chapters 0529 and 5201 re- 

quire that a Safety Analysis Report for 

Packaging (SARP) be prepared for each 

shipping containqr to be u$ed for ship- 

ments of quantities of radioactive mate- 
rial that exceed specified limits. This 

SARP satisfies the requirement f ~ r  a 

effectively with respect to all reqnired 

standards an4 when subjected to normal 

transportation conditions and the sequence 

of four hypothetical accldent conditions 

(free drop, puncture, thermal, and water 

immersion). In addition, a steady-state- 

temperature profile test was performed. 

A nuclear crlti~ality safety analysls was 

performed for 2 3 8 ~ ~ 0 ~ ,  a-phase plutonium- 

239, uranium-233 metal, uranlum-235 metal, 

and thorium. The quantities of these mate- 

formal safety qnalysls of the shipping rials comprising Class I, Class 11, and 

container. The SARP includes djscusm Class I11 shipments are summarized in 

sions of structural integrity, thermal this report. 

resistance, radiation shielding and 

radiological safety, nuclear c~iticality 2.4. QUALITY CONTROL 

safety, and quality control. Established quaJity control practices are 

The package is used to ship fissile 
used for receiving and reuse inspections 

and packaging operations. Inspection 
7 - T  

and other radioaqtivq materials that criteria and packaging and unpackaging 
satisfy the safety criteria discussed in procedures are provided in Appendix A 
this report. and Appendix B, respectively, of this 

. . . . . report. 
2.2. DESIGN . . 

A steel inner container, the containment 

vessel, i$ approximately centered within 

an insulated drum assembly. Vent holes 

are provided around the perimeter of the 

outer drum for release of any qases gen- 

erated dt hypothetical accident fire con- 

ditions. The maximum gross weight of the 

packages is 37 lb. 

2.3. TESTS I 

The container was extensively tested and 

evaluated to show that it will function , 



3. Conclusions 
3.1. GENERAL 

It is intended that this. section of the 

SARP will provide a summary of,the con- 

clusions determined in the subsequent 

sections of the report. In these sections 

the parameters are established which are 

essential to safe use of the shipping 

containers. 

were subjected to the tests specified in 

DOEM 0529. However, sound practice 

would dictate that inside the steel inner 

container "strong and reliable" encapsu- 

lation also be used which could reason- 

ably be expected to retain the radioactive 

materials if the package were subjected to 

the normal conditions of transport tests. 

3.3. STEADY STATE TEMPERATURE PROFILES 

  he major components of the packaging are Steadystate temperature profiles of the 
the outer steel drum, the insulating mate- 1 shipping container for several internal 
rials, and a steel inner container. No heat loadings and various packing mate- 
shielding is specif~cally provided; how- rials within the steel inner container 
ever, shielding may be placed within the were determined to ensure compliance with 
inner container. 

3.2. CONTENTS OF PACKAGING 

The packagings are intended primarily 

for shipment of Type B and large quantities 

of solids in special form or in a normal 

form which is not readily dispersible; 

however, solid Type A quantities and les- 

ser amounts would be authorized. 

The authorized contents are limited only 

on a basis of physical, chemical, and 

radiation characteristics (thermal output, 

physical form and density, behavior of 

radioactive material under conditions 

which could be encountered under normal 

and accident conditions, penetrating rad- 

iation and subsequent shielding required, 

etc.), such that all conditions specified 

in this report are met. pne limitation 

which can be specifically stated is that 

liquid radioactive materials are not 

authorized. 

The steel inner container serves as the 

primary containment under all conditions, 

and no release of radioactive material 

would be expected if these packagings 

ERDA regulatory requirements and compli- 

ance with Mound Laboratory product speci- 

f ications , to establish the appropriate 
temperatures for evaluation of the con- 

tents, and to establish the maximum heat 

load capability of the shipping contain- 

er. 

The maximum heat load capability was de- 

termined to be 7.0 W. With a heat load 

of 7.0 W: (1) the maximum external sur- 

face temperature of the steel drums would 

be 107OF, which is well below the maxi- 

mum of 122OF stated in the regulations, (2) 

the maximum temperature at the external 

surface' of the inner container would not 

exceed 300°F when the package is in 100°F 

ambient air (normal conditions of trans- 

port), and (3) the maximum temperature 

at the external surface of 'the inner con- 

tainer would not exceed '43S°F 'when the 

package is subjected to the fire test 

(hypothetical accident donditions) . The 

300°F temperature w%ll have no signifi- 

cant effect on the steel inner container, 

nor will the Firedike insulation discolor 

at this temperature. At 43S°F (hypothe- 

tical accident condition), the steel inner 

container will retain its integrity. 



3 . 4 .  . INTERNAL. 'PRESSURE ' 

The i n t e r n a l .  p r e s s u r e ,  c a p a b i l i t y  o f  . t h e  

b a c k a g i n g  a t  v a r i o u s  t e m p e r a t u r e s  was . I .  

t h o r o u g h l y  e v a l u a t e d .  The  w e a k e s t  com- 
. . 

pon$nt  was f o u n d  t o  b e  t h e  w e l d e d  b o t t o m  
. < .. . 

p l a t e  of t h e  s teel  i n n e r  c o n t . a i n e r  w i t h  

a  c a p a b i l i t y  o f  627 p s i  a t  500°F .  T h i s  

p r e k s u r e  c a p a b i l i t y  i s '  s u f  f i c i e n t i y  h i g h  

t o  c o n t a i n  t h e  p r e s s u r e s  which  would r e -  

s u l t '  f r o m  h e a t i n g  t h e  a i r  e n v i r o n m e n t  

(1 a t m )  t r a p p e d  d u r i n g  p a c k a g i n g  o p e r a -  

t i o n s  t o  t h e  t e m p e r a t u r e s  r e a c h e d  d u r i n g  . 
n o r m a l  s h i p m e n t  and h y p o t h e t i c a l  a c c i -  

d e n t  c o n d i t i . o n s .  . 

3  .'5 : PACKAGE STANDARDS 

~ e t a i l e d  a n a l y s e s  w i t h  r e s p e c t  t o  P a r t  I1 

o f  DOEM 0529  h a v e  shown t h a t :  (1) pack-  

a g i n g  m a ' t e r i a l s  and t h e  p a c k a g e  c o n t e n t s  
. . n '  

w i l l  no t '  c a u s e  a n y  s i g n i f i c a n t  r e a c t i o n s  

e v e *  a t  ' h y p o t h e t i c a l  a c c i d e n t  c o n d i t i o n ;  

( 2 )  ' P o s i t i v e  c l o s u r e s  a r e  u s e d  t h a t  w i l l  

p r e v e n t  i n a d v e r t e n t  o p e n i n g  and  i n  a d d i -  

t i o n ,  s e a l s i  a r e  s e c u r e d  t o  t h e  drum c l o -  

s u r e s ;  ( 3 )  No l i f t i n g  d e v i c e s ,  a s  s u c h ,  
. , 

a r e  p r o v i d e d ,  o n  t h e  p a c k a g i n g ;  ( 4 )  T h e r e  . . 
a r e  n o  , t i e d o w n  d e v i c e s  u s e d  wi , th  t h i s  

p a c k a g i n g ;  ( 5 )  The s t a t i c  l o a d  r e q u i r e -  

m e n t ,  n o r m a l  t o  and u n i f o r m l y  , d i s t r i b u t e d  

a l o n g  i t s  l e n g t h ,  w i l l  be m e t ;  a n d  ( 6 )  

The  steel i n n e r  c o n t a i n e r  ( c o n t a i n m e n t  

v e s s e l  o f  t h i s  p a c k a q i n q )  w i l l  , w i t h s t a n d  

a n  k x t e r n a l  p r e s s u r e  o f  25 p s i  w i t h o u t  

l o s s  o f  c o n t e n t s .  

. , 

3 . 6 .  NORMAL . . CONDITIONS OF TRANSPORT 

R e l a t e d  t e s t i n g  and  e n g i n e e r i n g  e v a l u a -  

t i o n s  a d e q u a t e l y  d e m o n s t r a t e d , t h a t  t h e  

r e q u i r e m e n t s  o f  t h e  n o r m a l  c o n d i t i o n s  o f  

t r a n s p o r t  t es t s  ( h e a t ,  c o l d ,  p r e s s u r e ,  

v i b r a t i o n ,  w a t e r  s p r a y ,  f r e e  d r o p ,  c o r n e r  

d r o p ,  p e n e t r a t i o n ,  a n d , c o m p r e s s i o n )  a r e  

s a t i s f i e d .  H e a t  from d i r e c t  s u n l i g h t  a t .  

, . . . .  :. I. 

.. . , , . . , z  . . , .  . . .  
130°F  (54°C)  o r  co1.d o f  -40°F (-40°C) 

w i l l  n o t  i n c r e a s e  o r  d e c r e a s k  t h e  t empera-  

t . u r e  o f  t h e  p a c k a g i n g  beyond d e s i g n  c a p a -  

b i l i t i e s .  The 7 . 3  p s i  ( 0 . 5 ,  a tm)  r e d u c e d  

e x t e r n a l  p r e s s u r e  r e q u i r e m e n t  i s  y e l l  

w i t h i n  t h e  d e s i g n  c a p a b i l i t y .  S i m i l a r  

p a c k a g e s  h a v e  w i t h s t o o d  y e a r s ,  o f  t r a n s p o r t  

w i t h  no  o c c u r r e n c e  o f  s i g n i f i c a n t  damage 

d u e  t o  normal  v i b r a t i o n .  T-he w a t e r  s p r a y  

test  would h a v e  no  a d v e r s e  e f f e c t  on t h i s  

m e t a l  drum p a c k a g i n g .  T e s t s  h a v e  shown 

t h a t  t h e  4 - f t  d r o p  t es t s  and t h e  1 - f t  

c o r n e r  d r o p s  ( w h e r e  r e q u i r e d )  w i l l  n o t  

s i g n i f i c a n t l y  r e d u c e  t h e  e f f e c t i v e n e s s  o f  

t h e  p a c k a g i n g .  T e s t s  h a v e  shown t h a t  t h e  

p e n e t r a t i o n  t es t  r e s u l t s  i n  s m a l l  minor  

d e n t s  i n  t h e  s t ee l  o u t e r  p a c k a g i n g ,  h a v i n g  

no s i g n i f i c a n t  e f f e c t .  Compress ive  t es t s  

w i t h  f i v e  t i m e s  t h e  a u t h o r i z e d  g r o s s  

w e i g h t  o f  t h e  p a c k a g e s  w e r e  c o n d u c t e d  and 

p r o d u c e d  no  d e t e c t a b l e  e f f e c t .  The re- 

d u c t i o n  i n  t o t a l  e f f e c t i v e  volume o f  t h e  

p a c k a g i n g  on which n u c l e a r '  s a f e t y  i s  

a s s e s s e d  d i d  n o t  e x c e e d ' 5 % .  I n  a d d i t i o n ,  

t h e  e f f e c t i v e  s p a c i n g  on which n u c l e a r  

s a f e t y  i s  a s s e s s e d  between t h e  c e n t e r  o f  

t h e  c u n l d i n m e n t  v e s s e l  and t h e  o u t e r  s u r -  

f a c e  ul: t11e p a c k a g i n g  was n o t  r e d u c e d  by 

more t h a n  5 % .  I n  b o t h  c a s e s  t h e  r e d u c -  

t i o n  was much less t h a n  5 % .  

3 . 7 .  HYPOTHETICAL ACCIDENT CONDITIONS 

The sequence '  o f  f o u r  h y p o t h e t i c a l  a c c i d e ' n t  

t e s t ' s  was p e r f o r m e d ;  and t h e  p a c k a g e  s a t -  

i s £  ied. t h e s e  r e q u i r e i n e n t s .  The damage 

s u s t a i n e d  i n  t h e  4 0 - i n .  pun'c ' ture t e s t  was 

i n s i g n i f i c a n t .  The maximum o u t s i d e  s u r -  

f a c e  t e m p e r a t u r e  o f  t h e  i n n e r  c o n t a i n e r  

was d e t e r m i n e d  t o  b e  435°F when f i r e  
. . 

t e s t e d  a f t e r  an'  i n i t i a l  u n i f o r m  p a c k a g e  

t e m p e r a t u ' r e  o f  1 0 0 ° F .  The i n n e r  con-  

t a i n e r  p a s s e d  t h e  w a t e r  immers ion  t e s t  

w i t h  no l e a k a g e .  



3.8. CRITICALITY 

criticality limitations for shipment,of 

fissile material in the 9506 shipping 

container were calculated for uranium- 

233, uranium-235, plutonium-238, and 

plutonium-239 metals. The quantities 

of each of these isotopes permitted for 

Fissile Class I, 11, and I11 shipments 

are listed on the DOE Certificate of. 

Compliance as shown in Appendix C. 

3.9. RADIATION SHIELDING ' 

The radiation shielding analysis shows 

that the quantities of ' ~ ~ 0 2 ,  pluton- 

ium-239, and uranium-235 metal and oxides 

authorized for transport will result in 

exposure rates much less than the allowed 

200 mrem/hr and 10 mrem/hr at the package 

surface and 3 ft from the package.surface, 

respectively. A shielding analysis for 

shipment of other contents should be per- 

formed by the shipper to ensure that 

appropriate DOT specifications are met. 

3.10. QUALITY CONTROL 

Established quality control practices are 

implemented during all phases of fabrica- 

tion of the shipping c0ntainers.a~ well 

as for packaging and unpackaging opera- 

tions. Visual, dimensional, and functional 

inspections are performed. In addition, 

detailed packaging and unpackaging pro- 

cedures are provided to ensure proper 

handling and to provide documentation of 

these operations. 



4. Packaging Description WEIGHT a b l e  4 - 1  AND - OVERAL MAXIMUM GROSS 

4 .1 .  GENERAL 

I n  t h i s  s e c t i o n  s u f f i c i e n t  i n f o r m a t i o n  i s  

g i v e n  r e g a r d i n g  t h e  d e s i g n  i n t e n t  and t h e  

d e s i g n  d e t a i l  t o  a c c u r a t e l y  i d e n t i f y  t h e  

s h i p p i n g  c o n t a i n e r  and t o  p r o v i d e  t h e  

b a s i s  f o r  t h e  e v a l u a t i o n  o f  t h e  package.  

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

s t e e l  drum o u t e r  c o n t a i n e r  and a  s t e e l  

Package I d e n t i f i c a t i o n  Number 9 50 6 

Drum S i z e  ( g a l )  4 

Maximum Gross  Weight ( l b )  3 7  

Overa l  Diameter  ( i n .  ) 11 3/4 

O v e r a l l  He igh t  ( i n . )  1 4  3/4 I 

The c o n t a i n e r  is f a b r i c a t e d  i n  acco rdance  

w i t h  t h e  f o l l o w i n g  drawings and s p e c i f i c a -  

t i o n s  : 
i n n e r  c o n t a i n e r  ( t h e  con ta inmen t  v e s s e l )  

t h a t  i s  approx ima te ly  c e n t e r e d  w i t h i n  
--. MRC Drawings AYC760065 and AYC760064 

t h e  drum by a  g lued  ' s t a c k "  o f  r i g i d  
I n n e r  C o n t a i n e r  Body and I n n e r  Conta in-  

i n s u l a t i n g  m a t e r i a l .  A s k e t c h  of t h i s  
er Cover. 

assembly i s  shown i n  F i g u r e  4-1. The 
MRC Drawing 

package i s  i d e n t i f i e d  a s  USA/9506/BLF 
Drum Assembly. 

(DOE-AL) . The maximum g r o s s  we igh t  
MRC Drawing 

and o v e r a l l  d imens ions  a r e  g iven  i n  
Acceptance and Reuse I n s p e c t i o n s .  

Tab le  4 - 1 .  
Bolted cover ring 

Web lifting / strap 

F I G U R E  4 - 1  ; 9506 s h i p p i n g  c o n t a i n e r  a s s e m b l y .  



No shipping container materials are nor- 

mally used Bs neutron absorbers or mod- 

erators. No shielding is normally re- 

quired, although appropriate shielding 

may be placed inside the innercontainer 

'when necessary. 

4.2. DESIGN INTENT 

The package was designed to be a much 

smaller version of the USA/5790/BLF 

(ERDA-AL) and USA/5791/BLF(ERDA-AL) 

packages, [l] except as specified in 

this report. The package is intended for ' 
shipment of special and normal form mate- 

rials (for example, encapsulated materials). 

The quantities and types of materials are 

limited by the results of the tests and 

evaluations presented in this report. 

Shipments are generally made by comrner- 

cia1 carrier, and several packages are 

frequently shipped simultaneously. The 

packages are relatively inexpensive, are 

easy to use and maintain without special 

tools, and may be reused frequently. 

They are designed to provide the required 

containment during normal transportation 

and hypothetical accident conditions. 

The packages are insulated with Firedike* 

to provide protection for the inner con- 

tainers at hypothetical accident fire con- 

ditions. The Firedike "stack" is glued 

to prevent convective heat transfer. The 

 ired dike insulation will not cause over- 
heating of the contents when the maximum 

permissible decay heat load is shipped. 

The inner container is designed in accord- 

ance with the American Society of Mechan- 

ical Engineers (ASME) code. The internal 

pressure capability is sufficient to con- 

tain.the pressure buildup resulting from 

*Product of Johns-Manville, Inc. 

heating the atmospheric air, which is 

trapped during packaging operations, to 

the maximum temperatures at accident con- 

ditions. 

No special devices are requi;ed for tie- 

down or lifting. The package may be 

strapped in place as required during trans- 

portation. The package is intended to be 

lifted manually. 

4.3. STEEL DRUM 

The outer container for the package is an 

open-head steel drum with a gasket and 

closure ring. A metal identification 

plate is welded to the outside of the 

drum body, and security seals are fastened 

to the closure during shipment. The drum 

specifications are listed in Table 4-2. 

Table 4-2 - SPECIFICATIONS 
OUTER STEEL DRUM 

Drum Size (gzl) 4 

Specification MS 2 7 6 8 4 - 2 

I Gauge Body & Heads 2 0 I 
Inside Dianeter (in. ) 10 1/2 

Approximate Inside Height 13 1/2 
(in.) 

4.5. INNER CONTAINER 

The cylindrical steel inner container, 

which is supported within the insulation, 

is the containment vessel for the radio- 

active materials. It is shown in Figure 

7-1. It consists of a 3 in. diameter 

cylinder with a cover which is screwed 

on to engage at least five threads. The 

cylinder body is machined to form a 

groove for an O-ring seal between the body 

and the cover. The bottom is welded in 

place. Silicone O-rings are acceptable. 



No v a l v e s  o r  g a u g e s , a r e  u sed .  Packaging 

m a t e r i a l s ,  such  a s  copper  t u r n i n g s ,  a r e  

used t o  p o s i t i o n  t h e  m q t e r i a l s  be ing  

sh ipped  w i t h i n  t h e  i n n e t  c o n t a i n e r .  The 

i n n e r  c o n t a i n e r  must p a s s  a  hel ium l e a k  

tes t  w i t h  no d e t e c t a b l e  l e a k  g r e a t e r  

t h a n  1 x  s t d .  cm3/see when f i t t e d  

w i t h  a  test  c o v e r  which a l l o w s  f i l l i n g  

w i t h  1 5  p s i g  he l ium.  The d imensions  o f  

t h e  i n n e r  c o n t a i n e r  a r e  g i v e n  i n  Tab le  

4-3. 

REFERENCE 

1. J .  F. G r i f f i n ,  R .  5 .  Ber t ram,  R. K .  

B l a u v e l t ,  D.  A. ~ d i i n g ,  T.. M.  

 lan nag an, J, B .  . P e t e r s o n  and D .  L .  

Tab le  4-3 - INNER 
CONTAINER DTMENS I ONS I 

Body 0 . d .  ( i n . )  

Body Wall ( i n .  

Body i . d .  ( i n . )  
Maximum I n s i d e  

Height  ( i n . )  

Thread S i z e  

P r o s s e r ,  S q f e t y  A n a l y s i s  Repor t  f o r  

Packaging  ($4RP) : USA/S7 90/BI,P (ERDA: 

AL)  and USA/5791/BLF(ERDA-AL) , MLM- 

2242 ( A p r i l  30,  1 9 7 6 ) ,  8 9  pp. 



5. Contents of Packaging 
5.1. GENERAL 

Material shipped in the .container consists 

of fissile and other radioactive material 

either in normal or special form as dry 

solids which are not readily dispersible. 

5.2. SPECIAL FORM 

The radioactive material is sealed in cap- 

sules that comply with special form re- 

quirements. The material consists of ._ 
fissile and other radioactive materials as 

dry solids. .The capsule has been subjected 

to all the DOT tests for special form 

material and has passed them successfully. 

5.3. NORMAL FORM 

The radioactive material ln normal form 

consists of fissile and other radioactive 

material as dry solids that are not readily 

dispersible. Examples of the materials 

may be plutonium-238, plutonium-239 pow- 

ders or pellets, uranium-233, -235 and 

thorium oxide powders, and thorium nitr.ate 

powder. The materials are not necessarily 

limited to these examples. The material 

is placed either in nested cans with an 

O-ring seal (Figures 5-1 and 5-2) or in 

glass vials which are in turn placed in 

the O-ring sealed metal.can shown in 

Figure 5-2. Lead shielding is placed 

around the metal cans when necessary to 

meet the required radiation levels. 

5.4. THERMAL OUTPUT 

The thermal output of cans holding plu- 

tonium-238 is determined by calorimetry 

to ensure that the thermal content placed 

in the shipping container does not exceed 

the maximum allowable heat load for the 

containers as stated in Section 6. The 

inner container, after being loaded, is 

normally surrounded by packaging materials 

such as described in Section 6. 

5.5. SPECIFIC CRITERIA 

Section B (page 3) of the ALO SARP Guide 

suggests certain criteria that should be 

considered in describing the contents. 

Information concerning the applicable 

criteria is given in this section. 

5.5.1 Quantity of Isotopes 

The quantity of isotopes shipped in each 

container is limited by the physical, 

chemical, and radiation characteristics 

of the isotope to be placed in the inner 

container. Isotopes controlled by the 

inner container volume and radiation 

output include the thorium, uranium, and 

plutonium-239 isotopes because these iso- 

topes do not generate any appreciable 

amount of decay heat. On the other hand, 

the plutonium-238 isotope does provide 

significant amounts of decay heat. 

Accordingly the maximum quantity of plu- 

tonium-238 whlch can be placed in the 

container is 210 Ci, as limited by the 

7.0 W maximum heat load capability of 

the container (see Section 6). The plu- 

tonium-238 material normally consists of 

approximately 80 wt % plutonium-238; 16 

wt % plutonium-239; 3 wt % plutonium-240; 

and considerably lesser quantities of 

plutonium-236, plutonium-241, and plu- 

tonium-242. The material also contains 

no more than 1% of other actinide mate- 

rials. 

5.5.2. Maximum Amounts of Radioactivity 

The maximum amount of radioactivity ex- 

pressed in curies is: 

~lutonium-238 21.0 Cj. 



FIGURE 5 - 1  - ~ l u t o n ' i u m  i n n e r  c a p s u l e . ' . ( d i m e n s . i o n s  i n  j n . . ! .  
, . 

FIGURE 5 - 2  - ' p l u t o n i u m  o u t e r  c a p s u l e  ( d i m e n s i o n s  i n  i n .  1 .  



Plutonium-239 290 Ci 238 material does.generate significant 

Uranium-235 0.013 Ci quantities of helium as .part of its de- 

The permissible quantities of uranium-233 cay mode. Fortunately the rate of gener- 

are not established here since, as dis- ation is rather modest, amounting to 0.1 

cussed in Section 12.2, the shielding re- std. cm3/w per month. In addition, most 

quirements qould be the limiting factor. . of the heliun 1s held tightly in the crys- 

~ h u s  the shipper must evaluate the shield- tal lattice of the material and does not ' 

ing requirements and establish quantity begin to escape in appreciable quantities 

limits for uranium-233 shipments on a until the material is heated to 2200°F 

case-by-case basis. which is well above the temperature that 

. the inner container will reach under hy- 

5.5.3. Chemical and Physical Form pothetical accident fire conditions. The 

only significant pressure increase in the 
The radioactive material mav be present 

inner container will be from the heating 
as an oxide or nitrate and can exist 

of the gas trapped in the container at the 
either as a loose ~owder within a metal 

can or in a pressed form. 
time of sealing if the container is ex- 

posed to. fire. Thus, the internal pres- 

sure would rise from 1 atm at the time 
5.5.4. Material Density 

of loading to 1.65 atm (10 psig) at hypo- 
The density of the radioactive materials thetical fire conditions (see Section 6). 
varies. Some are loosely packed powders 

whereas others exist as pressed pellets. 5.5.9. Leak Tests 

Plutonium-238. oxide, for instance, when 
All capsules are tested for leakage before 

present as a compacted form can have a 
being packed into the inner container. 

' ' density as high as 9.5 g/cm3. 
Radioactive contamination checking or 

5.5.5. Moderating Ratios 

Not applicable. 

5.5.6. Configurations as Required for 
Nuclear Safety Evaluations 

See section on criticality. 

helium leak testing of the contents is 

used to ensure that the capsule is free 

of leakage. 

5.5.10. Loading Restrictions and 
Limitations 

Packaging procedures are given in Appen- 

dix B. 
5.5.7. Maximum Amount of Decay Heat 

The maximum amount of decay heat is 7.0 W. 

5.5.8. Maximum Pressure Buildup in the 
Inner Container 

A l l  rad ioact ive  materials which may be 
shipped in the container do not decompose 

at temperatures generated during the hy- 

pothetic.al accident fire condition even 

when the maximum allowable wattage is 

present in the container. The plutonium- 



6. Steady-State 
Temperature Prof ires 

6 .l. PURPOSE 

The steady-state temperature profiles of 

the package and its contents were deter- 

mined to ensure compliance with DOT, DOE, 

and NRC regulatory requirements 'and con- 

formance with any product specifications 

and to establish the appropriate tem- 

peratures for evaluation of the contents. 

A ~ S O ,  the steady-state data obtained at 

thc hcat loads tested experimentally were 

used to determine the maximum heat load 

capability of the package. 

6.2. TEST EQUIPMENT AND 

PROCEDURES 

The tests were performed using the equip- 

ment illustrated schematically in Figure 

6-1. A 1/4 in. diameter x 1-1/2 in. long 

electric heater was installed inside a 

primary can packed with lead shot which 

was then installed within the inner con- 

tainer to simulate a radioactive heat 

source. The primary can was centered 

within the inner container using lead 

shot for run 1, nickel spheres for run 2, 

F I G U R E  

and steel wool for run 3. The electrical 

wires and thermocouples were fed through 

small holes in the drum head and inner 

container. A wattmeter was used to deter- 

mine the heat loads. 

A digital thermometer with ice-point com- 

pensation was used to obtain the tempera- 

ture data at several locations. The 

thermocouples used to measure surface tem- 

peratures were welded in place. Figure 6-2 

shows the thermocouple locations. 

The type K chromel-alumel thermocouples 

(No. 2-9 in Figure 6-2) were connected to. 

a selector switch, and a single lead from 

the selector switch was connected to the 

digital thermometer. Temperatures were 

then 'obtained by simply dialing the ther- 

mocouple number and reading the tempera-. 

ture directly on the digital thermometer. 

The four type T copper-constantan thermo- 

couples (No. 10-12 and ambient) were used 

similarly. The type J iron-constantan 

thermocouple, which was fastened to the 

heater (No. l), was connected to a tem- 

perature controller so that the entire sys- 

tem would be safely shut down if the heater 

temperature exceeded a preset temperature. 

Electric Heater - 
Drum 

Thermocouple 
Type K fl Type T 

Thermocouples (81 Thermocouples 

Selector 
Switch (2) 

Thermocouple 

6 - 1  - S c h e n l a t i c  n f  t h e r m a l  t e s t  e q u i p m e n t .  



5 10 

F I G U R E  6 - 2  - T h e r m o c o u p l e  l o c a t i o n s .  

The heating procedure required approxi- 

mately one day for each set of data. The 

heat load was set at the desired value, 

and the temperature profile throughout 

the package was allowed to reach steady 

state. A complete set of temperature 

valbes was then obtained, and the proced- 

ure was repeated until a maximum heat 

load of 10 W was reached. The tempe'ra- 

ture increases during the equilibration 

periods were studied to verify that steady 

state conditions were reached. The am- 

bient temperature was determined at each 

heat load at a location approximately 1 

ft from the side of the drum. On comple- 

tion of run 1 and run 2, the package was 

disassembled and then reassembled using a 

different packing material between the pri- 

mary can and the inner container. 

6 . 3 .  TEST RESULTS 

The experimentally determined steady 

state temperatures are presented in 

Table 6-1. All temperatures listed in 

the table have been adjusted fo an am- 

bient temperature of 100°F (38OC) to 

represent normal conditions of transport 

on a hot day for comparison with DOT and 

ERDA/NRC regulations. The maximum tem- 

peratures are plotted in Figure 6-3. The 

heater temperatures when using the three 

packing materials are also shown in Fig- 

ure 6 - 3 .  

Another significant result of the tests 

was that there was no evidence that the 

heating and cooling caused any misfit, 

galling, or other damage to the package. 



Heat Load, W 

F I G U R E  6 - 3  - S t e a d y  s t a t . c  t e m p e r a t u r e  v a r i a t i o n  w i t h  h e a t  l o a d  f o r  4 - g a l  p a c k a g e .  



T a b l e  6 - 1  - STEADY-STATE TEMPERATURE: --- 
. . . .  . . . . . . . . .  . .  . . .  TEST AT, 1 0 0  OF AMBIENT. .TEMPERATURE 

T h , e r m o c o u p l e  Number a 

a n d  L o c a t i o n  S t e a d y  S t a t e  T e m p e r a t u r e  (OF) .  

I . ., . . . . .  ; : . :  . . : ; : . .  * ' :  
Watts = 2 . 5  

P 

5 - 8 - 1 1 0  
. . , - 

HEAT'ER. . . . . . "  . . .  . . . . . . . .  ,. - . ' .  .. 1 : # \  

. . . .  
TC-1; H e a t e r  S u r f a c e  3 6 4  4 2 2  " " '  , . ' 

.' 5 4 3  

OUTSIDE PRIMARY CAN 

TC-2; N e a r  ~ o i t o m  2 2 8 2 7'3 327  
. . . . . .  . ".2,5 " . .  3 5 3  

TC-3. -Near .  S i d e  .. ' 360  ' . '  - 3 8.9'" 
TC-4: N e a r  TOP 222; 2 6.5 3;17 342 

OUTSIDE INNER CONTAINER ,. . . . 
.. .. 

TC-5: B o t t o m  C e n t e r  2 2 1  , .: 2 6 3  3.1 6 3 4 1 
TC-6. 8 i d e  M i d - H e i g h t .  . 2 2 1 . .  .. 2 6 4 .  . 3 1 6  . .342, 
TC-7: T o p  C o v e r  S i d e  218  . '  260  3 1 1  3 3 6 
TC-8, Top  C e n t e r  219  2 6 1  3 1 2  337  

FIREDIKE 

TC-9 I n n e r  S u r f a c e  
. . .  . . . . . .  

2 1 8  260 3 1 1  3 3 6 . . 
. . 

DRUM; EXTERIOR 

TC-10 B o t t o m  k e n t e r  1 0  4 10'5 10 6 1 0 7  
TC-11 S i d e  Mkd-He igh t  1 0 5  1 0  6 1 0  8 1 1 0  
TC-12 Top  C e n t e r  1 0  3 1 0 4  , 10'6 1 0 7  

. . . . . .  . . . .  . . . . .  ' t  
. . ;  ' 

. . 
- .  



6.4. MAXIMUM HEAT LOAD Table 6-2 - MAXIMUM HEAT LOAD----.-- 
CAPABILITY AND TEMPERATURES 

CAPABILITY 

The maximum heat load capability is deter- 

mined for the package based on the maxi- 

mum capability of the inner container 

and the Firedike since these are the 

limiting factors for this package. The 

drum exterior surface temperature at the 

maximum heat load is determined. Also . 

in this section, guidance is provided re- 

garding packaging materials based on the 

heater surface temperature data. 

The maximum permissible temperature for 

the exterior surface of the inner con- 

tainer during normal transportation is 

sclected at 300°F (149OC) when the pack- 

age is in 100°F ambient air. The 300°F 

temperature is selected to ensure the 

Firedike insulation will not be dis- 

colored. (It will discolor significantly 

above 400°F.) This temperature is suffi- 

ciently low so that the inner container 

will not exceed design capabilities even 

at the .hypothetical accident fire tem- 

perature of 435OF (224OC). The pressure 

capability of the inner container is based 

on 500°F. The life of Silastic or Viton 

O-rings is indefinitely long at 300°F. 

At 500°F the life is 7 hr for Silastic 

and 4 hr fur Viton. Based on the 300°F 

maximum temperature for the inner container 

surface during normal transportation and 

the resulting temperature increases at 

hypothetical accident conditions (see 

Section lo), the resulting maximum heat 

load capability and external drum tem- 

perature at 100 OF anhient ternpcrature, as 

shown in Figure 6-3, are given in Table 

6-2. The maximum capability of the pack- 

age is based on the 300°F limitation, and 

the estimated maximum temperature in a 

firc is approximately 65OF below the 
specified maximum of 500°F. 

Maximum Heat Load Capa- 
bility (W) 

Maximum Drum External 
Surface Temperature (OF) 

Inner Cont . haximum Steady 
State Temperature at 100°F 
Ambient (OF) 300 i 

Inner Cont. Temperature In- 
crease Resulting from 
Hypothetical Fire (OF) 

Inner Cont. Maximum Tempera- 
ture with Heat Load and 
Hypot5etical Fire (OF) 

The maximum temperature of 107OF (42OC) for 

the exterior drum surface shown in Table 

6-2 is less than the permitted maximum 

accessible external surface temperature of 

12z0F (50°C); thus, this is not a limiting 

factor for determination of the maximum 

heat load capability. The maximum heat 

load listed is considered sufficiently 

high to provide fcr antic'ipated require- 

ments and sufficiently low to provide a 

reasonable margin of safety. 

The heater surface temperature data shown 

in Figure 6-3 provide a comparison between 

the packaging materials tested and provide 

a basis for establishing guidelines which 

may be used to ensure that package contents 

will not reach excessive te~upeiatcrres. For 

any given heat load, temperatures were low- 

est with lead shot and highest with steel 

wool. The heater temperatures provide 

guidance for estimating product heat source 

surface temperatures during shipment. How- 

ever, the actual temperature of a product 

being shipped will depend on the particular 

characteristics of that product; for cx- 

ample, a smaller surface area will result 

in a higher surface temperature. In gen- 

eral, it is necessary to consider the 

specific characteristics of the material 

being shipped and the temperature capabil- 

ity in order to ensure compliance with 

 requirement.^. 
6.5 



7 .  Internal Pressure 
Capability 

7 .1 .  GENERAL 

The i n t e r n a l  p r e s s u r e  c a p a b i l i t i e s  o f  t h e  

i n n e r  c o n t a i n e r  were  t h o r o u g h l y  e v a l u a t e d  

a c c o r d i n g  t o  p r o c e d u r e s  g i v e n  i n  t h e  ASME 

P r e s s u r e  V e s s e l  Code [ I ] .  The e v a l u a t i o n  

c l e a r l y  d e m o n s t r a t e s  t h a t  t h e  v e s s e l  i s  

c a p a b l e  o f  s a f e  p r e s s u r e  con ta inmen t  

d u r i n g  normal  t r a n s p o r t a t i o n  and hypo- 

t h e t i c a l  a c c i d e n t  c o n d i t i o n s .  

C a l c u l a t i o n s  f o r  t h e  i n t e r n a l  p r e s s u r e  

c a p a b i l i t y  o f  t h e  i n n e r  c o n t a i n e r  a t  up 

t o  100°F a r e  p r e s e n t e d ,  and t h e  r e s u l t s  

f o r  t e m p e r a t u r e s  a t  300°F and 500°F a r e  

t h e n  t a b u l a t e d .  A s e p a r a t e  c a l c u l a t i o n  

i s  r e q u i r e d  f o r  e a c h  o f  t h c  t h r e e  b a s i c  

components ,  which a r e  t h e  c y l i n d r i c a l  

body,  t h e  welded bot tom,  and t h e  c o v e r .  

The maximum p r e s s u r e  c a p a b i l i t y  i s  t h e n  

based  on  t h e  v a l u e  f o r  t h e  welded bot tom 

s i n c e  t h i s  i s  t h e  l owes t  v a l u e  f o r  t h e  

t h r e e  components.  

7 .2.  BODY CALCULATIONS 

The b a s i c  s t r u c t u r e  o f  t h e  i n n e r  c o n t a i n e r  

i s  shown i n  F i g u r e  7-1. I t  i s  a  c y l i n -  

d e r  o f  AISI 1026 C.D.S. w i t h  welded 

bot tom p l a t e  and a scsew~d o n  c o v e r  b ~ t h  

o f  AISI 1018 C.R.S. The c o v e r  i s  s e a l e d  

w i t h  a  s i l i c o n  O-ring.  I t  i s  f a b r i c a t e d  

o f  m i l d  s t e e l ,  and t h e  we lds  a r e  examined 

a f t e r  f a b r i c a t i o n  (see Appendix A ) .  The 

maximum a l l o w a b l e  working p r e s s u r e  o.f t h e  

s e a m l e s s  t u b i n g  body is c a l c u l a t e d  

a c c o r d i n g  t o  t h e  f o l l o w i n g :  

P  = SEt  
R + 0 . 6 t  

where P  = Maximum a l l o w a b l e  working  p r e s -  

s u r e ,  p s i ,  

' S  = Maximum a l l o w a b l e '  stress ( d e r i v e d  

from d a t a  t o r  A l k i l  1 0 2 5  s teel  

g i v e n  i n  r e f e r e n c e  1 1 ,  S  = . . 
18,750 p s i  a t  -20 t o  100°F,  

17,360 a t  300°F, and 16,320 a t  

500°F, - '  

E = Welded j o i n t  e f f i c i e n c y ,  E  = 1 

f o r  s eamles s  t u b i n g ,  

R = I n s i d e  r a d i u s  o f  i n n e r  con- 

t a i n e r ,  R = 1.125 i n . ,  

t = Wall  t h i c k n e s s ,  t = 0.375 i n .  

S u b s t i t u t i o n  o f  t h e  a p p r o p r i a t e  v a l u e s  f o r  

a  t e m p e r a t u r e  o f  100°F i n t o  t h e  above 

e q u a t i o n  y i e l d s :  

P - =  5 ,208  p s i .  

The r e s u l t s  o f  t h e  s eamles s  body c a l c u l a -  

t i o n s .  f o r  o t h e r  t e m p e r a t u r e s  a r e  shown 

i n  T a b l e  7-1. 

F I G U R E  7 -  1 - 9506 I n n e r  c u n l d  i n e r .  



T a b l e  7-1 - INNER CONTAINER BODY . 
V m s s u R E  CAPABILITY CALCULATIONS 

1 n s i d e  
Radius  

Body W a l l  
T h i c k n e s s  

( i n . )  

I n t e r n a l  P r e s s u r e  C a p a b i l i t y  ( p s i g )  
A t  -20 I 

7 .3 .  WELDED BOTTOM PLATE The r e q u i r e d  pa rame te r s  and t h e  r e s u l t s  

o f  t h e  welded bottom p l a t e  c a l c u l a t i o n s  

CALCULATIONS f o r  o t h e r  t e m p e r a t u r e s  a r e  shown i n  Tab le  

7-2. The i n n e r  c o n t a i n e r  bot tom is welded t o  

t h e  body.  I ts p r e s s u r e  c a p a b i l i t y  i s  

c a l c u l a t e d  a s  f o l l o w s :  7 .4 .  COVER DESIGN 

p = - -  ( : R r ( ~ ~ ~ ~  Code, page  21) The t o p  c o v e r  s e a l s  t h e  i n n e r  c o n t a i n e r  

by a  sc.rewed f l a n g e  t i g h t e n e d  a g a i n s t  a  

where P  = Maximum a l l o w a b l e  working  p r e s -  

s u r e ,  p s i ,  

S  = Maximum a l l o w a b l e .  s t r e s s  (de-  

r i v e d  from d a t a  f o r  AISI 1020 

s tee l  g i v e n  i n  r e f e r e n c e  l ) ,  

S  = 17,500 p s i  a t  -20 t o  100°F, 

16 ,200 a t  300°.F, and 15 ,230  a t  

500°F,  

compress ib l e  O-ring s e a l .  The c r i t i c a l  

p o i n t s  which were examined i n  t h i s  ana ly -  

s is  were:  (1) s h e a r  s t r e n g t h  o f , e x t e r n a l  

and i n t e r n a l  t h r e a d s ,  ( 2 )  t e n s i l e  s t r e n g t h  

o f  e x t e r n a l  t h r e a d s ,  ( 3 )  t h e  e f f e c t  o f  

stress c o n c e n t r a t i o n s  a t  t h e  r e l i e f  under- 

c u t ,  benea th  t h e  f l a n g e ,  and ( 4 )  t h e  

s t r e n g t h  o f  t h e  s i l i c o n e  O-ring s e a l  under 

l o a d .  

C  = F a c t o r  a c c o u n t i n g  f o r  method of  

a t t a c h m e n t ,  C  = 0 . 3 ,  The l i m i t i n g  c o n d i t i o n  f o r  t h e  cove r  was 

R  = I n s i d e  r a d i u s  o f  i n n e r  con- de termined t o  be t h e  s h e a r  s t r e n g t h  o f  t h e  

e x t e r n a l  t h r e a d s  and o n l y  t h i s  c a l c u l a t i o n  t a i n e r ,  R'= 1 .125  i n . ,  
w i l l  b e  i l l u s t r a t e d .  The p e r m i s s i b l e  load-  t = T h i c k n e s s  o f  bot tom p l a t e ,  

t = 0 .25  i n .  i ng  on  the e x t e r n a l  t h r e a d s  of t h e  f l a n g e  

' is g iven  by t h e  formula ,  
The r e s u l t i n g  c a l c u l a t i o n  i s  as f o l l o w s :  

Pe = Ae x L  x  Se 

p=' 'i. 2'0 (2 ~ . : ?125)1  

P  = 720 p s i . .  

T a b l e  7-2 - INNER CONTAINER WELDED BOTTOM- 
PLATE P,RESSURE CAPABILITY CALCULATIONS 

I n s i d e  ~ o t t o m  w a l i  I n t e r n a l  P r e s s u r e  C a p a b i l i t y  ( p s i g )  
Radius  Th ickness  A t  -20 
( i n . )  ( i n . )  t o  100°F a t  300°F a t  500°F 



where, Pe = Minimum strength in shear of 

external threads, lb, 

Ae = Minimum area in shear of 

external threads, 

= 4.0409 in-'/in. for 2-3/8 x 16 

UN Class 2A thread 

L = Engagement length, in., 

= 0.3125 in. 

Se = Allowable shear stress for 

AISI 1018 material, psi 

= 10,500 psi at 100°F, 9722 psi 

at 300°F, and 9138 psi at 

500°F. 

The calculation at 100°F gives 

Pe = 4.0409 x 0.3125 x 10,500 

torqued to closure. The O-ring will be 

compressed to about 81% of its initial 

diameter at this time. The manufacturer's 

pressure rating on this O-ring seal is 

1500 psi. This pressure exceeds the limit- 

ing allowable pressure due to the bottom 

plate. Thus, the O-ring pressure capabil- 

ity is not limiting. The maximum continued 

service operating temperature of the sili- 

cone O-ring is listed as 450°F in the 

manufacturer's design literature; this is 

greater, than the maximum temperature of 

435OF to which the inner container would 

be exposed during the hypothetical acci- 

dent (fire) conditions. 

= 13,259 lb 7.5. RESULTS AND CONCLUSIONS 

Comparison of the resulting internal pres- 
The equivalent internal pressure, P ,  is 

sure capability calculations for the three 
found by dividing the above load by the 

internal area, where 
basic components indicates. that the welded 

bottom plate is the weakest component for 

the inner container. Thus, the ASME Code 

= 3335 psi at 100°F maximum allowable working pressures are 
those shown in Table 7-2. The pressure 

The loading greatly exceeds the limiting capabilities, e.g., 627 psig at 500°F, are 

loading of 720 psi which was determined sufficiently high to contain the 10 psig 

in Sect.i.nn 7.3 for the welded bottom pressure which would result from heating 

plate; the results of these calculations the air environment trapped during pack- 

for other temperatures are shown in Table aging operations at 1 atm to the tempera- 

7-3. tures reached during normal shipment and 

An examination of the silicone O-ring de- during .hypothetical accident conditions. . . 
sign indicates that the ring will be 

safely confined within the main body 

groove when the cap is assembled and 

Table 7-3 - INNER CONTAINER COVER 
PRESSURE CAPABILITY CALCULATIONS 

Inside ' Cover Internal Pressure Capability (psig) 
R.od i 11s Thickness At -20 
(in.) ( i .n-1  to.. 10 0 F at 300°F at 5009F 
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8. Package Standards 
Evaluation 

8 .5. . GENERAL 

In Part I1 of DOE ~anual' Chapter 05'29, 

general standards are specified for mate- 

rials, closures, lifting devices, and 

tiedown devices in addition to struc- 

tural standards pertaining to load re- 

sistance and external pressure. The 

purpose of this evaluation is to pro- ' 

vide the necessary support information 

which verifies that the package is in 

compliance with these standards. 

8.2. MATERIALS 

The packaging materials and the package 

contents will not cause any significant 

reactions even at hypothetical accident 

conditions. Design materials were se- 

lected on the basis of test data and 

past experience with container packaging, 

unpackaging, storage, and shipping. 

8.3. CLOSURES 

Positive closures, using bolts and 

screwed threads which prevent accidental 

opening, are used on the drum and the 

inner container. In addition, seals are 

secured to the drum closures during ship- 

ment. 

8.4. LIFTING DEVICES 

It is required that lifting devices which 

are an integral part of the package be 

capable of lifting three times the weight 

of the package and any attachments with- 

out generating stress in any material of 

the package in excess of its yield 

strength. 

No litting devices, as such, are provided 

on the shipping container. The maximum 

gross weight of the pockagc ic only 37 

lb and the package can be handled 

manually. 

8.5. TIEDOWN DEVICES 

ERDAM 0529 specifies that the tiedown de- 

vices which are a structural part of the 

package must be capable of withstanding 

simultaneously 10 g longitudinal, 5 g 

laterial, and 2 g vertical loads without 

exceeding the yield strength of the mate- 

rial. 

No tiedown devices are used arid the pack- 

ages are normally retained in place with- 

in the transport vehicle by other packages 

or are .strapped in place. 

8.6. LOAD RESISTANCE - BEAM LOADING 

The requirement is that the container not 

yield when supporting five times its 

loaded weight in beam action. For this 

requirement.the container will be analyzed 

as a horizontal simple beam with a uni- 

formly distributed load along its major 

axis. Figure 8-1 shows the container in 

its loaded position. 

The loaded weight, Wt, of the container 

was taken as 37 lb. 

For effective length, L = 14.12 in., the 
distributed load becomes W = 5 Wt/L = 

5(37)/14.12 = 13.1 lb/linear in. 

The maximum bending moment, Mmax, for 

this loading is Mmax = w ~ ~ / 8  = (13. I) 
(14.1212/8 = 326.5 in.-lb. 

For a thin-walled cylinder with radius, 

R = 5.25 in., and wall thickness, t = 

0.031 in., the moment of inertia, I, is 

I v ~ j t  = ~(5.25)~(0.331) = 14.091 in. 4 

The section modulus, z, is then 



(Load) = 5 (Weight) 

F I G U R E  8-1 - B e a m  'loading d i a g r a m  f o r  
package. 

i = I / R  = 14.09/5.25. = 2.68 i n . 3  and t h e  

maximum bending s t r e s s , .  Smax, i s  

'max = M .  / z  = 326.5/2.68 = ,122 p s i .  max 

The c a l c u l a t e d  bending s t r e s s  of 122 p s i  

i s  much less t h a n  t h e  y i e l d  s t r e s s  of 

27,000 p s i  [ l ]  , and t h e  c o n t a i n e r ,  t h e r e -  

f o r e ,  is adequa te  a s  des igned.  

8.7.  EXTERNAL PRESSURE 
. . 

DOE Manual 0529 r e q u i r e s  t h a t  t h e  con- 

t a i n e r  be capab le  of wi ths tand ing  an ex- 

t e r n a l  p r e s s u r e  of 25 p s i g  w i t h  no l o s s  

o f  c o n t e n t s .  The i n n e r  con ta ine r . ,  shown 

i n  F i g u r e  8-2, c o n s i s t s  of t h r e e  p a r t s :  
. - ,  

t h e  t o p  c o v e r ,  t h e  main c y l i n d e r ,  and t h e  

bottom p l a t e .  The stress a r i s i n g  from t h e  

s p e c i f i e d , e x t e r n a l  . . . .  p r e s s u r e h i s  c a l c u l a t e d  

f o r  each of;  . these  pa r t s , .  . 

F I G U R E  8 - 2  - I n n e r  container. 

Top Cover 

The t o p  cover s e a l s  a g a i n s t  an  O-ring, 

and s e a l i n g  f o r c e  is  maintained by t h e  

to rque  of screw t h r e a d s .  

I t  i s  assumed t h a t  under an e x t e r n a l  

p r e s s u r e  t h e  O-ring w i l l  be compressed, 

and t h e  f o r c e  w i l l  be t r a n s f e r r e d  t o  t h e  

s d r e w  t l i reads  . 
2 The e x t e r n a l  f o r c e  is 25 p s i  x  a ( 3  . O )  / 4  

= 176'.7 l b .  

The i n t e r n a l  p r e s s u r e  c a l c u l a t i o n s  (Chapter 

7) determined t h a t  t h e  e x t e r n a l  t h r e a d s  of 
. . 



the top cover were the critical stress Bottom Plate 

point in the threaded connection. With the assumption of complete edge 

The effective thread stress 121, Set is 

then Se = P/AeL where 

P = External force, lb 

Ae = Minimum shear area, ext. 

threads (= 4.0409 in. 2/linear 

in. 1 
L = Engagement length = 0.3125 in.' 

Thus, 
- - 176.7 - 140 psi 

'e 4.0409 x 0.3125- 

fixity, the equation for stress is [3] 
2 2 S = 1.24 R P/t 

where 

R = inside radius = 1.125 in. 

P = external pressure = 25 psi 

t = plate thickness = 0.25 in. 
thus, S = 1.24(1.125)225/(0.25)2 = 628 psi 

This is well below yield stress of 15,230 

at 500°F for AISI 1018 C.R.S. as dis- 

cussed in Section 7. 

Main Cylinder 8.8. REFERENCES 

1. The membrane stress in the cylinder is 1. J. M. Guy, et al., E M E  Boiler and - 
S = PR/t 

where 
R = inside radius = 1.3125 in. 

t = wall thickness = 0.375 in. 
thus, 

S = 25. x' 1.3125/0.375 '= 87.5 psi. 

and Pressure Vessel Code, Section VIII, 

Rules for Construction of Pressure 

Vessels, Division 1, The American 

Society of Mechanical Engineers, New 

York, N. Y. (1974) . 
2. R. C. Boucher, "Strength of Threads," 

This is well below the allowable Product Engineering, Nov. 27, 1961. 
stress value of 15,230 psi at 500°F 3 .  R. J.  bark and W. C. Young, Formulas 
for AISI 1026 C;P.S. as discussed in for Stress and Strain, McGraw-Hill, 
Section 7. 1976. 

2. The buckling strength is 
. - 

- B 
'allowable - D/t 

where 

D = outside diameter = 3.0 in. 

t = wall thickness = 0.375 in. 

D/t = 8  

B = 14,000 (determined from Fig. 

UCS.28.lIp272 of Reference 1, 

using L = engagement length = 

5.38 in., and L/D = 1.79). 
thus, 

'allow = 14,000/8 = 1,750 psi. 

which is 1,750/25 - 70 times the applied 
external pressure. 



9. Normal Conditions of 
Transport Eualuation 

9.1. GENERAL 

DOE Manual Chapter 0529 requires nuclear 

packaging to be capable of satisfactory 

packaging effectiveness and radioactive 

materials containment when subjected to 

nine tests simulating normal transporta- 

tion environment and handling conditions. 

These tests are: 

1. . Heat . 6. Free Drop 

2. Cold 7. Corner Drop 

3. Pressure 8. Penetration 

4. Vibration 9. Compression 

5. Water Spray 

The related testing and engineering evalu- 

ations adequately demonstrated that the 

requirements are satisfied. 

9.2. Heat 

Direct sunlight at an ambient temperature 

of 130°F (54OC) in still air would not 

increase the temperatures of the drum, 

insulation, or the inner container (pri- 

mary containment vessel) in excess of 

design capabilities. 

A calculation is presented which esti- 

mates the maximum temperature resulting 

from direct sunlight. The procedure con- 

sists of determining the heat load from 

the sun and the resulting external drum 

surface temperature wh=ch is required to 

dissipate the solar heat load to 130°F 

ambient air. Since the temperature in- 

creases resulting from the solar heat 

load thrwuql.~out the pacltage are less 

than, or equal to, the corresponding 

increase at the drum surface, the assump- 

tion that these temperature increases are 

equa1,throughout the package provides a 

aonservative e s t i m a t e  of the inner con- 

tainer temperature. 

Shappert's ill approach establishes the 

average solar heat load over a 24-hr 

period as 42 w/ft2 of projected surface 

area. The maximum possible projected sur- 

face area is estimated based on viewing 

the container, when in an upright posi- 

tion, at an angle perpendicular to a 

diagonal drawn through the drum and is 

calculated as follows: 

A = r(0.97 ft diam)2 + (1.22 ft 
height)21+ x (0.97 ft diam), 

A = 1.5 ft2. 

Therefore, the solar heat load (Qs) is 

Qs = (1.5 ftz) (42 w/ft2) = 63 W 

The resulting temperature increase at the 

drum surface is determined by linear ex- 

trapolation of the experimental steady 

state temperature profile'data. Since 

the drum surface temperature increased 

9.5OF above ambient when 10 W was dis- 

sipated, the surface temperature increase 

is estimated to be 60°F when 63 W must be 

dissipated. Thus, 60°F.is determined to 

be the temperature increase on .the sur- 

face of the drum and throughout the pack- 

age resulting from the solar heat load. 

An additional 30°F must be added to 

account for the increase in ambient tem- 

perature from 100° to 130°F. At the max- 

imum acceptable heat load of 7.0 W the drum 

surface temperature is then 110 + 60 + 30 
= 200°F .at an ambient temperature of 130°F 

in direct sunlight. The temperatures at 

100°F in shade (see Section 6) and the re- 

sults of the above calculations are sum- 

marized in Table 9-1. 

Thus, the heat input from the sun will not 

cause the inner container temperatures to 

exceed design capabilities. In'fact, the 

inner container is designed to withstand 

the hypothetical accident fire condition 

temperature of 435OF, as discussed else- . 

where in this report. The effectiveness 

of the steel drums and insulativn is not 



Table  9-1 - 'DRUM AND INNER CONTAINER TE&ERATURES ':IN: S~IADE i ~ ' :  100 O F  

AND I N  DIRECT.SUNLIGHT AT 130°F WHEN 
. . . . .  , . . .-. Maximum ' . . .  . 

Conten t s  I n  10O0F Shade . 
Heat Load .r C a p a b i I i t y  drum ~ o n t  I n n e r  . . P r o j  Area . S o l a r  Load 

( 4 3 )  (pp) - (OF) ( f t 2 )  (OF). . 

expec ted  t o  b e  reduced a s  a  r e s u l t  of t h e  9.5.  VIBRATION 

s u n ,  a l t h o u g h  t h e  i n s u l a t i o n  would d i s -  v i b r a t i o n  normally i n c i d e n t  t o  t r a n s p o r t  
c o l o r  s i g n i f i c a n t l y  a t  390°F. w i l l  n o t  reduce t h e  e f f e c t i v e n e s s  of  t h e  

9 .3 .  COLD 

An ambient ' t empera tu re  of  -40°F i n  s t i l l  

a i r  and shade  w i l l  n o t  d e c r e a s e  t h e  e f f e c -  

t i v e n e s s  of  t h e  packaging.  Th i s  would r e -  

duce t h e  t empera tu re  p r o f i l e  w i t h i n  t h e  

package and p o s s i b l y  would be  b e n e f i c i a l .  

9 .4 .  PRESSURE 

The u s u a l  i n t e r n a l  p r e s s u r e  of  t h e  i n n e r  

c o n t a i n e r  a t  t h e  t ime of l o a d i n g  is  1 

atm. A s  s e e n  i n  S e c t i o n  9 .2 ,  t h e  maximum 

t e m p e r a t u r e  of  t h e  i n n e r  c o n t a i n e r  when 

s u b j e c t e d  t o  a  combination of normal con- 

d i t i o n s  ( sunsh ine  and 100°F ambient)  i s  

360°F. A t  t h i s  t empera tu re ,  t h e  gases  

t r a p p e d  w i t h i n  t h e  s e a l e d  i n n e r  c o n t a i n e r  

would r e a c h  a n  i n t e r n a l  p r e s s u r e  o f  1 . 5  

atm. 

The normal c o n d i t i o n  e x t e r n a l  p r e s s u r e  i s  

s p e c i f i e d  t o  be  0 .5  atm. ,, Thus, t h e  d i f -  

, f e r e n c e  between t h e  i n t e r n a l  p r e s s u r e  

(1 .5  atm) and t h e  e x t e r n a l  p r e s s u r e  (0 .5  
i 
I atm) would be  1 .0  atm a t  t h e  most s e v e r e  

' I . . 

j combinat ion of  normal cond i t i ,ons  . . This  
' 

p r e s s u r e  d i f f e r , e n c e  is  e q u i v a l e n t  t o  45 

/ p s i g  and is  w e l l  w i t h i n  t h q  . c a p a b i l i t y  . of  

t h e  i n n e r  c o n t a i n e r .  I n  s e c t i o n ,  7  it. w,as ~. . 

: shown t h a t  t h i s  c a p a b i l i t y '  i s  '627 , p s i 9  

. a t  500°F and  667 p s i g  a t  300°F. 

packaging.  The c a p a b i l i t y  of  t h e s e  pack- 

ages  t o  wi ths tand  normal v i b r a t i o n  i s  we l l  

e s t a b l i s h e d  a s  a  r e s u l t  of r o u t i n e  u s e  of 

s i m i l a r  packaging. S ince  1968, approxi-  

mately 400 shipments have be&n success-  

f u l l y  completed i h  579'0 and 5791 packag- 

ing* w i t h  no evidence of darnage from 

v i b r a t i o n .  

9.6. WATER SPRAY 

A water '  sp ray  s u £ f i c i e n t l y  hea"y t d  keep 

t h e  e n t i r e '  exposed'  s u r f a c e  of t h e  package, 

excep t  t h e  bottom, con t inuous ly  wet dur ing  

a  p e r i o d  of  30 min w i l l  n o t  damage t h e  

package i n  any way o r  have any e f f e c t ,  

o t h e r  t h a n  s l i g h t  coo l ing ,  on t h e  c o n t e n t s .  

The package is  a c t u a l l y  exempt from t h i s  

' t e s t  requirement  s i n c e  t h e  e x t e r n a l  s u r -  

.' f a c e  i s : ' b f  a l l - m e t a l  c o n s t r u c t i o n .  
. . 

9.7. FREE DROP 

A f r e e  drop through a  d i s t a n c e  of 4  f t  on- 

t o  a  f l a t ,  e s s e n t i a l l y  uny ie ld ing ,  h o r i -  

zonkal. s .urface, ,  s t r i k i n g  t h e  s u r f a c e  i n  a  

p o s i t i o n  f o r  which maximum damage i s  ex- 

p e c t e d ,  would n o t  reduce t h e  e f f e c t i v e n e s s  

of  t h e . p a c k a g i n g  a s  evidenced by t h e  minor 

daFage, s u s t a i n e d  from ..the 30-£t drop t e s t .  . . . . 

: * ~ h e s . e  s i m i l a r  packagings a r e  d e s c r i b e d  i n :  
J,. F .  G r i f f i n ,  e t  a l . ,  " S a f e t y  Analys is  
Report '  f o r . P a c k a g i ~ i g  (SARP) : ~ ~ ~ / 5 7 9 0 /  
BLF.(ERDA-AL) and ,  USA/5791/BLF (ERDA-AL) ," 
MLM-2242 ( A p r i l  30, 1976) . . 



10. Hypothetical Accident 
Tests 

10.1. GENERAL 

DOE Manual Chapter 0529 requires satis- 

factory performance of packaging when 

the shipping container is subjected to a 

series of four tests simulating accident 

conditions. ~s.cape of radioactive mate-' 

rials must be below defined limits, and 

the package must remain subcritical. The 

fre'e drop, puncture, thermal, and water 

ilrunersion tests must be performed in the 

listed sequence. 

10.2. TEST PACKAGE PREPARATION 

A full-scale shipping container was sub- 

jected to the complete series of four 

hypothetical accident tests. The test 

inner container was packaged using lead 

shot to simulate maximum contents weight. 

Chromel/alumel thermocouples were used 

for temperature measurements inside the 

inner container. In addition, tempera- 

ture sensitive paints were applied to 

the inside and'outside walls of the inner 

container. The paints and labels were 

formulated to melt at 200°F (93OC), 300°F 

(14g°C), 400°F (204°C), and 500°F (260°C) 

and were cnlnr coded. The metal drum had 
a chromel/alumel thermocouple attached to 

its outer surface and one thermocouple 

placed near the top surface of the drum 

to measure flame temperature. 

During firidl ass'embly of the packagc, 

the bolt used to fasten the closure ring 

in place was aligned with the seam of the 

drum so this,could be identified as the 

weakest part of the drum id. the free-drop 

test. 

10.3. FREE-DROP TEST PROCEDURE 

This test requires a'free drop through a 

distance of '30-ft onto a flat, essentially 

unyielding, horizontal surface. The pack- 

age is positioned to strike the surface in 

a position for which maximum damage is 

expected. 

A drop tower equipped with a hoist was 

used to drop the package from a height of 

30 ft onto a steel-covered concrete drop 

pad. The package was oriented upside down 

at a 45O angle so that the bolt on the bolt 

ring would strike the pad first. The con- 

tainer was dropped in precisely the ini- 

tial orientation since no twisting motion 

was imparted to it by the'quick release 

hook used. 

10.4. PUNCTURE TEST PROCEDURE 

This test requires a free drop through a 

distance of.40-in. striking, in such a 

position'that maximum damage is expected, 

the top end of a vertical, cylindrical, 

mild'steel bar mounted on,an essentially 

unyielding horizontal surface. The bar 

must have a 6-in. diameter, with the top 

horizontal and its edge rounded to a 

radius of not more than 1/4 in., and of 

such a .length' as to cause maximum damage 
. . 

to the package, but not less than 8-in. 

long. The long axis of the bar must be 

perpendicular to the unyielding horizontal 

surface. 

This test was conducted in a manner simi- 

lar to the Free-Drop Test. 

10.5. THERMAL TEST PROCEDURE 

This test requires exposure to a thermal 

test in which the heat input to the pack- 

age is not less than that which would 



result from exposure of the whole package 

to a radiation environment of 147S°F 

(800°C) for 30 min with an emissivity 

of 0.9, assuming the sur.faces of the 
. . 

package have an absorptivity of 0.8. The 

package may not be cooled artificially 

until 3 hr after the test period, unless 

it can be shown that the temperature on 

the inside of the package has begun to 

fall in less than 3 hr. 

The fire test facility was designed to 

meet the DOT/ERDA hypothetical accident 

conditions. To simulate actual condi- 

tions, the test facility provides an 

open, aviation-gasoline-fueled fire. A 

water spray system was designed into the 

facility to eliminate the huge volumes 

of smoke normally associated with open 

gasoline £,ires. '~irid effects are re- 

duced by 8-ft high firebrick walls on 

three sides and on -the fourth side a 4-ft 

wall to permit viewing and ease of hand- 

ling the shipping containers. The base 

of the fire pit is poured concrete meas- 

uring 10 x 10 x 0.5 ft deep. Fuel and 

seven water spray nozzles are located in 

the fire pit base which is flooded with 

water 5 in. deep to avoid excessively 

heating the pit. A 5-HP. fan supplies 
3 approximately 8000 ft /min of air through 

the air manifold outlets located in two 

opposing 8-ft sides just above the fire 

pit. 

The 100-octane aviation gasoline is con- 

tinuously gravity fed to the distribution 

system from a 5,000-gal, buried tank lo- 

cated approximately 100 ft from the fire 

pit. The gasoline floats to the surface 

of the water and burns. The water nozzle 

spray is directed horizontally providing 

complete coverage of the burning aviation 

fuel surface. The water spray reduces the 

smoke plume well below maximum allowable 

requirements. 

The package was mounted on a stand 2 ft 

above the water surface and was centered 

within the burning area approximately 3 

ft from the sides. 

The temperatures obtained throughout the 

tests are plotted as a function of time 

in Figure 10-1. The temp,eratures were 

measured at the locations indicated in. 

Figure 10-2. ~hromel/alumel ' thermo~couples 

and a multipoint recorder were,used to 

monitor the tests. 

10.6. WATER-IMMERSION TEST 

PROCEDURE 

This test is necessary f o ~  fissile mater.ia1 

packages only. The test requires immersion 

in water to the extent that ali.portidns 

of the package to be tested are under at 

least 3 ft of water for a period of not' 

less than 8 hr. 

A permanently installed, 10-ft diameter 

by 9-ft deep tank, equipped with a 2-ton 

hoist, was used. Prior to this test, the 

inner container was removed from the in- 

sulated..drum assemblies. The tank was 

filled 'to a depth of 51 in. to ensure im- 

mersion of all parts of the container un- 

der at least 36 in. of water. The inner 

containe'r was immersed overnight for '20 

hr , since it was inconvenient 'to withdraw 
it after the required 8-hr minimum period. 

10.7. TEST RESULTS 

The results of the.hypothetica1 accident 

tests are summarized in Table .lo-1. The 

container passed the. drop test to the 

extent that the drum covers remained 



Time, min 

F I G U R E  10-1 - T e m p e r a t u r e s  a s  a f u n c t i o n  o f  t i m e  I n  f l r e  t e s t .  



inper container reached approximately 
F I G U R E  1 0 - 2  - T h e r m o c o u p l e  l o c a t i o n s  f o r  
f i r e  t e s t .  the same tempeyafure. The silicone O-ring 

intact, and the inner container dld not 

suffer pny observable damage. The punc- 

ture test caused only a min~r dent In the 

drum. The inqer container passed the im- 

Maximum 
Temperature 

(lOO°F Ambient) 
Tota 1 of Lnnpr 
Package 40-in. Cont. After Immersion 
Weight 30-ft ~ u n ~  ture 30-min Fire Test 
(lb) Drop Results Results Results - (OF) 

4 

3 7 Weldgd closure plinor; 2 3 5 No 
ring lugs. Cover Rent Leakage 
completely intact 

I 
(3 *n, den*) 

mersion test with no evidence of water 

leakage into the inner container. The 

o 6 ,inner container was removed from the In- 

sulated drum assembly prior to thls test. 

In addition, after the immersion test, 

the inner container was reassembled, using 

the save O-ring, and found to be hellum 

leak tight ak an instrument sensitivity 

of 10'4 sfd cm3/sec when containing 20 

psig of helium pressure. 

The pgcksge pasqed the fire test. The 

top outside surface of the inner 
container reached g maximum tempera- 

seals used to seal the inner container of 10Q°F. Based on this, the inner con- 

did not appear damaged in gny way. The tainer surface temperature reached 200°F 

ture of 200°F, end the interior of the 

average tepperature of the package pripr +' 35'~ = 23S°F when corrected to 100°F 
to the fire tesk was est.imated to be 65OF. apbient. Thy$, as shown in Table 6-2, 

Thus, a 35OF correction mu$t be added t~ the maxjmum inney container temperature 
the resulting temperatures to adjust to with a 7.0 W heat load at the hypotheti- 

the required initial package temperature cal accident fine copdition is 435OF. 



11. , Criticality Eualuation . .  

and Transport Limits 
11.1. GENERAL 

The c r i t i c a l i t y  sh ipp ing  l i m i t s  f o r  f o u r  

forms of  f i s s i l e  m a t e r i a l  t o  be shipped 

in.DOE-9506 (4-gal .drums)  sh ipp ing  con- 

t a i n e r s  were eva lua ted .  Th i s  sh ipp ing  

c o n t a i n e r  cons i s ' t s  of an  0-r ing-sealed 

s t e e l  i n n e r  c y l i n d e r  c e n t e r e d  w i t h i n  t h e  

drum by f i r e  r e t a r d a n t  i n s u l a t i o n .  The 

p e r t i n e n t  dimensions of  t h e  i n n e r  and 

o u t e r  c y l i n d e r s  a r e  g iven i n  Table 11-1. 

The f o u r  forms o f -  f i s s i l e  m a t e r i a l  i n -  . 

v e s t i g a t e d  were uranium-235, plutonium- 

239, plutonium-238 and uranium-233 meta l .  

The t a b u l a t e d  r e s u l t s  may a l s o  be a p p l i e d  

t o  compound's of  t h e s e  m a t e r i a l s  such a s  

o x i d e s ,  f l u o r i d e s ,  c h l o r i d e s ,  .and n i t r a t e s .  

11.2.  ASSUMPTIONS. 

I n  o r d e r  t o  e v a l u a t e  shipping l i m i t s ,  

c r e d i b l e  a c c i d e n t  c o n d i t i o n s  must be es -  . . . .  
t a b l i s h e d .  A t  h y p o t h e t i c a l  a c c i d e n t  con- 

d i t i o n s ,  d i s t o r t i o n  of t h e  o u t e r  drum i s  

prevented by t h e  f i r e  r e t a r d a n t  i n s u l a -  

t i o n ,  s o  t h a t  t h e  i n t e r - u n i t  spac ing  of  

t h e  i n n e r  c o n t a i n e r s  i n  an  a r r a y  of  drums 

is assumed t o  remain c o n s t a n t .  During i m -  

mersion i n  w a t e r ,  t h e  s e a l e d  i n n e r  con- 

. . . . 
being .vented,  w i l l  l e a k .  Thus, t h e  f i s s i l e  

m a t e r i a l  w i i l ,  n o t  mix wi th  moderating mate- 

r i a l ;  i . e . ,  t h e  H/X r a t i o  remains a lmost  

ze ro ,  b u t  t h e  i n t e r u n i t  moderation can i n -  

c r e a s e .  The i n t e r u n i t  spac ing  is  l a r g e ,  

however ( i . e . ,  21.75 i n . ) ,  and is  f i l l e d  

wi th  t h e  f i r e - r e t a r d a n t  i n s u l a t i o n ,  s o  

t h a t  t h e  i n t e r a c t i o n  between u n i t s  would 

be s m a l l .  I n  an  a r r a y  of  cont iguous  drums, 

t h e r e f o r e ,  t h e  i n t r o d u c t i o n  of  a d d i t i o n a l  

moderating m a t e r i a l  i n  t h e  drum would de- 

c r e a s e  t h e  i n t e r a c t i o n  between u n i t s  o r  

have l i t t l e , e f f e c t  on t h e  i n t e r a c t i o n .  

Thus, in- leakage of water  i n  t h e  o u t e r  

drum would have a  b e n e f i c i a l  o r  ve ry  

smal l  e f f e c t  on r e a c t i v i t y .  This  assump- 

t i o n  was checked and v e r i f i e d  by making 

c a l c u l a t i o n s  w i t h  t h e  KENO Monte-Carlo 

c r i t i c a l i t y  code. [ l ]  Thus, t h e  damaged 

packages w i l l  be  l e s s  r e a c t i v e  than  t h e  

undamaged ones ,  and a l l  c a l c u l a t i o n s  were 

made f o r  undamaged packages. 

11.3.  METHOD 

The maximum u n i t  mass i n  kilograms f o r  a  

s p e c i f i c  number of drums t o  form a  c r i t i c a l  

a r r a y  was determined by i n t e r p o l a t i n g  t h e  

t a b l e s  g iven . i n  t h e  "Guide f o r  Nuclear 

C r i t i c a l i t y  S a f e t y  i n  t h e  S to rage  of 

F i s s i l e  m a t e r i a l s . "  [2]  Th i s  i n t e r p o l a t i o n  . . 

r e q u i r e s  .an e f f e c t i v e  cub ic  dimension f o r  

t h e  drum, which was e v a l u a t e d  by e q u a t i n g  

t a i n e r  d i d  n o t  l e a k .  The o u t e r  drum, t h e  drum volume t o  a  c u b i c a l  volume. Th i s  

. T a b l e  11-1 - DIMENSIONS OF 1NNER.CYLINDER AND DRU 7 
0.d.  
( i n . )  

. . .  
I n n e r  c o n t a i n e r  ' 3.0 

i . d .  
( i n .  ) 

I n s i d e  . Outs ide  
Height  Height  I n n e r  
( i n . )  ( i n .  Volume 

5.13 5.53 20.4 
cu .  i n .  

E f f e c t i v e *  
Cubic 

Dimensions 
( i n . )  . &...,. ..?.,.~.-.. .... -- . . 

14.25 4 g a l  10.98 

I * L e n g t h o f  a side j f  8 cube of volurnc e q u a l  t b  t h a t  of  t h e  dmm.  
' I 



dimension is  given i n  Tab le  11-1. The 

v a l u e s  i n  t h e s e  t a b l e s  are based on sev- 

e r a l  c o n s e r v a t i v e  assumpt ions:  

1) The mass l i m i t s  f o r  t h e  i n d i v i d u a l  . 

u n i t s  i n  a n  a r r a y  w i l l  p roduce a n  

a r r a y  m u l t i p l i c a t i o n  ' f a c t o r  of  l e s s  

t h a n  0.95; 

2) The a r r a y s  a r e  assumed t o  be  r e f l e c t e d  

w i t h  30 i n .  of  w a t e r  o r  5  i n . . o f  con- 

crete; 

3) A l l  u n i t s  a r e  assumed t o  be s p h e r i c a l ,  

which i s  t h e  most r e a c t i v e  conf igura -  

t i o n  ; 

4) The l i m i t s  p rov ide  f o r  c i o s e  f i t t i n g  

c o n t a i n e r s  o f  up t o  1/2 i n .  i n  t h i c k -  

n e s s  ; 

5) The mass l i m i t s  assume a i r -spa 'ced 

a r r a y s ,  b u t  a l l o w  f o r  moderat ion pro- 

duced by f i r e  p r o t e c t i o n  sys tems .  

( T h i s  is c o n s e r v a t i v e ,  s i n c e  t h e  in -  

s u l a t i o n  which e x i s t s  between t h e  u n i t s  

would d e c r e a s e  t h e  i n t e r a c t i o n  and 

r e a c t i v i t y . )  

The F i s s i l e  C l a s s  l i m i t s  t h a t  a p p l y  t o  

t h i s  c o n t a i n e r  were e v a l u a t e d  a s  fo l lows :  

Packages which may'be t r a n s p o r t e d  i n  un- 

l i m i t e d  numbers a r e  d e s i g n a t e d  a s  P i s s i l e  

C l a s s  I .  I n  e v a l u a t i n g  u n i t  mass l i m i t s  

f o r  t h i s  c l a s s  of  packages,  t h e  "un l imi ted  

number" was t a k e n  t o  be  2500. . 

The T r a n s p o r t  Index o f  a  package r e q u i r i n g  

F i s s i l e  C l a s s  I1 des lg r i a t ion  was e v a l u a t e d  

by d i v i d i n g . t h e  number o f  packages o f  a  

c r i t i c a l  a r r a y  i n t o  250. S i n c e  t h e  t o t a l  

T r a n s p o r t  1ndex ( i . e . ,  t h e  sum of t h e  i n -  

d i v i d u a l  t r a n s p o r t  i n d i c e s )  o f  a  F i s s i l e  

C l a s s  I1 shipment must be  l e s s  t h a n  50, 

t h e  number of  packages sh ipped  F i s s i l e  

C l a s s  I1 i s  no more t h a n  1/5  t h e  c r i t i c a l  

number. 

A shipment  of  packages w i t h  a  t o t a l  

T r a n s p o r t  Index g r e a t e r  t h a n  50 and 

individual packages w i t h  a ' T r a n s p o r t  Index . 

g r e a t e r  t h a n  10 must be  shipped F i s s i l e  

C lass  111. The number of  packages which 

can be shipped Class  I11 i s  one-half t h e  . 

c r i t i c a l  number. 

1 1 . 4 .  RESULTS . . 

The u n i t  mass l i m i t s  of t h e  f o u r  i s o t o p e s  

f o r  a  s p e c i f i e d  number of  packages t o  pro- . 

duce a  c r i t i c a l  a r r a y  ( a o t u a l l y ,  an  a r r a y  

keff  ~ 0 . 9 5 ) ~  a long wi th  t h e  Transpor t  In- 

dex a s s o c i a t e d  wi th  t h e s e  mass l i m i t s ,  a r e  

g iven i n  Table  11-2. The mass l i m i t s  f o r  

2500 u n i t s  ( o r  packages) a r e  F i s s i l e  C lass  

I mass l i m i t s .  The number of u n i t s  i n  a  

c r i t i c a l  a r r a y  a s  a  f u n c t i o n  of  u n i t  mass 

f o r  t h e  f o u r  i s o t o p e s  a r e  shown p l o t t e d  

i n  F igures  11-1 , th rough  1 1 - 4 ;  t h e  Trans- 

p o r t  I n d i c i e s  a s  a  f u n c t i o n  o f  u n i t  mass 

a r e  g iven i n  F i g u r e s  11-5.through 11-8.. . .  

The c r i t i c a l i t y  l i m i t s '  g iven f o r .  p lu ton-  

ium-238 a r e  academic, s i n c e  t h e  mass' l i m i t s  

f o r  t h i s  i s o t o p e  a r e  l i m i t e d  by h e a t  d i s -  

s i p a t i o n  r a t h e r  than  c r i t i c a l i t y .  A s  a  

r e s u l t  o f .  t h e  h igh  h e a t  d e n s i t y  of t h i s  

m a t e r i a l  ( - 0 . 5  W/g) , the '  amount of mate- 

r i a l  t h a t  would be shipped i n  any one con- 

t a i n e r  w i l l  be 1 i m i t e d . t o  7 . 0  W ,  which is  

'much lower t h a n  t h e  u n i t  masses g iven  i n  

Table 11-2. 

A s  s t a t e d  i n  S e c t i o n  11.2,  KENO c a l -  

. c u l a t i o n s  were used t o  v e r i f y  t h a t  t h e  

assumption of an a i r - spaced  a r r a y  is  

c o n s e r v a t i v e  a s  used i n  o b t a i n i n g  t h e  

va lues  i n  Table  11-2. The KENO c a l -  

c u l a t i o n s  were f d r  a '  s p e c i f i c  example 

c a s e  and a s  such were used a s  a  check 

and n o t  f o r  developing t h e  r e s u l t s  of  

Table  11-2. The c a s e  cons ide red  was 

a s  square  a r r a y  of  25 u n i t s  c o n t a i n i n g  

plutonium-239 a t  t h e  mass l i m i t  o f  4 .7  kg 

pe r  u n i t .  The plutonium was assumed t o  be 

d i s t r i b u t e d  evenly  throughout  t h e  i n n e r  

c y l i n d e r .  C a l c u l a t i o n s  were made f o r  an 



a i r - s p a c e d  a r r a y  and a r r a y s  c o n t a i n i n g  

h a l f  d e n s i t y  and f u l l  d e n s i t y  w a t e r  be- 

tween t h e  u n i t s .  The a r r a y s  w e r e  r e f l e c t e d  

w i t h  30 c m  o f  w a t e r  on a l l  s i d e s .  The 

r e s u l t s  of  t h e s e  c a l c u l a t i o n s  a r e  g iven  

i n  Tab le  11-3. These  r e s u l t s  s u p p o r t  t h e  

assumpt ion  t h a t  t h e  i n s e r t i o n  o f  modera t ing  

m a t e r i a l  between t h e  u n i t s  d e c r e a s e s  t h e  

r e a c t i v i t y  o f  t h e  a r r a y .  

11 .5 .  SAMPLE EVALUATION OF SHIPMENT 

2.0 ,  s o  25 packages  c a n  be  sh ipped  

F i s s i l e  C l a s s  11. I f  it i s  d e s i r e d  t o  

s h i p  more t h a n  25 packages ,  t h e  s h i p -  

ment must go F i s s i l e  Class 111. From 

F i g u r e  11-4, 125 packages make up a c r i t i -  

c a l  a r r a y ,  s o  62 packages can  be  s h i p p e d  

F i s s i l e  C l a s s  111. 
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C r i t i c a l i t y  S a f e t y  i n  S t o r a g e  o f  

F i s s i l e  M a t e r i a l s ,  ANS Pub. N16.5 

(ANS-8.71, Feb rua ry  1973. 

Table .  11-2 - UNIT MASS LIMITS AND TRANSPORT- 
INDICES FOR CRITICAL ARRAYS 

Number o f  U n i t s  

2 5 
50 

10 0 
200 
400 
60 0 
800 

1000 
1500 
2000 
2500 ( F i s s i l e  
C l a s s  I L i m i t s )  

*Mass o f  uranium-235 p e r  package l i m i t e d  by p h y s i c a l  s i z e  o f  i n n e r  
c o n t a i n e r  t o  -5.9 kg. 

**Mass l i m i t  o f  plutonium-238 p e r  package r e s t r i c t e d  by maximum h e a t  
l o a d i n g  of 7 w a t t s .  

----Table 11-3 - KENO CALCULATED keff  FOR PACKAGES CONTAININ- 
4.7 kg o f  PLUTONIUM-239 I N  A 5 x 5 ARRAY 

Modera t ion  Between u n i t s  

A i r  

Half  Dens i ty  Water 

F u l l  D e n s i t y  Water 



Unit Mats, kg . .. 
. . Unit Mass, kg ' 

F IG  
t a  i 
u  r a  

URE 1 1 -  
n e r s  v s  
n i  um-23 

1  - C r i t i c a l  number  o f  c o n -  FIGURE 1 1 - 2  - C r i t i c a . 1  number o f  con -  
u n i t  mass p e r  c o n t a i n e r  f o r  t a i n e r s  vs  u n i t  mass p e r  c o n t a i n e r  f o r  

5 .  p l u t o n i u m - 2 3 9 .  



Unit Mau, kg Unit Mass, kg 

FIGURE 11-3 - Critical number of con- FIGURE 11-4 - Critical number 0.f con- 
tainers vs unit mass per container for tainers vs unit mass per container for 
pl utonium-238. uranium-233. 



Unit Mass, kg . . 

FIG.URE 1 1 - 5  - T r a n s p o r t  i n d e x  v s  u n l t  mass f o r  u r a n i u m - 2 3 5 .  
. . 



. Unit Mess, kg 

F I G U R E  1 1 - 6  - T r a n s p o r t  i n d e x  v s  u n i t  mass f o r  p l u t o n i u m - 2 3 9 . .  



. o  . 2 .  ; ,. ' 2  . , 3 .  . ,  : , , . ' a .  r ' .  ' 6 .  

Unit Marr, kg 

F I G U R E  11 - 7  - T r a n s p o r t  i n d e x  vs u n i t  mass f o r  p l u t o n i u m - 2 3 8 .  



. Unit Msu, kg 

F I G U R E  1 1  - 8  - .  T r a n s p o r t ,  i n d e x  vs u n i t  mass ' f o r  u r a n i  urn-233. 



12. Radiation Shielding 

12.1. GENERAL 

The neutron and gamma dose rates ex- 

pected at 3 ft (Transport Index) from 

the surface were calculated for the sub-. 

j ect container. 

12.2. ASSUMPTIONS AND DISCUSSIONS 

The. foll.owing assumptions were. made: 

1. Plutonium-238 dioxide is the radio- 

active material which is analyzed. 

This material comprises essentially 

100% of the Laboratory shipments. 

Based upon the known decay radiation 

spectrums it can be stated that for 

plutonium-239 metal and oxide and 

uranium-235 metal and oxide that the 

maximum permissible quantity per pack- 

age as determined. by.criticality anal- 

ysis and listed in Table 11-2 'will .not 

result in a total dose rate in excess 

of 200 mrem/hr at any accessible point 

on the surface of the.package or re- 

sult in a total dose rate in excess' 

of 10 mrem/hr at 3 ft from any acces- 

sible' external surface of the package. 

Since the shielding requirements for 

shipments of uranium-233 vary with the 

amount of uranium-232 impurity present, 

the radiation shielding evaluation for 

this materia1,must be the responsibil- 

ity of the shipper. The same reason- 

ing is applied to shipments of thorium 

isotopes since the decay spect.rum 

varies with isotopic content. Again 

the individual shipper 'will be respon- 

sible for a shielding evaluation. 

Neutron yield from typical plutonium- 

238 dioxide shipped, is 1 x 104 n/sec-g 

of plutonium-238. This is somewhat 

higher than the neutron emission from 

heat-source' grade plutonium-238 diox- 

ide; howeyer, it is assumed that mate- 

rials that are not as pure as heat- 

source grade wiil be shipped at times. 

Neutron multiplication due to internal 

fission was -20% of (a,n) neutrons. 

~ncrease in neutron dose Late due to 

scatter and buildup was -10% of (a,n) 

neutrons. 

The packaging components would not. 

significantly reduce the neutron dose 

rate. 

The average neutron'energy is approxi- 

mately 2 MeV. 

Note: The (a.,n) average energy is 

-1.00 MeV. 

The fission spectrum energy is 

-1.00' MeV. 

The spontaneous' fission energy 

is -1.00 MeV. 

Point source emission with no correc- 

tion,,for anisotropy. 
. . 

Ratio of unshielded neutron to gamma 

dose rate is approximately 15:l. 

For gamma shielding the ,linear atten- 

uation coefficient, p (cm-l) , for iron 
is a good approximation for the actual 

packaging construction materials. 

10. The sample is located near the geo- 

metric center of the primary packaging 

and this is approximately the geometric 

center of the package- 



12.3. RESULTS AND CONCLUSIONS 
D = S (Neutron Yield) = S 4TrLCf (Neutron 4nr2cf 

The authorized quantities shown in Table flux to dose rate 

12-1 for each package will not result in 

a total dose rate in excess of 200 mrem/ 

hr at any accessible point on the surface 

conversion factor) 

where Cf = 7.3 n/cm2-sec per ,l mrem/hr 

or result in a total dose rate in excess (Reference 1) 
1 x 104 

of 10 mrem/hr at 3 ft (Transport Index) Dn = = 0.57 mrem/hr/g 

from any accessible external surface of 4.T(13'8) 2(7.3) of plutonium-238 
as oxide 

the package. 

Internal Fission Multiplication Effect: 

-Table 12-1 - AUTHORIZED QUANTITIES 
OF PLUTONIUM-238 (IN OXIDE FORM) 

PER PACKAGE AND RESULTS OF 
RADIATION SHILEDING ANALYSIS 1 

Authorized 
Quantity Quantity 
Based on. Based on 
Dose Rate Internal 

Packaging Criteria Heating* 

(g) (g) 

(0.57 mrem/hr) (1.2) = 0.69 mrem/hr 

Scatter and Buildup Effect: 

(0.69) (1.1) = 0.76 mrem/hr 

Gamma Dose Rate: 

- - mrem/hr = 0.038 . mrem/hr 

Effect of shielding on Gamma Dose Rates: 

4 gal 256 115 ' 16 7.0 

For the packaging' and contents proposed, = Unshielded gamma dose rate. 

the dose rates could never exceed 1000 I = roeAx = 0.038 e-0-527. x 1.111 

mrem/hr at 3 ft from the external surface = 0.021 mrem/hr 

T = Linear Attenuation Coefficient 

= 0.527 cm-1 for iron for a gamma 

*These values, based on internal 
heating restrictions, are.the ones 
that are applied for.shipment. 

of a.totally unshielded package; there- Total Dose Rate: 

fore, compliance with ERDAM 0529 F.1.a. The total dose rate per gram of plutonium- 
is assured. -238 iq..oxide form is the sum of the neu- 

photon energy of 0.725 MeV. 

x = Equivalent thickness of iron shield- 

ing for 4-gal packaging. 

. ' tron and gamma dose rates. 
12.4. SAMPLE CALCULATIONS 

Some calculations are given for determin- .Dl = Dn + Dy = 0.76 + 0.02 = 0.78 mrem/hr 

ing the quantity of plutonium-238 in oxide 

form which could be placed in the 4-gal Allowed Quantity Based on-D2se Rate 

package such that appropriate penetrating Criteria : 
radiation exposure criteria in 10 CFR.49 

are not exceeded. . Surface of Package 

Allowed Quantity = 200 mrem/hr : 0.78 
Neutron Dose Rate: 

mrem/hr/g plutonium-238 as oxide = 256 g 

The neutron dose rate (Dn) was calculated 

at 13..8 cm (radius of package or surface Transport Index (3 ft from surface). 

of 'package) for 1 g of plutonium-238 in 

oxide form. 



The same procedure was followed to cal- 

culate the total dose rate per gram of 

plutonium-238 at 3 ft from the surface 

of the package. This value was 0.013 

mrem/hr . 

Allowed Quantity = 10 mrem/hr I 0.013 

mrem/hr/g plutonium-238 as oxide = 769 g. 

Both of these quantities exceed the 

authorized quantity based on interdal 

heating, hence the authorized 'contents: 

were determined based on internal heating 

restrictions. 

1. Protection Against Neutron Radiation 

up to 30 Million Electron Volts, 

Handbook 63, U. S. Department of 

Commerce, National Bureau of Standards, 

Washington, D. C. 



13. Quality Control 
The shipping containers are inspected 

and the inspections are. documented in 

compliance with DOE Manual 0529. The 

particulars of the.inspections are pro- 

vided in Mound ~aboratory Drawing No. 

SPA770530 (see Appendix A p. A-2). 

Visual, dimensional, and functional in-. 

spections are performed at various stages . , 

of fabrication and on receipt of the con- 

tainers from the fabricator prior to use. 

Prior to first use, it is required that 

. . 
the inner containers must pass a helium 

leak test with no ,detectable'.leak . . greater 

than 1 x std. cm3/sec when .filled. 

with 15 psig of helium. Visual. and. func- 

tional inspections are performed prior to 

reuse. 

In addition to the.above inspections, 

packaging and unpackaging procedures are 

provided (see Appendix B) to ensure proper 

handling and to provide documentation of 

operations. 
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PART 1. INSPECTION PROGRAM - GENERAL 

Monsanto Research Corporation Drawing Number SPA770530 descr ibes  

t he  genera l  na ture  of t h e  inspec t ion  program fo r  the  9506 

packages. This  document is  reproduced on t h e  following pages. 
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1. G E N E R A L .  

1.1 Scope.   his i s  a n  i n s p e c t i o n  c r i t e r i a  document f o r  t h e  9506 
r a d i o a c t i v e  m a t e r i a l s  s h i p p i n g  c o n t a i n e r .  T h i s  c o n t a i n e r  i s  
more c o m p l e t e l y  i d e n t i f i e d  a s  USA/9506/BLF(DOE-AL). 

1 . 2  T h i s  document d e f i n e s  t h e  comple t e  r e c e i v i n g  a c c e p t a n c e  
i n s p e c t i o n  and r e i n s p e c t i o n  p r i o r  t o  r e u s e  t o  be performed 
a s  r e q u i r e d  by Department  o f  Energy Manual, Chap te r  0529, 
i n c l u d i n g  r e s p o n g i b i l i t i e s ,  i n s p e c t i o n  c r i t e r i a  and documenta t ion  
r e c o r d s .  The p u r p o s e  o f  t h i s  document i s  t o  e s t a b l i s h  a n  . 
e f f e c t i v e  sys t em f o r  a s s u r i n g  compl iance  w i t h  t h e  d rawings ,  
s p e c i f i c a t i o n s  and d e s i g n  i n t e n t .  

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

2 . 1  The 9506 s h i p p i n g  c o n t a i n e r  i s  d e s i g n e d  t o  s h i p  o f f s i t e  
r a d i o a c t i v e  m a t e r i a l s ,  i n c l u d i n g  Pu 238 o x i d e .  I t  meets  t h e  
s a f e t y  r e q u i r e m e n t s  o f  t h e  Department  of  Energy and t h e  
un ique  r e q u i r e m e n t s  o f  t h e  v a r i o u s  m a t e r i a l s  which a r e  
s h i p p e d  i n  them. 

2.2 The c o n t a i n e r  i s  i l l u s t r a t e d  i n  F i g u r e  1. I t  c o n s i s t s  o f  an 
o u t e r  steel drum and a n  i n n e r ,  s teel  p r imary  c o n t a i n e r .  
Space  be tween t h e  s t e e l  drum and i n n e r  c o n t a i n e r  i s  packed 
w i t h  i n s u l a t i o n  t o  p r o v i d e  f o r  mechanica l  p r o t e c t i o n  and 
t h e r m a l  i n s u l a t i o n  d u r i n g  a c c i d e n t  c o n d i t i o n s .  

I  
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3.  A P P L I C A B L E  D O C U M E N T S .  

3 . 1  Monsanto Resea rch  C o r p o r a t i o n  Drawings: 

AYD770533 - S h i p p i n g  C o n t a i n e r  Assembly 

AYC760065 - I n n e r  C o n t a i n e r  Body 

AYC760064 - I n n e r  C o n t a i n e r  Cover 

SPA770531 - I n i t i a l  Acceptance  I n s p e c t i o n  C r i t e r i a  and 
Data  S h e e t s  

SPA770532 - F a b r i c a t i o n  and I n s p e c t i o n  C e r t i f i c a t i o n  

3.2 O t h e r  Documents: 

MRC Sh ipp ing  C o n t a i n e r  O p e r a t i o n  S h e e t ,  Manual Number 
MD-70152, O p e r a t i o n  1. 

Department  o f  Energy Manual, Chap te r  0529. 

S a f e t y  A n a l y s i s  Repor t  f o r  Packing  (SARP) :  USA/9506/BLF(DOE- 
AL),  MLM 2460, Monsanto Research  Corp. ,  Miamisburg, Ohio,  
November 11; 1977. 

4. G E N E R A ' L  P R O V I S I O N S .  

4 ; l  R e s p o n s i b i l i t i e s .  The manufac tu re r  i s  r e s p o n s i b l e  f o r  
a s s u r i n g  t h a t  a l l  s p e c i f i c  r e q u i r e m e n t s  a r e  met and s h a l l  
u t i l i z e  a c c e p t e d  q u a l i t y  c o n t r o l  measures d u r i n g  manufac tu re .  
Monsanto Resea rch  C o r p o r a t i o n  r e s e r v e s  t h e  r i g h t  t o  a u d i t  
t h e  m a n u f a c t u r e r ' s  f a c i l i t i e s  and p rocedures  a s  r e q u i r e d .  
MRC E n g i n e e r i n g  i s  r e s p o n s i b l e  f o r  e s t a b l i s h i n g  i n s p e c t i o n  
c r i t e r i a  f o r  r e c e i v i n g  a c c e p t a n c e  and r e u s e ,  and f o r  p r o v i d i n g  
t h i s  document. . .. 

. . 

MRC Nuc lea r  O p e r a t i o n s  Q u a l i t y ' C o n t r o l  i s  r e s p o n s i b l e  f o r  
. a u d i t i n g  t h e  Q u a l i t y  C o n t r o l  Program and r ev iew o f  a p p l i c a b l e  
d rawings  and  s p e c i f i c a t i o n s  t o  a s s u r e  t h a t  t h e  Q u a l i t y  C o n t r o l  
Program is c a r r i e d  o u t  as d e f i n e d .  MRC Nuclear  M a t e r i a l  
Management and  Material C o n t r o l  Group i s  r e s p o n s i b l e  f o r  t h e  
r e c e i v i n g  a c c e p t a n c e  i n s p e c t i o n ,  and r e t a i n i n g  a p p r o p r i a t e  . 
f i l e s  t o  document t h e  i n s p e c t i o n s .  MRC c o n t a i n e r  u s e r s  a r e  
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1 4 . 1  Cont inued I 
r e s p o n s i b l e  f o r  p r o v i d i n g  n e c e s s a r y  i n f o r m a t i o n  p e r t i n e n t  
t o  t h e  m a t e r i a l s  t o  be  s h i p p e d ,  a p p r o p r i a t e  l o a d i n g  p rocedures  
f o r  t h e s e  m a t e r i a l s ,  and t h e  i n i t i a t i o n  o f  procurement  and 
r e u s e  i n s p e c t i o n  a c t i v i t i e s  i n  c o o p e r a t i o n  w i t h  MRC Nuclear  
M a t e r i a l  Management and M a t e r i a l  C o n t r o l  Group. 

I n s p e c t i o n  and Acceptance.  Each c o n t a i n e r  s h a l l  be  examined 
and t e s t c d  f o r  d e f e c t s ' i n  acco rdance ,  a s  a p p l i c a b l e ,  w i t h  
t h e  r e q u i r e m e n t s  s p e c i f i e d  i n  t h e  f o l l o w i n g  S e c t i o n s  5  and 
6 o f  t h i s  document. 

I N I T I A L  A C C E P T A N C E  I N S P E C T I O N S .  

D e f i n i t i o n  o f  D e f e c t s .  D e f e c t s  a r e  c l a s s i f i e d  as c r i t i c a l ,  
ma jo r ,  o r  minor .  A c r i t i c a l  d e f e c t  i s  a  d e f e c t  t h a t  judgment 
and e x p e r i e n c e  i n d i c a t e  i s  l i k e l y  t o  r e s u l t  i n  haza rdous  . 
o r  u n s a f e  c o n d i t i o n s  f o r  i n d i v i d u a l s  u s i n g  o r  depending  on 
t h e  c o n t a i n e r  f o r  i t s  i n t e n d e d  purpose .  A major  d e f e c t  i s  
a  d e f e c t ,  o t h e r  t h a n  c r i t i c a l ,  t h a t  i s  l i k e l y  t o  r e s u l t  i n  
f a i l u r e ,  o r  t o  r educe  m a t e r i a l l y  t h e  u s a b i l i t y  o f  t h e  c o n t a i n e r  
f o r  i t s  i n t e n d e d  purpose .  A minor d e f e c t  i s . a  d e f e c t  t h a t  
i s  n o t  l i k e l y  t o  r educe  m a t e r i a l l y  t h e  u s a b i l i t y  o f  t h e  
c o n t a i n e r  f o r  i t s  i n t e n d e d  pu rpose ,  o r  i s  a  d e p a r t u r e  from 
e s t a b l i s h e d  s t a n d a r d s  hav ing  l i t t l e  b e a r i n g  on  t h e  e f f e c t i v e  
u s e  o f  t h e  c o n t a i n e r .  

I n s p e c t i o n  o f  Major Assembl ies .  T h i s  i n s p e c t i o n  s h a l l  c o n s i s t  
o f  v i s u a l ,  d i m e n s i o n a l ,  and f u n c t i o n a l  examina t ion  and tcsts  
o f  major  a s s e m b l i e s  which make up a  comple te  c o n t a i n e r .  The 
major  a s s e m b l i e s  t o  be  i n s p e c t e d  a r e  t h e  I n s u l a t e d  Drum 
Assembly and t h e  I n n e r  C o n t a i n e r  Assembly. 

I n s p e c t i o n  Record. The f a b r i c a t o r  i s  r e q u i r e d  t o  submi t  
a  comple ted  " F a b r i c a t i o n  and I n s p e c t i o n  C e r t i f i c a t i o n "  form 
o r  forms a s  s p e c i f i e d  i n  MRC Dr'awing SPA770532. 

5.4 I n s p e c t i o n  o f  F i n a l  Assembly. The f ' i n a l  assembly s h a l l  be 
examined v i s u a l l y  and f u n c t i o n a l l y  w i t h  r e g a r d  t o  meet ing  
t h e  r e q u i r e m e n t s  o f  t h e  F i n a l  Assembly. D e f e c t s  which s h a l l  
be c a u s e  f o r  r e j e c t i o n  a r e  l i s t e d  i n  MRC Drawing No. SPA770531, 
I n i t i a l  Acceptance I n s p e c t i o n  C r i t e r i a  and Data S h e e t s .  The 
i n s p e c t o r  i s  r e q u i r e d  t o  f i l l  o u t  t h e  d a t a  s h e e t s  s p e c i f i e d  
i n  t h i s  MRC drawing.  
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5.5  I n s p e c t i o n  P l a n .  Each s h i p p i n g  c o n t a i n e r  s h a l l  be i n s p e c t e d  
f o r  a l l  a t t r i b u t e s  l i s t e d  i n  MRC Drawing No. SPA770531. 

6 .  U S E  1 N S . P E C T I O N S .  

6 . 1  C r i t e r i a .  . I n s p e c t i o n s  p r i o r  t o  u s e  of t h e  c o n t a i n e r  a r e  
r e q u i r e d  and a r e  s p e c i f i e d  by MRC Shipp ing  C o n t a i n e r  Opera t ion  
S h e e t ,  Manual Number MD-70152, O p e r a t i o n  1. Tha t  document 
a l s o  s p e c i f i e s  l o a d i n g  p r o c e d u r e s .  

6.2 Documenta t ion .  The O p e r a t i o n  S h e e t ,  MD-70152 o p e r a t i o n  1, 
r e f e r r e d  t o  i n  S e c t i o n  6 . 1  above s p e c i f i e s  t h e  MRC form 
which t h e  i n s p e c t o r  i s  r e q u i r e d  t o  f i l l . o u t .  

6 .3  ~ n s ~ e c t i o n  P l a n .  Each s h i p p i n g  c o n t a i n e r ,  new o r  u sed ,  
is t o  be  i n s p e c t e d  p r i o r  t o  e a c h  u s e  o f  t h a t  c o n t a i n e r :  

1 1 1 1  
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PART 2. FABRICATION FORM 

The i n s p e c t i o n  program o u t l i n e d '  i n  P a r t  1 o f  t h i s  ~ p p e l i d i x  A 

s p e c i f i e s  t h a t  t h e  f a b r i c a t o r  o f  a  9506 i n n e r  c o n t a i n e r  i s  

r e q u i r e d  t o  submi t  a  " F a b r i c a t i o n  and I n s p e c t i o n  C e r t i f i c a t i o n "  

form o r  forms a s  s p e c i f i e d  i n  MRC Drawing No. SPA770532 which i s  

d u p l i c a t e d  on  t h e  f o l l o w i n g  page .  



M CLASSIFICATION 

TITLE I 
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. 1.1 This document specifies the fabrication and inspection certi- 
forms for Type 9506 shipping containers as required by 
Section 5.3 of MRC Drawing No. SPA770530, the document which 
defines the general inspection program for these containers. 

1 2. F O R M S  R E Q U I R E D  

2.1 The fabricator of the inner container must complete Form 
IRC-ML-6352 and 'submit it to lfRC Nuclear Operations Quality 
Control. This form shall. be as shown .on Sheet 3 of this 
specification. 

2.2 The fabricator of an outer container must complete Form MRC- 
la-6353 and submit it to MRC Nuclear Operations Quality 
Control. This forr~~ shall be as shown on Sheet 4 of this. 
specification. 

THIS PRINT IS THE PROPERTY OF MONSANTO RESEARCH CORPORATION AND MUST BE RETURNED TO DRAWING 
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7. Conta ine r  can be assembled 
p r o p e r l y .  

- 

I 8. Helium leal: t e s t  shows no6 
l e a k  g r e a t e r  t h a n  1 x 10 . . 
s t d  c c / s e c  a t  20 p s i g .  . . 

9. Conta ine r  tagged and d a t e d  
t o  i n d i c a t e  i n s p e c t i o n  re -  
s u l t s  s a t i s f a c t o r y .  

1 1 

10. F a b r i c a t o r  o v e r a l l  review 
and approva l  o f  t h i s  con- 
t a i n e r .  

I 

i 
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FABRICATION AND INSPECTION CERTIFICATION 
FOR 9506 INNER SHIPPING CONTAINER 

REFERENCE IRC DRAWING NUMBERS AYC760064 (COVER) 
AND AYC760065 (BODY) 

FABRICATED BY 

INNER CONTAINER SERIAL NUMBER 

SIGNATURE DATE - 
1. Components and m a t e r i a l s  

a s  s p e c i f i e d .  

2. Welded a s  s p e c i f i e d .  

3 .  Visua l  weld examinat ion 
a c c e p t a b l e .  

4. Dye p e n e t r a n t  examinat ion 
a c c e p t a b l e .  

5. Dimensions a s  s p e c i f i e d .  

6. O-ring s u r f a c e  f i n i s h  a s  
s p e c i f i e d .  

I 



FABRICATION AND INSPECTION CERTIFICATION 
FOR 9506 OUTER SHIPPING CONTAINER 

. . REFERENCE MRC DRAWING NUMBER AYD770533 

FABKICATED BY 

OUTER CONTAINER SERIAL NUFIBER 

SIGNATURE - DATE 

I. Drum i s  MS-27634-2. 

2 .  I n s u l a t i o n  and o t h e r  
m a t e r i a l s  and components a s  
s p e c i f i e d .  

3. insulation g lued  a s  s p e c i -  
f i e d .  

4. Dimensions a s  s p e c i f i e d .  

5.  C o n t a i n e r . c a n  be assembled 
p r o p e r l y .  . , 

. 6 .  Con ta ine r  tagged and d a t e d  
to i n d i c a t e  i i l spect iu l l  ~ e =  
s u l t s  s a t i s f a c t o r y .  

7. F a b r i c a t o r  o v e r a l l  review 
and approval  o f  t h i s  

DISTRIBUTION: White . Nuclear OC 
Yellow .Shipping Container Eng. 
Pink . File 
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PART 3.  INITIAL ACCEPTANCE INSPECTION CRITER1A:AND DATA SHEETS 

An i n i t i a l  a c c e p t a n c e  i n s p e c t i o n  is  r e q u i r e d  f o r  t h e  i n s p e c t i o n  

program s p e c i f i e d  i n  MRC Drawing No. SPA770530 and d u p l i c a t e d  i n  ' 

P a r t  1 of t h i s  Appendix A. The c r i t e r i a  f o r  t h i s  i n i t i a l  accep- 

t a n c e  i n s p e c t i o n  a r e  s p e c i f i e d  i n  complete d e t a i l  in.MRC Drawing 

No. SPA770531 which i s  d u p l i c a t e d  on t h e  fo l lowing  pages.  Th i s  

same drawing a l s o  shows t h e  i n i t i a l  accep tance  i n s p e c t i o n  d a t a  

s h e e t s  which t h e  i n s p e c t o r  must f i l l  o u t .  These s h e e t s  a r e  

Monsanto Research Corpora t ion  forms MRC-ML-6354 f o r  t h e  i n n e r  

c o n t a i n e r  and MRC-ML-6355 f o r  t h e  o u t e r  c o n t a i n e r  assembly. 



L J 

SHEET 

ISSUE. 

DWG CLASSIFICATION 
L 

NUCLEAR SH l PP l 
LEVEL a CAT UNC 1 N  I T I  AL ACCEPTANCE l NSPECT l ON 
BY CRITERIA &'OA.TA SHEETS FOR 9506 
TITLE 

CHECKEO DATE I .. . DATE sfo#ol  DATE 2 
4 

ACIROVED DATE 3 rn I 
I 

SC I COOI I M Y T  No -- 
14m6 T V M  
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I 
I 1 

I n i t i a l  Acceptance Inspect ion C r i t e r i a ' a n d  Data Sheet 
f o r  9506 Inner Shipping Container 

I d e n t i f i c a t i o n  

Inner  container .  s e r i a l  n.umber 
Manufactured by 

Vendor C e r t i f i c a t i o n  

1. Form MRC-ML-6352 completed s a t i s f a c t o r i l y  and submitted. , 
Visual  Inspect ion 

1. "Radioactive Material" and s e r i a l  number c l e a r l y  stamped 
o r  e tched onto s ide  and top of container .  (Major). 

2. Welds appear acceptable .  (Major) 
3,  . O-ring and sea l ing  sur faces  appear t o  be i n  good condi- 

t i o n  and O-ring f i t s  groove. (Major) 
4. Threads appear t o  be s a t i s f a c t o r y .  (Major) 
5. '  Workmanship acceptable  with no sharp edges o r  bu r r s .  

( C r i t i c a l )  

Dimensional Inspect ion 

1. Container cover and body outer  diameter 3 + 1/16 i n .  - 
(Major) 

2. Cover o v e r a l l  thickness  314 5 '1116 i n .  (Major) . 
3. Cover O-ring l i p  o r  shoulder 114 f 1/16 in .  (Major) . 
4 .  Container body 5 318 + 113 i n .  (Major) - 

I Funct ional  Inspec t ion  

1. Cover and O-ring assembled and disassembled s a t i s f a c -  
t o r i l y .  (Maior) - - .  

2. ~ e l i u h  leak  t e s t  (with,  "dummy" cover) p rformed with 
no de tec tab le  leak g r e a t e r  than 1 x lo-' s t d  cc lsec  
when f i l l e d  t o  a t  l e a s t  20 ys ig .  ( C r i t i c a l )  

-I Signature Date 

. DISTRIBUTION: White .Nuclear QC 
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Initial Acceptance Inspection Criteria and Data Sheet 
for 9506 Outer Container Assembly 

Identification 

Outer container serial number. 

Manufactured by 

Vendor Certification , 

I. - Form MRC-ML-6353 completed satisfactorily and sub- 
mitted. 

Visual Inspection 

I* - Drum yrruurnent head marked MS-2'1684-12. (Major) 
2. - Drum cover marked HS-27684-21. (Major) 
3. - Name plate (MRC Drawing No. AYC750142) welded to drum 

side reads US,A/9506/BLFI(DI)E-AL ) ,  auth.gr.wt. 37 lbs, 
Model 9506. and shows serial number. (Major) 

4. - Nonsanto logos securely attached to two sides of drum. 
(Minor) , - -- . . - - , 

5. - Drum has four vent holes sealed with tape. (Major) 
6. - Drum closure ring has lugs and provision for attachment 

of security seal. (Major) 
7. - Web strap for lifting insulation cap is securely 

attached. (Major) 

a. - Workmanship acceptable with no sharp edges or burrs. 
(Critical) 

Dimensional Inspection 

I. - Drum overall diameter with locking ring off is . 
11 114 + 114 in. (Major) 

2 .  - Drum overall height with cover off is .14 118 +_ 114 in. 
(Malor) . ---, 

3 .  - Maximum gap between insulation and side of arum is 
less than 114 in. (Major) 

4. - Maximum gap between top of insulation and top lip of 
drum with cover and cerawonl pad removed ia lcoo thon 
one in. (Major) 

' Diameter of cavities in insulation cap and body both 5 .  - 
are 3 1/16 in. minimum and 3 114 in. maxiu~um. (Major) 

6- - Depth.of cavity in insulation cap 1 114 + 116 in. 
(Malor) .. ~- < - - ,  

7. - Depth of cavity in insulation body 4 516 + 114 in. 
(Major) 

a +  - Overall height (exclusive of lifting strap) of in- 
sulation cap is 4 518 + 114 in. . . 

. . 
Functional Inspectign_ 
. - 

I- - The insulation cap assembly can be lifted into and out 
of drum easily. (Major) 

2 .  - The drum asaembly.can be assembled and disassembled 
easily. (Major) 

3. - Drum tagged and dated to indicate inspection results 
nntlnfnctory. (Major) 

DISTRIBUTION: White - Nuclear OC 
Yellow - Shippino CQnIelner Eng.. 
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PART 4 .  USE INSPECTIONS . . 

A u s e  i n s p e c t i o n  p r i o r  t o  each use  of  t h e  c o n t a i n e r  i s  requ i red  

f o r  t h e  i n s p e c t i o n  program s p e c i f i e d  i n  MRC Drawing No. SPA770530 

and d u p l i c a t e d  i n  P a r t  1 of t h i s  Appendix A. The p a r t i c u l a r s  of  

t h i s  use  i n s p e c t i o n  a r e  s p e c i f i e d  by MRC Shipping Conta iner  Opera- 

t i o n  S h e e t ,  Manual Number MD-70152, Operat ion 1. That document 

shows MRC form MRC-ML-128 which must be f i l l e d  o u t  by t h e  i n -  

s p e c t o r .  Tha t  document a l s o  s p e c i f i e s  load ing  procedures  and is  

d u p l i c a t e d  i n  Appendix B of ' t h i s  SARP a s  F igure  B-1.  



Appendix B: 
Packaging and Unpackaging Procedures 



Mound Labora to ry  Forms MD-70152, Op. 1; 

MD-70152,Op. 9 ;  and MRC-ML-1245 a r e  com- 

p l e t e d  a s  t h e  s h i p p i n g  packages a r e  being 

loaded  t o  e n s u r e  compliance w i t h  Mound, , . . - ,  : - f t , -  ,I 

Labora to ry  p rocedures .  Form MD-70152, 
. ., , .., , 6 " , .  . 7  - . . , \!, . . ,, , . 

Op. 9 (Figure '  .j322).) . : i  'a,.~'speciall p k + ~ e d - ;  J:.: ,;' 

u r e  which must b e  fo l lowed f o r  l o a d i n g  

S p e c i a l  Form m a t e r i a l .  Form MRC-ML-1245 

( F i g u r e  B-3) i s  used t o  r e c o r d  contami- 

n a t i o n  and r a d i a t i o n  l e v e l s  of  t h e  con- 

t a i n e r .  

Before  a s h i p p i n g  package i s  loaded ,  a l l  

components a r e  v i s u a l l y  i n s p e c t e d  f o r  

damage which c o u l d  impa i r  i t s  use .  

F u r t h e r  i n s p e c t i o n  i n e v i t a b l y  o c c u r s  a s  

t h e  components a r e  assembled.  I£  some 

p a r t s  a r e  found n o t  t o  f i t  p r o p e r l y  they 

a r e  c o r r e c t e d '  a t  t h i s  , t ime .  The inspec-  

t i o n  s e c t i o n  o f  Form MD-70152, Op. 1, is  

t h e n  completed.  

Loading of t h e  c o n t a i n e r  ii s t a r t e d  a f t e r  

t h e  i n s p e c t i o n .   ater rials of S p e c i a l  

Form a r e  hand led  i n  accordance w i t h  MD- 

70152 , .0p .  9 .  Other c o n t e n t s  a r e  wiped 

and p l a c e d  i n  t h e  i n n e r  c o n t a i n e r .  Void 

s p a c e  i n  t h e  c o n t a i n e r  i s  f i l l e d  w i t h  

m e t a l  s h o t  o r  wool.' The i n n e r  c o n t a i n e r  

l i d  i s  f a s t e n e d  t o  t h e  body. The con- 

t a i n e r  assembly is  placed i n  t h e  o u t e r  

drum on t h e  f i r e  r e t a r d a n t  f i l l e r  suppor t .  

. , a s  

The f i r e  r e t a r d a n t  p lug  is  i n s e r t e d  and 

- t h e  l i d  +li's i c k i i t i o n i d  'on t h e  drum and 

h e l d  i n  p l a c e  wi th  t h e  c l o s u r e  r i n g .  The 

s e c u r i t y  s e a l  i s  a t t a c h e d .  The sh ipp ing  

drum i s  checked f o r  contaminat ion and i s  

surveyed t o  ensure  t h a t  t h e  externa:L r a d i a -  . 

t i o n  from t h e  drum complies w i t h  the r e -  

q u i r e d  T r a n s p o r t a t i o n  Index.  A s  each opera- 

t i o n  i s  completed t h e  load ing  s e c t i o n  of  

Form MD-70152, Op. 1, i s  s o  marked. I n  

a d d i t i o n ,  Form MRC-ML-1245 i s  completed 

g i v i n g  contaminat ion and r a d i a t i o n  l e v e l s .  

Radioact ive  l a b e l s  a r e  completed and a t -  

tached t o  t h e  drum. The package i s  now 

ready f o r  shipment.  

Unloading a  package i s  b a s i c a l l y  t h e  re -  

v e r s e  o f  l o a d i n g , i t .  Upon r e c e i p t ,  t h e  

drum i s  checked f o r  contaminat ion b e f o r e  

removal of  t h e  l i d ,  and each component is ' 

v i s u a l l y  i n s p e c t e d  whi le  be ing  removed 

from . the  package. A f t e r ,  t h e  c o n t e n t s  a r e  

removed from t h e  i n n e r  c o n t a i n e r  .and 

checked f o r  contaminat ion,  t h e  package i s  

s t o r e d  f o r  f u r t h e r  use .  



MONSANTO RESEARCH COR' SHIPPING CONTAINER 
MOUND LABORATORY OPERA1 ION SHEET 

P R O G R A M  ' 

REUSABLE.KADIOACTIVE SHIPPING CONTAINERS 
A U l M O R l Z A l l O N  C L A S S I ~ I C A I I O N  I C N I S I  I N C O R I O R A T I D  

M5-C 

I ( f o r  use-with  DOT-CM, 9506, -5790. 5791) I 
I USE INSPECTION I I New Reuse S p e c i f i c a t i o n  S e r i a l  No. I 
I :  FINDING I 

1. Renove l a b e l s .  

2. Closure r i n g  and lock ing  dev ice  i n  working 
condition. 

3. Check a l l  con t a ine r s  f o r  contamination and 
decontaminate as necessary.  

4. Thread appears  i n  good condi t ion  (remove 
fo r e ign  matter) .  

5.' Centering m a t e r i a l  i n  good condi t ion .  

6. Overa l l  condi t ion  ( s a t i s f a c t o r y ) :  

I Date S igna ture  

LOADING PROCEDURE (GENERAL) 

COMPLETED 

1. Radioactive ma te r i a l  form ( s o l i d ,  l i q u i d  o r  
gas). . . 

Lute inner  con t a ine r  threads/gasket .  

Torque inner  con t a ine r  c l o s u r e  ( i f  
requ i red)  . . .. 
I n s t a l l  i n su l a t i on .  . . 

Place compression pad (as requi red)  and 
ske tch  under drum l i d .  

Close drum. 

I n s t a l l  s e a l .  

Apply i a b e l s  (Radioact ive)  . 
Date S igna ture  1 

DISTRIBUTION : 
White - Container F i l e  
Yellow - Nuclear QC 
Goldenrod - Shipper F i l e  
Pink - Originator , 

F I G U R E  0-1  
I s s u e  3 10-27-77 



4 O N S A N T O  RESEARC.H CORP. 
H O U N D  LABORATORY OPERATION SHE€ 

P R O G P A M  S H f f l  MANUAL NUMBfR O I f R A l l O N  

REUSABLE RADIOACTIVE SHIPPING CONTAINERS 1 of 1 MD-70152 9 

P r e p a r a t i o n  and Packaging  ( M i l l i w a t t  Gene ra to r )  

I 
C l A S S l f l C A l I O N  t F F t C l l V I 1 1  

U n c l a s s i f i e d  10-12-77 

I n i t i a l  Date 

~ - 

I 
€ C N I S I  I N C O R P O R A T I D  

M5 -C 

1. Wipe check  e a c h  s o u r c e  (( 20 dpm). 

2. Wrap s o u r c e ( s )  i n d i v i d u a l l y  i n  n i c k e l  £011. 

3. P l a c e  i n s i d e  p r e s s u r e  v e s s e l  and su r round  
w i t h  n i c k e l  s h o t  ( o p t i o n a l )  . 

4 .  P l a c e  ' i n s i d e  i n n e r  c o n t a i n e r  and  su r round  
w i t h  m e t a l  s h o t  o r  steel wool. 

DISTRIBUTION: 

White - C o n t a i n e r  F i l e  
Yellow - N u c l e a r  QC 
  old en rod - , S h i p p e r  F i l e  
P i n k  . - O r i g i n a t o r  

F I G U R E  8 - 2  I s s u e  2 10-27-77 



SHIPPING RADIOACTIVE 
AND FlSSlLE MATERIAL 

MONSANTO RESEARCH CORPORATION 
MOUND LABORATORY 

MIAMISBURG. OHIO 45342 

RADIATION SURVEY: .INSTRUMENT USED a B . Y 'l 
None W-l Y - l  l Y-1 1 1  White Others 

RADIOACTIVE inns . E ~ P W  PERSONNEL INVOLVED IN  
Only 

LABELS R E W I R E D  LOADING O F  CONTAINERS 

, 

PO 

I 

WAREHOUSE SHIPPING DOCUMENT NUMBER 

DISTRIBUTION: 

SHIP TO:. 

CC 

MODES OF TRANSPORTATION 

I. Special Matl. Handling 
2. Nuclear Prog. Planning 
3. Nuclear Cri t ical i ty 
4. Hsalch Physics 
5. 

INSTRUCTIONS: 

MATERIAL CLASSIFICATION 

O U  O C '  O S R D  

COURIER AGENCY [ I F  ANY) 

I. Requestor complete Part I ,  except M.L. Number, and Part 
l l columns I and 2. 

ESCORT AGENCY I I F  ANY) 

ARE FEDERAL SHIPPING REQUIREMENTS MET7 

YES NO 

2. Health Physics complete Part I I columns 3-5 and Radia- 
tion portion of column 6 and Part I I I and insert M.L. No. 

Date Shipment R a g  

3. Nuclear Cri t ical i ty complete Cri t ical i ty column 6 of Part I I. 

SEALS APPLIED' 

 is NO 

4. Special Material Handling complete Part I V  and make 
distribution. 

NO. O F  PKCS. 

PACKAGING AFFIDAVIT ATTACHED FOR AIR SHIPMENTS1 

Y E S  N O  

5. See Manual MD-10087. Chapter 6. 

"M.L." NUMBER 

6. For Empcy Containers, no M.L. Number i s  to be issued. 
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Appendix C: 

DOE Certificate of Compliance 



U, S. Department of  ~ n e ; ~ ~  

a .  This certificate is assued to wtisfv Sect~ons 173 3924. 173.334. 173.395.ar.d 173.398of the Oewrtment of Transmrtat~on Hazrrjcvr 
Materials Reg.~latvons 149 CF R 170-189 and 14 CFR 1031 and Secttons 146-19-1Oa and 146-19-100 of the Demrtmcnt o l  Transwr!;.tion 
Dangerous G r ~ u e s  Rqulatnonr I46 CFR 146143). as amended. 

la. Cer t~f iu te Numuer 

9506 - 

2b. The padaging and contents described in item 5 below, meets the safetv standards set forth inSubmrt C of Title 10. Code of Fdrral 
Regulations. Part 11, "Paclragnq o f  Radnoact~rr t.!rrerial lor Transwrt .ond,Transwr~at~on of Rad~oacti* Material Undcr Certat.3 
Conditions." 

-- 
tb. Revasnon No. ' I l c .  Pacia~e Iatnt~lncat~on No. ld. Page No. re. lot41 SJ. PJ.;.: 

I 

4. CONDITIONS 

2c. This certificate does nor relieve the consignor from mmpliance with any reauirement of the requlations of the US. Demrtwnt  of 
Transponation or 'other aoo l t~b lc  regulatory agencln. including Ih t  q?vernmenl of any cpuntrf through o r  into which tne Dacca* 
wil l  be tiansporred. 

3. This certificate is issucd on the oases of a safety analysis.rep?fl of the wcks~e  dnmgn or appl~cation- 

. ~ 

This certificate i s  condit ion~l upon the lulfillinq of the regui~ementl of Submrt 0 of 10 CFR 71. as applicable. and the conditions spec;f~cd 
in item 5 below. 

6. Desqiption of Packag8ng and Author~zed Coril'enrs. Model Number. Fiss~le Class. Other Condit~onr. and Relerences: 

. (a) ~ e s c r i p t i o n :  . 

2 O r i g i n a l  ~ S A I ~ ~ ~ ) ~ / B L F  -- (DOE-AL) 

' 

( I )  Promred by Irdanc and r fdewl :  

Monsanto Research Corpora t ion  
Mound Labora tory  
P. 0. i3ox 32 
Miamishurg, Ohio ,45342 . 

The packaging c o n s i s t s  o f  an O-ring sea l ed .  c y l i n d r i c a l  s t e e l  i nne r  c o n t a i n e r  
cen te red  w i t h i n  g lued  F i r e d i k e  i n s u l a t i o n  i n  a 4-gal dtum. The o v e r a l l  
drum he igh t  is  14 314 i n .  and t h e  o v e r a l l  d iameter  i s  11 314 i n .  

2. PREAMBLE 

1 

(2) Title and ldenrilicat~on of repon or application: 

MLM-2460 . I  ':o?ell, 1977 
"Safety Axinlysis ~ e ~ d i - t  f o r  Packaging 
(SAR?) : u S A / ~ ~ O ~ / B L F  (DOE-&) " 

(b) R e e t r i c t i o n s :  

The maximum au tho r i zed  g r o s s  weight is  37 l b .  and t h e  maximum hea t  load. 
pe rmis s ib l e  i n  t h e  package i s  7.0 W. The u s e r ' n u s t  ensu re  t h a t  t h e  
tempera ture  of t h e  c o n t e n t s  is accep tab ly  low:.': The maximum pe rmis s ib l e  
tempera ture  of t h e  o u t s i d e  sur face :  of  t h e  i nne r  c o n t a i n e r  i s  300°1;' a t  
ambient c o n d i t i o n s .  

(c) Authorized C0ntent.s: 

Powders o r  p e l l e t s  of t h e s e  m a t e r i a l s  a r e  t o  be packaged w i t h i n  an 

.. . a d d i t i o n a l  contai 'ner  which i s  p laced  i n s i c e  the. s e a l e d  i n n e r  c o n t a i n e r .  
. The au tho r i zed , conhen t s  a r e  uranium-233, uranium-235, plutonium-238, 

and plutonium-239 i n  s p e c i a l  form o r  normzl. form i f  no t  r e a d i l y  
d i s p e r s i b l e .  These 'contents  may be dry s c l i d s  a s  metals ,oxides o r  
comp,ounds . 

Q. 0ate of ~sruance: Octcber 31 1977 ( 6b. I.xoiratios Drte: N / A  ' 

FORTHE .U, S. 'DOZ - A a I 
-..- . --- 

. h. Addressbf DOE I s s u i n g  Off i c e )  
Albuquerque 0pera t . ions .Off ice  
P . O .  Box5400 . 
Albuquerque,, New Nexico 67115 
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