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CHAPTER I11 

SAFETY REQUIREMENTS FOR THE PACKAGING OF FISSILE 
AND OTHER RADIOACTIVE MATERIALS 

1. PURPOSE. The purpose of t h i s  c h a p t e r  i s  t o  e s t a b l i s h  requirements  
f o r  t h e  packaging of f i s s i l e  and o t h e r  r a d i o a c t i v e  m a t e r i a l s .  

2.  SCOPE. Th is  c h a p t e r  a p p l i e s  t o  a l l  Headquar ters  d i v i s i o n s ,  o f f i c e s ,  
f i e l d  o r g a n i z a t i o n s ,  and c o n t r a c t o r s  who a r e  involved wi th  t h e  shipment 
of r a d i o a c t i v e  mater i  a1 and who a r e  exempt from t h e  1  i c e n s i n g  r e q u i r e -  
ments of t h e  Code of Federal  Regula t ions ,  T i t l e  10 ,  P a r t  71. (Reference 
t h e  Code of Federal  Regula t ions ,  T i t l e  10 ,  P a r t  70.11, which exempts 
t h e  Department o f  Energy and i t s  c o n t r a c t o r s  from t h e  r e g u l a t i o n s  of 
t h e  Nuclear  Regul a t o r y  Commi s s i  on. ) 

3. REFERENCES. 

Code of Federal  Regula t ions ,  T i t l e  1 0 ,  P a r t  71, "Packaging o f  
R a d i o a c t i v e  Materi  a1 f o r  Transpor t .  " 

Department of T r a n s p o r t a t i o n  Regulat ions .  

( 1 )  Code of Federal  Regula t ions ,  T i t l e  49, P a r t s  100-189, 
"Hazardous Materi  a1 s Regul a t  i ons. " 

( 2 )  Code o f  Federal  Regula t ions ,  T i t l e  46, P a r t  146,  
" T r a n s p o r t a t i o n  o r  S to rage  of M i l i t a r y  Explos ives  on Board 
Vessel s. " 

I n t e r n a t i o n a l  Atomic Energy Agency S a f e t y  S e r i e s  No. 6 ,  
"Regula t ions  f o r  t h e  S a f e  Transpor t  of R a d i o a c t i v e  Materi  a1 , I 8  

1973 Revised E d i t i o n .  

I n t e r n a t i o n a l  Ai r Transpor t  Asso.ci a t  ion R e s t r i c t e d  A r t i c l e  
Regula t ions .  

U.S. Air Force  AFM-71-4, " P r e p a r a t i o n  o f  Hazardous Materi  a1 s f o r  
M i l i t a r y  Air Shipment." 

American Nat ional  S tandards  I n s t i t u t e  S tandard  N14.5-1977, 
"American Nat ional  S tandard  f o r  Leakage Tests on Packages f o r  
Shipment of Rad ioac t ive  Materi  a1 s .  " 

4. DEFINITIONS. 

a. C a r r i e r .  Any person engaged i n  t h e  t r a n s p o r t a t i o n  o f  passengers  
o r  p r o p e r t y ,  a s  common, c o n t r a c t ,  o r  p r i v a t e  c a r r i e r ,  o r  f r e i g h t  
fo rwarder ,  a s  t h o s e  terms a r e  used i n  t h e  I n t e r s t a t e  Commerce Act,  
a s  amended, o r  by t h e  U.S. Pos ta l  Serv ice .  
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b. Close Reflection by Water. Immediate contact by water of sufficient 
thickness to  re f lec t  a maximum number of neutrons. 

c. Containment Vessel. The receptacle on which principal reliance i s  
pl aced t o  re tai  n the radi oact i  ve materi a1 duri ng transport. 

d. Fissi l e  Classification. Classification of a package or shipment of 
f i s s i l e  materials according t o  the controls needed t o  provide 
nuclear c r i t i c a l i t y  safety during transportation as follows: 

(1) Fiss i le  Class I .  Packages that may be transported in 
unlimited numbers and in any arrangement and that require no 
nuclear c r i t i ca l  i t y  safety controls during transportation. 
For purposes of nuclear c r i t i c a l i t y  safety control, a transport 
index i s  n o t  assigned t o  Fiss i le  Class I packages. However, 
the external radiation levels may require a transport index 
number. 

Fiss i le  Class 11. Packages that may be transported in any 
arrangement b u t  in numbers that do not exceed a transport 
index of 50. For purposes of nuclear c r i t i c a l i t y  safety 
control, individual packages may have a transport index of n o t  
less  than 0.1 and n o t  more than 10. However, the external 
radiation levels may require a higher transport index number 
b u t  not t o  exceed 10. Such shipments require no nuclear 
c r i t i ca l  i  ty safety control by the shipper during 
transport a t  i  on. 

(3) Fiss i le  Class 111. Shipments of packages that d o  n o t  meet 
the requirements of Fiss i le  Class I and I 1  and that are 
control 1 ed in transportat ion by special arrangements between 
the shipper and the car r ie r  t o  provide nuclear c r i t i c a l i t y  
safety. 

e. Fiss i le  Materials. Uranium-233, uranium-235, plutonium-238, 
pl utoni um-239, pl utoni um-241, neptuni um-237, and curi um-244. 

f .  Limited Quantities of Radioactive Materials excepted from 
packaging, marking, labeling are described in Code of Federal 
Regulations, Tite 49, Part 173.391. 

g. Low Specific Activity Material i s  material of low radioactivity 
level such as uranium ores and chemical concentrates of those 
ores. The low specific act ivi ty  definition i s  in Code of Federal 
Regulations, Ti t le  49, Part 173.389~. The shipping requirements 
are explained in Code of Federal Regulations, T i t l e  49, 
Part 173.392. 
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h. Maximum Normal Operating Pressure. The maximum gauge pressure that  
i s  expected t o  develop in the containment vessel under the normal 
conditions of transport. 

i .  Moderator. A material used t o  reduce the kinetic energy of neutrons 
by scattering col 1 i sions without appreciable neutron capture. 

j. Optimum Interspersed Hydrogenous Moderation. The occurrence of 
hydrogenous material between containment vessels to  such an extent 
that the maximum nuclear reactivity results.  

k.  Package. Packaging and i t s  radioactive contents. 

1. Packaging. One or more receptacles and wrappers and the i r  contents 
excluding f i s s i l e  material and other radioactive material, b u t  
including absorbent material, spacing structures,  thermal insulation, 
radiation shielding, devices for cooling and for  absorbing mechanical 
shock, external f i t t i n g s ,  neutron moderators, nonfissile neutron 
absorbers, and other supplementary equi pment. 

m. Primary Coolant. A gas, liquid, or solid,  or combination of them, in 
contact with radioactive material, or, i f  the material i s  in special 
form, in contact with i t s  capsule, and used t o  remove decay heat. 

n. Special Form. To qua1 i fy as special form the radioactive material 
must e i ther  be in massive solid form o r  encapsulated. Special t e s t s  
which are required of special form material are explained in the Code 
of Federal Regulations, Ti t le  49, Part 173.398a. 

o. Transport Index. The number placed on a package t o  designate the 
degree of control t o  be exercised by the car r ie r  during transporta- 
tion. The transport index t o  be assigned t o  a package of radioactive 
material shall be determined by ei ther  paragraph (1)  or ( 2 )  below, 
whichever i s  larger. The number expressing the transport index 
shall be rounded u p  t o  the next higher tenth; e.g., 1.01 becomes 
1.1. 

(1) The highest radiation dose ra te  in millirem per hour a t  3 fee t  
from any accessible external surface of the package. 

( 2 )  The transport index of each Fissi le  Class I1 package i s  
calculated by dividing the nurnber 50 by the nurnber of such 
Fissi le  Class I1 packages that may be transported together 
as determined under the limitations of Code of Federal 
Regulations T i t l e  10, Part 71.39. 

p. For other definit ions (such as Type A or Type B quantit ies for  
packaging) re fer  t o  Code of Federal Regulations, Ti t le  49, 
Parts 173.389 t o  173.398 of the Department of Transportation 
regulations. 
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a. The D i r e c t o r ,  Opera t iona l  and Environmental S a f e t y ' D i v i s i o n ,  O f f i c e  of 
Envi ronment : 

( 1 )  Admi n i s t e r s  t h e  program f o r  des ign  review and i s s u a n c e  of 
Department of Energy C e r t i f i c a t e s  of Compliance f o r  Type B 
packaging. 

( 2 )  A s s i s t s  f i e l d  o f f i c e s  i n  s e c u r i n g  waivers  o r  exemptions f o r  
hazardous  m a t e r i a l s  i s s u e d  by t h e  Department of T r a n s p o r t a t i o n .  
(Reference Code of Federal  Regula t ions ,  T i t l e  49, P a r t s  107.101- 
107.123, and 173.22a.)  

( 3 )  Prepares  guidance c r i t e r i a  and procedures  f o r  a p p l i c a t i o n  of 
package t e s t i n g  and q u a l i t y  assurance  s t a n d a r d s .  

(4) Coord ina tes  Department of Energy p a r t i c i p a t i o n  i n  t h e  
development and r e v i s i o n  of t r a n s p o r t a t i o n  r e g u l a t i o n s .  

(5 )  Prov ides  a  c e n t r a l  p o i n t  of c o o r d i n a t i o n  wi th  t h e  Nuclear  
Regulatory  Commi ss ion f o r  developing s a f e t y  s t a n d a r d s  f o r  
t r a n s p o r t i n g  n u c l e a r  m a t e r i a l s  and des ign  a p p r o v a l s  
b r i d g i  ng c o n t r a c t o r  and 1  i  censee  packagi ng requi  rernents. 

( 6 )  Conducts p e r i o d i c  a p p r a i s a l  t o  determine t h e  adequacy of 
t h e  implementation of t h i s  c h a p t e r  excep t  a s  provided i n  
i tem 5d. 

b. Heads o f  O f f i c e s  and D i v i s i o n s ,  Headquar ters ,  provide  program 
guidance,  i n s t r u c t i o n ,  and s t a n d a r d s  t o  a s s u r e  t h e  s a f e  packaging 
o f  f i s s i l e  and o t h e r  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 :  

( 1 )  D i r e c t i n g  cogn izan t  Heads of F i e l d  O r g a n i z a t i o n s  t o  r e q u i r e  
m o d i f i c a t i o n s  o f  equi  prnent, procedures ,  o r  p r a c t i c e s  and t o  
c o o r d i n a t e  budget requ i  rements. 

( 2 )  Imposing a d d i t i o n a l  requirements  f o r  packaging s t a n d a r d s .  

(3)  C u r t a i l i n g  o r  suspending t h e  use  of s p e c i f i c  packages,  
when necessary .  

( 4 )  P a r t i c i p a t i n g  a t  t h e i r  op t ion  i n  reviewing s a f e t y  a n a l y s i s  
r e p o r t s .  

c. Heads of F i e l d  O r g a n i z a t i o n s ,  c o n s i s t e n t  wi th  guidance i n s t r u c t i o n s ,  
s t a n d a r d s ,  and c r i t e r i a  i s s u e d  pursuant  t o  paragraph b above: 
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(I) Grant Department o f  Energy approval  when r e q u i r e d  f o r  packages t h a t  
meet t h e  s tandards o f  t h i s  chapter,  and t h a t  a r e  t o  be used f o r  
t h e  t r a n s p o r t a t i o n  o f  f i s s i  l e  o r  o t h e r  r a d i o a c t i v e  m a t e r i a l s  
i n  g r e a t e r  t h a n  Type A q u a n t i t i e s ,  and i s sue  C e r t i f i c a t e s  o f  
Compl i ance f o r  approved des i  gns. 

( 2 )  Per form an o b j e c t i v e  eva lua t i on  o f  c o n t r a c t o r s '  s a f e t y  a n a l y s i s  
r e p o r t s  f o r  packaging designs. 

(3 )  Grant Department o f  Energy approval  f o r  shipments made under 
t h e  Na t i ona l  S e c u r i t y  Exemption p rov ided  t o  t h e  Department o f  
Energy and t h e  Department of Defense under t h e  Code o f  Federa l  
Regula t ions,  T i t l e  49, Pa r t  173.7b. 

(4) Grant such a l t e r n a t i v e s  t o  t h e  requi rements  se t  f o r t h  i n  t h i s  
chap te r  as w i l l  p r ov i de  equ iva len t  p r o t e c t i o n  t o  l i f e  o r  
p r o p e r t y  and t o  t h e  common defense and s e c u r i t y ;  and w i t h i n  
30 days a f t e r  g r a n t i n g  an a l t e r n a t i v e ,  p r o v i d e  t h e  D i r e c t o r ,  
Opera t iona l  and Envi  ronmental Sa fe t y  D i  v i  s i  on, a  d e t a i  1  ed 
r e p o r t  o f  t h e  reasons f o r  g r a n t i n g  it. The g r a n t i n g  o f  such 
a l t e r n a t i v e s  i s  i n  no way t o  be const rued as t h e  g r a n t i n g  o f  
exemptions o r  excep t ions  f rom o r  t o  t h e  Department o f  
Transpor t  a t  i on o r  o t h e r  regu l  a t o r y  agency requ i  rements. 

(5) Conduct p e r i o d i c  app ra i sa l s  t o  determine t h e  adequacy o f  
c o n t r a c t o r  performance i n  t h e  implementat ion o f  t h i s  
chapter ,  except  as prov ided i n  i t e m  5d. 

d. The Deputy A s s i s t a n t  Secre ta ry  f o r  Naval Reactors  i s  r espons ib l e  
f o r  a d m i n i s t e r i n g  t h e  program f o r  des ign rev iew and issuance o f  
Department o f  Energy C e r t i f i c a t e s  o f  Compliance f o r  Naval Reactors  
packagings. The Deputy Ass i s t an t  Secre ta ry  assumes t h e  r e s p o n s i b i l i t y  
f o r  conduct ing app ra i sa l s  and t h e  r e s p o n s i b i l i t i e s  o f  t h e  Headquarters 
O f f i c e  and D i v i s i o n  D i r e c t o r s  and Heads o f  F i e l d  O rgan i za t i ons  f o r  
a u d i t i n g  t h e  performance i n  app rop r i a t e  programs. 

6. EXEMPT QUANTITIES OF FISSILE MATERIALS. The f o l l o w i n g  l i m i t e d  
q u a n t i t i e s  o f  f i  s s i  1  e  m a t e r i  a1 a re  exempt f rom t h e  packagi ng requ i  re-  

. ments i n  t h e c o d e  o f  Federa l  Regula t ions,  T i t l e  49, P a r t  173.396. Th i s  
m a t e r i a l  must be packaged i n  accordance w i t h  o t h e r  p r o v i s i o n s  f o r  
e x t e r n a l  r a d i a t i o n  1  eve1 s  t o  meet Department o f  T r a n s p o r t a t i o n  
regu l  a t  i ons. 

a. Not more t h a n  15  grams o f  f i s s i l e  ma te r i a l .  

b. Thorium o r  uranium c o n t a i n i n g  not  more than  0.72 percen t  by weight  
o f  f i s s i l e  m a t e r i a l .  

c. Uranium compounds, o t h e r  t h a n  metal (e.g., u r a n i  um t e t r a f l  uo r ide ,  
uranium hexa f l uo r i de ,  o r  uranium ox ide  i n  bu l k  form, no t  pe l  l e t e d  
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o r  f a b r i c a t e d  i n t o  s h a p e s ) ,  o r  aqueous s o l u t i o n s  of uranium, i n  which 
t h e  t o t a l  amount of uranium-233 and plutonium p r e s e n t  does  no t  exceed 
1 p e r c e n t  by weight of t h e  uranium-235 c o n t e n t ,  and t h e  t o t a l  f i s s i l e  
c o n t e n t  does not exceed 1 p e r c e n t  by weight  o f  t h e  t o t a l  uranium 
c o n t e n t .  

d. Homogenous hydrogenous s o l u t i o n s  o r  mix tures  c o n t a i n i n g  not  more 
t h a n :  

(1) 500 grams of any f i s s i l e  m a t e r i a l ,  provided t h e  a tomic r a t i o  
o f  hydrogen t o  f i s s i l e  m a t e r i a l  i s  g r e a t e r  t h a n  7600. 

( 2 )  800 grams of uranium-235 provided t h a t  t h e  a tomic r a t i o  o f  
hydrogen t o  f i s s i l e  m a t e r i a l  i s  g r e a t e r  t h a n  5200 and 
t h e  c o n t e n t  of o t h e r  f i s s i l e  m a t e r i a l  i s  not  more t h a n  1 
p e r c e n t  by weight of t h e  t o t a l  uranium-235 c o n t e n t .  

( 3 )  500 grams of  uranium-233 and uraniurn-235, provided t h a t  t h e  
a tomic r a t i o  of hydrogen t o  f i s s i l e  m a t e r i a l  i s  g r e a t e r  
t h a n  5200 and t h e  c o n t e n t  of plutonium i s  no t  more t h a n  1 
percen t  by weight of t h e  t o t a l  uranium-233 and uranium-235 
c o n t e n t .  

e. Less t h a n  350 grams of f i s s i l e  m a t e r i a l ,  provided t h a t  t h e r e  i s  not  
more t h a n  5 grams of f i s s i l e  m a t e r i a l  i n  any c u b i c  f o o t  w i t h i n  t h e  
package. 

7. REQUIREMENTS. 

a. Federal  Regula t ions .  When o f f e r e d  t o  t h e  c a r r i e r ,  each shipment of 
r a d i o a c t i v e  m a t e r i a l s  s h a l l  be i n  compliance w i t h '  t h i s  c h a p t e r  and 
t h e  a p p l i c a b l e  s a f e t y  r e g u l a t i o n s  of t h e  Department of T r a n s p o r t a t i o n ,  
and f o l l  ow t h e  appl i c a b l  e packagi ng s t a n d a r d s  of t h e  Nuclear Regulatory  
Commission (Code of Federal  R e g u l a t i o n s ,  T i t l e  10 ,  P a r t s  71.31 - 
71.42), t h a t  a s  p r e s e n t l y  s e t  f o r t h  p rov ide  a reasonab le  s e t  o f  
t e c h n i c a l  s t a n d a r d s .  

b. Spec ia l  Plutonium Ai r  Shipment Requirements. 

( 1 )  Departmental  shipments of l e s s  t h a n  10 m i c r o c u r i e s  of plutonium 
a r e  exempt from s p e c i f i c a t i o n  packaging and marking and can be 
c a r r i e d  aboard any a i r c r a f t  p rov id ing  t h e  c o n d i t i o n s  o f  Code of 
Federal  R e g u l a t i o n s ,  T i t l e  49, P a r t  173.391 a r e  met. 

( 2 )  Up t o  Type A2 q u a n t i t i e s  of plutonium may be shipped by a i r  
i n  a Type A packaging. 

( 3 )  More t h a n  Type A2 q u a n t i t i e s  of plutonium m u s t  be a i r  shipped 
i n  t h e  c e r t i f i e d  packaging,  USA/0361/BF, o r  i n  a newly designed 
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packaging meeting the NUREG-0360 c r i t e r i a .  The form of more 
than 20 curies of plutonium must meet the standards of the Code 
of Federal Regulations, Ti t le  10, Part 71.42. 

(4 )  Heads of Field Organizations shall notify the Di rector, Operational 
and Environmental Safety Division, when any a i r  shipments of 
plutonium are completed. This information has been requested 
by Congress. 

c. Other Regulations. 

International Atomic Energy Agency Regulations. Each shipment 
of f i s s i l e  and other radioactive materials consigned t o  a foreign 
country must meet the requirements set  forth in International 
Atomic Energy Agency Safety Series No. 6, "Regulations for  the 
Safe Transport of Radioactive Materials." Specifically, "Kequire- 
ments for  Packaging and for  Delivery of Packages t o  Transport," 
must be met t o  be in compliance with t h i s  chapter. Packaging 
must be approved by appropri a te  national competent authorit ies.  
(Code of Federal Regulations, Ti t le  49, Part 393 a, b. ) 

International Air Transport Association Restricted Article 
Regulations. Each shipment of f i s s i l e  and other radioactive 
materials consigned t o  a foreign country must meet the require- 
ments set  forth in International Air Transport Association 
Restricted Article Regulations when shipped via commercial 
a i rc raf t .  

U.S. Air Force AFM-71-4, "Packaging and Handling of Dangerous 
Materi a1 s fo r  Transport by Mi 1 i t a ry  Aircraft." Each shipment of 
f i s s i l e  and other radioactive materials must meet the reauire- 
ments set  forth in AFM-71-4 when shipped via U.S. Air ~ o k e  
a i rc raf t .  

d. Package Standards fo r  Radioactive Materials in Amounts Greater than 
T v ~ e  A Quantit ies.  

Packages of radioactive material s  shall be prepared- fo r  shipment 
and transported in accordance with the provisions of t h i s  
chapter. Department of Transportation specification containers 
for  Type B and f i s s i l e  materials are considered t o  meet the 
standards of th i s  chapter and no specific Department of Energy 
Certificates of Compiance are required fo r  t h i s  use when lading 
meets the specification. Packaging having a current Nuclear 
Regulatory Commission Certificate of Compl i  ance can be used 
a f t e r  registering with the Nuclear Regulatory Commission as a 
user. 

Nuclear weapons and the i r  components shall be packaged and 
transported in accordance with the standards in t h i s  chapter or 
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with other standards in Order D O E  5610.1, which provide a degree 
of safety a t  least  equivalent t o  that provided by the Department 
of Energy and Department of Transport a t  i  on regul a t  i ons. 

( 3 )  Packages shipped under the National Security Exemption of the 
Code of Federal Regulations, Ti t le  49, Part 173.7b must be in 
compliance with the standards in t h i s  chapter and must also 
comply with the provisions of other pertinent Department of 
Energy orders. 

(4) A quality assurance program inust be established and implemented 
t o  assure that packages for  radioactive materials are fabricated, 
maintained, and used in accordance with the regulations and approved 
design features. 

e. Department of Energy Certificates of Compliance for  Packages of Radioactive 
Materials in Excess of Type A Quantities. Upon determination that  a package 
design does in fact  meet the requirements of t h i s  chapter, a Department of 
Energy Cert i f icate  of Compliance will be issued by the Department t o  the 
contractor. 

f .  Department of Energy as Consignor. When a Department of Energy f i e ld  
organization serves as the actual consignor, rather than a contractor, 
independent internal procedures shall be established by the responsible Head 
of the Field Organization t o  assure compliance with the standards contained 
in th i s  chapter. 

g. Waivers and Exemptions. Packages that do not meet the standards in the 
Department of Transportation Hazardous Materials Resulations and that  do not 
qualify for  shipment under the National Security ~ x e m ~ t i o n  may be shipped 
only under the provisions of a waiver or exemption issued by the Department 
of Transportation, or on public vehicles or a i rc raf t  i f  approved under the 
provisions of paragraph 5c, above. Applications for  an exemption shall be 
prepared in accordance with the Code of Federal Regulations, Ti t le  49, Part 
107.103 and shall be forwarded through the Operational and Envi ronrnental 
Safety Division t o  the Department of Transportation. 

8. PACKAGE STANDARDS. 

a. General Standards for  A1 1 Packaging. 

(1)  Reference the Code o f  Federal Regulations, Ti t le  10,  Part 71.31. 

( 2 )  For determination of transport indexes for  packaging, see paragraph 
40 of th i s  chapter. 

(3) Excluded from the standards, tes t ing requirements, packaging 
cer t i f icat ion,  and documentation described in th is  chapter are 
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low specific act ivi ty  shipments consigned as exclusive use, 
The requirements for  t h i s  type of shipment are contained in 
Code of Federal Regulations, Ti t le  49, Part 173.392. 

(4) Type A packaging requirements are contained in Code of Federal 
Regulations, Ti t le  49, Part 173.393 and Part 173.395. 

b. Structural Standards for  Type B and Large Quantity Packaging. 
Packaging used t o  ship a quantity of radioactive material larger 
than Type A shall be designed and constructed in compliance with the' 
structural standards of t h i s  section. Standards different from 
those specified in th i s  section may be approved by the Head of the 
Field Organization or other designated off ic ial  i f  the controls 
proposed t o  be exercised by the shipper are demonstrated t o  be 
adequate t o  assure the safety of the shipment. 

(1) Load Resistance. Regarded as a simple bearn support a t  i t s  end 
along any major axis, packaging shall be capable of withstanding 
a s t a t i c  load, normal t o  and uniformly distributed along i t s  
length, equal t o  5 times i t s  ful ly  loaded weight, without 
generating s t ress  in any material of the packaging in excess of 
i t s  yield strength. 

( 2 )  External Pressure. Packaging shall be adequate t o  assure that  
the containment vessel will suffer no loss of contents i f  
subjected t o  an external pressure of 25 pounds per square inch 
gauge. 

c. Cr i t ica l i ty  Standards for  Fiss i le  Material Packages. 

(1) A package used for  the transport of f i s s i l e  material shall be 
so designed and constructed and i t s  contents so limited that  
i t  would be subcrit ical  i f  i t  i s  assumed that  water leaks 
into the containment vessel, and: 

( a )  Water moderation of the contents occurs t o  the most 
reactive credible extent consistent with the chemical 
and physical form of i t s  contents. 

(b) The containment vessel i s  ful ly  reflected on a l l  sides 
by water. 

(2) A package used for  the transport of f i s s i l e  material shall be 
so designed and constructed and i t s  contents so limited that 
i t  would be subcrit ical  i f  i t  i s  assumed that  any contents 
of the package that  are liquid during normal transport leak 
o u t  of the containment vessel, and that  the f i s s i l e  material 
i s  then: 

( a )  In the most reactive credible configuration consistent 
with the chemical and physical form of the material. 
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( b )  Moderated by water outside of the containment vessel t o  the 
most react i  ve credi bl e  extent. 

( c )  Fully reflected on a l l  sides by water. 

(3) The Head of the Field Organization or other designated of f ic ia l  
may approve exceptions t o  the requirements of th i s  section where 
the containment vessel incorporates special design features that  would 
preclude leakage of liquids in sp i t e  of any single packaging error ,  
and appropriate measures are taken before each shipment t o  verify the 
leak tightness of each containment vessel. 

d. Eva1 uation of a  Single Package. 

(1) The effect  of the transport envi ronment on the safety of any single 
package of radioactive material shall be evaluated as follows: 

( a )  The abi l i ty  of a  package t o  withstand conditions l ikely t o  
occur in normal transport shall be assessed by subjecting a  single 
package of scale model, by t e s t  or other assessment, t o  the normal 
conditions of transport as speci f  i  ed in paragraph 8e be1 ow. 

( b )  The effect on a  package of conditions likely t o  occur in an 
accident shall be assessed by subjecting a  sample package or scale 
model, by t e s t  or other assessment, t o  the hypothetical accident 
conditions as specified in paragraph 8f below. 

( 2 )  Taking into account controls t o  be exercised by the shipper, the Head 
of the Field Organization or other designated of f ic ia l  may permit the 
shipment t o  be evaluated together with or without the transporting 
vehicle for the purpose of one or inore t e s t s .  

(3) Normal conditions of transport and hypothetical accident conditions 
different from those specified in paragraph 8e and 8f below, may be 
approved by the Head of the Field Organization or other designated 
off ic ial  i f  the controls proposed to  be exercised by the shipper 
are demonstrated t o  be adequate t o  assure the safety of the shipment. 

e. Standards for  Normal Conditions of Transport for  a Single Package. 

(1) A package used for the shipment of f i s s i l e  material or more than 
Type A quantity of radioactive material shall be so designed and 
constructed, and i t s  contents so limited, that under the normal 
conditions of transport specified in paragraph 11: 

( a )  There will be no release of radioactive materials from the 
containment vessel. 
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( b )  The effectiveness of the packaging will n o t  be substantially 
reduced. 

( c )  There will be no mixture of gases or vapors in the package 
that  could, through any credible increases of pressure or 
an explosion, significantly reduce the effectiveness of 
the package. 

( d )  Radioactive contamination of the liquid or gaseous primary 
coolant will n o t  exceed 10- curies 06 act ivi ty  of Group I 
radionuclides per mi l l i l i t e r ,  5 x 10- curies qf ac t iv i ty  of 
Group I1 radionuclides per m i l l i l i t e r ,  3 x 10- curies of 
ac t iv i ty  of Group I11 and Group IV radionuclides per 
mi l l i l i t e r .  

( e )  There will be no loss of coolant or loss of operation of 
any mechanical cooling device. 

( 2 )  A package used for  the shipment of f i s s i l e  material shall be 
designed and constructed, and i t s  contents so limited, t h a t  
under normal conditions of transport specified in paragraph 11, 
considered individually: 

( a )  The package will be subcrit ical .  

( b )  The geometric form of the package contents would n o t  be 
substantially altered. 

( c )  There will be no leakage of water into the containment 
vessel. This requirement need n o t  be met i f ,  in the 
evaluation of undamaged packages under paragraphs 8h, 
8 i ,  or 8 j  below, i t  has been assumed that  moderation 
i s  present t o  such an extent as t o  cause maximum 
react ivi ty  consistent with the chemical and physical 
form of the material. 

( d )  There will be no substantial reduction in the effectiveness 
of the packaging, including: 

1 Reduction by more than 5 percent in the to ta l  - 
effective volume of the packaging on which nuclear 
safety i s  assessed. 

2 Reduction by more than 5 percent in the effective - 
spacing on which nuclear safety i s  assessed between the 
center of the containment vessel and the outer surface 
of the packaging. 

3 Occurrence of any aperture in the outer surface of the - 
packaging large enough t o  permit the entry of a 4-i nch 
cube. 
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(3)  A package used for  the shipment of more than Type A quantity of 
radioactive material shall be so designed and constructed, and 
i t s  contents so limited, that  under normal conditions of transport 
specified in paragraph 11 considered individually, the  containment 
vessel would not be vented direct ly  t o  the atmosphere. 

f. Standards for Hypothetical Accident Conditions for  a Single Package. 

(1)  A package used for the shipment of more than Type A quantity of 
radioactive material shall be so designed and constructed and i t s  
contents so limited that  i f  subjected to  the sequence of the hypo- 
thetical accident conditions specified in paragraph 12, i t  will 
meet the following conditions: 

( a )  The reduction of shielding would n o t  be sufficient t o  
increase the external radiation dose rate  t o  more than 1000 
millirems per hour a t  3 feet  from the external surface of the 
pack age. 

( b )  No radioactive material would be released from the package 
except for  gases and contami nated cool ant contai ni ng total  
radioactivity exceeding neither: 

1 0.1 percent of the total  radioactivity of the package - 
contents. 

2 0.01 curie of Group I radionuclides, 0.5 curies of - 
Group I1 radionuclides, 10 curies of Group 111 and Group IV 
radionuclides, and 1000 curies of iner t  gases irrespective of 
transport group. 

( 2 )  A package used for  the shipment of f i s s i l e  material shall  be 
so designed and constructed, and i t s  contents so limited, that  
i f  subjected t o  the sequence of the hypothetical accident 
conditions specified in paragraph 1 2 ,  the package would be 
subcrit ical .  I n  determining whether t h i s  standard i s  sat isf ied,  
i t  shall be assumed that :  

( a )  The f i s s i l e  material i s  in the most reactive credible 
configuration consistent with the damaged condition of the 
package and the chemical and physical form of the contents. 

( b )  Water moderati on occurs t o  the most react i.ve credible extent 
consistent with the damaged condition of the package and the 
chemical and physical form of the contents. 

( c )  There i s  reflection by water on a l l  sides and as close as i s  
consistent with the damaged condition of the package. 
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g. Cr i t ica l i ty  Standards for Packaging Fissi le  Materials. The f i s s i l e  
characteristics of each package and array of packages shall be 
evaluated for  c r i t i c a l i t y  and the assignment of the proper f i s s i l e  
1 ass I ,  1 1  or I I I .  The packaging standards of the Nuclear 
Regulatory Commission (Reference Section 3a of th i s  chapter) a re  an 
acceptable set  of technical standards t o  ass i s t  t h i s  evaluation. 

9. QUALITY ASSURANCE PROCEDURES FOR THE FABRICATION, ASSEMBLY, AND TESTING 
OF OFFSITE SHIPPPING CONTAINERS. 

a. Establishment and Maintenance of Procedures. Each f i e ld  organization 
shall require i t s  contractors t o  establish and t o  maintain a quality 
assurance program t o :  

(1) Assure that the requisite standards of quality are met in the 
fabrication, assembly, and test ing of each package. 

(2 )  Assure that  packages in use continue t o  meet the requisite 
standards of qual i ty .  

b. Elements of a Quality Assurance Program. For guidance in developing 
a comprehensive quality assurance program, see the Code of Federal 
Regulations, Ti t le  10, Part 71, Appendix E ,  "Quality Assurance 
Cri ter ia  for Shipping Packages of Radioactive Materi a1 ." Reference 
should also be made t o  Chapter I1 of th i s  Order. The contractor's 
programs shall consist of a formal system of procedural and organi- 
zational arrangements that:  

(1) Require that specific responsibi 1 i t  ies be assigned t o  designated 
units (including those of the vendor, the fabricator,  and the 
contractor) fo r  assuring specified qual i t y  at  a1 1 stages of 
construction. 

( 2 )  Designate codes, standards, and specifications for  materials, 
equipment, methods of fabrication, tes t ing,  and performance. 

( 3 )  Provide for  quality control of materials, equipment, and 
services in instances where these have not already been 
established by existing standards and specifications. 

(4 )  Provide that  qual i t y  assurance records are maintained in an 
auditable f i l e  during the service l i f e  of the container. 

(5)  Provide fo r  a qual i t y  control method of determining that 
packagings procured for  use from other sources, including 
contractors and subcontractors or from Nuclear Regulatory 
Commission 1 icensees, meet the requirements of t h i s  
chapter. 
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(6 )  E s t a b l i s h  acceptance c r i t e r i a  i n  terms o f  measurable 
c h a r a c t e r i s t i c s  and t h e  e f f e c t s  o f  app rop r i a te  t e s t s  p resc r i bed  
i n  paragraphs 11, 12, 14 and r e q u i r e d  i n  paragraph 8 ( c ) .  

( 7 )  P rov ide  f o r  a  program o f  r o u t i n e  maintenance i n s p e c t i o n  and, where 
necessary, r e t e s t i n g  t o  assure t h a t  reusab le  con ta ine rs  con t i nue  t o  
meet t h e  a p p l i c a b l e  des ign standards. 

(8 )  Prov ide  f o r  r e q u i r e d  t r a i n i n g ,  t e s t i n g ,  and c e r t i f i c a t i o n  o f  
manufactur ing and i n s p e c t i o n  personnel i n v o l v e d  i n  s p e c i a l  processes, 
such as we ld ing  and nondes t ruc t i ve  examinat ion, and f o r  t h e  requ i red  
c e r t i f i c a t i o n  o f  equipment and procedures used i n  t h e  performance o f  
spec i  a1 processes. 

(9 )  F i e l d  o rgan i za t i ons  p rov ide  f o r  a  p e r i o d i c  a u d i t  o f  t h e  c o n t r a c t o r s '  
programs and new packaging t o  assess e f f e c t i v e n e s s  o f  t h e  q u a l i t y  
assurance program. 

10. OPERATING PROCEDURES. 

a. Estab l  i shment and Maintenance o f  Procedures. The sh ippe r  s h a l l  
e s t a b l i s h  and ma in ta in :  

(1 )  Opera t ing  procedures adequate t o  assure t h a t  t h e  de te rmina t ions  and 
c o n t r o l s  r e q u i r e d  by t h i s  sec t  i o n  are accompl ished. 

(2)  Regular  and p e r i o d i c  i n s p e c t i o n  procedures adequate t o  assure t h a t  
t h e  procedures requ i red  by paragraph (1 )  above a re  fol lowed. 

b. Assumptions as t o  Unknown Proper t ies .  When t h e  i s o t o p i c  abundance, 
mass, concen t ra t ion ,  degree o f  i r r a d i a t i o n ,  degree o f  moderat ion, o r  o ther  
p e r t i n e n t  p rope r t y  o f  f i s s i l e  m a t e r i a l  i n  any package i s  no t  known, t h e  
sh ipper  s h a l l  package t h e  f i s s i l e  m a t e r i a l  as i f  t h e  unknown p r o p e r t i e s  
have such c r e d i b l e  values as w i l l  cause t h e  maximum nuc lea r  r e a c t i v i t y .  
Any spec ia l  i n s t r u c t i o n s  needed t o  s a f e l y  open t h e  package a re  t o  be made 
a v a i l a b l e  t o  t h e  consignee. 

c. P r e l i m i n a r y  Determinat ions.  

(1)  P r i o r  t o  t h e  f i r s t  use o f  any packaging f o r  t h e  shipment o f  more 
than  a  Type A q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  o r  f i s s i l e  mater ia ls ,  
such packaging s h a l l  be inspected t o  a s c e r t a i n  t h a t  t h e r e  a re  no 
cracks, p inholes,  u n c o n t r o l l e d  voids,  o r  o t h e r  de fec t s  t h a t  cou ld  
s i g n i f i c a n t l y  reduce i t s  e f f ec t i veness .  

( 2 )  P r i o r  t o  t h e  f i r s t  use o f  any packaging f o r  t h e  shipment o f  more 
t han  a  Type A q u a n t i t y  o f  r a d i o a c t i v e  o r  f i s s i l e  ma te r i a l s ,  where t h e  
maximum normal ope ra t i ng  pressure w i l l  exceed 5 pounds pe r  square i n c h  
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gauge, t h e  containment vessel s h a l l  be t e s t e d  t o  assure t h a t  
i t  wi  11 no t  leak  a t  an i n t e g r a l  p ressure  50 percen t  h i g h e r  
t h a n  t h e  maximurn normal ope ra t i ng  pressure.  

( 3 )  Packaging s h a l l  be marked conspicuous ly  and du rab l y  w i t h  i t s  
model number. P r i o r  t o  app l y i ng  t h e  model number, an i n s p e c t i o n  
s h a l l  be made t o  determine t h a t  t h e  packaging has been f a b r i -  
ca ted  i n  accordance w i t h  t h e  approved design. 

d. Rou t ine  Determinat ions.  P r i o r  t o  each use o f  a package f o r  shipment 
o f  r a d i o a c t i v e  o r  f i s s i l e  ma te r i a l ,  t h e  sh ipper  s h a l l  a s c e r t a i n  
t h a t  t h e  package w i t h  i t s  contents  s a t i s f i e s  t h e  a p p l i c a b l e  r e q u i r e -  
ments o f  paragraph 8 i n c l u d i n g  de te rm ina t i on  t h a t :  

( 1 )  The packaging has no t  been s i g n i f i c a n t l y  damaged. 

(2 )  Any moderators and nonf i s s i  1 e neu t ron  absorbers, i f  requ i red ,  
a r e  as author ized.  

(3 )  The c l o s u r e  o f  t h e  package and any s e a l i n g  gaskets  present  a re  
f r e e  f r om de fec ts .  

( 4 )  Any va l ve  th rough  which pr imary c o o l a n t  can f l o w  i s  p ro tec ted  
aga ins t  tamper i  ng. 

( 5 )  The i n t e r n a l  gauge pressure o f  t h e  package w i l l  no t  exceed, 
d u r i n g  t h e  a n t i c i p a t e d  p e r i o d  o f  t r anspo r t ,  t h e  maximum normal 
o p e r a t i n g  pressure.  

( 6 )  Contaminat ion o f  t h e  pr imary coo lan t  w i l l  no t  exceed, d u r i n g  
t h e  a n t i c i p a t e d  p e r i o d  o f  t r a n s p o r t ,  t h e  l i m i t s  i n  paragraph 
W l )  ( 4 .  

e. Records. The sh ippe r  s h a l l  ma in ta i n  f o r  2 y e a r s  o r  more a r eco rd  
o f  each shipment o f  f i s s i l e  ma te r i a l  and each shipment o f  amounts 
o f  r a d i o a c t i v e  m a t e r i a l  g rea te r  t han  Type A q u a n t i t i e s  i n  s ing1 e 
packages, showing where appl  i c a b l  e: 

( 1 )  I d e n t i f i c a t i o n  o f  t h e  packaging by model number and t h e  number 
o f  t h e  c e r t i f i c a t e  o f  compliance. 

( 2 )  D e t a i l s  o f  any s i g n i f i c a n t  de fec ts  i n  t h e  packaging, w i t h  t h e  
means employed t o  r e p a i r  t h e  de fec t s  and p reven t  t h e i r  
recurrence.  

( 3 )  Volume and i d e n t i f i c a t i o n  o f  coo lant .  

( 4 )  Type and q u a n t i t y  o f  m a t e r i a l  i n  each package, and t h e  t o t a l  
q u a n t i t y  i n  each shipment. 
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( a )  I d e n t i f i c a t i o n  by model number. 

( b )  I r r a d i a t i o n  and decay h i s t o r y  t o  t h e  e x t e n t  a p p r o p r i a t e  t o  
demonstrate t h a t  i t s  nuc lear  and thermal c h a r a c t e r i s t i c s  
comply w i t h  approved cond i t ions .  

( c )  Any abnormal o r  unusual c o n d i t i o n  r e l e v a n t  t o  r a d i a t i o n  
sa fe ty .  

( 6 )  Date o f  t h e  shipment. 

(7 )  For  F i s s i l e  Class 111, any spec ia l  c o n t r o l s  exercised. 

(8 )  Name and address o f  t h e  t rans fe ree .  

( 9 )  Address t o  which shipment was made. 

(10) Resu l ts  o f  t h e  de te rmina t ion  r e q u i r e d  by paragraphs 10c and 10d 
above. 

f. Documentation o f  Technical  Backup Support f o r  Spec i f i ca t i on ,  C e r t i f i e d ,  
and Exempt Packagings. Packagings t h a t  have been c e r t i f i e d  by t h e  
Department o f  Energy as meet ing Department o f  T ranspo r ta t i on  regu la -  
t i o n s  and packagings f o r  which s p e c i f i c a t i o n s  have been pub l i shed  by 
t h e  Department o f  T ranspo r ta t i on  may be used by o t h e r  Department o f  
Energy sh ippers  hav ing  a u t h o r i t y  t o  s h i p  r a d i o a c t i v e  o r  f i  s s i  l e  
ma te r i a l s .  I f  t h e  Nuclear  Regulatory  Commission a l s o  c e r t i f i e s  t h a t  
t h e  standards o f  t h e  Code o f  Federal  Regulat ions,  T i t l e  10, P a r t  71, 
l i censees  can be 1  i s t e d  as users by t h e  Nuclear  Regulatory  Commission 
and s h i p  i n  t h e  packagings t o  e i t h e r  Department o f  Energy c o n t r a c t o r s  
o r  t o  o t h e r  l icensees.  Therefore,  i t  i s  e s s e n t i a l  t h a t  t e c h n i c a l  
i n f o r m a t i o n  and 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 use o f  
these  packagings be a v a i l a b l e  t o  a l l  p o t e n t i a l  users. The f o l l o w i n g  
a r e  requirements t o  meet these  ob jec t i ves :  

( 1 )  Heads o f  F i e l d  Organ iza t ions  s h a l l  r e q u i r e  c o n t r a c t o r s  under 
t h e i r  j u r i s d i c t i o n  t o  prepare a  d i s t r i b u t a b l e  document f o r  
each new s p e c i f i c a t i o n  o r  c e r t i f i e d  packagi ng designed, 
developed, and f a b r i c a t e d  f o r  o f f s i t e  shipment o f  f i s s i l e  and 
o t h e r  r a d i o a c t i v e  m a t e r i a l s  i n  q u a n t i t i e s  exceeding Type A. 
Obsolete packagings no longer  i n  use and con ta ine rs  used f o r  
o n s i t e  movement o f  m a t e r i a l s  a re  no t  sub jec t  t o  these documen- 
t a t i o n  requirements un less they  a re  reac t i va ted ,  a1 tered,  o r  
requested f o r  use i n  o f f s i t e  shipments. I n  such instances, 
t h e  p a r t y  o r  p a r t i e s  r e q u i r i n g  r e a c t i v a t i o n  o r  a l t e r a t i o n s  
s h a l l  prepare o r  have prepared t h e  app rop r i a te  document. 

( 2 )  Each document s h a l l  prov ide,  as a  minimum, t h e  i n f o r m a t i o n  
below ( f o l l o w i n g  t h e  format i n  t h e  Code o f  Federal Regula- 
t i o n s ,  T i t l e  10, P a r t  71.21-24 f o r  guidance as app rop r i a te ) :  
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( a )  A complete phys ica l  and t e c h n i c a l  d e s c r i p t i o n  o f  t h e  
package. 

( b )  A s a f e t y  ana l ys i s  r e p o r t  f o r  packaging i n c l u d i n g  
cons ide ra t i ons  f o r  meet ing t h e  requi rement  f o r  packaging 
and t r a n s p o r t  sa fe ty ,  nuc lear  c r i t i c a l i t y  sa fe ty ,  and 
r a d i o l o g i c a l  safety ,  Type B packaging should meet t h e  
Type B hypo the t i ca l  acc iden t  t e s t  cond i t i ons .  

( c )  Design and devel opment i nforrnat i on i n c l  ud i  ng p e r t i n e n t  
data, a n a l y t i c a l  methods, and t h e  r e s u l t s  o f  t h e  pre-  
s c r i b e d  t e s t s .  

( d )  Tables, graphs, drawings, p i c t u res ,  and t e c h n i c a l  
re fe rences  as requ i red  t o  g i ve  a c l e a r  t rea tment  o f  t h e  
sub jec t .  

g. N o t i f i c a t i o n  Procedures f o r  Shipment and Nonreceipt  o f  Rad ioac t i ve  
Ma te r i a l s .  To reduce t o  a  minimum t h e  number o f  shipments t h a t  must 
u l t i m a t e l y  be cons idered l o s t ,  t h e  f o l l o w i n g  procedures s h a l l  be 
implemented: 

(1) P r i o r  t o  each shipment o f  f i s s i l e  r a d i o a c t i v e  ma te r i a l s ,  o r  
shipments o f  more than  Type A q u a n t i t y  o f  r a d i o a c t i v e  ma te r i a l ,  
t h e  sh ipper  s h a l l  n o t i f y  t h e  consignee o f  t h e  dates o f  t h e  
shipment and o f  expected a r r i v a l .  The sh ipper  s h a l l  a l s o  
n o t i f y  each consignee o f  any spec ia l  l o a d i n g  o r  un load ing  
i n s t r u c t i o n s  p r i o r  t o  h i s  f i r s t  shipment. 

(2)  The consignee s h a l l  be requested t o  n o t i f y  t h e  sh ipper  
immediate ly  a t  t h e  end o f  4  days a f t e r  t h e  es t imated  a r r i v a l  
da te  i f  t h e  shipment has not  been received. Prompt n o t i f i -  
c a t i o n  by te lephone o r  t e l e t y p e  should be f o l l o w e d  by r e c e i p t e d  
r e g i s t e r e d  ma i l  t o  p rov ide  a w r i t t e n  no t i ce .  

( 3 )  Lost,  strayed, o r  s t o l e n  shipments t h a t  a re  no t  recovered o r  
accounted f o r  s h a l l  be repo r ted  t o  t h e  f i e l d  o f f i c e  t ranspor -  
t a t i o n  o f f i c e r  as an unusual occurrence. The cognizant  f i e l d  
o r g a n i z a t i o n  head s h a l l  determine i f  an i n v e s t i g a t i o n  i s  
warranted and adv ise t h e  Operat ional  and Environmental  Sa fe ty  
D i v i s i o n  o f  h i s  o r  he r  dec i s i on  a t  t h e  t i m e  o f  t h e  unusual 
occurrence repo r t .  

( 4 )  For  a l l  r a d i o a c t i v e  ma te r i a l  shipments, Type A, Type B, low 
s p e c i f i c  a c t i v i t y ,  every th ing,  a  r e t u r n  r e c e i p t  s h a l l  be 
requested. The sh ipper  s h a l l  f o l l o w  up on t h e  shipment s t a t u s  
i f  t h e  r e t u r n  r e c e i p t  i s  no t  rece ived  w i t h i n  one month. 

11. NORMAL CONDITIONS OF TRANSPORT. Each o f  t h e  f o l l o w i n g  normal cond i t i ons  
o f  t r a n s p o r t  i s  t o  be a p p l i e d  separa te ly  t o  determine i t s  e f f e c t  on a 
package. 
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a. - Heat. Direct sunlight  a t  an ambient temperature of 130 degrees 
Fahrenheit i n  s t i l l  a i r .  

b. Cold. An  ambient temperature of -40 degrees Fahrenheit in s t i l l  a i r  
and shade. 

c. Pressure. Atmospheric pressure of 0.5 times standard atmospheric 
pressure. 

d. Vibration. Vibration i s  normally incident t o  transport .  

e. Water Spray. A water spray su f f i c i en t l y  heavy t o  keep the  e n t i r e  
exposed surface of the  package except the  bottom continuously wet 
during a period of 30 minutes. 

f .  Free Drop. Between 1-112 and 2-112 hours a f t e r  the  conclusion of the  
water spray t e s t ,  a  f r e e  drop through the  distance specif ied below onto a 
f l a t  essent ia l  ly-unyie ldi  ng horizontal surface,  s t r i k ing  the  surface in a 
position f o r  which maximum damage i s  expected. 

Free Fall Distance 

Package Weight (pounds) Di stance ( f e e t  ) 

Less than 10,000 4 

More than 30,000 1 

g. Corner Drop. A f r e e  drop onto each corner of the  package in succession 
or in  t he  case of a cyl indr ical  package, onto each quarter  of each rim, 
from a height of 1 foot  onto a f l a t  e ssen t ia l ly  unyielding horizontal 
surface. This t e s t  applies only t o  packages which a re  constructed primarily 
of wood or  fiberboard, and do not exceed 110 pounds gross weight, and t o  a1 1 
Fiss i  l e  Class I I  packages. 

h. Penetration. Impact of the hemispherical end of a ver t ica l  s t ee l  cylinder 
1-114 inches in diameter and weighting 13 pounds, dropped from a height of 
40 inches onto the  exposed surface of the  package which i s  expected t o  be 
more vulnerable t o  puncture. The long ax i s  of the  cylinder shal l  be 
perpendicular t o  the  package surface. 

i. Compression. For packages not.exceeding 10,000 pounds in weight, a  
compressive load equal t o  e i t h e r  5 times the weight of the  package or 2 
pounds per square inch mult ipl ied by the  maximum horizontal cross section 
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o f  t h e  package, whichever i s  g rea te r .  The l oad  s h a l l  be a p p l i e d  
d u r i n g  a  p e r i o d  o f  24 hours, un i fo rm ly  aga ins t  t h e  t o p  and bo t tom o f  
t h e  package i n  t h e  p o s i t i o n  i n  which t h e  package would no rma l l y  be 
t ranspor ted .  

12. HYPOTHETICAL ACCIDENT CONDITIONS. The f o l l o w i n g  h y p o t h e t i c a l  acc i den t  
t e s t  c o n d i t i o n s  a re  t o  be a p p l i e d  s e q u e n t i a l l y ,  i n  t h e  o rde r  i n d i c a t e d ,  
t o  deterrni ne t h e i r  cumu la t i ve  e f f e c t  'on a  o r  a r r a y  o f  packages: 

a. Free Drop. A  f r e e  drop through a  d i s t ance  o f  30 f e e t  on to  a  f l a t  
e s s e n t i a l l y  u n y i e l d i n g  h o r i z o n t a l  sur face,  s t r i k i n g  t h e  su r f ace  i n  a  
p o s i t i o n  f o r  which maximum damage i s  expected. 

b. Puncture. A f r e e  d rop  th rough  a  d i s t a n c e  o f  40 inches  s t r i k i n g  i n  
a  p o s i t i o n  f o r  which maximum damage i s  expected, t h e  t o p  end o f  a  
v e r t i c a l  c y l i n d r i c a l  m i l d  s t e e l  b a r  mounted on an e s s e n t i a l l y  
u n y i e l d i n g  h o r i z o n t a l  surface. The ba r  s h a l l  be 6 inches i n  d iameter ,  
w i t h  t h e  t o p  h o r i z o n t a l  and i t s  edge rounded t o  a  r a d i u s  o f  no t  more 
t han  114 inch, and o f  such l eng th  as t o  cause maximum damage t o  t h e  
package, b u t  no t  l e s s  than  8  inches long. The l o n g  a x i s  o f  t h e  b a r  
s h a l l  be pe rpend i cu l a r  t o  t h e  u n y i e l d i n g  h o r i z o n t a l  sur face.  

c. Thermal. Exposure t o  a  thermal t e s t  i n  which t h e  heat  i n p u t  t o  t h e  
package i s  no t  l e s s  t h a t  t h a t  which would r e s u l t  f rom exposure o f  
t h e  whole package t o  a  r a d i a t i o n  environment o f  1475 degrees 
Fahrenhe i t  f o r  30 minutes w i t h  an e m i s s i v i t y  c o e f f i c i e n t  o f  0.9, 
assuming t h e  sur faces  o f  t h e  package have an abso rp t i on  c o e f f i c i e n t  
o f  0.8. The package s h a l l  no t  be cooled a r t i f i c i a l l y  u n t i l  3 hours  
a f t e r  t h e  t e s t  p e r i o d  un less  i t  can be shown t h a t  t h e  temperature on 
t h e  i n s i d e  o f  t h e  package has begun t o  f a l l  i n  l e s s  t han  3  hours. 

d. Water Immersion ( f i s s i l e  ma te r i a l  packages o n l y ) .  Immersion i n  
water  t o  t h e  e x t e n t  t h a t  a l l  p o r t i o n s  o f  t h e  package t o  be t e s t e d  
a re  under a t  l e a s t  3  f e e t  o f  water f o r  a  p e r i o d  o f  no t  l e s s  t han  8  
hours. 

13. TRANSPORT GROUPING OF RADIONUCLIDES. These groupings s h a l l  be i n  
accordance w i t h  t h e  Code o f  Federal  Regula t ions,  T i t l e  49, P a r t  173.390. 

14. TESTS FOR SPECIAL FORM MATERIAL. 

a. Free Drop. A f r e e  drop through a  d i s t ance  o f  30 f e e t  on to  a  f l a t  
e s s e n t i a l l y  u n y i e l d i n g  h o r i z o n t a l  surface, s t r i k i n g  t h e  su r face  i n  
such a  p o s i t i o n  as t o  su f fe r  maximum damage. 

b. Percussion. Impact o f  t h e  f l a t  c i r c u l a r  end o f  a  1 i n c h  d iameter  
s t e e l  r o d  we igh ing  3  pounds, dropped th rough  a  d i s t a n c e  o f  40 
inches. The capsule  o r  m a t e r i a l  s h a l l  be p laced  on a  sheet o f  
lead, o f  hardness number 3.5 t o  4.5 on t h e  V ickers  scale,  and no t  
more t han  1 i n c h  t h i c k ,  supported by a  smooth e s s e n t i a l l y  
u n y i e l d i n g  surface. 
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c. Heating. Heating in a i r  t o  a temperature of 1475 degrees Fahrenheit and 
remaining a t  that  temperature f o r  a period of 10 minutes. 

d .  Irnrnersion. Irnrnersion f o r  24 hours in water a t  room temperature. The 
water shall  be a pH6 - pH8 with a maximum conductivity of 10 micromhos 
per cent irneter. 


