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The second, designed by Wcstinghouse, belongs to SENA (Société d'Energie 
Nucléaire Franco-Belge des Ardennes) and is found in France, near Givet in the 
Ardennes, on the banks of the river Meuse. 

The Euratom/United States Agreement for Cooperation provides for a joint 
research and development program mainly intended for lowering the costs of the 
fuel cycle in these reactors. 

The present study was undertaken within the compass of this program. It 
concerns transportation from Europe to the United States of fuels irradiated in 
these reactors. 

The object of the study is, first, to arrive at an evaluation of the problems 
resulting from the transports envisaged, then to examine such problems, from a 
general viewpoint and in the light of concrete studies undertaken in the two 
particular cases of SENN and SENA, and, finally, to point out which direction 
may be followed in searching for the best transportation. 
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Nucléaire Franco-Belge des Ardennes) and is found in France, near Givet in the 
Ardennes, on the banks of the river Meuse. 

The Euratom/United States Agreement for Cooperation provides for a joint 
research and development program mainly intended for lowering the costs of the 
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Ardennes, on the banks of the river Meuse. 

The Euratom/United States Agreement for Cooperation provides for a joint 
research and development program mainly intended for lowering the costs of the 
fuel cycle in these reactors. 

The present study was undertaken within the compass of this program. It 
concerns transportation from Europe to the United States of fuels irradiated in 
these reactors. 

The object of the study is, first, to arrive at an evaluation of the problems 
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Nucléaire Franco-Belge des Ardennes) and is found in France, near Givet in the 
Ardennes, on the banks of the river Meuse. 

The Euratom/United States Agreement for Cooperation provides for a joint 
research and development program mainlj' intended for lowering the costs of the 
fuel cycle in these reactors. 

The present study was undertaken within the compass of this program. I t 
concerns transportation from Europe to the United States of fuels irradiated in 
these reactors. 

The object of the study is, first, to arrive at an evaluation of the problems 
resulting from the transports envisaged, then to examine such problems, from a 
general viewpoint and in the light of concrete studies undertaken in the two 
particular cases of SENN and SENA, and, finally, to point out which direction 
may be followed in searching for the best transportation. 
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C O N T E N T S 

CHAPTER III — THE IRRADIATED FUEL AND ITS PROCESSING 

CHAPTER IV — THE CASK 

CHAPTER V — TRANSPORTATION IN USA 

SUMMARY 

On November 8, 1958 the European Energy Community (Euratom) and the 
United States of America signed an Agreement for Cooperation to develop the 
peaceful applications of atomic energy. This Agreement provides for the construc
tion in Europe of a certain number of power reactors intended for producing 
electric energy of nuclear origin. 

The first of these reactors, designed by General Electric, belongs to SENN 
(Società Elettronucleare Nazionale) and is located in Italy, near Naples, on the 
banks of the river Garigliano. 

The second, designed by Westinghouse, belongs to SENA (Société d'Energie 
Nucléaire Franco-Belge des Ardennes) and is found in France, near Givet in the 
Ardennes, on the banks of the river Meuse. 

The Euratom/United States Agreement for Cooperation provides for a joint 
research and development program mainly intended for lowering the costs of the 
fuel cycle in these reactors. 

The present study was undertaken within the compass of this program. I t 
concerns transportation from Europe to the United States of fuels irradiated in 
these reactors. 

The object of the study is, first, to arrive at an evaluation of the problems 
resulting from the transports envisaged, then to examine such problems, from a 
general viewpoint and in the light of concrete studies undertaken in the two 
particular cases of SENN and SENA, and, finally, to point out which direction 
may be followed in searching for the best transportation. 
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INTRODUCTION (°) 

The United States and the European Atomic 
Energy Community (EURATOM), on May 29 and June 18, 19€5 
signed an agreement which provides a basis for cooperat ion 
in p r o g r a m s for the advancement of the peaceful applications 
of atomic energy. This agreement , in par t , provides for 
the es tabl ishment of a Joint U .S . - Eura tom r e s e a r c h and 
development p rogram which is a imed at r e a c t o r s to be 
const ructed in Europe under the Joint P r o g r a m . 

The work descr ibed in this repor t r ep re sen t s 
the Joint U .S . - Euratom effort which is in keeping with the 
spir i t of cooperation in contributing to the common good by the 
sharing of scientific and technical information and minimizing 
the duplication of effort by the l imited pool of technical talent 
available in Western Europe and the United Sta tes . 

( ° ) Manusc r ip t r e c e i v e d on F e b r u a r y 16, 1966 



A . A B S T R A C T 

The United States Atomic Energy Commiss ion announced in 
October of 1957 that it would, for only an in te r im per iod, make i ts 
chemical r ep rocess ing plants available for the purpose of p rocess ing 
and converting spent fuel from pr iva te ly owned power and r e s e a r c h 
r e a c t o r s . This decision was made only after it was determined that 
the chemical indust ry was not yet ready to undertake this job on a 
pure ly commerc ia l b a s i s . 

The Commiss ion indicated at that t ime , and still in tends, 
that as soon as pr iva te ly owned r ep rocess ing faci l i t ies become available 
to all at a fair and reasonable p r i c e , spent fuel from pr iva te r e a c t o r s 
will no longer be p rocessed at government faci l i t ies . 

In F e b r u a r y of 1962, the Davison Chemical Company of 
Ba l t imore , Maryland filed a l e t t e r of intent with the U. S. Atomic 
Energy Commiss ion . This l e t t e r set forth Davison ' s intention of filing 
an application with the Division of Licensing and Regulation for a l icense 
to design, const ruct and operate a spent fuel r ep rocess ing facility. The 
proposed plant would be operated by a newly formed subs id iary known as 
Nuclear Fuel Se rv ices , Inc. 

P re sen t plans call for the Davison plant to be completed and 
ready for operat ion by 1965 and have the capabili ty of r ep rocess ing all 
the cur ren t ly designed types of r eac to r fuel. The site of the plant has 
yet to be decided. 

Since the conditions under which the proposed Davison plant 
would p r o c e s s fuel a r e not avai lable , the following d iscuss ion of r e 
p rocess ing is based on information available p r i o r to Davison 's decision 
to enter the field. 

The U. S. Atomic Energy Commiss ion has designated two 
locations as plants to be used for the r ep rocess ing of spent fuel. The 
Idaho Chemical P rocess ing Plant near Idaho F a l l s , Idaho has been 
assigned the task of r ep roces s ing highly enriched and in te rmedia te en
riched uran ium-a luminum spent fuel, and the Savannah River Plant near 
Augusta, Georgia has been assigned low enriched and in te rmedia te en
riched (other than U-Al) fuels. 

Fuel from the SENN reac to r would be destined for the Savannah 
River Plant . 

The Savannah River Plant does not have a typical or standard 
contract available as yet, therefor , the following d iscuss ions a r e based 
on the contract available from the Idaho Chemical P roces s ing Plant . 
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The following d iscuss ions a r e not intended to act a s a substi tute 
for or an in te rpre ta t ion of the actual contract but m e r e l y to se rve a s an 
i l lus t ra t ion of what types of c lauses and information a r e to be found in 
the r ep roces s ing ag reemen t . 
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1. U S A E C - P r o p o s e d P a r t 72 ( c o n t . ) 

T h e c o m p l e t e s h i p p i n g p r o c e d u r e s and o p e r a t i n g p r o c e d u r e s 
m u s t b e s e t f o r t h in d e t a i l , i n c l u d i n g p r o c e d u r e s to b e u s e d to 
t e s t t h e c a s k and m a k e m e a s u r e m e n t s to p r o v e t h e s h i p m e n t 
s a t i s f i e s t h e v a r i o u s r e g u l a t i o n s a p p l i c a b l e . 

An a p p l i c a t i o n m a y , fo r the p u r p o s e of e l i m i n a t i n g d u p l i c a t i o n 
of e f f o r t , r e f e r t o a n y i n f o r m a t i o n c o n t a i n e d in p r e v i o u s 
a p p l i c a t i o n s . 

T h e P r o p o s e d P a r t 72 r e q u i r e s t h a t t he c o n s t S u c t i o n of t h e 
i n t e r i o r c o m p o n e n t s a l o n g w i t h the c a s k a s a w h o l e be c a p a b l e of 
w i t h s t a n d i n g a f r e e fa l l of the l o a d e d c a s k t h r o u g h a d i s t a n c e of 15 
f e e t on to a n u n y i e l d i n g s u r f a c e , w i t h o u t e x c e e d i n g t h e u l t i m a t e 
s t r e n g t h of t h e m a t e r i a l o r d e f o r m i n g the c a s k to s u c h an e x t e n t 
t h a t t h e r a d i a t i o n l e v e l one m e t e r f r o m t h e c a s k s u r f a c e e x c e e d s 
one r o e n t g e n p e r h o u r . T h e c o n d i t i o n s c o n s i d e r e d to b e e q u i v a l e n t 
to t h i s f r e e fa l l a r e s p e l l e d out in t h e r e g u l a t i o n s . 

T h e l id and l id c l o s i n g m e c h a n i s m i s r e q u i r e d to w i t h s t a n d 
a f o r c e in a n y d i r e c t i o n e q u a l to 15 t i m e s t h e w e i g h t of t he l o a d e d 
c a s k . 

T h e e x t e r i o r a t t a c h m e n t s of the c a s k a r e r e q u i r e d to w i t h s t a n d 
v a r i o u s f o r c e s d e p e n d e n t on the u s e and k ind of a t t a c h m e n t . T h e s e 
r e q u i r e m e n t s a r e c l e a r e x c e p t fo r t h a t of s e c t i o n 7 2 . 34 (d) w h i c h 
s t a t e s t h a t a n y d e v i c e t h a t m a y be u s e d to t i e t h e c a s k d o w n d u r i n g 
t r a n s p o r t m u s t be c a p a b l e of w i t h s t a n d i n g a s t a t i c f o r c e h a v i n g a 
v e r t i c a l c o m p o n e n t of 2 t i m e s t h e l o a d e d w e i g h t of the c a s k and a 
h o r i z o n t a l c o m p o n e n t of 10 t i m e s t h e l o a d e d w e i g h t of t h e c a s k 
wi thout e x c e e d i n g t h e y i e ld s t r e n g t h of t h e m a t e r i a l in t h e d e v i c e . 

F o r p u r p o s e s of o u r d e s i g n we h a v e a s s u m e d t h a t t h e t i e 
d o w n s y s t e m a s a w h o l e m u s t w i t h s t a n d t h e s e f o r c e s . 

C e r t a i n t y p e s of c a s k s m u s t be e q u i p p e d w i t h p r e s s u r e r e l i e f 
d e v i c e s w h i c h a r e in t u r n p r o t e c t e d by p a r t i c u l a t e f i l t e r s of e x 
t r e m e l y h i g h e f f i c i e n c y . 
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The Commiss ion (U.S.AECji r e q u i r e s that they be notified 
every th ree months of the amount of m a t e r i a l removed from the reac to r 
within that th ree month period, which is intended for r e p r o c e s s i n g . The 
Commiss ion must a lso be notified, at l eas t ninety days in advance of the 
agreed upon del ivery date, of the size of the batch to be de l ivered . 

The del ivery of each process ing batch must be completed within 
sixty days of the date on which the f irs t portion of the batch a r r i v e s at the 
p rocess ing plant . No charge for s torage is made during the sixty day per iod 
and the Commiss ion may extend this free s torage per iod at i ts d i sc re t ion . 

The p rocess ing batch may not contain m o r e m a t e r i a l on which no 
u s e - c h a r g e is a s s e s s e d , than would normal ly be d ischarged from the 
r eac to r in any twelve month per iod . This l imitat ion on batch size is appl i 
cable to leased fuel. The conditions under which purchased fuel will be 
handled a r e still unknown, and we a r e , therefor , assuming the above 
l imitation appl ies to the case under study. 

The shipper shall not be held responsib le for damage to Govern
ment owned proper ty as a r e su l t of handling or p rocess ing of specification 
ma te r i a l , which has been del ivered in accordance with the t e r m s of the 
cont rac t . 

The shipper w a r r a n t s , however, that the cask contains specifi
cation rraterial and in the event of a b reach of this war ran ty al l cos ts that 
may a r i s e , a s a resu l t of such breach of w a r r a n t y , shall be borne by the 
shipper . A l imitat ion of $500, 000 however, is placed on these c o s t s . 

If the casks used to c a r r y spent fuel become contaminated in the 
normal course of operat ions at the r ep rocess ing facility, the shipper i s 
not charged for decontamination, if the shipment contained specification 
m a t e r i a l and met the acceptance c r i t e r i a c£ the plant, which is a t tached to 
and made a par t of the con t rac t . The acceptance c r i t e r i a a lso specifies 
that to be eligible for free decontamination the exter ior surface of the 
cask must be const ructed of 300 s e r i e s s ta in less s tee l . 

Decontamination of vehicles or unloading a r e a s will be per formed 
free of charge if the contamination was caused by a condition other than 
del ivery of casks which fail to mee t the acceptance c r i t e r i a . 

If contamination of any sort i s a t t r ibutable to fai lure to meet the 
acceptance c r i t e r i a or fai lure to deliver specification ma te r i a l , then the 
full cost of decontamination will be charged to the shipper . 

Casks furnished by the shipper and damaged during normal oper 
at ions at the r ep rocess ing facility will be r epa i r ed or paid for by the 
Commiss ion only in the event the damage is caused by the negligence of 

the Commiss ion . 



Β. REPROCESSING AGREEMENT 

The reprocess ing agreement , or contract , for the purpose of 
utilizing the chemical p rocess ing and conversion se rv i ce s of the U. S. 
Atomic Energy Commiss ion is a m a t t e r for negotiation between the fuel 
owner and the U. S. A. E. C. 

Two plants have been designated by the A . E . C , as authorized 
reprocess ing faci l i t ies . These a re the Idaho Chemical P rocess ing Plant , 
for high enrichment types of fuel, over 20% U-235 content, and the 
Savannah River Reprocess ing Plant , for low enr ichment types of fuel, 
l e s s than 20% U-235 content. 

To date, there have been no cont rac ts signed for the r e p r o c e s s 
ing of fuel at the Savannah River Plant . The A . E . C , has a model 
reprocess ing contract for s e rv i ce s at the Savannah River Plant . 

Reprocess ing ag reement s between l icensed r eac to r opera to r s 
and the A . E . C , has been signed for s e rv i ce s to be performed at the 
Idaho Chemical P rocess ing Plant . The spent fuels involved a r e of high 
enrichment and unlike the common power r eac to r types of fuel. 

The Idaho Chemical P rocess ing Plant has a bas ic agreement 
which is used as the bas is for all ag reemen t s entered into by the I. C, P . P, 
This is the agreement which will be d iscussed h e r e . The difference 
between the I. C. P . P . contract and the one expected to be applicable to 
the S. R, P. is expected to be slight. 

The contract for p rocess ing and conversion se rv ices specifies 
the conditions for de l ivery of the spent fuel at the r ep rocess ing facility, 
including methods for de termining the charges applicable and for settl ing 
disputes that may a r i s e with regard to the contract . 

The t e r m s of the contract apply specifically to "specification 
m a t e r i a l " . "Specification m a t e r i a l " is ma te r i a l which mee t s the physical 
and chemical descr ipt ion outlined in an appendix attached to and made a 
par t of the contract . 

Mater ia l del ivered to the r ep rocess ing facility and determined 
by the reprocess ing facility to be non-specif icat ion ma te r i a l is handled 
in accordance with the pa rag raphs of the contract that apply to non-
specification mater ia l . 



The Commiss ion (U.S.AEC) r e q u i r e s that they be notified 
every th ree months of the amount of m a t e r i a l removed from the reac to r 
within that th ree month period, which is intended for r e p r o c e s s i n g . The 
Commiss ion must a lso be notified, at l eas t ninety days in advance of the 
agreed upon del ivery date, of the size of the batch to be del ivered. 

The del ivery of each process ing batch mus t be completed within 
sixty days of the date on which the f irs t port ion of the batch a r r i v e s at the 
p rocess ing plant . No charge for s torage is made during the sixty day per iod 
and the Commiss ion may extend this free s torage per iod at i ts d i scre t ion . 

The p rocess ing batch may not contain m o r e m a t e r i a l on which no 
u s e - c h a r g e is a s s e s s e d , than would normal ly be d ischarged from the 
r eac to r in any twelve month per iod . This l imitat ion on batch size is appli
cable to leased fuel. The conditions under which purchased fuel will be 
handled a r e still unknown, and we a r e , therefor , assuming the above 
l imitat ion applies to the case under study. 

The shipper shall not be held respons ib le for damage to Govern
ment owned p roper ty as a r e su l t of handling or p rocess ing of specification 
ma te r i a l , which has been del ivered in accordance with the t e r m s of the 
cont rac t . 

The shipper w a r r a n t s , however, that the cask contains specifi
cation r a t e r i a l and in the event of a b reach of this war ran ty al l costs that 
may a r i s e , as a resu l t of such b reach of w a r r a n t y , shall be borne by the 
shipper . A l imitat ion of $5 00, 000 however , is placed on these c o s t s . 

If the casks used to c a r r y spent fuel become contaminated in the 
normal course of operat ions at the r ep roces s ing facility, the shipper i s 
not charged for decontamination, if the shipment contained specification 
m a t e r i a l and met the acceptance c r i t e r i a c£ the plant, which is a t tached to 
and made a par t of the cont rac t . The acceptance c r i t e r i a a lso specifies 
that to be eligible for free decontamination the exter ior surface of the 

Decontamination of vehicles or unloading a r e a s will be per formed 
free of charge if the contamination was caused by a condition other than 
del ivery of casks which fail to meet the acceptance c r i t e r i a . 

If contamination of any sor t i s a t t r ibutable to fai lure to meet the 
acceptance c r i t e r i a or fai lure to deliver specification ma te r i a l , then the 
full cost of decontamination will be charged to the shipper . 

Casks furnished by the shipper and damaged during normal ope r 
at ions at the r ep roces s ing facility will be r epa i r ed or paid for by the 
Commiss ion only in the event the damage is caused by the negligence of 

the Commiss ion . 



The Commiss ion is not obligated to r e p r o c e s s the m a t e r i a l 
immedia te ly or at a l l , if it d e s i r e s not to . The contract spel ls out the 
method of a r r iv ing at a financial se t t lement in these c a s e s . 

If commerc i a l faci l i t ies for r ep roces s ing become avai lable and 
the Commiss ion feels that these s e rv i ce s a r e avai lable at a reasonable 
p r i ce , they may t e rmina te the ent i re contract or any pa r t of the con t rac t . 
Such te rmina t ion will be made only after twelve months notice has been 
given to the shipper . 

The shipper a lso has the right to t e rmina te the contract but is 
liable for any costs i ncu r red p r io r to the date of t e rmina t ion or costs 
which the Commiss ion became l iable for because of the t e rmina t ion . 

Repor t s re la t ive to the m a t e r i a l to be del ivered as specification 
m a t e r i a l will be of such form and detai l as the p a r t i e s to the contract may 
a g r e e . 

In the event fuel, of a different na ture than desc r ibed in the 
appendix descr ibing specification m a t e r i a l , i s intended for use and 
eventual r ep roces s ing , the Commiss ion shall be informed of the exact 
na ture of the m a t e r i a l and shall then rule on whether the proposed new 
m a t e r i a l may be cons idered specification m a t e r i a l under the existing 
cont rac t . 

Under ce r ta in conditions, approved by the Commiss ion , the 
shipper may combine his m a t e r i a l with other sh ippers in the formation of 
a p rocess ing batch. 

The r ep roces s ing cont rac t a lso has many c lauses of a genera l 
na ture including one setting forth the p rocedure for handling disputes and 
c lauses setting forth cha rges to be made for the s e rv i ce s r e n d e r e d . The 
c lauses re la t ive to cha rges for s e rv i ce s a r e d i scussed in P a r t E -
Reprocess ing Cos t s . 

Non-specif icat ion m a t e r i a l shall be handled in the manner 
p r e s c r i b e d by the applicable c lauses which a r e negotiated for each 
con t rac t . These c lauses will s ta te a l t e rna t ives which a r e applicable to 
any given s i tuat ion. 

The cont rac t can contain as many appendices a s r e q u i r e d . T h e r e 
a r e two, however, which will always be included. These a r e a " D e s c r i p 
tion of Specification Ma te r i a l " and an acceptance c r i t e r i a ! 
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The "Descr ipt ion of Specification Mate r i a l " includes drawings 
of the fuel units , descr ipt ion of weight and size, and a descr ipt ion of the 
composit ion, weight and size of cer ta in specified components . Inform
ation with r e g a r d to the expected post i r r ad ia t ion composit ion of the fuel 
is a lso included. 

The acceptance c r i t e r i a is a summary of the conditions that the 
cask must meet so that the shipment may be handled safely and efficiently 
at the r ep roces s ing facili ty. Included a r e specifications applying to 
radioact ive contamination, cooling medium p rope r t i e s , physical handling 
abi l i t ies of the plant, and specific fea tures that must be included in the 
cask design so that it can be proper ly and safely unloaded. 

- 6 -



C. FINANCIAL PROTECTION AT THE SAVANNAH RIVER PLANT 

The financial r i s k s that a shipper may be exposed to while his 
m a t e r i a l and equipment a r e at the Savannah River Plant spring from 
the r ep rocess ing contract and the ord inary pr inc ip les of legal l iabil i ty 
imposed by law, 

1. P e r s o n a l Injury 

Injury to any pe r son at the Savannah River Plant as a r e su l t of 
the nuclear energy hazard , r e g a r d l e s s of fault, i s covered by the 
indemnity ag reement entered into between the Savannah River Plant 
and the U. S. Atomic Energy Commiss ion . 

The Domest ic Supplier's ' and Transpor te r ' s 1 Policy, avai lable 
from the NELLA and MAELU insurance pools can be made to apply 
by including one of their available e n d o r s e m e n t s . A complete 
d iscuss ion of this policy can be found in the chapter entitled 
"Transpor ta t ion in U . S . A . " 

2. P r o p e r t y Damage 

a. Damage to P r o p e r t y of Shipper 

In the event of damage to p roper ty belonging to the shipper 
which r e s u l t s from fault on the pa r t of the shipper, t he re i s no 
insurance p resen t ly avai lable to r e i m b u r s e the shipper for the 
l o s s . If, however, the damage r e s u l t s from the fault of o the r s , 
the shipper has r e c o u r s e to legal action based on the ord inary 
pr inc ip les of tor t l iabi l i ty . 

Ar t i c l e VII -Β of the r ep roces s ing contract specifies that 
the Commiss ion is respons ib le for damages to the sh ippers 
equipment only in the event the damage is due to negligence on 
the pa r t of the Commiss ion . The word "Commiss ion" is defined 
to include any authorized r ep re sen ta t ive of the Commiss ion . 

b . Damage to Government P r o p e r t y 

In the event that damage to government p roper ty occu r s 
during the normal handling and r ep roces s ing of specification 
ma te r i a l , Ar t i c l e V-Α of the r ep roces s ing contract specifically 
s ta tes that the shipper shall not be held respons ib le for the 
damage . 
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b . Damage to Government P r o p e r t y (cont. ) 

If non-specif icat ion ma te r i a l is del ivered and damage 
occurs before the Commiss ion de te rmines that it is non-
specification ma te r i a l , then a b reach of the war ran ty contained 
in Art ic le VI-B of the r ep rocess ing contract shall have occur red . 
In this case , the shipper by the t e r m s of Art ic le VI-B a g r e e s to 
hold the United States h a r m l e s s for any cos t s , as a resu l t of such 
breach of warran ty , subject to a l imitat ion of $5 00, 000. 

The s tandard Domestic Supplier 's and Transpor te r ' s 1 

Policy specifically excludes coverage for p roper ty located 
at the site of a "nuclear faci l i ty". 

c. Damage to P r o p e r t y of Third P e r s o n s 

There is no insurance present ly available which would 
cover the sh ippers ' l iabi l i t ies in the event the proper ty of third 
pe r sons was damaged, while at the r ep roces s ing si te , and which 
r e su l t s from the fault of the shipper . 

Coverage is afforded, however, for vehicles not used in 
the operat ion of the r ep rocess ing facility» by the s tandard 
Domest ic Suppl ier ' s and T r a n s p o r t e r ' s Pol icy . 



P . FUEL PROPERTIES 

Information concerning the fuel p rope r t i e s before i r rad ia t ion 
and the expected fuel p rope r t i e s after i r r ad ia t ion were furnished by 
the General E lec t r i c Company, des igner s of the SENN r e a c t o r . 

1. F r e s h Fuel 

a. Type of Fuel UO¿ pel le ts 

b . Enr ichment Var iable : 2 . 1 % to 1.6% 

c. Total Weight of UO¿ 560 lbs . 
per Assembly 

d. Weight of U-235 per 10 lb s . 
Assembly 

e. Total Weight of 770 lb s . 
Assembly 

f. Type of cladding Zirca l loy -2 

g. Reloading schedule of 42 a s s e m b l i e s every 
Reactor 9 months 

I r r ad ia ted Fuel 

a. Weight of U-235 per 4. 9 lbs . 
Assembly 

b . Weight of Plutonium 2.5 lbs . 
per Assembly 

c. Weight of U 0 2 per 552.4 lbs, 
Assembly 



E . R E P R O C E S S I N G COSTS 

T h e c o s t s a s s o c i a t e d wi th the p r o c e s s i n g and c o n v e r s i o n of 
spen t fuel in to the f o r m n e c e s s a r y for s a l e to the A t o m i c E n e r g y C o m m i s 
s ion wi l l in a l l c a s e s be c l e a r l y s t a t e d in the r e p r o c e s s i n g a g r e e m e n t . 
A l s o l i s t e d wi l l be t h e c h a r g e s a s s o c i a t e d with t h e v a r i o u s s u p p l e m e n t a r y 
s e r v i c e s a v a i l a b l e a t the r e p r o c e s s i n g p l a n t . 

The p r o c e s s i n g c h a r g e s at t he p r e s e n t t i m e a r e b a s e d upon an 
a s s u m e d p r o c e s s i n g p lan t and c y c l e . T h i s c o n c e p t u a l p l an t i s ou t l ined 
in the d o c u m e n t en t i t l ed " S u m m a r y R e p o r t : A E C R e f e r e n c e F u e l P r o c e s s i n g 
P l a n t (WASH-743)" , da t ed O c t o b e r 1957. 

The fol lowing cos t a n a l y s i s wi l l be b a s e d on t h e c o n t r a c t which 
i s p r e s e n t l y in effect for c o m m i s s i o n s e r v i c e s a t the Idaho C h e m i c a l 
P r o c e s s i n g P l a n t and t h e v a r i o u s n o t i c e s which h a v e a m e n d e d the cond i t i ons 
unde r which t h e s e s e r v i c e s a r e m a d e a v a i l a b l e . 

In a l l c a s e s , only t h e c h a r g e s a s s o c i a t e d with the p r o c e s s i n g and 
c o n v e r s i o n of s p e c i f i c a t i o n m a t e r i a l a r e c o n s i d e r e d . E a c h d e l i v e r y of 
n o n - s p e c i f i c a t i o n m a t e r i a l wi l l be h a n d l e d on an ind iv idua l b a s i s , w i th in 
the p r o v i s i o n s of t h e c o n t r a c t , and a d d i t i o n a l c o s t s wi l l be i n c u r r e d . 

1. P r o c e s s i n g C o s t s 

The c h a r g e for b a s i c p r o c e s s i n g c o s t s i s d e t e r m i n e d by the 
fol lowing f o r m u l a : 

C = D 
W . 

l· Τ 
R X 

C - p r o c e s s i n g c h a r g e s in d o l l a r s 

D m $15 , 300, sub jec t to e s c a l a t i o n 

W = Weight in K i l o g r a m s of the t o t a l a m o u n t of u r a n i u m c o n t a i n e d 
in the p r o c e s s i n g b a t c h . 

R κ da i ly p r o c e s s i n g r a t e in K i l o g r a m s of t o t a l u r a n i u m . 

W 
Τ « π (to be no l e s s than 2 o r m o r e t han 8 days ) 
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1. Processing Costs (cont. ) 

The quantity "D" is made up of two separate values; that 
representing the daily depreciation charge and that representing 
the daily operating and overhead charges. In both cases the 
charge was based on prices and costs as of July 1956. The contract 
provides for the increase or reduction of the daily processing charge 
on the basis of changes in the Official Monthly Construction Cost 
Indexes and the Wholesale Price and Price. Indexes. 

Based on the average of the Monthly Price Indexes for the last 
six months of 1961 the quantity "D" is increased from $15, 300 to 
$17,400. 

The provisions of existing documents limit the batch size, for 
fuel on which no use charge is paid, to a maximum equal to the 
amount that is normally discharged from the reactor core in one year. 
In the case of the SENN reactor this means 42 fuel assemblies since 
one-fifth of the core is removed every nine months. 

The daily processing rate for low enrichment uranium-zircalloy 
clad fuel elements has not been published by the A.E.C. Various 
papers written on the economics of fuel reprocessing seem to agree 
that this type of fuel will probably be processed at a rate of approxi
mately 1000 Kg per day. This figure has been adopted for item "R" 
in our cost analysis. 

Based on the above assumptions, the processing cost per batch 
of 42 SENN fuel assemblies is: 

D W 
i 't 

C : $17,400 9284, 94 
1000 

J- 8 

C I $17,400(17.3) ζ $301,020 per batch 

2, Processing Losses 

Processing is the converting of the irradiated fuel element into 
nitrate salts, namely, uranyl nitrate and plutonium nitrate. The 
losses which are expected to occur during processing have been 
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2. P rocess ing Losses (cont.) 

es t imated by the AEC at 1% of the contained m a t e r i a l . 

The specific loses would be: 

Plutonium: (47.67) (.01) = .48 Kg/batch 
Uranium: (9284.94) (.01) = 92 .8 kg/batch 

3. Conversion Costs 

Conversion is the changing of uranyl n i t ra te into uranium 
hexaflouride and plutonium ni t ra te into plutonium meta l but tons. 
These two final forms a r e the only forms in which the U . S . A . E . C , 
will accept the m a t e r i a l . 

The quoted conversion charges a r e $5.60 per Kg. of uranium 
and $1.5 0 per g ram of plutonium. 

These charges amount to: 

Uranium: (9284.9 - 92.8) (5.60) = $51,475.76 
Plutonium: ( 4 7 . 6 7 - 0 . 4 8 ) (1000) (1.50) = $70,785. 

4. Conversion Losses 

The U. S. Atomic Energy Commiss ion has stated that the l o s ses 
which a r e expected to be incur red during conversion a r e 0. 3 of one 
per cent of the uranyl n i t ra te , and one per cent of plutonium n i t r a t e . 

Therefor , the following amounts will be lost during conversion; 

Uranyl n i t ra te : (9192) (. 003) = 27 . 5 8 Kg. of U/batch 
Plutonium ni t ra te : (47.19) (.01) = . 4 7 Kg. of Pu /ba tch 

Based on the previous sections the amount of ma te r i a l available 
per batch for r e s a l e after p rocess ing and conversion is 9164.4 
k i lograms of U in UF¿ and 46.72 k i lograms of plutonium meta l . 

12-



5. Total Cost of Reprocess ing 

The cost of r ep rocess ing pe r batch (42 fuel e lements to a 
batch) is as follows: 

P rocess ing Costs : : $301 ,020 .00 
Conversion Costs : = 

Uranium = 51,475.76 
Plutonium - 70 ,785.00 

Total $ 423,280. 76 

Other charges can be incur red but these a r e not available at 
this t ime . These additional charges would be nominal and could 
be for the following s e r v i c e s : decontamination of ex te r ior sur faces 
of shipping equipment, s torage charges (in the event the 60 days 
free s torage is exceeded while awaiting the a r r i va l of a full batch), 
and rental charges for cyl inders in which to ship the UF, to the 
receiving point. 

6. Resale Value 

The "buy back" p r i c e s establ ished by the U. S. Atomic Energy 
Commiss ion a r e identical to the published base cha rges . The base 
charge is the value placed by the A . E . C , on the m a t e r i a l . At the 
p resen t t ime the A . E . C , has guaranteed specific base charges up 
to June 30, 1963. Shipments from the SENN reac to r will take place 
after this t ime but since we a re not in a posit ion to predic t the base 
charges that may be in effect we will a s sume cur ren t values . 

The value of uranium enriched in the isotope U-235 is based 
on the percent of enr ichment of the uran ium. Based on the informa
tion, re la t ive to fuel p r o p e r t i e s , which is l is ted e a r l i e r in the 
repor t , we can calculate the pe rcen t enr ichment of the uranium as 
1. 00%. This cor responds to a "buy back" value of $47. 70 per 
ki logram of u ran ium. 

The cu r ren t "buy back" p r i ce for plutonium produced in 
r e a c t o r s outside the United States is $12. 00 pe r g ram of plutonium. 
We a re again assuming that this value will be applicable when the 
SENN fuel is ready for r ep roces s ing . 
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6. Resale Value (cont. ) 

The mate r ia l in each batch, therefor , has the following 
resa le value. 

Uranium: (9164.4) $47. 70 = $437,141.88 

Plutonium: (46. 72) (1000) (12.00) = $560,640.00 

Total per batch = $997,781.88 

Total per fuel assembly = $ 23, 756. 71 

7. Valuation for Insurance Purposes 
The value to be assigned to the fuel for the purpose of 

determining the amount of p roper ty insurance neces sa ry will 
depend on whether the fuel is purchased or leased from the 
U.S. A . E . C . 

If the ma te r i a l is purchased from the A . E . C , then, in the 
event the ma te r i a l is completely los t , the only real loss to the fuel 
owner will be the resa le value of the spent fuel minus the costs of 
r ep rocess ing . 

This value i s : 

$997,781.88 - $423,280.76 =· $574,501.12 pe r batch 
or = $ 13,678.60 per fuel a s sembly 

In the event the ma te r i a l has been provided under a lease 
agreement , the l e s see is obligated to pay to the Commiss ion an 
amount equal to the value of the contained m a t e r i a l . It would, 
therefor , be wise to insure the shipment for the maximum amount 
poss ib le . 

The maximum value would be based on the uranium and pluton
ium content p r i o r to r eprocess ing . This value i s : 

Uranium: (9284. 94) $47. 70 = $ 442,891.64 

Plutonium: (47.67) (1000) ($12.00) = $ 572,040.00 

Total Value per Batch r $1,014,931.64 

Total Value per Fuel Assembly = $ 24,165.04 
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A . ABSTRACT 

In genera l , a cask for the shipment of spent fuel should be a s 
l a rge as physical ly poss ib le . An examination of var ious cask s izes 
and designs points out that the i nc r ea se in the weight of the ove r -a l l 
package is not d i rect ly propor t ional to the i n c r e a s e in the weight of 
the contained fuel. 

Minimizing the ra t io of pounds of cask to each pound of fuel 
leads to the most economical solution to the shipping problem, by 
minimizing freight costs and in some ins tances cask c o s t s . 

Transpor t ing the maximum number of fuel a s s e m b l i e s poss ible 
per cask reduces the number of cask t r ip s neces sa ry , with an a t tend
ant reduction in c l e r i ca l work, and insurance c o s t s . A reduction in 
the number of cask t r ip s a lso reduces the probabil i ty of an incident 
occur r ing . 

The cask design d i scussed in this chapter was made for the sole 
purpose of determining the suitability of the var ious faci l i t ies and a s an 
aid in est imating cost f ac to r s . Detai ls of the design a r e not considered 
n e c e s s a r y in determining these m a t t e r s . 

The cask design as it i s p resen ted in this chapter mee t s the 
basic provis ions of the applicable c r i t e r i a . Additions or a l te ra t ions 
to the design for the purpose of meeting other m o r e specific provis ions 
of the c r i t e r i a a r e expected to leave the size and weight of the cask 
basical ly unal te red . 
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E . R E G U L A T I O N AND A P P R O V A L 

1. Uni ted S t a t e s A t o m i c E n e r g y C o m m i s s i o n - P r o p o s e d P a r t 72 

On the 2 3 r d of S e p t e m b e r , 1961 , the Uni ted S t a t e s A t o m i c 
E n e r g y C o m m i s s i o n p u b l i s h e d the m o s t r e c e n t v e r s i o n of P r o p o s e d 
P a r t 72 of T i t l e 10 Code of F e d e r a l R e g u l a t i o n s . T h e r e g u l a t i o n s 
in P r o p o s e d P a r t 72 a r e en t i t l ed " P r o t e c t i o n A g a i n s t R a d i a t i o n in 
the Sh ipmen t of I r r a d i a t e d F u e l E l e m e n t s ' . ' 

T h e s e p r o p o s e d r u l e s h a v e b e e n u n d e r d i s c u s s i o n by v a r i o u s 
c o m m e r c i a l c o m p a n i e s and r e g u l a t i n g a g e n c i e s for m a n y m o n t h s , 
and h a v e b e e n r e v i s e d and r e w r i t t e n a n u m b e r of t i m e s . 

The p r i m e p u r p o s e of the r e g u l a t i o n s i s to se t fo r th p r o c e d u r e s 
and c r i t e r i a for the safe t r a n s p o r t of l a r g e r a d i o a c t i v e s o u r c e s in 
the f o r m of so l id i r r a d i a t e d r e a c t o r fue l . T h e p r o p o s e d P a r t 72 
d e a l s p r i m a r i l y wi th the t e c h n i c a l c r i t e r i a a p p l i c a b l e to c a s k d e s i g n 
and c o n s t r u c t i o n . 

Al though the r u l e s of P a r t 72 a r e e x p r e s s l y s t a t e d to app ly to 
p e r s o n s l i c e n s e d p u r s u a n t to P a r t 7 0, the r u l e s by a d m i n i s t r a t i v e 
d e c i s i o n h a v e b e e n m a d e a p p l i c a b l e to i m p o r t s h i p m e n t s of spen t 
fue l . 

It i s s p e c i f i c a l l y s t a t e d tha t a p p r o v a l u n d e r P a r t 72 s h a l l be 
i n d i c a t e d by the i s s u a n c e of a l i c e n s e or a m e n d m e n t te a l i c e n s e . 
Aga in , by a d m i n i s t r a t i v e d e c i s i o n , no l i c e n s e wi l l be i s s u e d to 
i n d i c a t e a p p r o v a l in t h e c a s e of i m p o r t s h i p m e n t s . The A E C wi l l 
i s s u e a l e t t e r to the a p p l i c a n t to i n d i c a t e a p p r o v a l of t h e c a s k and 
sh ipp ing p r o c e d u r e s . 

Any p e r s o n o r g r o u p w i s h i n g to m a k e a s h i p m e n t cf spen t fuel 
in the Uni ted S t a t e s m u s t app ly for a p p r o v a l to the D i v i s i o n of 
L i c e n s i n g and R e g u l a t i o n of the Uni ted S t a t e s A t o m i c E n e r g y 
C o m m i s s i o n . 

T h i s a p p l i c a t i o n for a p p r o v a l m u s t c o n t a i n the i n f o r m a t i o n 
l i s t e d in s e c t i o n 7 2 . 2 1 of P a r t 7 2 . The r e q u i r e d i n f o r m a t i o n b r i e f l y 
c o n s i s t s of an e v a l u a t i o n of the cask 's ab i l i t y to c o n t a i n the spen t 
fuel s a f e l y . T h i s e v a l u a t i o n m u s t i n c l u d e d r a w i n g s and c a l c u l a t i o n s 
r e l a t i v e to the s t r u c t u r a l i n t e g r i t y , r a d i a t i o n sh i e ld ing , d e c a y h e a t 
r e m o v a l , and c r i t i c a l i t y s a f e g u a r d s of the c a s k , both d u r i n g 
n o r m a l and e m e r g e n c y c o n d i t i o n s . 
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1. USAEC - Proposed Pa r t 72 (cont. ) 

The complete shipping p rocedures and operating p rocedures 
must be set forth in detai l , including p rocedures to be used to 
tes t the cask and make m e a s u r e m e n t s to prove the shipment 
sat isf ies the var ious regulations applicable. 

An application may, for the purpose of eliminating duplication 
of effort, refer to any information contained in previous 
applicat ions. 

The Proposed Pa r t 72 r equ i re s that the constSuction of the 
in te r io r components along with the cask as a whole be capable of 
withstanding a free fall of the loaded cask through a distance of 15 
feet onto an unyielding surface , without exceeding the ult imate 
s t rength of the ma te r i a l or deforming the cask to such an extent 
that the radiation level one me te r from the cask surface exceeds 
one roentgen per hour. The conditions considered to be equivalent 
to this free fall a re spelled out in the regula t ions . 

The lid and lid closing mechanism is required to withstand 
a force in any direct ion equal to 15 t imes the weight of the loaded 
cask. 

The exter ior a t tachments of the cask are required to withstand 
var ious fore es dependent on the use and kind of a t tachment . These 
requ i rements a r e c lear except for that of section 72. 34 (d) which 
s ta tes that any device that may be used to tie the cask down during 
t r anspor t must be capable of withstanding a static force having a 
ver t ica l component of 2 t imes the loaded weight of the cask and a 
horizontal component of 10 t imes the loaded weight of the cask 
without exceeding the yield s t rength of the ma te r i a l in the device. 

F o r purposes of our design we have assumed that the tie 
down sys tem as a whole must withstand these forces . 

Certain types of casks must be equipped with p r e s s u r e relief 
devices which a re in turn protected by par t icula te f i l ters of ex
t remely high efficiency. 
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1. U .S . AEC - P roposed P a r t 72 (cont. ) 

Section 72 .34 (o) r e q u i r e s that an iodine gas r emova l device 
be included in the p r e s s u r e rel ief sys tem if the amount of I odine — 
131 which would be r e l e a s e d from the fuel, in the event emergency 
conditions existed, exceeds 10 c u r i e s : or the amount of Iodme-129 
under the s ame conditions exceeds one c u r i e . 

Since it is ex t remely difficult to p red ic t the amount of iodine 
that could reasonably be expected to be r e l e a s e d from the fuel, and 
a l so quite difficult to provide a re l iab le gas remova l f i l ter ; the 
s imples t solution a p p e a r s to be to cool the fuel long enough so that the 
total contained iodine is beneath the allowed l e v e l s . 

The radia t ion shielding must be fixed in re la t ion to the cask 
s t ruc tu re and must provide sufficient shielding to reduce the r a d i a 
tion to 200 mi l l i roen tgens per hour at the surface and ten mi l l i roen t -
gens pe r hour at t h r e e m e t e r s from the su r face . In the event, the 
cask does not have the exclusive use of the vehicle the level of 
radiat ion mus t not exceed 200 mi l l i roen tgens per hour at the s u r f a c e 
or ten mi l l i roen tgens per hour at one m e t e r from the su r face . 

Cr i t ica l i ty within the cask is control led in two ways ; 
(1) by l i m i t i n g t h e n u m b e r of fuel a s s e m b l i e s w i th in t h e c a s k , and 

(2) by calculating the effective neutron mult ipl icat ion constant , 
taking into account poison m a t e r i a l which may be p r e s e n t . 

If the number of fuel a s s e m b l i e s in a cask does not exceed 75 
pe rcen t of the number n e c e s s a r y to a t ta in c r i t ica l i ty it shall be 
cons idered safe. 

If the effective neutron mult ipl icat ion constant , k gt-£ does not 
exceed 0.9 the shipment will be cons idered cr i t ica l ly safe. 

In both of the above ca s e s the fuel and the cask must be a s s u m e d 
to be in the condition which would p romote maximum reac t iv i ty . 

The abili ty of the cask to d i s s ipa te heat shall be sufficient so 
that the following values will not be exceeded; 
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USAEC - P r o p o s e d P a r t 72 (cont . 

(D A c c e s s i b l e c a s k s u r f a c e t e m p e r a t u r e of 1 8 0 ° F 

(2) P r i m a r y coolant 2Ü° F l e s s than Lts boi l ing point 

(3) The m a x i m u m s u r f a c e t e m p e r a t u r e of fuel to be no 
g r e a t e r than 300° F below the f a i l u r e t e m p e r a t u r e , of 
the i r r a d i a t e d fue l . 

In a l l c a s e s the p r i m a r y coo lan t m a y not be c i r c u l a t e d outside. 
the c a s k ; the coo lan t m u s t be p r o t e c t e d a g a i n s t f r e e z i n g ; in the 
even t of m e c h a n i c a l coo lan t c i r c u l a t i o n a s t andby s y s t e m m a y be 
r e q u i r e d ; a l l c a l c u l a t i o n s m u s t be m a d e with an a m b i e n t t e m p e r a 
t u r e of 100° F and a no wind cond i t i on . 

R u p t u r e d fuel e l e m e n t s m u s t be e n c l o s e d in a c o n t a i n e r p r i o r 
to load ing in the c a s k and r u p t u r e d o r de f ec t i ve c a s k s a r e not to be 
u s e d . 

P r i o r to us ing a c a s k for the f i r s t t i m e h e a t t r a n s f e r and shie ld
ing c a l c u l a t i o n s sha l l be e x p e r i m e n t a l l y v e r i f i e d . 

P r i o r to each s h i p m e n t the fol lowing t e s t s sha l l be m a d e : 

(1) E x t e r n a l r a d i a t i o n l e v e l s wi th in a l l o w a b l e l i m i t s 

(2) S u r f a c e c o n t a m i n a t i o n of a lpha p a r t i c l e s l e s s than 
500 d i s i n t e g r a t i o n p e r m i n u t e p e r 100 s q u a r e c e n t i m e t e r s 
and b e t a - g a m m a r a d i a t i o n of l e s s than 4000 d i s i n t e g r a 
t i o n s p e r m i n u t e p e r 100 s q u a r e c e n t i m e t e r s . 

(3) The loaded c a s k s h a l l be t e s t e d for l eak t i g h t n e s s 
with an i n t e r n a l p r e s s u r e of no l e s s than five pounds p e r 
s q u a r e i n c h . 

(4) A s a m p l e of the p r i m a r y coo lan t sha l l be d r a i n e d 
f r o m the c a s k and the fol lowing l i m i t s of a c t i v i t y sha l l 
not be e x c e e d e d ; 
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(a) B e t a - G a m m a a c t i v i t y - 10 " c u r i e s p e r 
m i l l i l i t e r 
(b) Alpha a c t i v i t y = 10 ' cu r i e t p e r m i l l i l i t e r 



1. USAEC - Proposed P a r t 72 (cont. ) 

The maintenance of cer ta in r eco rds re la t ive to the i r rad ia t ion 
h is tory of each fuel element is required along with detailed resu l t s 
of tes ts made on each shipment . 

The foregoing is a brief general s u m m a r y of the r equ i rement s 
to be found in the Proposed Pa r t 72. It is not intended to be, nor 
is it complete enough to be , used as a substi tute for the regulat ions 
as printed by the USAEC. 

The regulat ions as they cur ren t ly exist p resen t no se r ious 
obstacles to compliance. They a re undoubtedly r e s t r i c t i ve in 
nature but any a rguments for relaxing the r equ i remen t s of the 
regulat ions seem to be based ent i re ly on m a t t e r s of opinion. 

Any applicant submitting the n e c e s s a r y and p rope r ly p repared 
information for the approval of a cask must wait a few months for 
the review by the USAEC to be completed. 



2 . B u r e a u of E x p l o s i v e s of the A s s o c i a t i o n of A m e r i c a n R a i l r o a d s 

T h e B u r e a u of E x p l o s i v e s of the A s s o c i a t i o n of A m e r i c a n 
R a i l r o a d s h a s been a u t h o r i z e d by the United S t a t e s I n t e r s t a t e 
C o m m e r c e C o m m i s s i o n to ac t on behalf of the I n t e r s t a t e 
C o m m e r c e C o m m i s s i o n in a d m i n i s t e r i n g and en fo rc ing t h o s e 
p r o v i s i o n s of the I n t e r s t a t e C o m m e r c e C o m m i s s i o n r e g u l a t i o n s 
tha t apply to d a n g e r o u s a r t i c l e s . 

T h e B u r e a u of E x p l o s i v e s m u s t a p p r o v e and i s s u e a p e r m i t 
n u m b e r to each type of c o n t a i n e r i n t ended for the c a r r i a g e of 
d a n g e r o u s a r t i c l e s . In each c a s e , t he p e r m i t n u m b e r wi l l be 
i s s u e d only a f t e r t he B u r e a u h a s s a t i s f i e d i t s e l f tha t the p r o p o s e d 
c o n t a i n e r can safe ly con ta in and t r a n s p o r t t he i n t ended c o n t e n t s . 

T h e Uni ted S t a t e s C o a s t G u a r d h a s sa id tha t they wi l l a c c e p t 
the i s s u a n c e of a B u r e a u of E x p l o s i v e s p e r m i t n u m b e r a s a d e q u a t e 
p roof tha t the c o n t a i n e r i s s u i t a b l e for the safe c a r r i a g e of the 
c o n t e n t s . 

S ince the I n t e r s t a t e C o m m e r c e C o m m i s s i o n r e g u l a t i o n s do 
not p r o v i d e a d e t a i l e d d e s c r i p t i o n of the c o n s t r u c t i o n of the t ype 
of c o n t a i n e r a l l owed for the c a r r i a g e of l a r g e r a d i o a c t i v e s o u r c e s 
the B u r e a u of E x p l o s i v e s h a s p r o m u l g a t e d and i s s u e d s p e c i f i c a 
t i o n s . T h e s e s p e c i f i c a t i o n s a r e in t ended to guide t h o s e who wi l l 
be s eek ing the a p p r o v a l of t h e B u r e a u and a r e c o n s i d e r e d to be t h e 
m i n i m u m c o n t a i n e r r e q u i r e m e n t s . 

T h e r e q u i r e m e n t s of the B u r e a u r e l a t i v e to the i s s u a n c e of a 
p e r m i t for a c a s k to c a r r y spen t fuel a r e l e s s r e s t r i c t i v e and l e s s 
d e t a i l e d than t h o s e of t h e U . S . A t o m i c E n e r g y C o m m i s s i o n . The 
i n f o r m a t i o n c o n t a i n e d in the a p p l i c a t i o n to the USAEC in c o m p l i 
a n c e with the p r o p o s e d P a r t 72 i s m o r e than a d e q u a t e for the 
p u r p o s e s of t h e B u r e a u , 

The h igh l igh t s of the r e q u i r e m e n t s of the B u r e a u a r e a s 
fo l lows : 

(a) If m e c h a n i c a l d e v i c e s a r e u s e d for a id ing in t h e 
cool ing of the c a s k a d u p l i c a t e s t andby s y s t e m m u s t 
be inc luded , and the s h i p m e n t m u s t be e s c o r t e d . 

(b) Coolan t should be p r e v e n t e d f rom f r e e z i n g . 

(c) M a x i m u m e x t e r n a l s u r f a c e t e m p e r a t u r e sha l l 
not e x c e e d 180° F . 



2. B u r . of E x p l o s i v e s of the AAR (con t . ) 

(d) Sh ie ld ing m a t e r i a l m u s t be he ld in p l a c e and e n c a s e d 
in s t e e l . If l e ad i s t h i c k e r than six i n c h e s then the s t e e l 
she l l s h a l l be no l e s s t han J /4 inch t h i c k . 

(e) R a d i a t i o n l e v e l at t he s u r f a c e not to e x c e e d 200 
m i l l i r o e n t g c n p e r hour and at o r e m e t e r f r o m t h e s o u r c e 
10 m i l l i r o e n t g e n p e r h o u r . 

(f) If c o n t a i n e r i s i n t e n d e d for s h i p m e n t by w a t e r it m u s t 
be marked with t h e g r o s s w e i g h t . 

(g) The n a m e " R a d i o a c t i v e M a t e r i a l " and ine p e r m i t 
n u m b e r m u s t be p e r m a n e n t l y a p p l i e d to the c o n t a i n e r so 
that it cannot be o b l i t e r a t e d by f i r e . 

(h) C o n t a i n e r m u s t be d e s i g n e d and m a i n t a i n e d so tha t 
c r i t i c a l i t y canno t o c c u r . 

A c o m p l e t e copy of the B u r e a u ' s r e q u i r e m e n t s can be ob t a ined 
f r o m the B u r e a u . 

The B u r e a u ' s a p p r o v a l b a s e d on o p e r a t i n g p r o c e d u r e s , c o n t e n t s 
and c a s k d e s i g n i s i n d i c a t e d by a l e t t e r a s s i g n i n g a p e r m i t n u m b e r 
to the c a s k . A p p r o x i m a t e l y s e v e n d a y s a r e r e q u i r e d for the B u r e a u 
to r u l e on an a p p l i c a t i o n . 
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3 . I n t e r n a t i o n a l A t o m i c E n e r g y A g e n c y  R e g u l a t i o n s for the 

Safe T r a n s p o r t of R a d i o a c t i v e M a t e r i a l 

T h e s e r e g u l a t i o n s a r e b r o a d l y w r i t t e n and i n t e n d e d to apply 

to any type of s h i p m e n t of r a d i o a c t i v e m a t e r i a l s . T h e p o r t i o n s 

of the r e g u l a t i o n s which app ly to o r i n f luence t h e d e s i g n of a c a s k 

a r e of a g e n e r a l n a t u r e and the a u t h o r i t y to a p p r o v e any p a r t i c u 

l a r type of c a s k i s r e l e g a t e d to the c o m p e t e n t a u t h o r i t y of the 

c o u n t r y wi th in which the s h i p m e n t o r i g i n a t e s . 

The s h i p m e n t of spen t fuel fa l l s wi th in the c l a s s i f i c a t i o n of 

l a r g e r a d i o a c t i v e s o u r c e s . A s such the c a s k u s e d m u s t c o m p l y 

with the type Β packag ing s p e c i f i c a t i o n s . T h e type Β p a c k a g i n g 

Spec i f i ca t ion r e q u i r e s t ha t t he c a s k be d e s i g n e d to w i t h s t a n d 

" c o n d i t i o n s n o r m a l l y inc iden t to t r a n s p o r t and for the m a x i m u m 

c r e d i b l e a c c i d e n t " tha t could be e n c o u n t e r e d us ing t h e i n t e n d e d 

m o d e of t r a n s p o r t a t i o n . " W i t h s t a n d " m e a n i n g t h e r e t e n t i o n of 

sh i e ld ing eff ic iency and not a l lowing the c o n t e n t s to be d i s p e r s e d . 

In app ly ing for a p p r o v a l f r o m t h e c o m p e t e n t a u t h o r i t y , t h e 

a p p l i c a n t m u s t exp la in t h e n a t u r e of t h e " m a x i m u m c r e d i b l e 

i n c i d e n t " p o s t u l a t e d and the ab i l i t y of t h e c a s k to w i t h s t a n d the 

inc id ent . 

T h e c r i t i c a l i t y of the c a s k wi l l be c o n t r o l l e d by s p e c i a l 

a r r a n g e m e n t , tha t i s , by p r o v i d i n g c r i t i c a l i t y c o n t r o l s which 

a r e d e t e r m i n e d by a n u c l e a r safe ty s p e c i a l i s t to be a d e q u a t e . 

In a s s e s s i n g the a d e q u a c y of t h e s e c r i t i c a l i t y c o n t r o l s , t he 

fol lowing c r i t e r i a a r e to be ap p l i ed : 

(a) a double c o n t i n g e n c y i s r e q u i r e d to a c h i e v e 

c r i t i c a l i t y . 

(b) t h e w o r s t c o m b i n a t i o n of cond i t i ons wi th r e g a r d 

to a b s e n c e o r p r e s e n c e of w a t e r . 

(c) t he p r e s e n c e of o the r t y p e s of s h i p m e n t s which 

could i n c r e a s e r e a c t i v i t y 

(d) the ef fect ive n e u t r o n m u l t i p l i c a t i o n f a c t o r of the 

s y s t e m not to e x c e e d 0. 9 o r the m a s s of the m a t e r i a l 

i s not to e x c e e d 80% of t ha t a m o u n t n e c e s s a r y for 

c r i t i c a l i t y . 
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3 . IAEA  R e g u l a t i o n s for Safe T r a n s p o r t ( c o n t . ) 

(e) if fuel e l e m e n t s a r e not h e l d in p l a c e , then 

spac ing which would c a u s e m a x i m u m r e a c t i v i t y 

m u s t be a s s u m e d , 

(f) the fuel m u s t be c o n s i d e r e d e i t h e r f r e s h o r 

i r r a d i a t e d w h i c h e v e r g i v e s g r e a t e s t r e a c t i v i t y 

(g) if m e l t d o w n c a n o c c u r fuel m u s t be c o n s i d e r e d 

m e l t e d . 

P a c k a g e s o r c a s k s con t a in ing " l a r g e s o u r c e s " a r e c o n s i d e r e d 

a c a t e g o r y " y e l l o w " p a c k a g e and s h a l l c o m p l y with the fol lowing 

r a d i a t i o n r e q u i r e m e n t s : 

(a) No m o r e than 200 m i l l i r o e n t g e n p e r h o u r a t 

the a c c e s s i b l e s u r f a c e . 

(b) No m o r e t h a n 10 m i l l i r o e n t g e n p e r h o u r a t 3 

m e t e r s f r o m the a c c e s s i b l e s u r f a c e . 

The h e a t d i s s i p a t i o n a b i l i t i e s of the c a s k m u s t be such tha t 

t he a c c e s s i b l e e x t e r n a l s u r f a c e t e m p e r a t u r e s h a l l not e x c e e d 

1 8 0 ° F , and the p a r t s of the fuel s h a l l not e x c e e d a t e m p e r a t u r e 

of 1 8 0 ° be low t h e i r r e s p e c t i v e m e l t i n g p o i n t s wi th no l iqu id be ing 

c i r c u l a t e d . 

L iqu id coo lan t which c o m e s in c o n t a c t wi th t h e r a d i o a c t i v e 

m a t e r i a l i s not to c i r c u l a t e o u t s i d e the s h i e l d i n g of the c a s k . 

In the event a m e c h a n i c a l cool ing s y s t e m i s e m p l o y e d , the 

d e s i g n sha l l be such tha t f a i l u r e of the s y s t e m sha l l not r e s u l t 

in an e x c e s s i v e p r e s s u r e i n c r e a s e o r a r a d i a t i o n h a z a r d . 

If the c o n t a i n e r i s not d e s i g n e d to w i t h s t a n d i n t e r n a l 

p r e s s u r e s due to the bo i l ing of the coo lan t t hen the c a s k sha l l 

be d e s i g n e d to m a i n t a i n the coo lan t t e m p e r a t u r e s a t l e a s t 20°F 

below the bo i l ing point of t h e c o o l a n t . 

In any c a s e , a s h i p m e n t of spen t fuel wi l l a l w a y s be m a d e by 

s p e c i a l a r r a n g e m e n t s , and t h e s e m u s t be a p p r o v e d by the c o m 

p e t e n t a u t h o r i t y of e a c h c o u n t r y i n v o l v e d . 
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3. IAEA- Regulations for Safe T ranspor t (cont.) 

Any application for approval from the competent authority 
of the countr ies involved must include a complete summary of 
the a r r angemen t s made, the handling and operating p rocedures , 
the precaut ions and safeguards assoc ia ted with the shipment, 
the physical and chemical composition of the fuel, and an 
engineering analysis of the adequacy of the cask to meet the 
r equ i r emen t s specified and contain the ma te r i a l in a safe 
manne r . 

For the purposes of this application, copies of the inform
ation and analysis which is submitted to the U .S . Atomic Energy 
Commiss ion appear to be quite adequate . 
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4. Savannah River Plant - Cask Acceptance C r i t e r i a 

The Savannah River Plant which has been designated by 
the U. S. Atomic E'n.ergy Commiss ion as the r ep rocess ing 
facility for low enr ichment fuel has published a "Cask 
Acceptance C r i t e r i a " . These c r i t e r i a a r e included as an 
appendix to the model r ep rocess ing cont rac t . 

The acceptance c r i t e r i a l is t physical and operat ional 
specifications which the cask must mee t so that it can be safely 
and efficiently handled at the r ep roces s ing s i te . 

The r ep rocess ing plant mus t review all shipping and handl
ing a r r a n g e m e n t s and deta i ls to insure compatibi l i ty with the 
existing faci l i t ies . Six copies of the des i red information a r e 
required and approximately one month will be required for 
review. The information contained in the application to the U. S. 
A . E . C. is complete enough for this purpose . 

The six copies of this information should be submitted to the: 

Savannah River Operat ions Office 
United States Atomic Energy Commiss ion 
P . O. Box A 
Aiken, South Carol ina 

The external contamination allowed on a cask shall be l imited 
to 500 dis in tegra t ions pe r minute per 100 square cen t ime te r s of 
alpha activity and 4000 d is in tegra t ions per minute pe r 100 square 

of be t a -gamma activi ty. These readings must be 
the resu l t of a wipe t es t . 

The coolant activi ty is to be tested p r i o r to shipment and then 
upon a r r i v a l at the Savannah River Plant . If any appreciable 
i nc rease in be t a -gamma activity is noted then failure of the fuel 
element cladding is assumed and encapsulat ion of the assembly 
p r i o r to p rocess ing will be requi red . 

If the total contained activity of the coolant exceeds one cur ie 
then special handling p rocedure s may be requ i red . 
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The heat dissipat ion ability of the cask mus t be such 
that the coolant t empera tu re will r emain 20°F below the 
boiling point. These calculations mus t be based on an 
ambient a i r t empera tu re of 100 F and a no wind condition. 

P r e s s u r i z e d casks a r e not express ly forbidden but will 
be considered on an individual bas i s . 

The cask and fuel a r r angemen t mus t be so designed as 
to prevent the possibi l i ty of cr i t ical i ty occurr ing during 
normal cask and fuel handling opera t ions . 

Any individual fuel element package to be removed 
under water mus t not weigh m o r e than three tons , mus t not 
exceed 28 inches in d iamete r or width, and mus t not be m o r e 
than 17.5 feet long. 

All inner cask surfaces which a r e in contact with the 
coolant mus t be of s ta in less s teel construct ion. The ex
t e r io r sur faces mus t be designed for ease of decontamination, 
and the use of a 300 s e r i e s s ta in less s teel is recommended. 
If other m a t e r i a l s a r e used and undue effort is required for 
decontamination then the shipper will be charged accordingly. 

Cask lifting devices m u s t be pa r t of the cask and not of 
the l id. 

In the event a fuel e lement rup tures during t r ans i t and 
special nuclear m a t e r i a l becomes exposed, special handling 
p rocedures will be required and delay will occur in the un
loading. Any costs incur red due to special handling will be 
charged to the shipper . 

The cask design mus t include the following fea tures : 

(a) Means of guiding the lid into place so that held down 
studs will not be damaged. 
(b) Means of sampling and ar t i f ic ial ly circulat ing the 
p r i m a r y coolant. 
(c) Means for de termining the t empera tu re of internal cask 
wall. 
(d) Means for siphoning water from cask. 
(e) All casks mus t be top opening. 
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The lifting facil i t ies consis t of one 100 ton bridge crane 
haveing two separa te ly operated hooks of 50 ton capacity each. 
The dis tance between the center l ines of the two hooks can be 
var ied from 7 feet 8 inches to 25 feet. 

The hooks to be used for the lifting of the cask have a 
6 inche width, a throat inside d i ame te r of 7 inches , and requ i re 
a min imum c learance under the trunnions of 13 inches for 
engagement. 

The br idge crane and the two sepa ra t e hooks a r e oriented 
in re la t ion to the ra i l road t r ack enter ing the unloading a r e a in 
such a way that only casks can be handled whose lifting trunnion 
center l ines a r e pa ra l l e l to the center l ine of the r a i l c a r . In the 
event the trunnion center l ines a r e perpendicu la r to the cen te r -
line of the car an adapting yoke of some so r t mus t be provided. 

The dimensional l imi ta t ions applicable to a cask which is 
intended to be unloaded while in the ve r t i ca l posit ion a r e as 
follows : 

Maximum Dia. of Cask 9 ft. 
(Including Trunnions) 

Maximum cask height 33 ft. -x 
(x = Max. fuel e lement 

length in feet) 

Any non-rout ine operat ions requi red for the efficient and 
safe handling of casks or fuel mus t be d iscussed and agreed 
upon in advance. Charges for such non-rout ine operat ions will 
be d iscussed at the same t ime . 

The above d i scuss ion is based on the acceptance c r i t e r i a 
dated June 21 , 1961. At the p re sen t t ime new acceptance 
c r i t e r i a is being i ssued , but is not available as yet. The 
revis ions a r e expected to be of a minor na tu re . 
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C. PHYSICAL QUANTITIES GOVERNING DESIGN 

1. Fuel P r o p e r t i e s 

Those p rope r t i e s of the fuel which contribute mos t to and 

in many ways govern the bas ic configuration of a cask design 

a r e : (a) the physical size of the fuel , (b) the amount of heat 

l ibera ted by the radioact ive decay of the fission products, and 

(c) the amount of radiat ion emanating from the spent fuel for 

which shielding must be provided. 

(a) Phys ica l size of SENN fuel 

Total Weight of Each Assembly 770 lbs . 

Total Length of Each Assembly 129 inches 

Cross section dimensions 6.4 inches χ 6.4 inches 

(b) Decay heat p rope r t i e s 

The following initial information with r ega rd to 

r eac to r operating cha ra c t e r i s t i c s and fuel management 

was supplied by the General E l ec t r i c Company, 

des igners of the SENN r e a c t o r . 

Number of Assembl ies per core 208 

Expected Reactor Power Level 507 MW 

Maximum power per assembly 3.96 MW 

Average power per assembly 2 .43 MW 

Expected burnup 12, 000 MWD/TofU 

Weight of fuel per a ssembly 560 lbs . of UO¿ 

It is planned that each batch removed from the core will be 

from zones of maximum burnup and that pe r iphe ra l fuel e lements 

will be shifted into these zones so that a uniform burnup over 

the ent i re life of the core will be achieved. 
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1. F u e l P r o p e r t i e s (cont . ) 

The g r e a t e s t a m o u n t of d e c a y hea t p o s s i b l e a t any g iven 
t i m e a f t e r r e a c t o r shu tdown would be c a u s e d by o p e r a t i o n a t 
the m a x i m u m p o w e r l e v e l and s h o r t e s t i n - c o r e l ife c o n s i s t e n t 
with the a l l o w a b l e b u r n - u p . T h i s con t inuous i r r a d i a t i o n t i m e 
is c a l c u l a t e d in the fo l lowing way; 

A m o u n t of U r a n i u m p e r a s s e m b l y : 

560 χ 238 χ 1 = „ 247 tons 

270 2000 

MWD p e r A s s e m b l y : 

12,000 χ . 2 4 7 = 2965 MWD 
I r r a d i a t i o n t i m e : 

2 9 6 5 = 750 days 
3.96 

D e c a y h e a t c a l c u l a t i o n s w i l l , t h e r e f o r , be b a s e d on a r e s i d e n c e 
t i m e of 750 d a y s and a p o w e r l e v e l of 3.96 MW p e r a s s e m b l y . A 
c o n s e r v a t i v e d e s i g n wi l l r e s u l t f r o m the u s e of t h e s e v a l u e s , 
After the c a s k i s c o n s t r u c t e d and e x p e r i m e n t a l v e r i f i c a t i o n of the 
a c t u a l h e a t d i s s i p a t i o n a b i l i t y of the c a s k i s m a d e , the cool t i m e 
a l lowed p r i o r to s h i p m e n t can be m o r e a c c u r a t e l y d e t e r m i n e d . 

Using the above i n f o r m a t i o n and d a t a con t a ined in a p a p e r 
w r i t t e n by J . R . S t e h n and E . F . C l a n c y en t i t l ed " F i s s i o n - P r o d u c t 
R a d i o a c t i v i t y and Heat G e n e r a t i o n " , the g r a p h of F i g u r e I V - 1 i s 
p r o d u c e d . 

T h i s i n f o r m a t i o n and e s p e c i a l l y t ha t of F i g u r e I V - 1 wi l l be 
u t i l i zed in s e c t i o n E for the d e s i g n of the c a s k to m e e t the hea t 
d i s s i p a t i o n r e q u i r e m e n t s . 
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1. Fuel P r o p e r t i e s (cont .) 

(c) Shielding information 

The cask design, being a p r e l i m i n a r y one, shall be 
analyzed from a radiat ion dose standpoint by the use of the 
"effective energy method" . This method is d i scussed by 
R. L. Ashley in "Graphica l Aids in the Calculation of the 
Shielding Requ i rements for Spent U-235 Fuel"(NAA-SR-1992). 
Although a more exact ana lys is by the use of m o r e r igo rous 
methods may be p r e f e r r e d in some c a s e s , the "effective 
energy method" provides a quick effective means of d e t e r m 
ining the adequacy of any shielding assumpt ion m a d e . 

The fuel informatien neces sa ry to calculate the dose 
r a t e by the use of the effective energy method can be 
divided into two broad groups; (1) that information and data 
pecul iar to the specific r e a c t o r , and (2) information or data 
which applies to a l l fuels whose bas ic consti tuent is UO -
uranium dioxide, and information based on the physics of 
ce r ta in m a t e r i a l s . 

Those i t ems included in (1) a r e : 

Active length of a s sembly - 105.7 inches 

Weight of act ive port ion of a s sembly - /v 700 l b s . 

I r rad ia t ion t ime - 75 0 days 

Cool t ime - based on decay heat 

Power per a s sembly - 3.96 MW 

The information which would be included in (2) above 
is normal ly found in graphical fo rm. Typical graphs of the 
type n e c e s s a r y a r e included a s F i g u r e s IV-2 to IV-9 . 

F igu re IV-2: Hard gamma decay power per watt of 
of operat ing power as a function of i r r ad ia t ion 
t ime and cool t i m e . 

F igure IV-3: Effective energy of gamma ray spec t rum 
as a function of i r r ad ia t ion t ime , cool t ime , and 
shield th ickness . 
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DECAY O F HARD GAMMA-RAY P O W E R 
A F T E R SHUTDOWN FOR VARIOUS 

IRRADIATION P E R I O D S 

40 
50 60 70 80 90 100 300 400 

COOL TIME (DAYS) 

¡Ref. F i g . 2 P g . 24 NAA - SR-199j[] 

F i g u r e IV -2 
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F i g u r e I V - 4 : M a s s a b s o r p t i o n coef f ic ien t for a l u m i n u m 
a s a funct ion of g a m m a r a y e n e r g y . 

F i g u r e I V - 5 : L i n e a r a b s o r p t i o n coe f f i c i en t s for l e ad and 
s t e e l a s a funct ion of g a m m a r a y e n e r g y . 

F i g u r e I V - 6 : Ef fec t ive r e l a x a t i o n l e n g t h s a s a funct ion 
of c a l c u l a t e d r e l a x a t i o n l e n g t h s . 

F i g u r e I V - 7 : Dose bu i ldup f a c t o r a s a funct ion of g a m m a 
r a y e n e r g y and t o t a l r e l a x a t i o n l e n g t h s . 

F i g u r e I V - 8 : C o n v e r s i o n f a c t o r s to c h a n g e g a m m a 
r a y e n e r g y to g a m m a flux for a g iven d o s e r a t e . 

F i g u r e I V - 9 : A t t e n u a t i o n f a c t o r s a s a funct ion of t o t a l 
r e l a x a t i o n l e n g t h s . 

2 . R e a c t o r Hand l ing F a c i l i t i e s 

In t he d e s i g n p h a s e s of the r e a c t o r i tsel f , c o n s i d e r a t i o n m u s t 
be g iven to an o v e r a l l s c h e m e and m e t h o d of spen t fuel r e m o v a l . 

T h e d e s i g n e r s of the SENN r e a c t o r , the G e n e r a l E l e c t r i c 
C o m p a n y , i n t e n d e d tha t the sh ipp ing c a s k be p l a c e d in the fuel 
s t o r a g e poo l in a v e r t i c a l p o s i t i o n . S ince the c a s k , for e a s e of 
l oad ing and un load ing , m u s t be top open ing , t h i s m e a n t tha t t he 
fuel a s s e m b l i e s w e r e to s t a n d on end wh i l e the c a s k w a s in t he 
p o o l . T h e a r e a wi th in the pool a l l o t t e d for t he c a s k i s 9. 8 fee t 
(3 m e t e r s ) by 9 . 2 feet (2 . 8 m e t e r s ) and i s c o v e r e d by w a t e r to a 
dep th of 45 fee t ( 1 3 . 7 m e t e r s ) 

S e r v i c i n g the poo l i s a s ing le b r i d g e c r a n e of 6 0 . 6 ton 
(55 m e t r i c ton) c a p a c i t y w h o s e h i g h e s t hook p o s i t i o n above t h e top 
of t he poo l i s 1 4 . 5 feet ( 4 . 4 m e t e r s ) . 

T h e c a s k i s r e m o v e d f r o m the load ing poo l wh i l e in the 
v e r t i c a l p o s i t i o n , m o v e d h o r i z o n t a l l y , s t i l l in the v e r t i c a l p o s i 
t ion , to an a r e a w h e r e it can be l o w e r e d to the r e a c t o r o p e r a t i n g 
f loor p r o p e r . T h e r e a c t o r o p e r a t i n g f loor i s 38 feet ( 1 1 . 6 m e t e r s ) 
be low the top of t h e p o o l . 
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2 . R e a c t o r Handl ing F a c i l i t i e s ( c o n t . ) 

When the c a s k i s l o w e r e d to the r e a c t o r o p e r a t i n g f loor it 
i s p l a c e d upon a t r o l l e y or wagon and r o t a t e d in to the h o r i z o n t a l 
p o s i t i o n . T h e t r o l l e y with the c a s k a b o a r d i s t h e n m o v e d out of 
the c o n t a i n m e n t s p h e r e t h r o u g h an a i r lock which i s 8 feet ( 2 . 4 
m e t e r s ) by 8 feet ( 2 . 4 m e t e r s ) by 25 feet ( 7 . 6 m e t e r s ) long . 

Once o u t s i d e the c o n t a i n m e n t sphe re , a n o t h e r 6 0 . 6 ton 
(55 m e t r i c ton) c r a n e i s a v a i l a b l e to r e m o v e the c a s k f r o m the 
t r o l l e y and p l a c e it on the v e h i c l e to be u s e d for f u r t h e r t r a n s 
p o r t a t i o n . 

We can s u m m a r i z e the a b o v e f a c i l i t i e s a s they affect the 
p h y s i c a l c o n f i g u r a t i o n of t h e c a s k a s fo l lows : 

(a) M a x i m u m c a s k l eng th - 14 .5 feet 
(b) M a x i m u m c a s k width - 8 fee t 
(c) M a x i m u m c a s k he igh t - 6 feet 

( a s s u m i n g t r o l l e y he igh t of 2 feet) 
(d) M a x i m u m c a s k weigh t - 60 . 6 t o n s 

3 . T r a n s p o r t a t i o n F a c i l i t i e s 

The SENN r e a c t o r i s not s e r v i c e d by a r a i l r o a d s i d i n g . T h e 
r o a d s e r v i c i n g the r e a c t o r s i t e i s s u i t a b l e , h o w e v e r , for l o a d s 
up to a p p r o x i m a t e l y 200 t o n s ( 1 8 1 . 5 m e t r i c t o n s ) . T h i s r o a d i s 
be ing u s e d to b r i n g in a l l t he r e a c t o r c o m p o n e n t s i nc lud ing the 
p r e s s u r e v e s s e l wh ich w e i g h s a p p r o x i m a t e l y 150 t o n s (136 . 1 
m e t r i c t o n s ) . 

S ince the c a s k , on l eav ing t h e r e a c t o r , w i l l be in a h o r i z o n t a l 
p o s i t i o n , it would a p p e a r to be a d v a n t a g e o u s to l e a v e the c a s k in 
t h i s p o s i t i o n whi le be ing t r a n s p o r t e d to the p o r t . Shipping h o r i 
zon ta l ly l o w e r s the c e n t e r of g r a v i t y of the c a s k and r e m o v e s the 
n e c e s s i t y of c o n s t r u c t i n g a s p e c i a l s u p e r s t r u c t u r e on the v e h i c l e 
to he lp s u p p o r t t he load . 

With in the P o r t of N a p l e s t h e r e a r e a v a i l a b l e f loa t ing c r a n e s 
with a c a p a c i t y of 150 t o n s . No p r o b l e m s wi th in the p o r t a r e 
t h e r e f o r e x p e c t e d . 
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3. Transpor ta t ion Fac i l i t i es (cont.) 

Shore based or floating heavy lift equipment is nece s sa ry 
because the ocean f re ighters in common use do not have 
equipment on board capable of lifting a cask of 60 tons . Most 
ve s se l s a r e l imited to lifts of between 5 and 10 tons . A vesse l 
capable çf lifting m o r e than this is fitted with special equipment 
and very r a r e l y can lift over 30 tons . 

Any ship used to c a r r y the cask will r equ i re that i ts deck 
be re inforced to help c a r r y the load and dis t r ibute it over a 
wider surface a r e a . This is a re la t ively common p r o c e d u r e . 

While aboard ship the cask will be in the hor izontal position 
he re again to lower the center of gravity and remove the necess i ty 
of e rec t ing a special s t ruc tu re to keep the cask in p lace . If the 
cask were in the ve r t i ca l position it would inc rease the p rob lems 
of load dis t r ibut ion to the point where it would affect the allowable 
cask weight and s i ze . 

The P o r t s of Char les ton and Savannah,, both of which a r e 
being considered a s po r t s of entry, have shore based and 
floating heavy lift faci l i t ies so that cask handling within the port 
a r e a p r e s e n t s no r e a l p rob lem. 

The cask will be removed from the ship and placed di rect ly 
onto a special r a i l c a r . The load carrying ability and the physical 
c l e a r a n c e s of the r a i l road a r e more than adequate for a 60 ton 
cask which is being shipped in the hor izontal posit ion. 
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4. Reprocess ing Plant Fac i l i t i e s 

The Savannah River Plant i s located within the s ta te of 
South Carol ina, approximately 20 mi l e s southeast of Augusta, 
Georgia and b o r d e r s the Savannah R i v e r . It is se rv iced by 
highways and a r a i l r o a d . The del ivery point for the plant is 
Dunbarton, South Carol ina . 

The Savannah River i s navigable up to and beyond the plant 
but faci l i t ies for receiving ba rge type shipments have not been 
made avai lable . Even if dock faci l i t ies were avai lable th is would 
not be cons idered a d e s i r a b l e solution since the cask would have 
to be loaded onto another type of vehicle, after r emova l from the 
barge , for del ivery to the unloading a r e a . 

The cask unloading a r e a is serviced by a 100 ton- ;capäcity 
moveable br idge ca r ry ing two 50 ton c r a n e s . The br idge and 
c ranes a r e or iented in re la t ion to the ra i lway t r ack so that 
the c ranes can only lift caÄks whose trunion cen te r l ines a r e 
pa ra l l e l with the center l ine of the r a i l c a r . 

Within the bas in a r e a the maximum c lea rance under the hooks 
is 27 feet (8.2 m e t e r s ) . The dis tance between the hook cenfcerlines 
can be var ied from 7 feet 8 inches (2 .3 m e t e r s ) to 25 feet (7 .6 
m e t e r s ) 

The max imum cask height can be 33 feet minus the length 
of the fuel element in feet. In the case of the SENN reac to r this 
maximum cask height becomes 22.25 feet (6 .78 m e t e r s ) . 

The maximum d iamete r of the cask is l imited to 9 feet (2.7 
m e t e r s ) including t run ions . 

The cask is to be top opening and cons t ruc ted of s ta in less 
s teel where co r ros ion or contamination could become a ,problem. 

Fuel element packages a r e not to weigh in excess of 6000 
pounds a n d a r e not to exceed 17.5 feet (5 .3 m e t e r s ) in length 
and 28 inches (0.7 m e t e r s ) in width or d i a m e t e r . 
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P . PHYSICAL DESIGN 

The physical design of the cask, when completed, mus t satisfy 
the following c r i t e r i a : (1) contain the number of fuel a s sembl ie s de 
s i red , (2) d i ss ipa te the contained decay heat safely, (3) provide 
adequate radia t ion shielding, (4) be compatible with all the handling 
facilities that may be encountered during t r anspor t , and (5) satisfy 
each of the specific design requ i rement s that may be found in the 
applicable regula t ions . 

The initial assumpt ions a r e all based on good design prac t ice 
and exper ience in the design of this type of equipment. Only those 
assumptions which would d i rec t ly affect the heat dissipat ion abili ty 
and radia t ion shielding abili ty of the cask were checked by calculation. 

An a r b i t r a r i l y selected number of fuel a s sembl i e s were a r ranged 
in re la t ion to one another so that the space required was at a min i 
mum. The n e c e s s a r y a r e a was compartmented with one fuel assembly 
intended for each compar tment . A single l a rge cavity with the fuel 
a s sembl ies to be held by a basket - l ike a r r angemen t within the cavity 
was not considered suitable since two baskets would be required as 
soon as seven or m o r e fuel a s sembl i e s were involved. This is due 
to the l imita t ion imposed, by the r ep rocess ing plant, of three tons 
maximum weight on packages to be handled within the unloading pool. 

The th ickness of the in te r io r cavity wall , and the thickness of 
the lead, was a r b i t r a r i l y selected. The external skin thickness 
select ion is based on pa rag raph 72.34(a) of the AEC's Proposed 
P a r t 72 which specif ies the min imum skin thickness allowed based on 
the g ross weight of the cask. 

One end of the cask was left completely smooth and free of 
fittings so that it could r e s t on this end while in the loading and 
unloading pools . 

One side of the cask was fitted with three saddles which a r e 
intended to act as points of r e s t while the cask is in the horizontal 
position. 

Four lifting trunnions were added which a r e to be symmet r i ca l 
about the center of gravi ty of the cask, so that when lifted the cen te r -
line of the cask will r e s t in a horizontal posit ion. 
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Twelve tie down points , s ix on each s ide , were placed on the 
cask. These tie down points a r e to be used when secur ing the cask 
to the ship. 

A l a rge turning trunnion was added to each side near the smooth 
end of the cask. These trunnions provide a means of rotat ing the cask 
from the ver t i ca l to the horizontal posit ion and back again. The t u rn 
ing trunnions a r e also used as the p r i m a r y hold down point while the 
cask is aboard the rai lway car in the United Sta tes . 

Fins were added to the ex te r io r of the cask whereve r poss ible 
to aid in the diss ipat ion of the contained decay heat . These fins a r e 
c i rcumferent ia l because the cask is intended to be t ranspor ted in the 
horizontal posi t ion. The size and spacing of the fins was an a r b i t r a r y 
select ion based on pas t exper ience . No a t tempt was made to m a x i 
mize the efficiency of these fins. 

An engineering analys is of the overal l s t ruc tu re was not per formed. 
A brief examination of the tie down points and methods , indicated that 
the devices provided would m o s t l ikely satisfy the var ious regula tory 
r e q u i r e m e n t s . In the event a modification would be found n e c e s s a r y 
in o rde r to satisfy the regula t ions , the overal l s ize and weight of the 
cask would change ve ry sl ightly. 

In addition, the final design should include, provis ions for water 
c i rcula t ion, provis ion for taking t e m p e r a t u r e r ead ings , a p r e s s u r e 
valve, and a par t icu la te f i l ter . 

The weight and dimensions of the cask, designed for both nine and 
twelve a s s e m b l i e s , including a r e p r e s e n t a t i o n o f the manner in which 
the centra l cavity is compar tmented is found in F igure IV-10. 

A compar ison of the physical specif icat ions of the cask with the 
var ious physical l imi ta t ions imposed by the faci l i t ies to be used shows 
the following: 

(1) The nine a s sembly cask sa t is f ies the max imum weight 
l imita t ions of 60.6 tons imposed by the r e a c t o r handling 
faci l i t ies . 

(2) The width of the nine a s s e m b l y cask sat isf ies the max imum 
width l imita t ion of 8 feet imposed by the r eac to r a i r lock. 
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(3) The height of the nine assembly cask, when res t ing in the 
horizontal posit ion sat isf ies the maximum height l imitat ion 
of 6 feet imposed by the reac to r a i r lock. 

(4) The length of the cask sat isf ies the maximum length 
l imi ta t ion of 14.5 feet imposed by the r eac to r crane 
fac i l i t ies . 

(5) The cask design provides for the rotat ing of the cask 
about ^ t u r n i n g trunnions both at the r eac to r s i te and 
the r e p r o c e s s i n g s i te . 

(6) The cask provides twelve tie down points for adequate 
secur ing of the cask to the ship during t r anspor t . 

(7) The cask is top opening. 

(8) The lifting trunnions a r e compatible with the crane 
hooks at the r ep roces s ing plant though this is not n e 
c e s s a r y since an adapting yoke is required to lift the 
cask. 
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E . H E A T DISSIPATION DESIGN 

T h e a b i l i t y of the c a s k to d i s s i p a t e t h e c o n t a i n e d d e c a y h e a t i s 
d e p e n d e n t upon the s i z e and shape of the v a r i o u s c o m p o n e n t s , t h e 
m a t e r i a l f r o m wh ich they a r e m a d e and the m a n n e r in wh ich they 
a r e a r r a n g e d . 

T h e v a r i o u s a p p l i c a b l e r e g u l a t i o n s r e q u i r e : 

(1) M a x i m u m s u r f a c e t e m p e r a t u r e no g r e a t e r t han 180° F. 
(2) M a x i m u m coo lan t t e m p e r a t u r e not to e x c e e d 1 9 2 ° F . 
(3) C a l c u l a t i o n s to be m a d e b a s e d on a 100° F a m b i e n t 
t e m p e r a t u r e and a no wind cond i t i on . 

In e v a l u a t i n g the a b i l i t y of the c a s k to d i s s i p a t e the c o n t a i n e d 
hea t if we a s s u m e tha t the p r i m a r y coo lan t w a t e r i s a t a t e m p e r a t u r e 
of I92? F and t h a t t h e a i r o u t s i d e the c a s k i s a t a t e m p e r a t u r e of 
1 0 0 e F , we can c a l c u l a t e , us ing t h e r m a l r e s i s t a n c e m e t h o d s , t he 
t o t a l a l l o w a b l e r a t e of h e a t f low. 

T h e c u r v e s of F i g u r e s I V - 1 1 w e r e p r o d u c e d in t h i s m a n n e r . 

F i g u r e s I V - 1 1 shows tha t for an a l l owed p r i m a r y w a t e r t e m p e r a 
t u r e of I92 ° F , t h e r e wi l l be a c o r r e s p o n d i n g s u r f a c e t e m p e r a t u r e of 
I670 F a n d a t o t a l c o n t a i n e d d e c a y h e a t r a t e of 44, 200 BTU p e r h o u r . 

T h i s c o r r e s p o n d s to a t o t a l d e c a y h e a t p e r fuel a s s e m b l y of 
4, 900 B T U p e r h o u r and a cool t i m e of 177 d a y s . (See F i g . IV-1 ) 

A p r e s s u r i z e d c a s k can n o r m a l l y i n c r e a s e the a l l o w a b l e t o t a l 
d e c a y h e a t c o n t a i n e d , h o w e v e r , F i g u r e IV-11 i n d i c a t e s t ha t t he m a x i 
m u m p r i m a r y w a t e r t e m p e r a t u r e t ha t c a n be a t t a i n e d wh i l e s t i l l 
m a i n t a i n i n g a s u r f a c e t e m p e r a t u r e of 180° F i s 2 1 0 ° F . 
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F . RADIATION SHIELDING 

The c r i t e r i a which de te rmine the amounts of radiat ion shielding 
requ i red a r e to be found in the applicable regulat ions and the accept 
ance c r i t e r i a of the r ep roces s ing plant . 

The cask designed in Section D was analyzed for compliance 
with these c r i t e r i a by the use of the "effective energy method" which 
is found in "Graphica l Aids in the Calculation of the Shielding Requ i re 
ments for Spent U-235 Fue l" , by R. L. Ashley (NAA-SR-1992). 
Additional information which was used is to be found in "Miscel laneous 
Data for Shielding Calcula t ions" by John Moteff (Apex-176) 

Evaluation using the above method leads to a re l iab le indication 
of the adequacy of the shielding assumpt ions m a d e . The major 
inaccurac ie s to be found a r e not introduced by the method itself, but 
by the fact that in terpolat ion and extrapolation of the available graphs 
is very often r e q u i r e d . 

The ex terna l radia t ion levels allowed by the var ious c r i t e r i a a r e 
200 mi l l i roen tgen per hour at the surface of the cask and 10 mi l l i roen t 
gen per hour at one m e t e r from the source of rad ia t ion . 

In es t imat ing doses at var ious d is tances from a known source , 
the " inve r se square law" has been used in the pas t . This is a c o r r e c t 
approximat ion in the event the radioact ive source re la t ive to the 
point at which the dose i s to be es t imated can be cons idered a point 
sou rce . 

Assuming that a radioact ive source eleven feet long is a point 
source for pu rposes of es t imat ing dose at a d is tance of 10 or even 20 
feet i s not c o r r e c t . For purposes of es t imat ing dose within the v ic in i ty 
of the cask a direct propor t ion re la t ionship is m o r e near ly c o r r e c t . 

Application of the "effective energy method" to the SENN cask, 
using the informat ion and graphs contained in Section C - l , yields for 
a 175 day cool per iod a calculated dose at the surface of 10 mi l l i roen t 
gens per hour , at one m e t e r from the source , 5 mi l l i roen tgens per 
hour and at 3 m e t e r s from the source 2 mi l l i roen tgens per hou r . 
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Calculations were a lso made for other cool t imes and the 
var ia t ion was so slight as to be cons idered within the expected e r r o r 
of the method. It is poss ible , for this r e a s o n , to consider that the 
dose r a t e r e m a i n s constant within the per iod of 150 days cool t ime 
to 200 days cool t ime . 

Cri t ica l i ty calculat ions were not made because the ke££ of the 
a r r a y can be reduced to below 0. 9 by the addition of poison m a t e r i a l 
to the individual cavity wa l l s . The addition of this m a t e r i a l will not 
be ref lected in an apprec iable i nc r ea se in cask weight or s i ze . 
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G. AUXILIARY EQUIPMENT 

The auxi l iary equipment that may be needed to insure the safe 
and efficient t r a n s p o r t and handling of the cask can be divided into 
two major groups , (1) equipment n e c e s s a r y r e g a r d l e s s of cask 
design, and (2) equipment which is ent irely dependent on the config
uration of the cask and the shipping scheme . 

The equipment which would be n e c e s s a r y r e g a r d l e s s of cask size 
and design is that which is used for var ious t e s t s per formed on the 
cask. These i t ems a r e ; pumps, hoses , valves, e tc . for c irculat ing 
the p r i m a r y coolant, and t e m p e r a t u r e reading devices for determining 
the t e m p e r a t u r e within the cask and insuring that equil ibrium is 
reached p r i o r to shipment . 

These i t ems a r e normal ly "off the shelf" types of equipment and 
not of a special design. 

The other p ieces of equipment which a r e ent i rely dependent on 
cask design a r e i t ems needed to aid in the secur ing and handling of the 
cask. 

The auxi l iary equipment needed at the Savannah River Plant con
s is t s of a specia l "Cask Lifting Yoke" which is i l lus t ra ted in 
F igure IV-12. This yoke is n e c e s s a r y since the faci l i t ies at the 
plant a r e designed to handle casks whose trunion cen te r l ines a r e p a r 
allel with the cen ter l ine of the r a i l ca r on which it i s secured . The 
yoke can take many different forms and shapes and the drawing of 
Figure IV-12 is only intended to se rve as an i l lus t ra t ion . 

A second piece of auxi l iary equipment needed is a special skid to 
help d is t r ibute the weight of the cask while aboard ship. The use of 
this skid is m o r e fully d i scussed in the chapter entitled '!Sea Transpor t 
ation".. F igu re IV-13 shows the detai ls of this skid. 

The equipment n e c e s s a r y to safely t r an spo r t the cask in 
Europe and the United States is d i scussed in the appropr ia te chap te r . 
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H. COST ESTIMATE 

The annual cost of the equipment used is dependent to a great 
degree on the expected life of the equipment. 

The life expectancy of a cask is ex t remely difficult to de te rmine . 
Besides the normal wear and tea r to which a piece of t ranspor ta t ion 
equipment might be exposed, the gradual accumulat ion of radioact ive 
res idue within the cask could shorten i ts useful life. 

It is impossible to es t imate , at this t ime , with any degree of 
accuracy the useful life of a spent fuel shipping cask. Fo r this 
reason we have a rb i t r a r i l y assumed a useful life of 10 y e a r s . We 
have also a r b i t r a r i l y assumed an in te res t ra te of 7% pe r annum. 

The est imated cost of p repar ing the bas ic design and placing it 
in a form that could be submitted to the var ious regula tory groups for 
their approval , is set at $30, 000. 

The cost of the cask can vary , depending on the source , by as 
much as 40%, We have est imated the cost of the 95,000 pound cask 
of F igure IV-10 at $1. 00 pe r pound or approximate ly $95, 000. Let us 
also assume that $5,000 of the cost of the cask is a non - recu r r ing 
initial engineering cost so that subsequent casks of identical design 
will cost $90,000 each. 

The cost of the skid of F igure TV-13 is es t imated at $625 and of 
the cask lifting yoke of F ibure IV-12 at $3,000. 

If we assume that the t r ip from the SENN reac to r to the Savannah 
River Plant r equ i re s 30 days t ravel each way then the minimum 
number of casks that can be used and still complete the del ivery of 
a batch in 60 days , is t h r ee . We shall invest igate the cost of this 
a r rangement and also the cost of util izing five casks with each making 
only one round t r ip pe r batch. 

The annual cost of these capital expenditures will be determined 
on the bas is of a year-end annuity, for a period of 10 yea r s at an 
in te res t rate of 7% per annum, which is equivalent to the p re sen t 
required capital expenditure. In the following formula i = 7% and 
n « 10 y e a r s . 
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Annual cost of engineering: 

$35,000 35,000 (.1424) = $4, 984/yr . 

Annual cost of cask lifting yoke: 

$3000 (.1424) = $427. 20 /year 

Annual cost of th ree casks : 

$270,000 (.1424) =· $38, 448/year 

Annual cost of three skids: 

$1875 (.1424) ττ $267/year 

Annual cost of five casks : 

$450,000 (.1424) - $64 ,080/year 

Annual cost of five skids: 

$3125 (.1424) - $445/year 

Annual cost of two r a i l c a r s with a 20 year life: 
(Shown in F igure V-10) 

$100,000 (.0944) - $9440 

Annual maintenance cost per year per cask ~ $1000 
(Assumed) 

An average of seven cask t r ips per year would be made during a 
ten year operational period. 
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Annual cost of three casks : 

Engineering $ 4 ,984 .00 
Cask Lifting Yoke 427.20 
Casks 38,448.00 
Skids 267.00 
Ra i lca r s 9 ,440.00 
Maintenance 3, 000. 00 

Total Annual Cost : $ 56,566.20 

Cost per round t r ip = $8, 080. 89 

Annual Cost of five casks : 

Engineering $ 4 ,984.00 
Cask Lifting Yoke 427. 20 
Casks 64,080.00 
Skids 445.00 
Ra i l ca r s 9 ,440.00 
Maintenance 5, 000. 00 

Total Annual Cost = $ 84 ,376 .20 

Cost per round t r ip = $ 12,053.74 
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APPENDIX A 

REGULATIONS FOR THE SAFE 

TRANSPORT 

OF RADIOACTIVE MATERIALS 

( EXCERPTS FROM THE REGULATIONS 

Internat ional Atomic Energy Agency 
Vienna, 1961 



The regulat ions of the Internat ional Atomic Energy Agency 
(IAEA) set forth pr inc ip les of per formance applicable to shipments of 
both l a rge and smal l sources of radiat ion. 

The regulations are wri t ten in genera l t e r m s leaving the 
actual detai ls of construct ion of the casks and the detai ls of operat ion 
to the judgement of the competent authority of the country within which 
the shipment or ig ina tes . 

These regulat ions a r e recommended safety s tandards which 
were presen ted to the seventy-four m e m b e r nations of the IAEA by two 
panels which were convened for that pu rpose . Countr ies whose scientific 
and technical status do not requ i re at this t ime that they study and 
promulgate regulat ions applicable to this p rob lem, will mos t likely use 
these recommendat ions as the bas is for the i r own national regula t ions . 

Other countr ies expecting inc reased activity in the t r a n s 
portat ion of radioact ive m a t e r i a l s will no doubt promulgate regulat ions 
which they consider to be m o r e suitable for the i r own pa r t i cu la r needs . 

In any event a shipment mus t comply with the regulat ions 
of each country through which it may p a s s . 

We will consider and d i s cus s , in this appendix, only those 
port ions of the regulat ions which may become applicable to sh ipmen t s 
of spent fuel. 



L GENERAL 

Radioactive m a t e r i a l in the form of spent fuel is c l a s s 
ified as a l a rge sou rce . 

The known radioisotopes are categorized into th ree groups 
according to the i r radiotoxici ty. These groups a r e : 

Group I: very high radiotoxicity 
Group II: high radiotoxicity 
Group III: m o d e r a t e or low radiotoxicity 

A l is t of the isotopes and the group to which it belongs is 
found in the regula t ions . F o r our purposes , it is sufficient to know 
that spent fuel contains isotopes belonging in all t h ree groups and m u s t 
therefor be considered in Group I, the mos t hazardous . 

Radioactive m a t e r i a l s mus t not be stowed next to explosives 
inf lammables , c o r r o s i v e s , or oxidizing subs tances . Stowage next to 
pe rsons or undeveloped film is covered by the data of F igure A-l and 
Figure A-2 . 

Packages of l a rge radioact ive sources can be divided into 
two ca tegor ies depending on the amount of radiat ion emanating from 
the cask . A shipment of spent fuel will always be a category "yellow" 
package. Category yellow requ i rement s a re found in the section on 
radiation regula t ions . 



SAFE DISTANCES FOR UNDEVELOPED 
FILM AND PLATES 

(CARRIAGE OF PACKAGES CONTAINING 
RADIOACTIVE MATERIALS) 
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S A F E DISTANCES FOR P E R S O N S 

(CARRIAGE O F P A C K A G E S CONTAINING 
RADIOACTIVE M A T E R I A L S ) 
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Column A: No intervening cargo or bulkheads sc reen ing 
the radioact ive m a t e r i a l s from the living 
accommodation or undeveloped film or p la te . 

Column B: The radioact ive m a t e r i a l s to be surrounded by 
at leas t 0. 6m of cargo of unit densi ty and at 
leas t one s teel bulkhead between the r ad io 
active m a t e r i a l s and the living accommodat ion 
or undeveloped film or p la te . 

Column C: The radioact ive m a t e r i a l s to be surrounded by at 
leas t 2 m of cargo of unit densi ty and at l eas t 
two s teel bulkheads between the radioact ive 
m a t e r i a l s and the living accommodat ion or un
developed film or pla te . 

Column D: The radioact ive m a t e r i a l s to be surrounded by at 
l eas t 4. 2m of cargo of unit densi ty and at l eas t 
two s teel bulkheads between the radioact ive 
m a t e r i a l s and the living accommodat ion or un
developed film or p la te . 

Cargo of 
Unit Density: Means cargo stowed at a densi ty of 1 t (metr ic) 

/m . Where the densi ty is l e s s than th is , the 
depth of cargo specified in the notes on columns 
B, C and D, i. e. 0. 6m, 2m and 4. 2m mus t be 
increased in propor t ion . 
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RADIATION R E G U L A T I O N S 

S h i p m e n t s of spen t fuel wi l l be c l a s s e d a s a c a t e g o r y 
" y e l l o w " p a c k a g e . 

C a t e g o r y " y e l l o w " p a c k a g e s m u s t n o r m a l l y c o m p l y wi th 
the fol lowing l i m i t s of r a d i a t i o n : 

a) 200 m r / h r on the e x t e r n a l s u r f a c e s 
b) 10 m r / h r at one m e t e r f rom the e x t e r n a l s u r f a c e 

A l a r g e s o u r c e c a t e g o r y " y e l l o w " p a c k a g e c a n s u b s t i t u t e 
the fol lowing r a d i a t i o n l i m i t s : 

a) 200 m r / h r on the r e a d i l y a c c e s s i b l e e x t e r n a l s u r f a c e 
b) 10 m r / h r a t 3 m e t e r s f rom the a c c e s s i b l e e x t e r n a l 

s u r f a c e . 

if it a l s o c o m p l i e s with t h e fo l lowing: 

a) s h i p m e n t m a d e in c a r - l o a d o r t r u c k - l o a d lo t s 
b) s h i p m e n t i s l oaded by c o n s i g n o r and un loaded by c o n s i g n e e . 
c) v e h i c l e l a b e l e d and m a r k e d in a c c o r d a n c e with r e g u l a t i o n s , 

The a l l o w a b l e e x t e r n a l c o n t a m i n a t i o n on any p a c k a g e m u s t 
be l e s s t h a n : 

a) 10 " c / c m of non - f ixed b e t a - g a m m a e m i t t e r s 
-5 2 

b) 10 c / c m of non - f ixed a lpha e m i t t e r s 
A c a s k can be c o n s i d e r e d empty when the i n t e r n a l r e s i d u e 

is benea th the fol lowing ac t i v i t y l e v e l s : 

a) G r o u p I m a t e r i a l - 1 c o r 10 " 4 c / c m ¿ 

b) G r o u p II m a t e r i a l - 0 .1 m c . 
c) G r o u p III m a t e r i a l - 1 m c . 

T h e i n t e r n a l r e s i d u e l e v e l s s t a t e d above a r e e x t r e m e l y 
difficult t o c o m p l y w i t h . A wipe t e s t of the i n t e r i o r a long with a 
s p e c t r o g r a p h i c a n a l y s i s of t h e r e s i d u e i s r e q u i r e d , and even t h e n t h e 
iden t i f i ca t ion of a l l t he G r o u p I m a t e r i a l s p r e s e n t m a y be q u e s t i o n a b l e . 
F o r r e a s o n s of sa fe ty , we m u s t t h e r e f o r a s s u m e tha t a l l i n t e r n a l 
r e s i d u e i s of G r o u p I m a t e r i a l . 

C o m p a r i n g the a l lowed ac t i v i t y of G r o u p I wi th the 
a l lowed e x t e r n a l c o n t a m i n a t i o n we find tha t the i n t e r i o r m u s t be as 
c l ean a s t h e e x t e r i o r . 
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Since a cask will be completely sealed during both 
empty and full shipments , it appears unreasonable to requ i re 
such extreme conditions of c leanl iness within the cask. 

Cri t ical i ty safeguards mus t be of such a na ture that 
a double contingency mus t occur before c r i t ica l i ty can take p lace . 
By double contingency is meant that two separa te and unrelated 
events mus t occur . 

When calculating or considering the poss ib i l i t i es of 
cr i t ica l i ty , the m a t e r i a l and the cask mus t always be considered 
in that condition which would make the fuel mos t r eac t ive . 

Where m a s s is the factor controll ing cr i t ica l i ty , the 
cask mus t not contain m o r e than 80% of the c r i t i ca l m a s s . 

If calculations a r e used, then the effective neutron 
mult ipl icat ion factor ( k « ) mus t not exceed 0. 9-

3. HEAT DISSIPATION 

Containers mus t be so designed that they efficiently 
and safely d iss ipate the contained decay heat . 

The heat dissipat ion ability of the cask shall be such 
that the following t e m p e r a t u r e s shall not be exceeded: 

a) access ib le external surface 180°F (82°C). 
b) p r i m a r y coolant 20 F (10 C) below its boiling point 

in unpressur i zed c a s k s . 
c) all p a r t s of fuel, cladding and container 180 F (100°C) 

below the i r respec t ive mel t ing points , with no coolant 
p r e s e n t . 

P r i o r to shipment the cask shall be held by the consignor 
until t empe ra tu r e equil ibrium within the cask is reached and it can 
be accura te ly de te rmined that the above t e m p e r a t u r e s will not be 
exceeded. 

The p r i m a r y coolant, that is the coolant in contact with 
the radioact ive m a t e r i a l , shall not be c i rcula ted outside the cask . 
Prov is ions shall a lso be made to insure that at no t ime during shipment 
will the coolant become frozen. 
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4. CASK DESIGN 

Any c a s k i n t e n d e d for u s e in the t r a n s p o r t a t i o n of l a r g e 
r a d i o a c t i v e s o u r c e s m u s t m e e t the type Β p a c k a g i n g s p e c i f i c a t i o n s . 

A type Β p a c k a g e m u s t be c a p a b l e of safe ly and ef f ic ien t ly 
conta in ing the m a t e r i a l d u r i n g the n o r m a l cond i t ion of t r a n s p o r t and 
a lso in the even t of the m a x i m u m c r e d i b l e a c c i d e n t r e l e v a n t t o t ha t 
mode of t r a n s p o r t . 

E a c h c a s k m u s t be so d e s i g n e d tha t t h e a c t i o n s of f i r e , 
shocks , w a t e r , c o r r o s i o n , t e m p e r a t u r e c h a n g e s and p r e s s u r e c h a n g e s 
will not a d v e r s e l y affect t h e d e g r e e of sa fe ty a f fo rded by t h e c a s k . 

M e a n s s h a l l be p r o v i d e d for s e a l i n g t h e c a s k so tha t t he 
ca sk canno t be opened wi thou t b r e a k i n g t h e s e a l . 

T h e c a s k s h a l l be so d e s i g n e d t h a t it c an be' sa fe ly and 
p r o p e r l y s e c u r e d to the t r a n s p o r t i n g c o n v e y a n c e . 

5. ADMINISTRATION 

The f inal d e c i s i o n a s t o w h e t h e r o r not a c a s k d e s i g n 
s a t i s f a c t o r i l y c o m p l i e s wi th the r e g u l a t i o n s and p r o v i d e s the d e g r e e 
of safe ty r e q u i r e d in such a s h i p m e n t i s left t o t h e j u d g e m e n t of the 
c o m p e t e n t a u t h o r i t y of the c o u n t r y in which the s h i p m e n t o r i g i n a t e s . 

An a p p l i c a t i o n for a p p r o v a l of a c a s k m u s t i n c l u d e the 
following i n f o r m a t i o n : 

a) n a t u r e of a c c i d e n t p o s t u l a t e d in sa t i s fy ing t h e r e q u i r e 
m e n t s of t ype Β p a c k a g i n g and an e v a l u a t i o n of t h e 
ab i l i t y of t h e c a s k to w i t h s t a n d th i s a c c i d e n t . 

b) amount ; p h y s i c a l s t a t e and c h e m i c a l c o m p o s i t i o n s 
of the m a t e r i a l t o be sh ipped 

c) d e s i g n and c o n s t r u c t i o n s p e c i f i c a t i o n s of the c o n t a i n e r 
i n c l u d i n g c a l c u l a t i o n s r e l a t i v e t o r a d i a t i o n s h i e l d i n g , 
c r i t i c a l i t y and hea t d i s s i p a t i o n . 

d) o p e r a t i n g and hand l ing i n s t r u c t i o n s 
e) p e r i o d i c t e s t i n f o r m a t i o n 
f) r o u t e to be fol lowed 

Jpon a p p r o v a l t h e c o m p e t e n t a u t h o r i t y wi l l i s s u e a c e r t i f i c a t e 
a t t e s t i ng to t h e fact t h a t t he s h i p m e n t is be ing m a d e in a c c o r d a n c e with 
the r e g u l a t i o n s . A l s o l i s t e d wi l l be any cond i t i ona l s t a t e m e n t s t h a t 
affect t h e o v e r a l l sh ipp ing p r o c e d u r e s . 
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The cask itself mus t on two sides bear the p roper label 
and any se r ia l or approval numbers ass igned. It is the responsibi l i ty 
of the consignor to see that the cask is p roper ly m a r k e d and labeled. 

Any documents accompanying the shipment must contain 
the following information: 

a) c lass of cr i t ica l i ty safeguards 
b) toxicity group 
c) descr ipt ion of the contents 
d) highest surface radiat ion levels 
e) type of packaging ("A" or "B") 
f) any special ins t ruct ions 
g) labels requi red on cask 

The shipping papers mus t also include a cer t i f icat ion by 
the shipper that the cask and contents a r e accura te ly descr ibed and 
comply with all applicable regula t ions . 

P r i o r to any shipment the cer t i f icate issued by the competent 
authority of the country in which the shipment or iginates plus other 
pert inent data, mus t be submitted to each country through which the 
shipment mus t p a s s . 
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A. ABSTRACT 

The r e g u l a t i o n s a p p l i c a b l e to a s h i p m e n t of spent fuel 
o r i g i n a t i n g wi th in E u r o p e and d e f i n e d for a r e p r o c e s s i n g p l a n t w i th in 
the Uni ted S t a t e s p o s e no r e a l o b s t a c l e s to the s u c c e s s f u l c o m p l e t i o n 
of such a s h i p m e n t . 

One of the m a j o r r e g u l a t o r y d i f f i c u l t i e s l i e s in the 
m e t h o d of d e t e r m i n i n g if a c a s k i s l oaded o r e m p t y , f rom a r e g u l a t o r y 
s tandpoin t -

Both the I n t e r s t a t e C o m m e r c e C o m m i s s i o n and t h e 
U . S . C o a s t G u a r d r e q u i r e t ha t an e m p t y c a s k c o n t a i n no m o r e t h a n 
1.35 m i l l i c u r i e s to t a l a c t i v i t y . The s h i p p e r m u s t , on the sh ipp ing p a p e r s , 
ce r t i fy tha t t h i s i s t r u e . 

D e t e r m i n i n g the c u r i e con ten t of a l a r g e c a s k with 
i n t e r n a l a r e a s that a r e diff icul t t o r e a c h would be e x t r e m e l y diff icult and 
any s t a t e d r e s u l t would be highly q u e s t i o n a b l e . 

F a i l u r e to c o m p l y with' t h i s r e g u l a t i o n s cou ld l e a d to a 
s e r i o u s f inanc ia l b u r d e n s i n c e the c a s k would be c o n s i d e r e d full and would 
have f re igh t r a t e s c h a r g e d a c c o r d i n g l y . 

In the c o u r s e of the s tudy, we have a s s u m e d tha t t h i s 
r e g u l a t i o n could be c o m p l i e d with and tha t t h e r e t u r n t r i p would be of 
an e m p t y c a s k . 

The p h y s i c a l h a n d l i n g - a r r a n g e m e n t s r e q u i r e d and any 
s p e c i a l e q u i p m e n t n e c e s s a r y r e d u c e t h e m s e l v e s to a m a t t e r of good 
e n g i n e e r i n g d e s i g n . 

The p r o b l e m of sh ipp ing spen t fuel w a s a p p r o a c h e d with 
the in ten t ion of a c c o m p l i s h i n g the s h i p m e n t on a "pureby c o m m e r c i a l b a s i s ' 
By " p u r e l y c o m m e r c i a l b a s i s " i s m e a n t the fo l lowing: 

1. G o v e r n m e n t i n t e r v e n t i o n kept to a m i n i m u m . 

2 . G o v e r n m e n t i n d e m n i t y to apply w h e r e v e r the law a l l o w s . 

3 . Only p r e s e n t l y a c t i v e c a r r i e r s and r o u t e s of c o m m e r c e to 
be u s e d . 
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It can be safely predicted that a shipment of spent fuel can be 
successfully shipped on the above b a s i s . 

At the t ime of our initial contacts with the c a r r i e r s and other 
commercial and governmental groups , we were met with a general attitude 
which was not encouraging for commerc ia l sh ipments . As a resul t of many 
discussions and considerable correspondence we feel the a tmosphere has 
improved considerably . 

Initially the c a r r i e r s , both inland and ocean, were very hesi tant 
to accept the loaded cask as freight. Very recent ly , however, we were 
informed by one ocean shipping line that they would accept as freight a cask 
loaded with spent fuel. The ma t t e r of obtaining the approval of the ra i l road to 
carry the m a t e r i a l as freight is the major obstacle remaining. 

The hesi tancy on the pa r t of the c a r r i e r s s temmed from thei r be 
lief that the p resen t ly available insurance is incapable of providing them with 
adequate financial protect ion. 

Although the Atlantic Coast Line Rai l road, the inland c a r r i e r , 
readily admits they cannot de te rmine the exact amount of insurance neces sa ry , 
they feel they should be at l eas t as well protected as when car ry ing ma te r i a l 
for the U.S. A . E . C . On that b a s i s , we were informed that financial p r o t e c 
tion in the amount of $500, 000, 000 would be requi red . 

^he only way of satisfying the above requ i rement is to convince 
the rai l road that government indemnity applies to impor t shipments of spent 
fuel which a r e intended for the Savannah River Plant . All those with whom this 
matter has been d iscussed agree that P r i ce -Ande r son indemnity does cover 
such shipments . The ra i l road is also expected to agree very short ly . 

In the not too distant future, the ent i re ma t t e r of car ry ing this 
type of ma te r i a l by common c a r r i e r will be resolved by the var ious Fre igh t 
Traffic Associa t ions . 

Poss ib ly one of the g rea tes t benefits derived from our ent i re 
effort is an intangible one. Throughout the course of the study, we 
continually found ourse lves doing educational and mi s s iona ry work amongst 
the c a r r i e r s and other groups . As knowledge of the nature of this ma te r i a l 
spreads amongst the commerc ia l c a r r i e r s , we a r e cer ta in they will be m o r e 
receptive to reques t s to t r anspor t spent fuel. 
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B. REGULATIONS APPLICABLE TO THE SHIPMENT OF 
SPENT FUEL 

The t ranspor ta t ion , within the jur i sd ic t ional boundar ies of the 
United States , of spent r eac to r fuel can conceivably come under the 
regula tory authori ty of many different groups operat ing at al l levels 
of government . 

The regulat ions in existence at the p resen t t ime can be divided 
into two major groups, those which a r e specifically wri t ten to guard 
against undue haza rds during the shipment of spent fuel, and those 
which a r e m o r e broadly wri t ten and intended, at the t ime of i ssuance , 
to apply to the isotope type of shipmentgthen taking p lace . 

Within the f i rs t group a r e the P roposed P a r t 72 "Pro tec t ion 
Against Radiation in the Shipment of I r r ad ia ted Fuel E l e m e n t s " i ssued 
by the U. S. Atomic Energy Commiss ion, and the Bureau of Explosives 
c i rcu la r entitled " P e r m i t s - Spent ( I r radiated) Fuel E l e m e n t s " . 

The second group contains the In te rs ta te Commerce Commiss ion 
"Regulations Governing the Transpor ta t ion of Explosives and Other 
Dangerous A r t i c l e s " (49 CFR 71-78), the U. S. Coast Guard "Regula
tions Governing the Transpor ta t ion or Storage of Explosives or Other 
Dangerous A r t i c l e s " (46 CFR 146), and those ru les and regula t ions 
originating at the state and local l eve l s . 

1. United States Atomic Energy Commiss ion -
Proposed P a r t 72 

The P roposed P a r t 72 regulat ions promulgated by the 
U .S . Atomic Energy Commiss ion have not as yet been finalized 
and changes can be expected in the regula t ions as they presen t ly 
exist . 

The P roposed P a r t 72 is p r i m a r i l y a set of technical design 
c r i t e r i a against which the U .S . AEC will m e a s u r e any cask which 
is intended for use in the shipment of spent fuel. Although the 
regulat ions a r e specifically intended to apply to l i censes of the 
Commiss ion they have been made applicable, by an a d m i n i s t r a 
tive decision, to impor t sh ipments . 

Only that smal l port ion of the regulat ions which is applicable 
to the routine p rocedures involved in shipping and t ranspor t ing 
the cask will be d iscussed h e r e . Those por t ions which a r e appl i 
cable to cask design (the l a rges t par t of the regulat ions) a r e 
d i scussed in the chapter entitled "The Cask" . 



Assuming that the cask intended for use has been approved 
by the U. S. AEC as suitable for shipment of the SENN fuel then 
it is up to the shipper to comply v/ith the following r e q u i r e m e n t s . 

The cask lid mus t have a seal applied so that the seal mus t 
be broken in o rde r to open the cask. The p r i m a r y water drain 
lines m u s t a lso be sealed. 

The bracing and dunnaging of the cask mus t p revent m o v e 
ment of the cask and be capable of withstanding a stat ic load 
whose horizontal component is equal to 10 t imes the weight of 
the loaded cask and whose ver t ica l component is equal to 2 t imes 
the weight of the loaded cask . 

The in terna l p r e s s u r e of the cask mus t not exceed 50 pounds 
per square inch gauge or 50 percent of the design p r e s s u r e which
ever is l e s s . 

The t e m p e r a t u r e dis t r ibut ion within the cask shall be such 
that the cask surface t e m p e r a t u r e does not exceed 180 F during 
t r anspor t and the p r i m a r y coolant r emains no l e s s than twenty 
degrees below the boiling point of the coolant. Surfaces in contact 
with dunnage m a t e r i a l shall remain below 350°F . 

The surface t e m p e r a t u r e of the fuel within the cask mus t not 
exceed the highest of the following t e m p e r a t u r e s : 

a) 300°F 
b) t e m p e r a t u r e that the fuel has maintained within the r eac to r 

for at l eas t 30 days without ruptur ing. 
c) 300°F below the expected failure t e m p e r a t u r e . 

In the event all p r i m a r y liquid coolant is lost the surface 
t empera tu re of the fuel mus t r emain at 200°F below the t e m p e r 
ature at which the fuel is expected to fail. 

The allowable radiat ion dose levels with respec t to a loaded 
cask a r e 200 mi l l i roen tgens per hour on the access ib le cask 
surface and 10 mi l l i roentgens per hour at one m e t e r from the 
access ib le su r face . In the event, the cask has the exclusive use 
of a ca r or t ruck, then 10 mi l l i roentgens pe r hour at 3 m e t e r s 
may be substi tuted for the one m e t e r r equ i rement . 
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The shipper can insure satisfying the above r e q u i r e m e n t s 
of heat removal and shielding by maintaining proper r e c o r d s 
of i r rad ia t ion and cool t imes for each fuel assembly , and 
loading the cask with carefully selected a s s e m b l i e s . 

Ruptured fuel e lements pr ior to shipment shall be enclosed 
in an internal container so as to prevent the p r i m a r y coolant 
from becoming contaminated. 

Any cask which is damaged or which is suspected of being 
damaged shall not be used. 

The shipper is a lso requi red throughout the l ifetime of the 
cask to per iodical ly test the cask to insure that any bui l t - in 
poison m a t e r i a l is sti l l in place and effective. 

P r i o r to each shipment the shipper shall a lso take a wipe 
tes t of the surface to de te rmine the external contamination 
level . This level mus t be l e s s than 4000 d is in tegra t ions per 
minute of be t a -gamma per 100 square cen t ime te r s of surface 
or 5 00 d is in tegra t ions per minute of alpha per 100 square cent i 
m e t e r s of sur face . 

The cask must a lso be subjected to a leak tes t by ra i s ing 
the in ternal p r e s s u r e to at leas t 50% over the maximum 
expected operating p r e s s u r e . 

The p r i m a r y coolant p r io r to shipping must be tes ted and 
the amount of contained activity shall not exceed: 

o 
(a) 10 cur ies of beta-gamma p e r mi l l i l i t e r 

-7 
(b) 10 cur ies of alpha per mi l l i l i te r 

The shipper is a lso requ i red to keep r e c o r d s of the r e s u l t s 
of the above t e s t s . 
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2. Bureau of Explosives of the Associat ion of Amer ican Rai l roads 

The Bureau of Explosives is the organizat ion author ized 
by the In te r s t a t e C o m m e r c e Commiss ion to act on i t s behalf 
with r e g a r d to the enforcement and admin is t ra t ion of those 
I . C . C . regula t ions applicable to dangerous a r t i c l e s . 

With the advent of i nc reased traffic in radioact ive m a t e r i a l s 
the Bureau has i s sued guidelines and c r i t e r i a which it will use to 
judge compliance with the In te r s t a t e C o m m e r c e Commiss ion 
regula t ions . 

These c r i t e r i a a r e applicable to both the cask design and 
t ranspor ta t ion p h a s e s . Only the t r anspor ta t ion phases will 
be d i scussed h e r e . Those por t ions applicable to cask design 
have a l ready been d iscussed in the chapter entitled n The Cask" . 

In the event the p r i m a r y coolant is c i rcu la ted by mechanical 
means , not only mus t a standby sys tem be provided, but the 
shipment mus t be e sco r t ed . 

The cask after loading and p r io r to shipment must satisfy 
the following conditions: 

(a) Cask access ib le surface t e m p e r a t u r e not to exceed 
180° F . 
(b) Radiation dose reading at the surface of the cask not 
to exceed 200 mi l l i roen tgens per hour . 

(c) Radiation dose reading.at one me te r from the 
radioact ive source not to exceed 10 mi l l i roentgens per 
hour . The source is defined as the m a t e r i a l within the 
cask . 

The r equ i r emen t of 10 mi l l i roentgens per hour at one me te r is 
in conflict with that allowed by the AEC for full car load sh ipments . 
The In te r s ta te Commerce Commiss ion has in the past i s sued a 
waiver of i t s regulat ion in favor of the AEC ' s regula t ion. This 
waiver is binding on the Bureau . 
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Each cask must be fitted with a seal which must be 
broken in order to open the cask. Each cask must a lso be 
permanent ly marked with the words "RADIOACTIVE MATERIAL" 
and the pe rmi t number issued by the Bureau . These mark ings 
must be of such a nature that they cannot be des t royed by f i r e . 

In the event the cask is to be t r anspor t ed by water it mus t 
also be plainly marked with the g ross weight of the cask . 

3. United States Coast Guard R e g ulations 
Title 46 Code of Fede ra l Regulations - P a r t 146 

The United States Coast Guard has i s sued"Regu la t ions 
Governing the Transpor ta t ion or Storage of Explosives or Other 
Dangerous Ar t i c l e s or Substances '1 . (See Appendix A) These 
regulat ions a r e applicable to any vesse l within the l imi ts of 
jur isdict ion of the United S ta tes . 

The Coast Guard regulat ions were not specifically wri t ten 
for the purpose of regulating shipments of spent fuel. In fact 
any shipment of spent fuel would exceed the l imi ts of contained 
radioactivi ty as p r e s c r i b e d in the regu la t ions . A shipment of 
spent fuel will r equ i r e that the United States Coast Guard Head
q u a r t e r s i s sue an approval to exceed the specified max imum. 

Por t ions of the regulat ions a r e applicable only to the 
c a r r i e r . Even so, it behooves the shipper to be aware of these 
r equ i remen t s so that an inadvertent infraction of the regulat ions 
will be l e s s l ikely. 

Within the Coast Guard classif icat ion of dangerous a r t i c l e s , 
radioact ive mater ia l is classif ied as a "Class D. P o i s o n . " 

The package or loaded cask must be designed and fabricated 
so that the contents can be safely and efficiently handled under 
the conditions normal ly to be encountered while being t r anspo r t ed . 



Import shipments of radioact ive m a t e r i a l s must a lso 
comply with al l mark ing , labeling1 and other applicable 
r equ i r emen t s of the In te rs ta te C o m m e r c e Commiss ion . 
This i s r equ i red by the U. S. Coast Guard and applies 
r e g a r d l e s s of whether the m a t e r i a l is dest ined for further 
t r anspo r t or not. 

For tunate ly , for the sake of s implici ty, these two sets 
of regulat ions a r e a lmos t ident ical . 

The stowage of rad ioac t ive m a t e r i a l is governed in 
two ways: 

(a; by the amount of radiat ion an a r ea will be exposed 
to and 

(b) by specifically stated allowed stowage. 

The allowable stowage based on radiat ion level is 
summar i zed in F igure V - l . The specific pa rag raph from 
which these values were drawn is 146.25-35. 

The stowage c r i t e r i a for radioact ive m a t e r i a l r e g a r d l e s s 
of level of radia t ion is found in pa rag raphs 146.25-400, 
146.03-34 and 146 .25-45 . 

Only t h ree types of stowage a r e allowed, (1) "on deck 
pro tec ted" , (2) "on deck under cover" , and (3) "Tween decks 
readi ly a c c e s s i b l e " . These a r e c lear ly defined in pa ragraph 
146.03-34. 

Radioact ive m a t e r i a l s must not at any t ime be stowed 
with explosives , inflammable l iquids, co r ros ive l iquids, com
p r e s s e d ga se s , cotton, or food stuffs. 
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UNITED STATES COAST GUARD REGULATIONS 
ON LEVELS OF RADIATION 

AS THEY APPLY TO STOWAGE OF A CASK 
LOADED WITH SPENT FUEL 

Any person 

Continuously 
occupied a rea 

In any a r ea 

ALLOWABLE MAXIMUM LEVEL 

300 m r in any 7 day period 

40 m r in 24 hours 

40 units or 40 m r / h r at a dis tance 
of one me te r 

(at least 60 feet between a r e a s of 
40 units) 

FIGURE V -1 



The radia t ion levels applicable to a cask of spent fuel 
being shipped in accordance with the regulat ions of the 
United States Coast Guard a r e summar ized in F igure V-2 . 

These r equ i r emen t s do no conflict in any way with 
those of other groups or agenc ies . 

The r equ i r emen t of 10 mi l l i roentgen pe r ' hour at one 
m e t e r from the source is m o r e str ingent in some cases than 
that of other agenc ie s . 

These other agencies have indicated a wil l ingness to 
waive this r equ i remen t , in the case of car load shipments , 
and allow 10 m r per hour at t h r ee m e t e r s . 

The U. S. Coast Guard has indicated that they feel a 
waiver of the existing requ i rement for a l e s s r e s t r i c t i v e one 
is not in the best i n t e r e s t s of safety aboard ship. 
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UNITED STATES COAST GUARD REGULATIONS 
ON LEVELS OF RADIATION 

(AS THEY APPLY TO AN EMPTY CASK AND 
A CASK LOADED WITH SPENT FUEL) 

CONTAINER 
CONDITIONS 

At the 
Surface 

At one me te r 
from source 

Surface 
Contamination 

Empty 
Container 

ALLOWABLE MAXIMUM LEVEL 

200 mi l l i roentgens per hour at any point of 
readi ly access ib le surface . 

10 mi l l i roentgens per hour 

Be ta -gamma level of 10 m r per 24 hours at the 
surface . 
Alpha radiat ion of 500 counts per minute per 100 
cm on surface 

Be ta -gamma level of 10 m r per 24 hours at the surface . 

Alpha radiat ion of 500 counts per minute per 
100 cm on sur face . 

Total activity within container - 1. 35 mi l l i cu r i e 

FIGURE V 

It is not poss ible to de te rmine levels of surface contamination by 
taking do.se readings at the surface of a loaded cask . This 
regulation will undoubtedly be modified in the near future. 
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With r e g a r d to labeling and mark ing of the cask, the U.S . 
Coast Guard r e q u i r e s only that the p roper label be applied to 
the outside of the cask . 

In the event of a loaded cask this would be the label in 
F igure V - 3 . 

In the event of an empty cask then the label in F igu re V-4 
must completely cover the previous label . 

Other mark ings or tags must be of such a shape and size 
so as to prevent them from being mis taken for the labels in 
F igu re s V-3 and V-4 . 

The above requ i red labels a r e ident ical with those r equ i red 
by the U. S. In te r s t a t e C o m m e r c e C o m m i s s i o n . 

Cer ta in information and cer t i f icat ions a r e requ i red by the 
Coast Guard to be included on the or iginal shipping p a p e r s . 
These a r e c lea r ly l is ted in the regula t ions and r equ i r e no 
d iscuss ion or explanation. 
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HANDLE CAREFULLY 
RADIOACTIVE MATERIAL 

CLASS D POISON Group I or II 
HO PERSON SHALL REMAIN WITHIN THREE FEET OF THIS CONTAINER UNNECESSJUälT 

M NOT r u a UNDEVELOPED Π LM WITHIN 1 5 FEET OF THIS CONTAINER 

Principal radioactive content 

Activity of contents 

Number of radiation units from package. 

Not more than 40 units shall be loaded in one 

car or one motor vehicle or held at one location. 

Thla la to certify that the contenta of thla package 
are properly described by name and are packed 

and marked and are In proper condition for 
tranaportatlon according to the Regula

tion» prescribed by the Interstate 
Commerça Commission. 

Shipper's name required 
hereon for ship

ments by 
EXPRESS 

Label required on cask loaded with spent fuel. 

Figure V3 



Label to be attached to cask which no longer 
contains spent fuel. 

Figjure V - 4 



4. In te rs ta te Commerce Commission Regulat ions -T i t l e 49 
Code of F e d e r a l Regulations P a r t 71-78 

The In te rs ta te Commerce Commiss ion has i ssued 
"Regulations Governing The Transpor ta t ion of Explosives 
And Other Dangerous A r t i c l e s " . (See Appendix B) These 
regulat ions apply to all shipments within the continetnal 
l imi ts of the United States and also to a l l impor t and export 
sh ipments . 

The In te r s ta te Commerce Commiss ion Regulations were not 
wri t ten with l a rge source shipments in mind. In fact, any ship
ment of spent fuel exceeds the allowable total cur ie content for 
one conta iner . 

In fhe event that a shipment -will comply with al l the I . C. C. 
regula t ions , except' that which se ts forth the allowable amount 
of contained radioact ivi ty, then only the review and approval of 
the Bureau of Explosives is n e c e s s a r y . The Bureau of Exp los 
ives ac ts a s the admin is t ra t ive agent of the In te rs ta te C o m m e r c e 
Commiss ion on m a t t e r s of dangerous a r t i c l e s . 

If a waiver of any other regulat ion is reques ted then the 
In ters ta te Commerce Commiss ion will Ϊ88με, upon approval , 
a special pe rmi t for that shipment. 

Radioactive m a t e r i a l s a r e classif ied within the regulat ions 
as a "Class D Po i son" . They a r e broken down into th ree groups ; 

Group I: m a t e r i a l s emitting g a m m a - r a y s or gamma 
r ays and beta pa r t i c l e s or alpha p a r t i c l e s . 

Group II: m a t e r i a l s emitting neutrons and gamma rays 
or beta pa r t i c l e s or alpha p a r t i c l e s . 

Group III: m a t e r i a l s that emit alpha pa r t i c l e s or beta 
pa r t i c l e s only, or any package whose radiat ion level at the 
surface does not exceed 10 mi l l i roentgens for 24 h o u r s . 

Shipments of spent fuel will always consist of Group I 
m a t e r i a l . 
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Conta iners mus t be capable of withstanding the conditions 
normal ly incident to the mode of t r anspor ta t ion selected, and 
must always be maintained in such a condition that i ts efficiency 
is notvjess than when it was new. 

The allowable levels of radiat ion during shipment a r e summ
ar i zed in F igure V-5 . 

The labels and mark ings r equ i red during shipment a r e 
summar ized in F igure V-6 . 

When shipments a r e made in car load lots , which i s always 
the case with spent fuel , then the shipper is r equ i r ed to apply 
whatever p l aca rds and labels a r e n e c e s s a r y . Samples of these 
labels a r e avai lable from the Bureau of Exp los ives . 

The var ious labels and p l aca rds r equ i red must be l is ted 
on the shipping p a p e r s along with a cer t i f icat ion by the shipper 
that the shipment is being made in accordance with applicable 
regu la t ions . 

Radioact ive m a t e r i a l mus t not be s tored with explosives of 
any kind and may not be t r anspor t ed next to c a r s loaded with 
explosives or undeveloped fi lm. 

Since l a rge casks of spent fuel will t r ave l in car load lots 
many of the duties of the c a r r i e r fall on the sh ipper ' s shoulders . 

The allowable radia t ion levels and the labels and mark ings 
requi red by the In t e r s t a t e C o m m e r c e Commiss ion a r e in 
ag reemen t with the r e q u i r e m e n t s of other agencies and pose 
no pa r t i cu la r obs tac les in the ma t t e r of compl iance . 

The complete regula t ions with a m o r e detailed commenta ry 
on i t s p rovis ions a r e found in Appendix B. 
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INTERSTATE COMMERCE COMMISSION REGULATIONS 
GOVERNING ALLOWABLE LEVELS OF RADIATION 

Container 
Condition 

At the Surface 

One Meter 
F r o m Source 

Surface 
Contamination 

Empty Container 

ALLOWABLE MAXIMUM LEVEL 

200 Mill i roentgens per hour at the 
access ib le surface 

10 Mill iroentgens per hour 

10 Mil l i roentgens per 24 hours of be t a -gamma 

5 00 dis in tegra t ions per minute per 100 square 
cen t ime te r s of alpha act ivi ty . 

10 mi l l i roentgens per 24 hours of beta gamma 
at the surface 
500 dis in tegra t ions per minute of alpha contamin
ation per 100 square cen t ime te r s 

Total contained activity 1. 35 mi l l i cu r i e s 

F igure V-5 
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LABELING AND MARKING REQUIREMENTS 

"Dangerous Radioact ive 
M a t e r i a l " P l a c a r d 
(Figure V-9 ) 

P r o p e r Shipping Name 
Radioactive M a t e r i a l s . 

Group I 

P r o p e r Label 
(Figure V-7 ) 

or (Figure v - 8 ) 

Four r equ i r ed . One on each end 
of car and one on each s ide . 

On Cask 

On Cask 

F igure V-6 
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I. C. C. RADIOACTIVE MATERIALS LABEL 

(Red Print ing on White) 

HANDLE CAREFULLY 
RADIOACTIVE MATERIAL 

CLASS D POISON Group I or II 
NO PERSON SHALL REMAIN WITHIN THREE FEET OF THIS CONTAINER UNNECESSARY 

M NOT PLACE UNDEVELOPED FILM WITHIN 1 5 FEET OF THIS CONTAINER 

Principal radioactive content 
Activity of contents 
Number of radiation units from package 

Not more than 40 units shall be loaded in one 
car or one motor vehicle or held at one location. 

Thla la to certify that the contenta of thla package 
ara properly described by name and are packed 

and marked and are In proper condition for 
transportation according to the Regula

tions prescribed by the Interstate 
Commerco Commission. 

Shipper's name required 
hereon for «hip. 

mente by 
EXPRESS 

Label requi red on cask loaded with spent fuel 

F igure V-7 



I. C. C. EMPTY LABEL 

(Black Pr in t ing On White ) 

Label to be a t tached to cask which no 
longer contains spent fuel. 

F igu re V-8 



"DANGEROUS - RADIOACTIVE MATERIAL" PLACARD 
(Red Print ing on White) 

DO NOT 
REMAIN IN OR 

NEAR THIS CAR 
UNNECESSARILY 

Notify Shipper or Bureau of Explosives 
before handling contents of broken package 

DANGEROUS 
RADIOACTIVE MATERIAL 

This car must not be next to a car placarded 
explosives or next to carloads of undeveloped 

fílm 

Avoid contact with leaking contents 

WHEN LADING IS REMOVED 
THIS PLACARD MUST 

BE REMOVED 

Label to be attached to each s ide of ra i lway c a r . 

F igure V-9 



5. State Regulations 

At the p resen t t ime , the development of State Regulations 
is in its infancy. Very few s ta tes have passed laws or promulgated 
regulations which apply to the t ranspor ta t ion of radioact ive 
mate r i a l . The efforts of mos t s ta tes to date have been in the 
areas of regulat ion of indust r ia l or medica l u s e s . Those 
states which have cons idered the problem of t r anspor ta t ion 
exempt from regulat ion those shipments which a r e being made 
in accordance with the In te rs ta te C o m m e r c e Commiss ion 
regulat ions. The State of South Carol ina , within which the 
entire SENN shipment takes place, is one of t he se . 

State governments , along with other regula tory groups, 
such as Tollway Commiss ions , P o r t Author i t ies , e t c . , a r e 
becoming m o r e concerned with the poss ible need for regulat ion 
of shipments of radioact ive m a t e r i a l . This concern does not 
stem from a feeling that the cu r ren t regulat ions a r e inadequate 
or improper ly adminis te red , but r a the r from a des i re to insure 
that all regulat ions a r e complied with. 

Since the shipment of a hazardous a r t i c l e , such as r ad io 
active m a t e r i a l , is always judged by an evaluation of the hazards 
versus the public benefits, it is reasonable to expect that the 
state regulat ions that may be insti tuted will not be of a uniform 
nature. 

At the p re sen t t ime , t h e r e a re groups within the United 
States which have b a r r e d shipments of spent fuel from the use 
of thei r fac i l i t ies . The p r i m a r y reason far this action is thei r 
contention that the available insurance protect ion, in the event 
of an incident, is inadequate . As m o r e exper ience is gained with 
shipments of this type of m a t e r i a l these at t i tudes a r e expected 
to become m o r e flexible. 
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C. APPROVALS AND NOTIFICATIONS 

Many months p r io r to the f i rs t shipment of spent fuel , the cask 
des ign , operating p rocedures , and shipping scheme must have been 
formulated. 

An ana lys is of the ability of the. cask to satisfy the design 
c r i t e r i a of the U. S. Atomic Energy Commiss ion ' s P roposed P a r t 72, 
along with specific operating ins t ruct ions for the ent i re movement 
must be submitted to the AEC . (See Chapter IV, Section B - l ) Since 
the shipper is neither a l icensee nor eligible for a l i cense , approval 
of the cask and shipping and operating a r r a n g e m e n t s will be indicated 
by the AEC by an informal wri t ten communicat ion or cab l eg ram. 

The analys is sent to the AEC will contain al l the information 
that is requ i red by other agencies a l s o . The r epor t should, therefor , 
be sent to the following additional in te res ted p a r t i e s : 

Direc tor and Chief Inspector 
Bureau of Explosives 
Associat ion of Amer i an Ra i l roads 
63 Vesey St. 
New York 7, New York, U . S . A . 

Commandant (OPL) 
United States Coast Guard 
U. S. Coast Guard Headquar t e r s 
Washington 25, D . C . , USA 

Direc tor 
Bureau of Safety and Service 
In te rs ta te Commerce Commiss ion 
Washington 25, D.C,,, U .S .A . 

Manager 
Savannah River Operat ions Office 
United States Atomic Energy Commiss ion 
P . O. Box A 
Aiken, South Carol ina, U .S .A . 
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The B u r e a u of E x p l o s i v e s wil l e x a m i n e the i n f o r m a t i o n s u b 
mi t t ed and if s a t i s f i ed tha t the p r o p o s e d c o n t a i n e r and o p e r a t i n g 
p r o c e d u r e s a r e suf f ic ien t ly safe wil l i s s u e an a p p r o v a l and a p e r m i t 
n u m b e r to the c a s k . T h i s a p p r o v a l and p e r m i t n u m b e r wil l be in a 
w r i t t e n c o m m u n i c a t i o n , and i s a l s o an a p p r o v a l on behal f .of the 
I n t e r s t a t e C o m m e r c e C o m m i s s i o n and the U. S. C o a s t G u a r d . 

At t h i s po in t the I. C. C. and the C o a s t G u a r d wil l only r e p l y 
in the even t p o r t i o n s of the p lan do not m e e t wi th t h e i r a p p r o v a l . 

T h e r e p r o c e s s i n g p l an t wi l l i n d i c a t e i t s a p p r o v a l of the c a s k 
and sh ipp ing a r r a n g e m e n t s by a s t a t e m e n t in the r e p r o c e s s i n g 
a g r e e m e n t o r by a s e p a r a t e l e t t e r . 

T h e s e a p p r o v a l s c a n r e q u i r e a g r e a t dea l of add i t i ona l c o r r e s 
p o n d e n c e and s u p p l e m e n t a r y i n f o r m a t i o n . 

The p r e c e d i n g a p p r o v a l s a r e al l e s s e n t i a l l y an a p p r o v a l of the 
cask and o p e r a t i n g p r o c e d u r e s . T h e s e a p p r o v a l s a r e not an a u t h o r i 
za t ion to a c t u a l l y sh ip the m a t e r i a l . 

T h i r t y to s ix ty d a y s in a d v a n c e of the p r o p o s e d sh ipp ing d a t e 
all p e r t i n e n t i n f o r m a t i o n on the d e t a i l s of s h i p m e n t a r e to be s u b 
mi t t ed to the D i v i s i o n of I n t e r n a t i o n a l Af fa i r s of the U. S. A t o m i c 
E n e r g y C o m m i s s i o n : 

T y p i c a l of the i n f o r m a t i o n to be s u b m i t t e d i s : 

(1) N a m e , type and c u r i e a m o u n t of r a d i o a c t i v e m a t e r i a l 
(2) E x p e c t e d r a d i a t i o n l e v e l s 
(3) N a m e of s h i p p e r and c o n s i g n e e 
(4) P o r t of d e p a r t u r e ( p i e r , if known) and d e s t i n a t i o n 
(5) N a m e of v e s s e l (if known) and sh ipp ing f i r m 
(6) B u r e a u of E x p l o s i v e s p e r m i t n u m b e r 
(7) G r o s s we igh t of c o n t a i n e r 
(8) D a t e of s h i p m e n t and expec t ed d a t e of a r r i v a l 
(9) N a m e and a d d r e s s of r e p r e s e n t a t i v e in the United S t a t e s 
(10) C a r r i e r wi th in the United S t a t e s 
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Some of the essent ia l information may not be available this far 
in advance of shipment. In that case supplementary not ices must be 
submitted to the AEC as soon as the information becomes ava i lab le . 

The represen ta t ive or agent of the shipper within the U .S . should 
also be kept appr ised of the above information. 

The AEC upon receipt of the above information will notify the 
var ious other agencies that must i s sue authorizat ion, such as the 
Bureau of Explosives , the In ters ta te C o m m e r c e Commiss ion , the 
U. S. Coast Guard, the U. S. Customs Bureau, the r ep roces s ing 
plant and officials at the por t of ent ry . 

Acknowledgement of receipt of this information will be made by 
the AEC. They will a lso indicate approval or d isapproval of the 
a r r a n g e m e n t s . As soon as approval i s rece ived the shipper may 
send the cask on i ts way. 

Information supplied to the AEC during this p rocedure must be 
kept up to date and accura t e in al l r e s p e c t s . 

The U. S. Coast Guard has specified that a shipment of spent 
fuel can enter the United States only through por t s approved by the 
Coast Guard. 

The only requ i rement for port approval is that all public 
officials of the por t a r ea be made aware of the shipment, i ts dangers 
and the safeguards taken. These officials mus t indicate to the Coast 
Guard by le t ter or resolut ion thei r wil l ingness to allow this m a t e r i a l 
to pass through the por t . 

The U. S. Coast Guard obviously does not wish to expose a 
community to a potential hazard unless the community is aware of 
the nature of the hazard and is willing to accept i t . 
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Only three por t s to date have taken the steps n e c e s s a r y to 
qualify. These por t s initiated the n e c e s s a r y meeting themselves in 
a des i r e to promote bus iness . 

The three por t s in question a r e Char les ton, South Carol ina, 
Savannah, Georgia , and Jacksonvil le , F lo r ida . Only Charles ton 
and Savannah have so far issued the neces sa ry le t t e r or resolut ion 
of approval . 

In the event the selected por t of entry has not been cleared by the 
Coast Guard, then the A . E . C , may take steps to get it approved. 

The es tabl ishment of a por t as a qualified por t of entry, could 
involve a great deal of t ime and effort. When initial shipping plans 
are made it would be advisable therefor , to se lect , if poss ib le , a 
port which is a l ready established as an approved port of entry for 
spent fuel. 

Since United States laws at the p resen t t ime requ i re that t i t le 
to all "special nuclear m a t e r i a l " within the jur isdic t ional boundaries 
of the United States r e s t with the United States a t i t le t r ans fe r must 
be executed. 

The t r a n s f e r of t i t le to the ma te r i a l being imported can be 
accomplished in many ways, and is a m a t t e r to be ar ranged by the 
s ignator ies . Most l ikely the actual signing of the title t r ans fe r 
papers will take place in Washington, D . C . after the shipment 
leaves Europe and p r io r to i ts a r r iva l in the United States . 

Since all t r a n s f e r s of "special nuclear m a t e r i a l " a r e on a 
govern ment to government bas i s , the person signing for the 
European interest must be an authorized represen ta t ive of Eura tom 
or the country which has ti t le to the m a t e r i a l . 
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P . PORT OPERATIONS 

1. P r o c e d u r e s 

When the shipment leaves Europe al l the information needed 
by the var ious regula tory agencies , the c a r r i e r s , and the 
r ep rocess ing plant will be known. The U.S . AEC and the agent 
within the United States represen t ing the shipper should be sent 
this final information. 

During the normal course of bus iness the ocean c a r r i e r will 
notify the port of entry of the types of cargo to be unloaded at the 
por t . The por t will notify the inland c a r r i e r and if m a t t e r s 
proceed smoothly no further efforts on the par t of the shipper or 
h i s , r ep re sen t a t i ve s should be r equ i red . 

It is advisable , however, that the r ep resen ta t ive of the 
shipper check with the por t au thor i t ies and the inland c a r r i e r 
to make ce r ta in that the n e c e s s a r y a r r a n g e m e n t s a r e being made . 

It i s a lso advisable that the sh ipper ' s r ep re sen ta t ive be present 
at the dock during the unloading. 

It is considered essent ia l by the U .S . AEC and the local por t 
author i t ies that this type of a shipment be forwarded without 
delay. 

The Po r t of Charleston, which for the purposes of this study 
is the p r i m a r y port of entry, has indicated that this type of 
m a t e r i a l must be on i ts way out of the port a r e a within 48 hours 
after a r r i v a l . 

The t ranspor ta t ion within the United States is to be accomplished 
by r a i l . It will be n e c e s s a r y , because of the cask weight and 
special t ie down r equ i r emen t s , to furnish a special r a i l road car for 
each cask. 

This special car is shown in figure V-10. It is a s tandard 
125 ton capacity d rop-cen te r flat c a r . It has a s teel cast under -
f rame and is equipped with ro l l e r bea r ings . 

27 



SENN SHIPPING EQUIPMENT 

MODIFIED 125-TON DEPRESSED CENTER FLAT CAR 

Figure V10 
£>é7S/GSV AND ÆCOA/OM/C STUDY 
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BY STAA/Æ.AY COAP. 
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Upon a r r i v a l in the por t of Char les ton, S . C . , the ship 
will ber th at the North Charleston Termina l , which has 
available for use two 50-ton capacity gantry c r anes and one 
75-ton capacity stiff-legged boom c r a n e . 

The ra i l ca r will be removed from the r a i l road holding 
yard and spotted on the dock alongside the ship. 

The stevedoring crew will untie the cask and the heavy 
lift equipment will lift it from the deck and place it on the 
r a i l c a r . During this movement the cask will be in the 
horizontal posi t ion. Special handling slings or yokes will 
not be n e c e s s a r y at the por t . The stevedoring crew is 
capable of handling the cask with the types of cable sl ings that 
a r e normal ly avai lable . 

After the cask is placed in position on the car it will be 
securely fastened to the car using the bolts and hold down 
dev ices especial ly furnished. This work will be per formed 
by personnel furnished by the P o r t Te rmina l Rai l road Company 
which is respons ib le for all r a i l movements within the por t 
a r e a . 

The loaded car will be p lacarded and moved to the holding 
yard where it will await depa r tu re for the Savannah River 
P roces s ing Plant. 

The special skid (Figure IV-ï 3) which is used to help 
dis t r ibute the weight of the cask while aboard ship will be 
unfastened by the stevedoring crew and removed from the ship. 
This skid will be s tored in the t e rmina l warehouse until the 
cask makes i ts r e tu rn t r i p . The s torage and handling of the 
skid will be per formed by port operat ions pe r sonne l . 
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The major port ion of the car has been fitted with a 
s ta in less s teel skin for ease of decontamination if that 
should ever be n e c e s s a r y . 

The dropped center section is fitted with a base and 
trunion s e a t s . The la rge turning t runions of the cask r e s t 
in these trunion s e a t s . This t runion seat i s the p r i m a r y 
means of secur ing the cask to the car , and is a lso used when 
rotat ing the cask into the ve r t i ca l posit ion at the r ep roces s ing 
plant . (See F igu re V - l l ) 

The car a s it i s shown in F igure V-10 can be supplied 
by a car building f i rm for approximate ly $50, 000. 

The car design, like the cask d e s i g n f a s not optimized, 
but was based on recommendat ions Of the Atlantic Coast Line 
Rai l road, the inland c a r r i e r . It is ent i rely poss ib le that a 
car of l e s s e r capacity could be used and thereby effect a cost 
savings . 
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SENN SHIPPING EQUIPMENT 

UNLOADING CASK AT REPROCESSING 
PLANT 

F i g u r e V - l l 

DESIGN AND ECONOMIC STUDY 
or, 

SPENT FUEL SHIPPING 
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2. C o s t s 

The ocean freight r a t e normal ly includes al l cos ts 
applicable from the t ime the freight is picked up by thé! lifting 
equipment at the por t of depa r tu re until it is placed on the 
dock at the por t of ent ry . These char.ges could be handled 
in other ways but any deviation would be a ma t t e r for 
negotiation. 

A wharfage charge is a s s e s s e d by the por t for the use 
of i ts docks . These wharfage charges a r e based on the 
commodity and the quantity handled. 

The charge quoted for the use of docks at Char les ton, 
South Carol ina is $0 .40 per ton of c a rgo . This i s the r a t e 
applied to cargo which is not o therwise classif ied in wharfage 
fee l i s t s . This r a t e is applicable to al l the public docks in the por t 
of Char les ton . It could conceivably be changed at some t ime in 
the future to ref lect the gemerai at t i tude regarding the hazardous 
nature of the m a t e r i a l . 

Wharfage fees a r e billed by the port ope ra to r s to the r a i l road 
or the ocean c a r r i e r . The r a i l road or the ocean c a r r i e r can pas s 
this fee on to the shipper or absorb it as par t of the i r own operat ing 
expenses . These a r r a n g e m e n t s will vary with each pa r t i cu la r 
situation, and a r e s t r ic t ly a ma t t e r of negotiation between the shipper 
and c a r r i e r . 

The ra i l car which is s tored on leased t rackage in the port 
a r ea is moved to the dock by switching equipment which belongs 
to the P o r t T e r m i n a l Rai l road Company. 

The charge for the leased t rackage is $.05 per car per day. 

The charge for moving the car is $26.60 per c a r . This i s 
r e f e r r e d to as the switching cha rge . The charge for movement 
of the ca r from the dock to the r a i l road pick up point is included 
in the r a i l r oad freight r a t e . The charge for movement from the 
pick up point to the dock is a lso included in the freight . Therefor , 
only two switching charges per car will be assoc ia ted with each 
cask round t r i p . 
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A handling charge is a s s e s s e d by the por t on most i t e m s . 
The ra te for i tems of the size of the cask is unpublished and is 
a ma t t e r for negotiation. It has been suggested that no handling 
charge will be a s s e s s e d the cask since i ts movement from ship 
to ra i l car is a direct t ransfer with no in te rmedia te handling 
n e c e s s a r y . 

Tie down of the cask to the r a i l ca r will be pe r fo rmed free of 
charge . 

The steel plate skid which is used aboard ship for the purpose 
of aiding in the distr ibution of the load is subject to a handling 
charge of $1.50 per 2000 pounds. 

This skid is s tored at the port for the f i rs t thir ty days free 
of charge , but is subject to a s torage charge of $1.20 per 2000 
pounds for every 30 days the reaf te r . 

The following costs per cask will be assoc ia ted with each 
round t r i p . 

Switching cha rges : $ 53,20 
(Inbound & Outbound) 

Wharfage fee: 
Cask ( .40/2000# assumed) 
Skid (.40/20G0#) 

Handling Charge: 
Skid (1.50/20Q0#) 

Track Leasage: 
(„05/car per day) (assume 

300 days) 

Total Costs per cask per round 
t r ip : (average of 7 round t r ips /yea r ) $101, 

40, 
1. 

4. 

15. 

,00 
20 

50 

00 /yea r 
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E, INLAND TRANSPORTATION 

1. P r o c e d u r e s 

The loaded car will be picked up at the ra i l road holding yard 
by the Atlantic Coast Line Rai l road which se rv i ce s both^the Po r t of 
Char les ton and the Savannah River Plant . 

The ca r will t r ave l by regular ly scheduled freight t r a in . Each 
evening at 7:25 a freight t r a i n depar t s Char les ton for Sumter , South 
Carol ina . At Sumter the car is switched to a t r a in for Dunbarton, 
South Carol ina which is the del ivery point for the Savannah River Plant . 

The total dis tance t rave led is 172 mi les and the cask is scheduled 
to a r r i v e at Dunbarton at 12 noon, 16.5 hours after leaving Char les ton . 

The ca r while in t r ans i t will appear as it does in F igure V-12. 

The type of ca r used could possibly, through some a r r angemen t 
with the ra i l road , be furnished by the r a i l road . The ra i l road has not 
indicated the conditions under wl ich they would be willing to furnish 
such a ca r , therefor , we have assumed the shipper would purchase the 
car and it would solely be owned by him. This is a m o r e logical 
approach in any c a s e . 

If the shipper did not own the car and it were not captive to his 
se rv ice , he might encounter difficulty in having it available when 
n e c e s s a r y . 

The Atlantic Coast Line Rai l road has indicated the freight ra te 
for which it would be willing to handle this type of c a r . Since there 
are no r a t e s published by the Fre ight Traffic Associa t ions , this was a 
contractual r a t e . The Atlantic Coast Line Rai l road could quote this 
rate since the ent i re t r i p was to be made on thei r t r a ckage . 

The acceptance of this type of m a t e r i a l by the ra i l road is dependent 
on furnishing the r a i l roads with "sat is factory insurance pro tec t ion" . 
Investigation c£ exactly what, in the r a i l r o a d ' s opinion, const i tutes 
"sat isfactory insurance protec t ion" led to the conclusion that the r a i l roads 
must be convinced that they a re protected by government indemnity. 
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The ra i l road d e s i r e s that they be furnished with an insurance 
policy in the amount of $500,000,000, This amount obviously comes 
from the amount of government indemnity available when the r a i l 
roads t r anspo r t m a t e r i a l for the U.S . A . E . C . The nuclear i n s u r 
ance pools a r e not in a posit ion to provide this amount of coverage . 

The law depar tment of the ra i l road is of the opinion that 
government indemnity p ro tec t s them only if the shipper is a 
contractor or l icensee of the U.S. A . E . C . This opinion is based on 
an examination of thei r contract with the U.S . A . E . C. 

We have been unable to convince them that they a r e protected 
by the des i red amount of indemnity through the provis ions of the 
Savannah River Plant indemnity ag reemen t . 

Until such t ime as they can be convinced that they a re adequately 
protected, they will be unwilling to accept impor t shipments of 
spent fuel as freight. However, the r a i l roads a r e d iscuss ing this 
problem with the A . E . C . 

2, Time Schedule 

The breakdown of the ent i re shipment while in the U. S* is 
expected to be as follows: 

a. Unloading of the full cask from the ship - 6 h r s . 
b. Loading of the cask on the rai lway ca r , including tie 

down - 2 h r s . 
c. Delay of rai lway ca r within por t a r e a - This depends on 

when the ra i l ca r is loaded. If loading is completed after 
7:30 P . M. then a 24 h r . delay will occur . 

d. Por t to Savannah River Plant - 17 h r s . 
e. Unloading the cask at the Savannah River Plant - 20 h r s . 
f. Delay p r i o r to unloading of fuel - Depends on work load 

at plant . 
g. Unloading of the fuel - 48 h r s . 
h. Decontamination of the Cask - 5 days , 
i.. Delay p r i o r to reloading of rai lway c a r s - none. 
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j . Loading of casks on railway ca r s - 3 h r s . 
k. Tr ip to Port - 17 h r s . 
1. Delay at Por t - depends on shipping schedule; if 

a ship is waiting there should be no delay, provided 
there is daylight, 

m. Unloading of the cask from the rai lway car - 3 h r s , 
n. Loading of the casks on board ship, including tie 

down - 10 h r s . 

Based on these e s t ima tes , a shipment of 5 casks can be 
expected to be in the U. S. for not l e s s than 8 days or m o r e than 
14 days . 

3. Costs 

The freight rate quoted by the Atlantic Coast Line Railroad 
is as follows: 

Empty cask: $0. 605 per 100# 
Loaded cask: $1. 60 per 100# 

The above rate applies to shipments between Char les ton , S. C 
and Dunbarton, S. C. 

The cost per loaded cask is therefor : 

(1050) (I. 60) = $1680/cask 

The cost per empty cask is therefor : 

(950) ($0.605) - $575/cask 

The cost per round t r ip is therefor : 

$2255/cask 

These costs a re based on using the 95, 000 pound cask of 
Figure IV-10. 
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F. FINANCIAL PROTECTION 

One of the most t roublesome p rob lems to be encountered 
with regard to the overal l planning and operat ions of a shipment of 
spent fuel is the m a t t e r of secur ing adequate financial protect ion for 
the par t i es involved. 

Insurance protect ion within t h e United States is furnished 
by four pools of insurance companies . Two of these pools , the Nuclear 
Energy Liabil i ty Insurance Associat ion (NELIA) and the Mutual Atomic 
Energy Liabil i ty Underwr i te r s (MAELU) provide third par ty l iabil i ty 
coverage. The other two pools , the Nuclear Energy P rope r ty Insurance 
Association (NEPIA) and the Mutual Atomic Energy Reinsurance Pool 
(MAERP) provide f i rs t pe r son p rope r ty coverage . 

The l iabil i ty i n s u r a n c e pools provide coverage which is 
normally s i m i l a r to U. S. government indemnity as allowed by the 
Pr ice-Anderson amendments to the Atomic Energy Act of 1954. 

The ent i re question of financial protect ion for a shipment of 
spent fuel, and in rea l i ty whether or not such a shipment can actually be 
made, revolves about the government supplied indemnity. 

1. Public Liability Insurance 

The NELIA and MAELU pools i ssue a common policy, that i s , the 
provisions of each a r e the s ame , for the coverage of public l iabil i ty 
within the United States which may resu l t from the "nuclear energy 
hazard" , "Nuclear energy haza rd" being defined as the radioact ive , 
toxic, explosive, or other hazardous p r o p e r t i e s of the radioact ive 
ma te r i a l . 

The policy applicable to a shipment of fuel from the SENN 
reac to r is the domest ic "Suppl ier ' s and T r a n s p o r t e r ' s Policy", This 
policy is specifically wri t ten to apply to shipments of radioact ive 
ma te r i a l within the t e r r i t o r i a l l imi ts of the United Sta tes . 
" T e r r i t o r i a l l i m i t s " according to our best informed s o u r c e s , means 
the 3-mile l imi t . 
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The NELIA and MAELU pools r e p r e s e n t an i n s u r a n c e 
c a p a c i t y of 60 m i l l i o n d o l l a r s for any one po l icy ; 4 6 . 5 m i l l i o n 
of c o v e r a g e being fu rn i shed by NELIA and 13. 5 m i l l i o n of c o v e r a g e 
be ing fu rn i shed by M A E L U . 

Although our m a j o r c o n t a c t s and d i s c u s s i o n s have been with 
the NELIA g roup , we a r e a s s u m i n g that t h e p r e m i u m r a t e s and 
p r o v i s i o n s of MAELU a r e i d e n t i c a l . To t h e b e s t of ou r knowledge 
th i s is t r u e . 

The s t a n d a r d po l i cy a s i s c u r r e n t l y w r i t t e n i s of no va lue to a 
s h i p p e r w h o s e m a t e r i a l i s d e s t i n e d for the Savannah R i v e r P l a n t . 
D iv i s ion (2) of e x c l u s i o n (i) of the po l i cy p r o v i d e s tha t the po l i cy 
does not apply to i n c i d e n t s which a r e c o v e r e d by i n d e m n i t y f rom 
the Uni ted S t a t e s g o v e r n m e n t . 

Mos t a u t h o r i t i e s on the sub jec t a g r e e tha t the i n d e m n i t y a g r e e m e n t 
e n t e r e d into be tween the o p e r a t o r s of the Savannah R i v e r P l a n t and 
the Atomic E n e r g y C o m m i s s i o n d o e s p r o v i d e c o v e r a g e for a s h i p m e n t 
of spen t fuel f rom the t i m e it e n t e r s the j u r i s d i c t i o n a l b o u n d a r i e s of 
the Uni ted S t a t e s unt i l it a r r i v e s at the Savannah R i v e r P l a n t . 

The p r o b l e m of f inanc ia l p r o t e c t i o n whi le the s h i p m e n t i s on 
Savannah R i v e r P l a n t p r o p e r t y i s c o v e r e d in C h a p t e r III. 

A s t a n d a r d e n d o r s e m e n t to the b a s i c po l i cy i s a v a i l a b l e so t h a t 
the a p p l i c a b l e e x c l u s i o n can be d e l e t e d and the po l i cy m a d e to app ly . 

The q u e s t i o n t h e n a r i s e s as to the d e s i r a b i l i t y of the i n s u r a n c e 
with the e n d o r s e m e n t . 

Many r e a s o n s for c a r r y i n g the i n s u r a n c e can be put for th but 
the d e s i r a b i l i t y of th i s c o v e r a g e b e c o m e s a m a t t e r of p e r s o n a l 
opinion, s i n c e it p r o v i d e s e s s e n t i a l l y no c o v e r a g e tha t is not 
p r o v i d e d by g o v e r n m e n t i n d e m n i t y . 

The po l icy , a l though it i s w r i t t e n with only one n a m e d i n s u r e d , 
p r o t e c t s al l t h o s e ac t ing for o r on behalf of the n a m e d i n s u r e d to 
whom l ega l l i ab i l i t y m a y a t t a c h . 

Since the pol icy p r o t e c t s only a g a i n s t c l a i m s as a r e s u l t of the 
" n u c l e a r e n e r g y h a z a r d " the s h i p p e r m u s t a l s o c a r r y the n o r m a l 
t y p e s of l i ab i l i t y and w o r k m e n ' s c o m p e n s a t i o n i n s u r a n c e . 
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The i n s u r a n c e does not p r o v i d e c o v e r a g e for the n u c l e a r 
m a t e r i a l . W h e r e the c a r and c a s k a r e not owned by the s h i p p e r 
and d a m a g e r e s u l t s to t h e m for which the s h i p p e r i s l e g a l l y l i a b l e , 
the pol icy would p r o v i d e p r o t e c t i o n . 

In the c a s e of r a i l s h i p m e n t s , r a i l r o a d p r o p e r t y , such as the 
right of way , t r a c k s , and o t h e r c a r s , a r e c o v e r e d . Al though 
this is not e x p r e s s l y s t a t e d in the po l i cy , i n t e r p r e t a t i o n by m o s t 
p e r s o n s inc lud ing the N E L I A g roup s u b s t a n t i a t e s t h i s . 

The p r e m i u m c h a r g e d for a po l i cy i s b a s e d on an e v a l u a t i o n of 
each a p p l i c a t i o n and the cond i t i ons u n d e r which each s h i p m e n t i s 
to be m a d e . 

The s t a n d a r d po l i cy i s so ld on a y e a r l y p r e m i u m b a s i s wi th 
unl imi ted u s e a g e a l l o w e d . A t y p i c a l p r e m i u m s c h e d u l e i s a s 
follows: 

Amount of I n s u r a n c e Annual P r e m i u m 

F i r s t $ 1, 000, 000 
Next $ 9, 000, 000 
Over $ 10, 000, 000 

$ 750 
375 each m i l l i o n 
250 each m i l l i o n 

The s t a n d a r d po l i cy i s of i n t e r e s t only in the event the s h i p m e n t s 
were not c o v e r e d by U . S . i n d e m n i t y . In t ha t even t , t he above 
p r e m i u m s would p r o b a b l y be i n c r e a s e d . 

The po l i cy with d i v i s i o n (2) of e x c l u s i o n (i) d e l e t e d h a s been 
quoted on the fol lowing b a s i s : 

Amount of I n s u r a n c e R a t e p e r loaded day 

F i r s t $ 1, 000, 000 
Next 4 , 0 0 0 , 0 0 0 
Next 5 , 0 0 0 , 0 0 0 
Over 1 0 , 0 0 0 , 0 0 0 

$ 2 5 . 0 0 
12 .50 each m i l l i o n 
5 . 0 0 " 
2 . 5 0 " 

The m o d i f i e d po l i cy i s sub jec t to a m i n i m u m y e a r l y p r e m i u m of 
$ 1000 for the f i r s t m i l l i o n of c o v e r a g e and $500 for each add i t iona l 
mi l l ion . 

T h e ' c o s t of the m o d i f i e d i n s u r a n c e b a s e d on the m a x i m u m 
avai lable is a s fo l lows : 

M i n i m u m annua l p r e m i u m for $ 60 m i l l i o n c o v e r a g e = $30, 500 
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The r e a s o n s for c a r r y i n g i n s u r a n c e which would apply in 
add i t ion to g o v e r n m e n t i n d e m n i t y a r e b a s e d on t h e o r e t i c a l 
s i t u a t i o n s f rom whioh s m a l l e r c l a i m s cou ld r e s u l t . F o r p u r p o s e s 
of a r r i v i n g at a r e a s o n a b l e cos t e s t i m a t e , we sha l l a s s u m e tha t 
$ 10 m i l l i o n c o v e r a g e i s p u r c h a s e d . T h i s i s not an u n r e a s o n a b l e 
a s s u m p t i o n s ince m a n y of the in land c a r r i e r s , w i th in the Uni ted 
S t a t e s , c a r r y t h i s a m o u n t of i n s u r a n c e . 

The cos t , t h e r e f o r e , would be : 

M i n i m u m annua l p r e m i u m for $10 m i l l i o n c o v e r a g e : $5500 

A s s u m i n g 5 loaded days wi th in the Uni ted S t a t e s p e r s h i p m e n t 
and an annua l a v e r a g e of s e v e n round t r i p s , if the c a s k s t r a v e l e d 
s e p a r a t e l y , t h i s would be a t o t a l of 35 loaded d a y s p e r y e a r . With 
a da i ly r a t e of $100 the t o t a l da i ly c h a r g e s would be $3500 which 
is below the m i n i m u m p r e m i u m c h a r g e d . 

The l i ab i l i ty i n s u r a n c e c o s t p e r r o u n d t r i p for $ 10, 000, 000 of 
c o v e r a g e i s t h e r e f o r e : 

5500 - $ 7 8 5 . 7 0 

2 . P r o p e r t y I n s u r a n c e 

The two p r o p e r t y i n s u r a n c e poo l s r e s t r i c t t h e i r c o v e r a g e to 
the c o n t i n e n t a l l i m i t s of the Uni ted S t a t e s . I n s u r a n c e c o v e r a g e will 
not a t t a ch to a SENN s h i p m e n t unt i l t he m a t e r i a l i s p l a c e d on the 
r a i l c a r at t he dock s i d e . 

B e c a u s e of the e x t r e m e diff iculty in d e t e r m i n i n g e x a c t l y which 
d a m a g e is due to the nucleaar r i s k and which i s due to o t h e r c a u s e s 
the p r o p e r t y i n s u r a n c e p o o l s have w r i t t e n an al l r i s k p o l i c y . Tha t 
i s , the c a s k , c a r and con t en t s a r e c o v e r e d r e g a r d l e s s of c a u s e 
of l o s s ; 

The po l i cy does not , h o w e v e r , i n s u r e a g a i n s t t he fo l lowing: 

(a) G r a d u a l a c c u m u l a t i o n of r a d i o a c t i v e c o n t a m i n a t i o n 
(b) L o s s c a u s e d by l i ad ioac t ive m a t e r i a l o t h e r t han con ten t s 
(c) D e p r e c i a t i o n , d e t e r i o r a t i o n o r c o r r o s i o n 
(d) Ac t s of w a r o r r e b e l l i o n 
(e) C o n f i s c a t i o n o r s e i z u r e by g o v e r n m e n t o r d e r 
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The p r o p e r t y c o v e r e d i s t he fuel, c a s k , and c a r and i s only 
c o v e r e d wh i l e i t is in t h e cus tody of c e r t a i n spec i f i ed p a r t i e s 
and i s not c o v e r e d whi le at the r e p r o c e s s i n g s i t e . 

The i n s u r a n c e c o v e r a g e i s in the a m o u n t of t h e face va lue and 
in no c a s e in e x c e s s of the a c t u a l v a l u e . 

The p r e m i u m r a t e for t h i s type of i n s u r a n c e i s dependen t on 
the cond i t i ons of s h i p m e n t and how m u c h r e s p o n s i b i l i t y the c a r r i e r 
is wi l l ing to a c c e p t . The r a t e s quo ted s e e m to r a n g e f rom $ . 0 7 5 
to $ . 0 5 p e r $100 of i n s u r a n c e p e r s h i p m e n t . 

The c o s t of t h i s p r o p e r t y i n s u r a n c e b a s e d on ¡an a s s u m e d r a t e 
of $'.075 p e r $100 i s a s f o l l ows : 

F u e l Value (9) ($14, 162. 50) $ 1 2 7 , 4 6 2 . 5 0 
(See C h a p t e r III, Sec t i on E7) 

C a s k Value $ 9 0 , 0 0 0 . 0 0 
(See C h a p t e r IV, Sec t ion H) 

C a r Va lue $ 50, 000 . 00 

(See C h a p t e r V, Sec t i on Dl) 

T O T A L $ 2 6 7 , 4 6 2 . 5 0 

I n s u r a n c e P r e m i u m (2, 674. 62) ($. 075) $ 200 . 60 
(for c a s k , fuel and c a r ) p e r s h i p m e n t 

The a m o u n t of i n s u r a n c e a v a i l a b l e f rom the p r o p e r t y i n s u r a n c e 
pools is m o r e t h a n a d e q u a t e for p u r p o s e s of a s h i p m e n t of fuel . 

Our c o n t a c t s have been e n t i r e l y with r e p r e s e n t a t i v e s of the 
NEP1A p o o l s . We a r e a s s u m i n g tha t p r o v i s i o n s and r a t e s of the 
M A E R P pool a r e i d e n t i a a l . 

P r o p e r t y i n s u r a n c e s i m i l a r to N E P I A and M A E R P is a v a i l a b l e 
th rough the m a r i n e i n s u r a n c e m a r k e t s . Al though no w r i t t e n po l i cy 
is in e x i s t e n c e , we have been i n f o r m e d tha t t h e N E P I A po l i cy c a n 
be u sed a s a guide to the t e r m s and p r o v i s i o n s of t h i s m a r i n e 
type p o l i c y . 

L ike N E P I A t h i s would be an a l l r i s k po l i cy but in add i t ion 
would p r o v i d e c o v e r a g e o v e r the e n t i r e t r ip ,* t h a t i s , f rom the 
r e a c t o r s i t e to the r e p r o c e s s i n g s i t e . 
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The r a t e s quoted for t h i s c o v e r a g e a r e d e p e n d e n t on t h e type 
of s towage whi le a b o a r d sh ip : $. 60 for $100 of va lue for on 
d e c k s towage and $ .30 p e r $100 of va lue for u n d e r d e c k s t o w a g e . 

The c o s t of th i s type of c o v e r a g e for c a s k and fuel only would 
be : 

(2 ,174 .62 ) ($ .60 ) = $1, 304. 77 p e r sh ipm ent 

The e n t i r e q u e s t i o n of how m u c h i n s u r a n c e is n e c e s s a r y and 
what t y p e s a r e p r e f e r r e d is a m a t t e r to be d e c i d e d by the s h i p p e r . 

In s o m e i n s t a n c e s the U. S. A t o m i c E n e r g y C o m m i s s i o n h a s 
r e q u i r e d tha t f inanc ia l p r o t e c t i o n , m o s t often in the fo rm of i n s u r a n c e 
be m a i n t a i n e d by the p a r t i e s r e s p o n s i b l e for c r e a t i n g the h a z a r d o u s 
cond i t ion . In the c a s e of i m p o r t s h i p m e n t s of s p e n t fuel no ; f inanc ia l 
p r o t e c t i o n o r i n s u r a n c e i s r e q u i r e d of the s h i p p e r by the AEC at 
the p r e s e n t t i m e . 

In the fo rego ing d i s c u s s i o n s we have not a t t e m p t e d to i n d i c a t e 
a p r e f e r e n c e for any p a r t i c u l a r c o v e r a g e no r have we a t t e m p t e d 
to i n t e r p r e t the p r o v i s i o n s of the po l i cy o t h e r t h a n to d e t e r m i n e 
i t s app l i cab i l i t y to t h e i n t e n d e d s h i p m e n t . 
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APPENDIX A 

UNITED STATES COAST GUARD REGULATIONS 

GOVERNING THE TRANSPORTATION 

OR STORAGE OF EXPLOSIVES OR 

OTHER DANGEROUS ARTICLES 

Note: The information contained here in 
is based on the text and the in te rpre ta t ion 
of the regulat ions as they existed on 
March 15, 1962. Any pe r son p r io r to using 
this appendix should bring this information 

•up to date. 



COMMENTARY 

The United States Coast Guard is charged with the r e s 
ponsibility of formulating and adminis te r ing regulat ions for the 
safe t ranspor ta t ion of explosives and other dangerous a r t i c l e s . 
The regulat ions of this par t a re applicable to all v e s s e l s , sh ippers , 
owners , agents , m a s t e r s , e tc . , when the shipment is to be 
made wholly or in pa r t on waters within the jur i sd ic t ional 
boundaries of the United Sta tes . 

The regulat ions when originally wri t ten were intended to 
apply to those smal l amounts of isotopes being shipped. As they 
apply to shipments of spent fuel they a r e inadequate. 

The basic f ramework and. requirements of the regulat ions 
a r e s t i l l suitable since they were original ly conceived with the 
protect ion of pe r sons and p roper ty as the p r i m a r y goal. 

The regulat ions can be broken down into five major 
subgroups: 

.(1) Those por t ions that apply specifically 
to adminis t ra t ive m a t t e r s . 

(2) Those por t ions that s ta te general 
regulat ions which set forth overal l 
pr inc ip les of pe r fo rmance . 

(3) Sta tements which a r e of the nature of 
general information. 

(4) Stowage r e q u i r e m e n t s , and 

(5) Those port ions re la t ive to the allowable 
radiat ion l eve l s . 

F i r s t and foremost , adminis t ra t ive ly , is the m a t t e r of 
obtaining approval , from the Commandant of the Coast Guard, to 
use the cask contemplated to c a r r y the intended m a t e r i a l . 



None of the containers specified in pa rag raph 146. 05-4 (a) 
a re suitable for the ca r r i age of spent fuel. A special p e r m i t , 
in accordance with pa rag raph 146. 05-4 (b) mus t therefore be 
obtained from the Commandant of the Coast Guard. 

The Commandant of the Coast Guard has indicated that 
if the Bureau of Explosives of the Associat ion of Amer ican 
Rai l raods i s sues a pe rmi t and p e r m i t number for the use of the 
cask with the intended contents then this will be considered as 
satisfying the r equ i r emen t s of pa rag raphs .146. 05-4 (b) and 
146. 25-30 (b) and no further approval for the cask will be 
required by the Coast Guard. 

Since a shipment of spent fuel will exceed the maximum 
curie content allowed by the regulat ions in any one package it 
will be n e c e s s a r y to obtain from the Commandant special 
authorizat ion to make the shipment . 

Considerat ion by the Commandant of applications for 
special author izat ion or approval will be based on the following 
information: 

a) Name, type and curie amount of radioact ive 
m a t e r i a l . 

b) Name of shipper and consignee. 

c) Name of vesse l (if known) and shipping f i rm. 

d) Po r t of depar tu re (pier if known) and 
dest inat ion. 

e) Bureau of Explosives pe rmi t number . 

f) Gross weight of container . 

g) Date of shipment . 



The requested approval or special authorizat ion will 
only be issued in the event the dest inat ion, under i tem (d) of 
the above listed information, is a por t of entry which is l isted 
with the Commandant as one willing to accept shipments of 
spent fuel. 

The Commandant r equ i res that this express ion of 
will ingness by the por t author i t ies be made only after an 
informational meet ing has been held. This informational 
meeting is for the purpose of acquainting officials of the por t 
and adjacent community or communit ies of the hazards involved 
and the precaut ions taken in the handling of shipments of spent 
fuel. 

Shipping papers both impor t and export a r e requi red 
to contain cer ta in information and bear cer ta in cer t i f ica t ions . 
The applicable sections of the regulat ions a r e c lear and eas i ly 
complied with. 

The regulat ions requ i re that ce r ta in labels be affixed 
to the exter ior of the cask. These labels mus t be attached by 
the shipper and mus t survive the types of weather encountered 
during the shipment so that they a r e sti l l legible when they 
a r r i v e at the destination. 

Each label mus t be filled out completely and include the 
following information: 

a) Pr inc ipa l radioact ive content 
"Chemical , N. O.S. " 

b) Activity of contents - (in cur ies) 

Samples of these labels can be obtained from the Bureau 
of Explosives of the Associat ion of Amer ican Ra i l roads . 



During the course of shipment , because of var ia t ions 
in ambient a i r t e m p e r a t u r e , the rmal expansion of the liquid 
and a i r in a liquid cooled cask can inc rease the in ternal a i r 
p r e s s u r e . 

The Coast Guard has indicated that in this event 
compressed gas regulat ions will not become applicable. 
They consider the cask integri ty r equ i rement s for the 
c a r r i a g e of radioact ive m a t e r i a l to be adequate insurance 
against the rupture of the cask due to internal p r e s s u r e . 

The allowable stowage of any cargo considered to be 
radioact ive m a t e r i a l is c lear ly stated and defined in the 
regula t ions . The ul t imate responsibi l i ty for compliance 
with these r equ i r emen t s and for the safe stowage of the 
cask r e s t s with the m a s t e r of the v e s s e l . 

The regulat ions relat ing to levels of radiat ion and 
amounts of surface contamination were wri t ten based on the 
recommended allowable exposure of pe r sons to ionizing 
rad ia t ions . Fo r this r eason these regulat ions a re st i l l 
applicable. 

P a r a g r a p h 146. 25-30 (a) l imi ts the curie content of 
any one cask except by special approval of the Commandant 
of the Coast Guard. This is the same approval or special 
authorizat ion previous ly d i scussed . 

P a r a g r a p h 146. 2 5-30 (b) mentions a specification 2R 
container or other container . A specification 2R container 
is not suitable for the shipment of spent fuel because of 
its smal l s i ze . The approval of another container has been 
d iscussed e a r l i e r . 

The regulat ions l imit the amount of radiat ion to which 
undeveloped film is to be exposed by re fe r r ing to an amount of 
penet ra t ing gamma rays of rad ium. This regulat ion, found in 
p a r a g r a p h 146. 25-30 (c), calls for the exposure of undeveloped 
film at a dis tance of 15 feet to be no m o r e than 11. 5 mi l l i roentgens 
of penetra t ing gamma rays of radium filtered by 1/2 inch of 
lead over a period of 24 hours . 



In the event the shipment is one of spent fuel in a l a rge 
lead lined cask, the radiat ion emitt ing from the spent fuel 
after shielding by the lead will have the same photographic 
effectiveness as gamma radiat ion from radium which has been 
filtered by 1/2 inch of lead. 

This l imi ts the radiat ion level at 15 feet from the cask 
to 0. 48 mil l i roentgens pe r hour. 

If the " inverse square law" is applied to the allowed level 
of 10 m r / h r at one m e t e r then we do not exceed 0. 48 m r / h r at 
15 feet. The " inverse square law" is not appl icable , however , to 
our la rge cask. 

No information has been received as yet clarifying this 
r equ i rement . It appears at the p re sen t as if these two regulat ions 
conflict. 

The package or cask, according to p a r a g r a p h 146. 25-30 (d) 
mus t have "no significant radioact ive surface contaminat ion". 
Significant surface contamination has been defined by the Coast 
Guard to mean be t a -gamma radiat ion at the surface in excess of 
10 mil l i roentgen per 24 hours , and alpha radiat ion g rea t e r than 
500 dis integrat ions per minute per 100 square cen t ime te r s . The deter
mination of 10 m r / 2 4 h r s . on a loaded cask is not poss ib le . 

In pa ragraph 146 . 25-30 (g) re fe rence is made to a level 
of gamma radiat ion "at one m e t e r from any point on the r a d i o 
active sou rce" . The " s o u r c e " is defined as the m a t e r i a l within 
the cask and not the cask itself. 

A cask is officially considered empty by the Coast Guard 
when it can satisfy the r equ i remen t s of pa rag raph 146. 25-25 (a). 

In determining compliance with the requi red levels of 
radiat ion and curie content the Atomic Energy Commiss ion is 
of the opinion that any commerc ia l ly available ins t rument which 
is recommended by a reputable manufac turer as suitable to 
take the des i red readings may be used. 

This commentary is provided for the purpose of clarifying 
cer ta in port ions of the regula t ions . It is not intended as a sub
sti tute for or s u m m a r y of the regula t ions . 



The United States Coast Guard Regulations Governing 
the Transpor ta t ion or Storage of Explosives or Other Dangerous 
Art icles or Substances a r e contained in Code of F e d e r a l Regulations 
Title 46, P a r t 146 ( 46 CFR 146). 

The specific por t ions applicable to a shipment of 
radioactive m a t e r i a l a r e not available except as a port ion of the 
entire document; for this reason all applicable "portions a r e reproduced . 



INDEX 

T o a id in l o c a t i n g c e r t a i n p o r t i o n s of t h e r e g u l a t i o n s 
the fol lowing b r o a d l i s t i n g s a r e p r o v i d e d . 

A. P a p e r w o r k , M a r k i n g and L a b e l i n g R e q u i r e m e n t s 

Sec t ion : 1 4 6 . 0 4 - 5 
146.05-10 (b) and (c) 
146.05-11 (a), (c) and (d) 
146.05-12 (f) 
146 .05-13 (a), (b), (c) , (f) and (g) 
146 .05-14 
146.05-17 (a), (b), (c) , (d), (e) , (q), ( r ) and (u) 

B . G e n e r a l P r o c e d u r e s and R e g u l a t i o n s 

Sec t ion : 1 4 6 . 0 2 - 5 (a), (c) and (e) 
146.02-10 (a) 
146.02-11 (a) 
146 .02-14 (a) and (c) 
1 4 6 . 0 5 - 3 (b) and (c) 
146.05-10 (a), (b) and (c) 
1 4 6 . 0 6 - 9 (a) and (b) 
146 .25-1 (a) and (b) 
1 4 6 . 2 5 - 2 0 (a) 
1 4 6 . 2 5 - 2 5 (a) 

C . R a d i a t i o n R e g u l a t i o n s 

Sec t ion : 1 4 6 . 2 5 - 2 5 (a) 
1 4 6 . 2 5 - 3 0 (a), (b), (c), (d), (f), (g), (h) and (k) 

D. G e n e r a l I n f o r m a t i o n 

Sec t ion : 146 .01-4 
1 4 6 . 0 2 - 3 
1 4 6 . 0 3 - 2 0 
146 .03-21 
1 4 6 . 0 3 - 3 3 
1 4 6 . 0 3 - 3 4 (b), (c), (e) and (h) 
1 4 6 . 2 5 - 3 5 (a), (b), (d), (e) and (f) 
1 4 6 . 2 5 - 4 5 (a), (b), (c), (d), (e), (f), (g), (h) and (i) 
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146.25-400 
146.27-10 
146.27-15 
146.27-20 
146.27-100 

The sections l is ted under "General Information" a re 
for the mos t p a r t stowage and handling regula t ions . These a r e 
sections which do not apply to the shipper but will cer ta in ly aid him 
in understanding what is requ i red by the U .S . Coast Guard. 



SUBPART - PREFACE 

Sec. 146.01-4 Class i f ica t ions . 

Explosives or other dangerous a r t i c l e s or subs tances , and combustible 
liquids a re classif ied in the regulat ions in this pa r t according to their 
pr incipal cha r ac t e r i s t i c s and p rope r t i e s as follows: 

Po i sons : 

Radioactive m a t e r i a l s , C lass D. 

SUBPART - GENERAL REGULATIONS 

Sec. 146.02-3 Application to sh ippe r s . 

Regulations with respec t to definitions, descr ip t ive name, shipping 
name, packing, marking , authorized conta iners , labeling and 
cert i f icat ion of shipments of explosives or other dangerous a r t ic les 
or substances , and combustible l iquids, apply to all shippers 
offering such a r t i c l e s or substances for t r anspor ta t ion or s torage 
on board ves se l s to which the regulat ions in this pa r t apply. 

Sec. 146.02-5 Compliance. 

The applicable provis ions of the regulat ions in this pa r t shall be 
observed by: 

(a) All v e s s e l s , domest ic or foreign, subject to the regulat ions 
in this par t , and the owners , c h a r t e r e r s , agents , m a s t e r s 
or pe r sons in charge of such ves se l s ; 

(c) All sh ippers , the i r agents or other pe r sons offering 
explosives Or other dangerous a r t i c l e s or subs tances , and 
combustible liquids for t ranspor ta t ion on board v e s s e l s ; 

(e) All sh ippers or c a r r i e r s of explosives or other dangerous 
a r t i c l es or subs tances , and combustible liquids shall 
ins t ruc t the i r employees re la t ive to the provis ions of the 
regulat ions in this p a r t . 
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Sec. 146.02-10 Export sh ipments . 

(a) Export shipments of commerc i a l C la s s A explosives and 
radioact ive m a t e r i a l s , Groups I, II or III, r e g a r d l e s s of 
whether in in te r s t a te t r anspor ta t ion p r i o r to del ivery to the 
vesse l , shall be packed, marked , labeled or o therwise in 
conformity with the In te rs ta te C o m m e r c e Commiss ion 
r equ i r emen t s for the t r anspor ta t ion of explosives or other 
dangerous a r t i c l e s in effect a t t he t ime of shipment . 

Sec. 146.02-11 Import sh ipments . 

(a) Impor t shipments of c o m m e r c i a l C lass A explosives and 
radioact ive m a t e r i a l s , Groups I, II, and III, r e g a r d l e s s 
of whether dest ined upon a r r i v a l at domest ic por t s for 
further t r anspor ta t ion or not shall be packed, marked , 
labeled, or otherwiße in conformity with the In te rs ta te 
C o m m e r c e Commiss ion r equ i remen t s for the t r anspor ta t ion 
of explos ives or other dangerous a r t i c l e s in effect at the 
t ime of shipment . 

Sec. 146.02-14 Damaged con ta ine r s . 

(a) Any outside container that is sufficiently damaged as to 
pe rmi t the escape of the contents there in , or shows m a r k s 
of having leaked, or the secur ing m e a n s give evidence of 
fai lure to p roper ly contain the package, shall not be accepted 
on board any vesse l for t r anspor ta t ion or stowage, nor shall 
such damaged conta iners be on board any ves se l entering 
the navigable wa te r s of the United States except in accordance 
with the provis ions of sec . 146.02-15. 

(c) Damaged, leaking or insecure outside conta iners in which 
radioact ive m a t e r i a l s , other than low activity o r e s , a r e 
packed shall be handled in accordance with the safety 
precaut ions set forth in sect ions 146.25-1 to 146.25-400, 
inclusive, per ta ining to the c a r e following leakage or sifting 
of radioact ive m a t e r i a l s . This provis ion shall be complied 
with by all ve s se l s to which the regulat ions in this par t apply 
when upon the navigable wa te r s of the United S ta tes . 
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Sec. 146.02-15 Emergency shipments . 

(a) In event of a casualty occurr ing to or on board a vesse l in
volving explosives or other dangerous a r t i c l e s or substances 
on board the vesse l as cargo, the m a s t e r or pe r son in charge 
of the vesse l is authorized to adopt such procedure as will, 
in his judgment, provide a maximum safety to the ves se l , 
its pa s senge r s and crew. When such a casual ty r e su l t s in 
damaged containers or the emergency use of unauthorized 
conta iners , such containers upon a r r i v a l at a por t shall 
not be offered to any forwarding c a r r i e r for t ranspor ta t ion . 
The vesse l , owner, agent, c h a r t e r e r , m a s t e r or other pe r 
son in charge of the vesse l shall r epo r t immedia te ly to the 
nea re s t Dis t r i c t Commander of the United. States Coast 
Guard or his authorized rep resen ta t ive and reques t in
s t ruct ions as to disposit ion of the damaged or unauthorized 
conta iners . 

SUBPART - DEFINITIONS OF WORDS AND TERMS 
CONTAINED WITHIN THE REGULATIONS IN THIS 

SUBCHAPTER 

Sec. 146.03-20 Label . 

The t e rm " label" means the caution label requi red by the 
regulat ions in this subchapter and the regulat ions of the 
ICC to be affixed to outside containers of explosives or 
other dangerous a r t i c l e s or subs tances . 

Sec. 146. 03-21 Marking. 

The t e rm "mark ing" re fe r s to the descr ip t ive name, in
s t ruc t ions , cautions, weight data, or specification m a r k s 
that a re required by the regulat ions in this subchapter and 
the regulat ions of the ICC to be placed upon outside con
ta iners of explosives or other dangerous a r t i c l e s or sub
s tances or combustible l iquids . 

Sec. 146.03-33 Stowage. 

For the purposes of the regulat ions in this subchapter the term 
"stowage" embraces the a r t of placing and secur ing goods on 
board a vesse l within the holds of the ve s se l , or on the decks, ir 

such manner as to enhance safety during the period of transpor
tation. 
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Sec. 146t 03-34 Stowage t e r m s defined. 

F o r the purposes of the regulat ions in this pa r t the following 
stowage t e r m s a r e defined: 

(b) "On deck p ro tec ted" means the a r t i c l e s may be stowed on the 
open weather deck of a v e s s e l . It is requi red that dangerous 
cargo stowed under such conditions shall be protected from 
the e lements by s t ruc tu ra l e rec t ions or from the d i r e c t rays 
of the sun by means of awnings or dunnaging. 

(c) "On deck under cover" means the a r t i c l e s may be stowed 
on the weather deck of a ve s se l under covered e rec t ions , such 
as fo recas t l e , bridge house, poop, and deck houses , having 
pe rmanen t s t ruc tu ra l openings to the a tmosphe re , but no 
s t ruc tu ra l openings such as door s , ha tches , companion ways, 
or manholes to any living q u a r t e r s , cargo ca r ry ing , or other 
compar tmen t s , unless such door s , ha tches , companion ways, 
or manholes a r e provided with hinged means for closing off 
and secur ing such openings. Stowage shall not be utilized in 
any deck house containing living q u a r t e r s , a s t ee r ing engine 
or re f r igera t ing unit or re f r igera ted stowage boxes unless 
the a r e a s occupied by such units a r e isolated from the stowage 
a r e a by permanen t and tight meta l l i c division bulkheads. 

(e) "Tween decks readi ly a c c e s s i b l e " means the a r t i c l e s may be 
stowed in upper cargo spaces below or off the weather deck, 
and so stowed as to be readi ly access ib le from the cargo 
openings (but not in the square of the hatch if the l a t t e r is 
made up of wooden hatch covers) or in a she l te r deck d i rec t ly 
inboard of s t ruc tu ra l openings from the weather deck. A 
vesse l having cargo car ry ing holds which extend from the tank 
top or lower flat to the weather deck and having no enclosed 
cargo stowage space imposed above such single holds may 
subst i tute "Under deck away from hea t" in l ieu of "Tween 
decks readi ly a c c e s s i b l e " stowage. 

(h) "Under deck" means that the a r t i c l e s may be stowed in a cargo 
space in a deep hold or a tween deck hold capable of being 
vent i la ted. A hold is defined as an a r e a allotted ent i re ly to the 
ca r r i age of cargo and is bounded by pe rmanen t s tee l bulkheads 
and decks , and the shell of the ve s se l , the deck openings being 
provided with means for effectively closing the hold against the 
weather , and in the case of super imposed holds , effectively 
closing off each hold» A cargo space or hold coming within 
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the above definition shall not be used for the stowage of 
explosives (except f ireworks or re la t ive ly safe - Class C -
explosives) unless closed off to traffic while the vesse l 
is on its voyage, A cargo space or hold containing a 
crew passage formed by battens or by a m e s h or wire 
sc reen bulkhead shall not be used for stowage of other 
dangerous a r t i c l es or subs tances , including f i reworks 
and re la t ively safe explosives - Class C, unless watchman 
serv ice is provided for such a r e a s . 

SUBPART - LIST OF EXPLOSIVES OR OTHER DANGEROUS 
ARTICLES CONTAINING THE SHIPPPING NAME OR 

DESCRIPTION OF ARTICLES SUBJECT TO THE 
REGULATIONS IN THIS SUBCHAPTER 

Sec. 146. 04 l i s t s the p roper shipping name to be used in re fe rence to 
the var ious a r t i c l e s that a r e subject to these regula t ions . 

Those l is t ings in pa rag raph 146. 04-5 which a r e of in te res t 
a re as follows: 

ARTICLE CLASSED AS 

Drums , empty Hazardous a r t i c l e 
Radioactive m a t e r i a l s , groups 

I and II Poison, Class D 

Radioactive m a t e r i a l s , group III Poison, Class D 

SUBPART - SHIPPER'S REQUIREMENTS RE: PACKING, 
MARKING, LABELING AND SHIPPING PAPERS 

Sec. 146.05-3 Prohibited packing. 

(b) The offering for t ranspor ta t ion of any package or container 
of any liquid, solid or gaseous m a t e r i a l which under conditions 
incident to t ranspor ta t ion may polymer ize (combine or react 
with itself) or decompose so as to cause dangerous evolution 
of heat or gas is prohibi ted. Such m a t e r i a l s may be offered 
for t ranspor ta t ion when proper ly stabil ized or inhibited. 



(c) The offering for t ranspor ta t ion of any package or container 
of any m a t e r i a l which will cause a dangerous evolution 
of heat or gas under conditions normal ly incident to 
t ranspor ta t ion is prohibi ted. 

Sec, 146.,05-4 P r e s c r i b e d conta iners . 

(b) In the i n t e r e s t of national defense or at such t imes as it 
shall be de te rmined that the i n t e r e s t of safety would not 
be impa i red , the use of containers other than those 
specified in this pa r t , for the t r anspor ta t ion of permi t ted 
explosives and other dangerous a r t i c l e s or subs tances 
may be authorized in the d i sc re t ion of and upon special 
pe rmi t to be issued by the Commandant of the Coast 
Guard. 

Sec. 146.05-10 Reuse of con ta iners . 

(a) Conta iners used m o r e than once (refilled and reshipped after 
having been previous ly emptied) shall be in such condition, 
including closing devices and cushioning m a t e r i a l s , that 
they will p ro tec t their contents during t r ans i t as efficiently 
as new conta iners . Repa i r s m u s t be made in an efficient 
manner and p a r t s that a r e weak, broken, or otherwise 
de te r io ra ted shall be rep laced . 

(b) Markings applied as p r e sc r ibed by the specifications shall 
be maintained in a legible condition, 

(c) If, on account of painting or any other r eason , the mark ings 
as p r e s c r i b e d for any container cannot be kept plain and 
legible , a me ta l p la te , brazed or soldered or otherwise 
secu re ly fastened to the container , with a reproduct ion of 
the p r e sc r ibed mark ings plainly stamped thereon , may be 
pe rmi t t ed . 

Sec. 146.05-11 Cert if icat ion. 

(a) The shipper offering for t ranspor ta t ion by ves se l s subject to 
the regulat ions in this pa r t any Class A or Class Β explosive 
and blast ing caps or e l ec t r i c blast ing caps in any quantity, 
and any inflammable liquid, inflammable solid, oxidizing 
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m a t e r i a l , cor ros ive liquid, compressed gas , or poison 
requir ing labels , shall show the following cert i f icate in 
the lower lefthand corner of the originat ing shipping paper 
over the wri t ten or stamped facsimile s ignature of the 
shipper or of his duly authorized agent: 

This is to certify that the above a r t i c l e s a r e 
p roper ly descr ibed by name, and a r e packed 
and marked and are in p roper condition for 
t ranspor ta t ion according to the regulat ions 
p resc r ibed by the In ters ta te Commerce 
Commission. 

(c) For the rel ief of shippers from mult ipl ic i ty of cert if ications 
required for packages which may move by ra i l freight, 
highway, and water , and pending further considerat ion and 
order of the In ters ta te Commerce Commiss ion , such 
shipments may in lieu of the cert i f icat ion requi red by 
pa rag raph (a) or (b) of this section be certified as follows: 

This is to certify that the above a r t i c l e s a r e 
p roper ly descr ibed by name, and a r e packed 
and marked and a re in p roper condition for 
t ranspor ta t ion according to the applicable 
regulat ions p re sc r ibed by the In ters ta te 
Commerce Commiss ion and the Comman
dant of the Coast Gua.rd. 

(d) Detailed regulat ions in Sec. 146.21-100 to 146.27-100 
requi re specific cert if icat ion for cer ta in subs tances . 
When these substances a r e required to be cert if icated 
under pa rag raph (a), (b), or (c) of this sect ion the 
cert if icate required by the detailed regulat ions shall 
be in addition there to . 

Sec, 146. 05-12 Originating shipping o rde r , t r ans fe r shipping paper . 

(f) The minimum information requi red by this sect ion to be 
shown upon an originating shipping o rde r is as follows: 
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(1) S h i p p e r ' s n a m e and a d d r e s s . 

(2) C o n s i g n e e ' s n a m e and a d d r e s s . 
(When r e q u i r e d by the d e t a i l e d 
r e g u l a t i o n s . ) 

(3) E i t h e r the n u m b e r of p a c k a g e s o r p i e c e s 
o r the q u a n t i t y o r we igh t , a s the c a s e m a y 
b e , and the type of p a c k a g e s ( c y l i n d e r s , 
b a r r e l s , b o x e s , e t c . ) . 

(4) Sh ipp ing o r l e a d i n g m a r k s and n u m b e r s 
if a p p e a r i n g on p a c k a g e s , 

(5) Sh ipp ing n a m e of e a c h a r t i c l e , a s shown in 
r o m a n type in the c o m m o d i t y l i s t h e r e i n . 
F u r t h e r d e s c r i p t i o n no t i n c o n s i s t e n t w i th 
the s h i p p i n g n a m e m a y be shown . Un
a u t h o r i z e d a b b r e v i a t i o n s s h a l l not be u s e d . 

(6) In c o n n e c t i o n w i th the e n t r y of e a c h d a n g e r o u s 
a r t i c l e , show the kind and c o l o r of l a b e l app l i ed 
to the p a c k a g e o r the m a r k i n g s upon the p a c k a g e 
w h e n l a b e l or m a r k i n g i s r e q u i r e d by the r e g 
u l a t i o n s in t h i s p a r t . 

(7) G r o s s we igh t of c o n t a i n e r and con t en t s when s u c h 
i n f o r m a t i o n i s r e q u i r e d to be shown on a p a c k a g e 
by the r e g u l a t i o n s in t h i s p a r t . 

(8) C e r t i f i c a t i o n o v e r the w r i t t e n o r s t a m p e d f a c s i m i l e 
s i g n a t u r e of the s h i p p e r or of h i s du ly a u t h o r i z e d 
a g e n t a s r e q u i r e d by the r e g u l a t i o n s in t h i s p a r t . 
(Not r e q u i r e d e x c e p t on o r i g i n a t i n g b i l l of l a d i n g 
and s h i p p i n g o r d e r . ) 

Sec, 146. 05-13 O r i g i n a t i n g e x p o r t s h i p p i n g p a p e r . 

(a) The r e q u i r e m e n t s of t h i s s e c t i o n app ly w h e n a n e x p o r t s h i p 
m e n t i s of fered for t r a n s p o r t a t i o n by v e s s e l . 
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(b) A shipper of any explosive or other dangerous a r t i c l e or sub
stance to be offered for export on board vesse l s subject to 
the regulat ions in this par t shall p r e p a r e an originating 
shippping order or otherwise desc r ibe the shipment in writing 
as required by this section. 

Note 1, This "originating shipping o r d e r " may be any 
one of the following p a p e r s : (I) Uniform through 
export bill of lading, (2) Ocean bill of lading. 
(3) Dock rece ip t . (4) Del ivery rece ip t 
(5) Government bill of lading. (6) Engagement 
note, (7) P e r m i t 

Note 2, By "otherwise desc r ibe the shipment in wr i t ing" 
is meant that the shipper or his authorized agent 
or r ep resen ta t ive shall in wri t ing advise the 
vesse l opera tor in advance regard ing the 
cha rac t e r i s t i c s of the shipment and such d e s 
cription shall conform to the provis ions of this 
sect ion, 

(c) Fo r a shipment originating in the in te r io r and moving to the 
seaboard under a domest ic bill of lading the shipper or his 
authorized agent or r ep resen ta t ive shall advise the vesse l 
regarding the shipment in the manner set forth under Note 2 
of this section, 

(f) No person other than the shipper or his duly authorized agent 
or r epresen ta t ive shall p r e p a r e an originating shipping order 
or wri t ten ins t rument otherwise descr ib ing the shipment 
covering t ranspor ta t ion of explosives or other dangerous 
a r t i c l e s or subs tances , 

(g) The minimum information requi red by this section to be shown 
upon an originating shipping o rde r or wri t ten ins t rument 
"otherwise descr ib ing the sh ipment" is as required by 
Sec, 146, 05-12 (f). 

Sec. 146. 05-14 Import shipping papers 

An impor te r of explosives or other dangerous a r t i c l e s or 
combustible liquids shall furnish the foreign shippper full 
and complete information requi red by Sec, 146. 05-12 (f) 
to be shown on shipping p a p e r s . Bills of lading, man i fe s t s , 
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consular invoices or other impor tant shipping papers shall 
show such information. Applicable cert if icat ions as 
required by Sec. 146.02-3 , Sec. 146.02-9, or Sec. 146.02-
11 (c), and Sec. 146.05-11 shall a lso be shown thereon, 
(See C a r r i e r Regulations re Import Shipments 
Sec . 146. 06-1) (Attention of i m p o r t e r s is called to 
Sec . 146. 02-11 re Import Shipments . ) 

Sec. 146. 05-17 Labe ls . 

(a) Shippers shall furnish and at tach the labels p r e sc r ibed for 
thei r packages . 

(b) Labels shall not be applied to packages containing a r t i c l e s 
which a r e not subject to the regulat ions in this pa r t . 

(c) Shippers shall not apply labels which by their s i ze , shape 
and color , may readi ly be confused with s tandard caution 
labels p re sc r ibed in this pa r t . 

(d) Labels shall conform to s tandard as requi red by the 
In ters ta te Commerce Commiss ion regula t ions . 

(e) A combination diamond-shaped l abe l - t ag of p rope r size and 
color , bear ing on one side the shipping information and on 
the r e v e r s e side the wording p re sc r ibed in this section 
will be pe rmi t t ed . 
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(b) A shipper of any explosive or other dangerous a r t i c le or sub
stance to be offered for export on board vesse l s subject to 
the regulations in this par t shall p r e p a r e an originating 
shippping order or otherwise desc r ibe the shipment in writing 
as required by this sect ion. 

Note I, This "originating shipping o r d e r " may be any 
one of the following p a p e r s : (1) Uniform through 
export bill of lading, (2) Ocean bill of lading. 
(3) Dock receipt , (4) Del ivery rece ip t 
(5) Government bill of lading. (6) Engagement 
note, (7) P e r m i t 

Note 2, By "otherwise desc r ibe the shipment in wr i t ing" 
is meant that the shipper or his authorized agent 
or r ep resen ta t ive shall in wri t ing advise the 
vesse l opera tor in advance regard ing the 
cha rac t e r i s t i c s of the shipment and such d e s 
cription shall conform to the provis ions of this 
sect ion, 

(c) Fo r a shipment originating in the in te r io r and moving to the 
seaboard under a domest ic bill of lading the shipper or his 
authorized agent or r ep resen ta t ive shall advise the vesse l 
regarding the shipment in the manne r set forth under Note 2 
of this section, 

(f) No person other than the shipper or his duly authorized agent 
or represen ta t ive shall p r e p a r e an originating shipping order 
or wri t ten ins t rument otherwise descr ib ing the shipment 
cover ing t ranspor ta t ion of explosives or other dangerous 
a r t i c l e s or subs tances , 

(g) The minimum information requi red by this section to be shown 
upon an originating shipping o rde r or wri t ten ins t rument 
"otherwise descr ib ing the sh ipment" is as required by 
Sec, 146, 05-12 (f). 

Sec. 146. 05-14 Import shipping papers 

An impor te r of explosives or other dangerous a r t i c l e s or 
combustible liquids shall furnish the foreign shippper full 
and complete information requi red by Sec, 146, 05-12 (f) 
to be shown on shipping p a p e r s . Bills of lading, man i fe s t s , 
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consular invoices or other impor tant shipping papers shall 
show such information. Applicable cert i f icat ions as 
requi red by Sec . 146.02-3 , Sec. 146.02-9, or Sec. 146.02-
11 (c), and Sec. 146. 05-11 shall a lso be shown thereon, 
(See C a r r i e r Regulations re Import Shipments 
Sec . 146. 06-1) (Attention of i m p o r t e r s is called to 
Sec . 146. 02-11 re Import Shipments . ) 

Sec. 146. 05-17 Labe ls . 

(a) Shippers shall furnish and at tach the labels p re sc r ibed for 
thei r packages . 

(b) Labels shall not be applied to packages containing a r t i c l e s 
which a r e not subject to the regulat ions in this pa r t . 

(c) Shippers shall not apply labels which by their s i ze , shape 
and color , may readi ly be confused with s tandard caution 
labels p r e s c r i b e d in this pa r t . 

(d) Labels shall conform to s tandard as requi red by the 
In ters ta te Commerce Commiss ion regula t ions . 

(e) A combination diamond-shaped l abe l - t ag of p roper s ize and 
color , bear ing on one side the shipping information and on 
the r e v e r s e side the wording p re sc r ibed in this section 
will be pe rmi t t ed . 
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HANDLE CAREFULLY 
RADIOACTIVE MATERIAL 

CLASS D POISON Group I or II 
HO PERSON SHALL REMAIN WITHIN THREE FEET OF THIS CONTAINER UNNECESSAHIT 

DO NOT P U C E UNDEVELOPED FILM WITHIN 1 5 FEET OF THIS CONTAIN« 

Principal radioactive content 
Activity of content» , 
Number of radiation units from package 

Not mora than 40 units shall be loaded in one 
car or' one motor vehicle or held at one location. 

Thla I« to certify that the content· of this package 
are properly described by name and are packed 

and marked and are In proper condition for 
transportation according to the Regula

tion« prescribed by the Interstate 
Commerce Commission. 

Shipper's name required 
hereon for ship, 

mente by 
EXPRESS 

(q) Radioactive m a t e r i a l s , Group I or II. 

(Red print ing on white) 
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H A N D L E C A R E F U L L Y 
RADIOACTIVE MATERIAL 

EMITTING CORPUSCULAR RAYS ONLY 
Nam· of contents 

CLASS D POISON 
Group III 

Thla la to certify that the content·* of thla packagi 
are properly deaorlbed by name and are packed 

and marked and are In proper condition for 
transportation according to the Regula-

tlona prescribed by the Intentate 
Commerce Commission. 

•hlpper'e name required 
hereon for ship

ments by 
EXPRESS 

(r) Radioactive m a t e r i a l s . Group III 

(Blue pr int ing on white) 
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(u) Empty label (white) for empty conta iners . 

(Black print ing on white) 
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SUBPART - VESSEL'S REQUIREMENTS, R E : 
ACCEPTANCE, HANDLING, STOWAGE, E T C . 

Sec. 146. 06-9 ' Stowage on board v e s s e l s . 

(a) Stowage of a pa r t i cu la r explosive or other dangerous 
a r t i c l e or substance or a combustible liquid on board 
a vesse l m a y be any permi t ted stowage in accordance 
with the provis ions as shown in the tables as applying 
to the cha rac t e r of ve s se l upon which the substance 
is pe rmi t ted to be t ranspor ted or s to red , 

(b) When only one stowage is shown, no other stowage shall be 
ut i l ized. When m o r e than one stowage is indicated any or 
al l of the indicated stowages may be ut i l ized. When "Tween 
decks" : i s authorized for stowage "Tween decks readi ly 
a c c e s s i b l e " m a y a l so be used, but not the r e v e r s e thereof. 
When "Under deck" is authorized for stowage "Under deck 
away from hea t " may a l so be used, but not the r e v e r s e 
thereof. 
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SUBPART - DETAILED REGULATIONS 
GOVERNING POISONOUS ARTICLES 

Sec. 146. 25-1 Definition of poisonous a r t i c l e s . 

(a) Poisonous a r t i c l es a r e divided by the I n t e r s t a t e 
Commerce Commission regulat ions into four c l a s ses 
according to degree of hazard in t ranspor ta t ion . 
These a r e : 

Ex t r eme ly dangerous poisons - Class A. 
Less dangerous poisons - Class B. 
Tear gases or i r r i t a t ing substances - Class. C, 
Radioactive m a t e r i a l s - Class D. 

(b) These poisonous a r t i c l e s a re defined by the In te rs ta te 
Commerce Commiss ion regulat ions as set forth in 
Sec . 146.25-5 , 146.25-10, 146.25-15, and 146. 25-20, 
and such definitions a r e binding upon all sh ippers making 
shipments of poisonous a r t i c l e s by common c a r r i e r 
vesse l s engaged in in te r s t a te or foreign commerce 
by water . These definitions a r e accepted and adopted and 
form p a r t of the regulat ions in this subchapter and apply 
to all sh ippers making shipments of poisonous a r t i c l e s 
by any vesse l and shall apply to owners , c h a r t e r e r s , agents , 
m a s t e r or other pe r son in charge of a vesse l and to other 
persons j t r anspor t ing , ca r ry ing , conveying, s toring-
stowing, or using poisonous a r t i c l e s on board v e s s e l s 
subject to R . S . 4472k as amended (46 U.S. C. 170) and 
the regulat ions in this subchapter . 
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Sec. 146. 25-'20 R a d i o a c t i v e m a t e r i a l s , C l a s s D P o i s o n . 

(a). R a d i o a c t i v e m a t e r i a l i s any m a t e r i a l or c o m b i n a t i o n of 
m a t e r i a l s t h a t s p o n t a n e o u s l y e m i t s i on i z ing r a d i a t i o n , 
F o r the p u r p o s e of the r e g u l a t i o n s in th i s p a r t r a d i o 
a c t i v e m a t e r i a l s a r e d iv ided in to 3 g r o u p s a c c o r d i n g 
to the type of r a y s e m i t t e d a t any t i m e d u r i n g t r a n s 
p o r t a t i o n , a s fo l lows : 

(1) G r o u p I. R a d i o a c t i v e m a t e r i a l s t ha t e m i t 
g a m m a r a y s only o r bo th g a m m a and 
e l e c t r i c a l l y c h a r g e d c o r p u s c u l a r r a y s . 

(2) G r o u p II. R a d i o a c t i v e m a t e r i a l s t h a t e m i t 
n e u t r o n s and e i t h e r o r bo th t y p e s of r a d i a t i o n 
c h a r a c t e r i s t i c of G r o u p I m a t e r i a l s . 

(3) G r o u p III . R a d i o a c t i v e m a t e r i a l s tha t e m i t 
e l e c t r i c a l l y charged, c o r p u s c u l a r r a y s only , 
i . e . , a l p h a o r b e t a , e t c . , o r any o t h e r 
r a d i o a c t i v e m a t e r i a l t ha t is so sh i e lded Jthat 
the g a m m a r a d i a t i o n a t the s u r f a c e of the 
p a c k a g e d o e s not e x c e e d 10 m i l l i r o e n t g e n s p e r 
24 h o u r s at any t i m e d u r i n g t r a n s p o r t a t i o n . 

S e t . 146. 2 5 - 2 5 E x e m p t i o n s for r a d i o a c t i v e m a t e r i a l s . 

(a) R a d i o a c t i v e m a t e r i a l s a r e e x e m p t f r o m p r e s c r i b e d p a c k a g i n g , 
m a r k i n g o t h e r than the n a m e of the c o n t e n t s , and l a b e l i n g 
r e q u i r e m e n t s , p r o v i d e d they fulfill a l l of the fol lowing 
c o n d i t i o n s : 

(1) The p a c k a g e m u s t be s u c h tha t t h e r e can be no 
l e a k a g e of r a d i o a c t i v e m a t e r i a l s u n d e r cond i t i ons 
n o r m a l l y i n c i d e n t to t r a n s p o r t a t i o n . 

(2) The p a c k a g e m u s t con ta in ne t m o r e t han 0.1 
m i l l i c u r i e s of r a d i u m or p o l o n i u m , o r t ha t 
a m o u n t of s t r o n t i u m 89 , s t r o n t i u m 90 , o r 
b a r i u m 140 wh ich d i s i n t e g r a t e s a t a r a t e of m o r e 
t han 5 m i l l i o n a t o m s p e r s e c o n d ; or t ha t a m o u n t 
of any o t h e r r a d i o a c t i v e s u b s t a n c e wh ich d i s i n t e g r a t e s 
a t a r a t e of m o r e t han 50 m i l l i o n a t o m s p e r s e c o n d . 
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(3) the package mus t be such that no significant 
alpha beta or neutron radiat ion is emitted from 
the ex te r ior of the package, and the gamma 
radiat ion at any surface of the package mus t 
be l e s s than 10 mi l l i roen tgens per 24 hours . 

Sec. 146. 25 - 30 Packing and shielding of radioact ive m a t e r i a l s . 

(a) (1) Not m o r e than 2,000 mi l l i cu r i e s of r ad ium, 
polonium, or other m e m b e r s of the rad ium 
family of e l ements , and not m o r e than 2, 700 
mi l l i cu r i e s (disintegrat ion ra te of 100,000 
mil l ion (10 ) a toms per second) of any other 
radioact ive substance may be packed in one 
outside container for shipment by water except 
by special a r r a n g e m e n t s and under conditions 
approved by the Commandant of the Coast 
Guard, or except as provided in subparagraph 
(2) of this pa rag raph . 

(2) Not m o r e than 300 cur ies of solid ces ium 137, 
cobalt 60, gold 198, or i r id ium 192 may be 
packed in one outside container for shipment 
by water except by special a r r a n g e m e n t s and 
under conditions approved by the Commandant 
of the Coast Guard. 

(3) F o r the purposes of the regulat ions in this pa r t , 
one mi l l i cu r ie is that amount of any radioact ive 
m a t e r i a l which d i s in tegra tes at the r a t e of 37 
mil l ion a toms per second. One thousand 
mi l l i cu r i e s is equal to one cur ie . 

(b) Radioactive m a t e r i a l s that p re sen t special haza rds due to their 
tendency to r ema in fixed in the human body for long per iods of 
time ( i . e . , rad ium, plutonium, and radioact ive s t ron t ium, etc. ) 
mus t , inaddition to the packing p re sc r ibed in Sec, 146, 25-400, 
Table H, be packed in inside meta l containers specification 2R. 
or other container approved by the Bureau of Explosives and 
authorized by the Commandant of the Coast Guard. 

25 



(c) All radioact ive m a t e r i a l s mus t be so packed and shielded 
that the degree of fogging of undeveloped film under con
ditions normal ly incident to t ranspor ta t ion (24 hours at 
15 feet from the package) will not exceed that produced 
by 11. 5 mi l l i roen tgens of penetra t ing gamma rays of 
radium fil tered by 1/2 inch of lead. 

(d) The design and p repara t ion of the package mus t be such 
that there will be no significant radioact ive surface 
contamination of any pa r t of the container . 

(f) All outside shipping containers mus t be of such design that 
the gamma radiat ion will not exceed 200 mi l l i roentgens per 
hour or equivalent at any point of readi ly access ib le sur face . 
Containers mus t be equipped with handles and protect ive 
devices when n e c e s s a r y in order to satisfy this r equ i remen t . 

(g) Radioact ive m a t e r i a l s Group I, l iquid, solid, or gaseous , mus t 
be packed in suitable inside containers c o m p l e t e l y surrounded 
by 'a shield of lead or other suitable m a t e r i a l of such thickness 
that at any time during t ranspor ta t ion the gamma radiat ion at 
one m e t e r (39. 3 inches) from any point on the radioact ive 
source will not exceed 10 mi l l i roen tgens per hour. The shield 
mus t be so designed that it will· not open or b reak under con
ditions incident to t r anspor ta t ion . The minimum shielding mus t 
be sufficient to prevent the escape of any p r i m a r y corpuscular 
radiat ion to the ex te r ior of the outside shipping container . 

(h) Radioact ive m a t e r i a l s Group II, liquid, solid, or gaseous , mus t 
be packed in suitable inside containers completely shielded so 
that at any t ime during t ranspor ta t ion the radiat ion m e a s u r e d 
at r ight angles to any point on the long axis of the shipping 
container will not exceed the l imi ts specified in subparagraphs 
(1) to (4) of this pa rag raph . The shielding mus t be designed so 
as to mainta in its efficiency under conditions normal ly incident 
tò t r anspor ta t ion and mus t provide personnel protect ion against 
fast or slow neutrons and all other ionizing radiat ion originating 
in the radioact ive m a t e r i a l s or any pa r t of the aggregate 
consti tuting the complete package. 

(1) Gamma radiat ion of 10 m r h m . 
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(2) E lec t r i ca l ly charged corpuscular radiat ion 
which is the physical equivalent (see: note 1 
of this paragraph) of 10 m r h m . of gamma 
radiat ion. 

(3) Neutron radiat ion which is the physical 
equivalent (see note 1 of this paragraph) 
of 2 m r h m . of gamma radiat ion, 

(4) If m o r e than one of the types of radiat ion 
named in subparagraphs (1), (2), and /o r (3) 
of this pa rag raph is p re sen t the radiat ion 
of each type mus t be reduced by shielding 
so that the total does not exceed the 
equivalent of subparagraphs (1), (2), or (3) 
of this pa ragraph , 

Note 1: F o r purposes of the regulat ions in this sect ion 
the "physical equivalent" of a roentgen is that 
amount of radiat ion that would be absorbed in 
t issue to the extent of approximate ly 100 e rgs 
per g ram (mrhm. is an abbreviat ion for 
mi l l i roentgens per hour at 1 m e t e r (39. 3 inches) . 

(k) Radioactive ma te r i a l s , Group III, l iquid, solid or gaseous, 
mus t be packed in suitable inside containers completely 
wrapped and /o r shielded with such m a t e r i a l as will 
prevent the escape of p r i m a r y corpuscular radiat ion to 
the ex te r ior of the shipping container , and secondary 
radiat ion at the surface of the container mus t not exceed 
10 mi l l i roen tgens per 24*hours, at any t ime during 
t ranspor ta t ion . 

Sec. 146.25-35 Stowage and handling of radioact ive m a t e r i a l s on board 
v e s s e l s . 

(a) All containers of radioact ive m a t e r i a l s stowed on board a 
vesse l mus t be efficiently lashed , chocked, or braced to 
prevent sifting or leakage by movement of the containers 
in any di rec t ion. 
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(b) No p e r s o n s h a l l r e m a i n u n n e c e s s a r i l y in a hold or c o m p a r t 
m e n t o r c l o s e to a hold , c o m p a r t m e n t , or d e c k c a r g o s p a c e , 
con t a in ing r a d i o a c t i v e m a t e r i a l s and the s h i p p e r m u s t f u r 
n i s h the c a r r i e r wi th s u c h i n f o r m a t i o n and e q u i p m e n t as i s 
n e c e s s a r y for the p r o t e c t i o n of the c a r r i e r ' s e m p l o y e e s , s t e v e 
d o r e s , o r o t h e r p e r s o n s engaged in the hand l ing of s u c h c a r g o . 
In no i n s t a n c e s h a l l any p e r s o n who m u s t n e c e s s a r i l y r e m a i n 
in a hold , c o m p a r t m e n t , or in the p r o x i m i t y of a hold , c o m 
p a r t m e n t , o r d e c k c a r g o s p a c e , con t a in ing r a d i o a c t i v e 
m a t e r i a l be exposed to a to ta l of m o r e than 300 m i l l i r o e n t g e n s 
of g a m m a r a d i a t i o n o r e q u i v a l e n t in any 7 day p e r i o d . 

(d) E n c l o s e d c o m p a r t m e n t s in w h i c h a r e s towed any e x t r e m e l y 
d a n g e r o u s p o i s o n s , C l a s s A, or r a d i o a c t i v e m a t e r i a l s , C l a s s D , 
s h a l l not be lef t open to e n t r a n c e by p e r s o n s u n f a m i l i a r w i th the 
type of c a r g o b e i n g t r a n s p o r t e d , 

(e) No r a d i o a c t i v e m a t e r i a l s , G r o u p s I, II, o r I I I s h a l l be s towed 
on b o a r d a v e s s e l in any hold , c o m p a r t m e n t , or d e c k s p a c e 
so tha t the to t a l g a m m a r a d i a t i o n o r e q u i v a l e n t in any s p a c e 
or a r e a c o n t i n u o u s l y occup ied by p a s s e n g e r s , c r e w , o r 
s h i p m e n t s of a n i m a l s wil l e x c e e d 40 m i l l i r o e n t g e n s p e r 24 
hour-s a t any t i m e d u r i n g t r a n s p o r t a t i o n . Any ho ld , c o m p a r t m e n t , 
o r e n c l o s e d d e c k s p a c e con t a in ing r a d i o a c t i v e m a t e r i a l s sha l l 
be so v e n t i l a t e d tha t t h e r e wi l l be no a c c u m u l a t i o n of r a d i o a c t i v e 
g a s e s in t ha t hold , c o m p a r t m e n t , o r e n c l o s e d d e c k s p a c e , 

(f) Not m o r e t han 40 un i t s of r a d i o a c t i v e m a t e r i a l s , r e d l a b e l 
(Groups I and II), s h a l l be s towed t o g e t h e r in any 1 a r e a or 
p l a c e . One uni t e q u a l s 1 m i l l i r o e n t g e n p e r h o u r a t a d i s t a n c e 
of 1 m e t e r (39- 3 i n c h e s ) for h a r d g a m m a r a d i a t i o n o r the a m o u n t 
of r a d i a t i o n wh ich has the s a m e effect on f i lm a s 1 m i l l i r o e n t g e n 
p e r h o u r p e r m e t e r of h a r d g a m m a r a y s of r a d i u m f i l t e r e d by 
1/2 i n c h of l e a d . If the s h i p m e n t e x c e e d s 40 u n i t s , a d i s t a n c e 
of a t l e a s t 60 feet m u s t s e p a r a t e i n c r e m e n t s of not m o r e than 
40 un i t s e a c h . 

Sec, 146. 2 5 - 4 5 S towage of p o i s o n o u s a r t i c l e s wi th e x p l o s i v e s and o t h e r 
d a n g e r o u s a r t i c l e s , 

(a) C o n t a i n e r s of p o i s o n o u s a r t i c l e s offered for t r a n s p o r t a t i o n on 
b o a r d v e s s e l s s h a l l ; when t a k e n on b o a r d a v e s s e l , be s towed 
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in accordance with the provis ions applying to the pa r t i cu la r 
cha rac te r of vesse l as shown in Sec, 146. 25-100 to 
146,25-400, inclusive, and with the detailed regulat ions 
for stowage in this subpart . 

(b) Poisonous a r t i c l e s shall not be stowed in the same hold 
or compar tment with Class A or Class Β explos ives . 

(c) Class D poisons shall not be stowed in the same hold or 
compar tment with Class C explosives . 

(d) Poisonous a r t i c l e s shall not be stowed in the same hold or 
compar tment with inflammable l iquids, 

(e) Poisonous a r t i c l e s shall not be stowed in the same hold or 
compar tment with inflammable sol ids , 

(f) Poisonous a r t i c l e s shall not be stowed adjacent to or under 
containers of co r ros ive l iquids . Cyanides, or cyanide 
mix tu res shall not be stowed in the same hold or compar tment 
with cor ros ive l iquids. 

(g) Poisonous a r t i c l es shall not be stowed in the same hold or 
compar tment over cyl inders of non-inflammable compressed 
gases . 

(h) Poisonous a r t i c l e s , Class A, Class C, and Class D shall not 
be stowed in the same hold or compar tment with cotton. 

(i) Containers of poisonous a r t i c l e s shall be stowed well away from 
living q u a r t e r s , re f r igera ted cargo and foodstuffs not packed 
in hermet ica l ly sealed conta iners . 
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Sec. 146.25-400 TABLE H - Classif ication: Class D; radioact ive m a t e r i a l e . 

Table H l i s t s the allowable stowage of radioact ive m a t e r i a l s . 
Those l is t ings of in te res t a r e as follows: 

DESCRIPTIVE NAME OF ARTICLE STOWAGE 

Radioactive m a t e r i a l s 
Groups I and II and N. O. S. 

"On deck p ro tec ted" 
"On deck under cover . " 
"Tween decks readi ly 

acces s ib l e . " 

Radioact ive m a t e r i a l s 
GroupIII and N. O.S. 

"On deck protec ted , "* 
"On deck under cover" 
"Tween decks readi ly 
access ib le . " 

Radioact ive m a t e r i a l s as 
descr ibed under Sec. 146. 25-25 
(a) and (b) 

"On deck protec ted . " 
"On deck under cover. " 
"Tween decks readi ly 

acces s ib l e . " 
"Under deck. " 

SUBPART - DETAILED REGULATIONS GOVERNING 
HAZARDOUS ARTICLES 

Sec. 146.27-10 Stowage on board v e s s e l s . 

All hazardous a r t i c l e s permi t ted for t ranspor ta t ion on 
board v e s s e l s shal l , when taken on board a ve s se l , be stowed 
in accordance with the provis ions applying to the pa r t i cu la r 
cha rac t e r of vesse l as shown in the tables forming Sec. 146. 27-100 
and with the genera l stowage r equ i r emen t s shown in this subpar t . 

Sec. 146« 27-15 General stowage requ i rement . 

Hazardous a r t i c l e s shall not be stowed in any compar tment 
or hold in which explosives a r e stowed. 
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Sec. 146.27-20 Protec t ion for "On deck" stowage. 

Hazardous a r t i c l e s that a r e permi t ted stowage "on deck 
in open" or "on deck p ro tec ted" m a y be protected by the use of 
s t ruc tu ra l e r ec t ions , awnings, or t a rpau l ins . 

Sec. 146.27-100 Table K 
Classif icat ion: Hazardous a r t i c l e s 

DESCRIPTIVE NAME OF ARTICLE STOWAGE 

D r u m s , empty May be accepted without r e 
s t r ic t ion on any cha rac te r of 
ve s se l , provided: (I) The drums 
or b a r r e l s a r e completely drained 
(2) Bungs shall be secure ly in 
place (3) Open head type barrel 
or d rums shal l have the head 
secure ly in p lace . 
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APPENDIX Β 

INTERSTATE COMMERCE COMMISSION REGULATIONS 

GOVERNING THE TRANSPORTATION 

OF EXPLOSIVES AND OTHER DANGEROUS 

ARTICLES 

Note: The information contained here in 
is based on the text and the in te rpre ta t ion 
of the regulat ions as they existed on 
January 1, 1962. Any person pr io r to 
using this appendix should bring this 
information up to date . 



COMMENTARY 

The In te rs ta te Commerce Commiss ion is charged by the 
Congressof the United States with the responsibi l i ty of formulating 
regulat ions for the safe t ranspor ta t ion of explosives and other danger
ous a r t i c l e s . The regulat ions of the Commiss ion a r e applicable to 
a l l means of t ranspor ta t ion used in in te r s t a te and foreign c o m m e r c e 
and a r e binding on c a r r i e r s and shippers a l ike . 

The regulat ions of the In te rs ta te C o m m e r c e Commiss ion 
applicable to the shipment of radioact ive m a t e r i a l s were originally 
wri t ten for and a r e st i l l p r imar i l y intended for low quantity or isotope 
sh ipments . The framework of the regulat ions is quite suitable, 
however, for the regulat ing of shipments of spent fuel. 

The regulat ions can be broken down into four major subgroups: 

(1) Those por t ions that apply specifically to admin i s t ra t ive 
m a t t e r s , such as marking and label ing. 

(2) Those por t ions that state genera l regulat ions which set 
forth overa l l p r inc ip les of pe r fo rmance . 

(3) Those port ions that detail the r equ i red and allowable 
levels of radiat ion, and 

(4) Statements which a r e of a genera l information na tu re . 

Within the a r ea of admin i s t ra t ive m a t t e r s f i rs t and foremost is 
the ma t t e r of obtaining from the In te r s ta te Commerce Commiss ion 
p e r m i s s i o n to exceed the stated maximum allowable contained r ad io 
act ivi ty . The shipment of spent fuel will always be in excess of the 
allowable max imum. 

The In te rs ta te C o m m e r c e Commiss ion has author ized the Bureau 
of Explosives of the Associa t ion of Amer ican Ra i l roads to act on its 
behalf with r e g a r d to the issuing of p e r m i t s and determining the 
adequacy of the cask and all other a r r a n g e m e n t s . 
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Cert i f icat ions a r e r equ i red on a great many of the documents 
and shipping pape r s assoc ia ted with the shipment . This cert i f icat ion 
to the effect that the shipper cer t i f ies that packing, marking , labeling 
radiat ion levels and other r equ i r emen t s , have been complied with, 
can be made by any rep resen ta t ive or agent of the shipper . 

The regulat ions with r ega rd to m a t t e r s of label ing, marking, 
placarding, and certifying a r e for the most pa r t c lear and well 
wri t ten and appear to p resen t no p rob lems to successful compliance. 

The genera l s ta tements of policy and per formance which a r e 
included in the regulat ions a r e c lear ly writ ten and need no further 
clarif icat ion or d i scuss ion . These s ta tements a r e ent i rely reasonable 
and a r e intended to guarantee the health and safety of the genera l 
public and al l those involved in the shipment. 

The regulat ions dealing with levels of radiat ion and surface 
contamination were wri t ten based on the recommended allowable 
exposure of pe r sons to ionizing rad ia t ions . For this reason, these 
regulat ions a r e applicable to shipments of spent fuel. 

In pa rag raph 73,393 (a) container specification 2R, which is 
called for, for long lived types of radioact ive ma te r i a l , is not suitable 
for spent fuel because it is an ex t remely smal l s tandard type of con
ta iner , 6 inches in d iameter by 16 inches long. Whether or not the 
cask sat isf ies the r e q u i r e m e n t s of 73.393 (a) will be de termined by 
the Bureau of Explosives at the t ime the cask detai ls a r e reviewed. 

The regulat ions l imit the amount of radiat ion to which undevel
oped film is to be exposed by re fe r r ing to an amount of penetrat ing 
gamma r a y s of r ad ium. This regulat ion found in pa rag raph 73.393 (b) 
cal ls for the exposure of undeveloped film at a d is tance of 15 feet to 
be no m o r e than 11.5 mi l l i roentgen of penetra t ing gamma rays of 
radium fi l tered by 1/2 inch of lead over a per iod of 24 h o u r s . 

In the event the shipment is one of spent fuel in a la rge lead 
lined cask, the radia t ion emitting from the spent fuel after shielding 
by a substant ia l amount of lead will have the same photographic 
effectiveness as gamma radiat ion from radium which has been f i l tered 
by 1/2 inch of lead. 

This l imi ts the radiat ion level at 15 feet from a cask to 0.48 
mi l l i roentgens per hour . 



If the " inverse square law" is applied then 0.48 mi l l i roentgens 
per hour at 15 feet is equal to 10. 16 mi l l i roentgens per hour at one 
me te r , and is in accordance with other regu la t ions . 

The " inverse square law" however, is not applicable to la rge 
casks such as used for spent fuel, and this allowed dose at 15 feet 
becomes l e s s than 10 mr per hour at one m e t e r . 

It i s expected that in the not too distant future this regulat ion 
will be modified to apply only in the case of mixed loading. 

If car load shipments a r e to be made p r io r to the modification 
of this regulat ion then a waiver of this r equ i remen t must be obtained 
from the In te rs ta te Commerce Commiss ion . The Commiss ion has 
indicated that this waiver could be obtained with re la t ive ea se . 

P a r a g r a p h 73.393 (c) r e f e r s to "significant radioac t ive surface 
contaminat ion". A "significant" amount is cons idered to be in excess 
of the following leve ls : 

(a) alpha activi ty in excess of 500 d is in tegra t ions per 
minute per 100 square c e n t i m e t e r s . 

(b) be t a -gamma activi ty at the surface which would exceed 
10 mi l l i roentgens per 24 h o u r s . 

It will be imposs ib le to d e t e r m i n e , after the cask is loaded, if 
the be t a -gamma activity of the surface is l e s s than 10 m r / 2 4 h r s . 
This point has , as yet, not been clar i f ied. 

These a r e the same l imi ts allowed by section 73.395 (a) which 
p r e s c r i b e s the level of contamination allowable on or within convey
ances used for the c a r r i a g e of radioact ive m a t e r i a l s . 

P a r a g r a p h s 73.393 (g) and 73,393 (h) refer to radioact ive 
m a t e r i a l s of Group I and Group II and d i scuss the p r e s c r i b e d packaging 
and the allowable radiat ion level . These radia t ion levels are to be 
m e a s u r e d at a dis tance of one me te r from the " s o u r c e " . 

"Source" is defined to be. the surface of the radioact ive mate r ia l , 
and not the surface of the container or cask . 
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P a r a g r a p h 73.393 (k) specifies the genera l efficiency level of the 
ins t ruments used to m e a s u r e radiat ion and de te rmine compliance with 
the stated regu la t ions . The ins t ruments once considered by the U.S . 
Atomic Energy Commiss ion as suitable for measur ing radi
ation and as complying with the r equ i remen t s of 73 . 393 (k) a r e found 
in the SIC s e r i e s of the AEC Ins t ruments Catalog. 

The ins t ruments in this l ist may sti l l be considered sui table, 
however, this l is t is obsolete . The l is i was made obsolete not so 
much by technical advances as by the de s i r e of the AEC to refra in 
from endorsing the ins t ruments of any one par t i cu la r manufac turer 
over those of another . 

Any commerc ia l ly available ins t rument which is recommended 
by a reputable manufacturer as suitable to take the des i red readings 
is considered an ins t rument satisfying pa ragraph 73.393 (k) . 

The "Radioactive Mate r i a l " label as p r e s c r i b e d in pa rag raph 
73.394 (a) and as i l lus t ra ted in pa rag raph 73.414 (a) is the one 
requi red on al l conta iners loaded with spent fuel. This label provides 
a space in which to enter the name of the "Pr inc ipa l radioact ive 
content". Since in the case of spent fuel it is net poss ible to a t t r ibute 
the radioact ivi ty to any one radioisotope, it is considered sat isfactory 
to enter , in the space provided, the words "Chemical N . O . S . " . 

S u b - p a r a g r a p h 74.5 86 (h) (2) specifies the distance r equ i red 
between packages of undeveloped film and containers of radioact ive 
ma te r i a l bear ing a red label . (A shipment of spent fuel will always 
bear a red label) . This l is t is included because shipments of spent 
r e s e a r c h reac to r fuel would most likely consis t of m o r e than one 
container . 

The definition of the t e r m "portable tank" given in pa rag raph 
71.8 (g) s eems to very well descr ibe the casks normal ly used for 
the purpose of t ranspor t ing spent fuel. The In te rs ta te Commerce 
Commiss ion has indicated, however,. that it cons iders tanks to be 
containers general ly used for the purpose of holding gases or liquids. 
On this bas i s they advise that casks used to c a r r y spent fuel need 
not comply with the r equ i r emen t s applicable to "portable t anks" . 

Shipments of spent fuel will very often be made with a liquid 
acting as the p r i m a r y coolant. During the course of the shipment 
the cask will be exposed to var ia t ions in environmental t e m p e r a t u r e 
which could"be ref lected in the the rma l expansion and contract ion of 
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p r i m a r y coolant. This t he rma l expansion and contract ion could very 
well cause a cask which had s tar ted out as a non -p re s su r i zed cask 
to a r r i v e in a p r e s s u r i z e d condition. 

The In te rs ta te Commerce Commiss ion cons idered the question 
of p r e s s u r i z e d casks and decided they need not meet the c r i t e r i a or 
comply with the regulat ions applicable to compres sed g a s e s . It was 
decided that the safeguards taken to protec t p e r s o n s and proper ty from 
the radiat ion hazard would exceed the normal r e q u i r e m e n t s for non
f lammable compres sed g a s e s . 

P a r t 77 is included in Appendix Β because shipments from 
r e s e a r c h r e a c t o r s could conceivably be t r anspor t ed by t ruck . 

This commenta ry is provided for the purpose of clarifying 
cer ta in port ions of the regula t ions . It is not intended as a substitute 
for or summary of the regula t ions . 
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The In ters ta te Commerce Commiss ion 
Regulations for Transpor ta t ion of Explosives and Other 
Dangerous Ar t i c l es a r e published in the Code of F e d e r a l 
Regulat ions, Title 49, P a r t s 71 - 78 (49 CFR 71 - 78). 

The specific port ions applicable to a 
shipment of radioact ive m a t e r i a l a r e not available except 
as a por t ion of the en t i re document; for this r eason those 
applicable port ions a re reproduced. 
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INDEX 

To aid in l o c a t i n g s e c t i o n s o r p a r a g r a p h s 
which a r e a p p l i c a b l e to c e r t a i n func t ions o r i n t e r e s t s , the 
fol lowing b r o a d l i s t i n g s a r e p r o v i d e d . 

A. P a p e r w o r k , M a r k i n g , and L a b e l i n g 

S e c t i o n : 7 3 . 9 (a) 
7 3 . 2 8 (b) and (c) 
7 3 . 2 9 (f) 
7 3 . 3 0 (a) 
73 .392 (a) 
7 3 . 3 9 4 (a) and (b) 
73 .401 (a) , (b) and (e) 
7 3 . 4 0 2 (a)(8) , (a)(9) and (a)(13) 
7 3 . 4 0 4 ( a ) , (b), (c) , (d), (e) , (f) and (g) 
73.413 (a) 
73 .414 (a) and (b) 
7 3 . 4 2 7 (a) 
7 3 . 4 2 8 (a) 
7 3 . 4 3 0 (a) and (b) 
74. 541 (b) 
7 4 . 5 4 6 (a), (b), (c) , (d), and (e) 
74. 548 (a) 
7 4 . 5 4 9 ( a ) ( 1 ) , (a)(3), (a)(4), (a)(5), (a)(6), 

(b), (e) and (f) 
7 4 . 5 5 3 (a) 
77 .815 (a) 
77.819 (a) and (b) 
77! 823 (a) and (f) 

B» G e n e r a l P r o c e d u r e s and R e g u l a t i o n s 

Sec t ion : 7 3 . 9 (a) 
73 .21 (b) and (c) 
7 3 . 2 3 (a) 
7 3 . 2 4 (b) 
7 3 . 2 8 (a) and (b) 
7 3 . 2 9 (a) 
73 . 393 (a), (c) and (k) 
74 .532 (j)(3) 
7 4 . 5 4 8 (a) 
74. 554 (a) 
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C. R a d i a t i o n R e g u l a t i o n s 

S e c t i o n : 73 . 29 (e) 
73 .391 (a), (b) and (c) 
73 .392 (a) 
7 3 . 3 9 3 ( a ) , (b), (c), (e), (g), (h), ( j ) a n d ( k ) 
7 3 . 3 9 5 (a) 
74 .532 (j)(2) 
74. 566 (d) 
74. 586 (h), (h)(2) and (h)(3) 
77 .841 (d) 
7 7 . 8 6 0 (d) 

D. G e n e r a l I n f o r m a t i o n 

S e c t i o n : 73 . 11 (a) 
7 3 . 3 9 5 (a) 
7 4 . 5 3 2 (j)(l), (j)(2), and (j)(3) 
7 4 . 5 3 8 (a) 
74. 562 (a) 
7 4 . 5 6 6 (d) 
7 4 . 5 8 6 (h), (h)(2) and (h)(3) 
7 4 . 5 8 9 (n) 
7 4 . 5 9 7 (e) 
7 7 . 8 3 4 (a), (b) and (e) 
7 7 . 8 4 8 (a) 
7 7 . 8 5 3 (a) 
7 7 . 8 6 0 (a), (c) and (d) 

G e n e r a l i n f o r m a t i o n i n c l u d e s t h o s e s e c t i o n s 
tha t apply to s t o w a g e and hand l ing and a r e to be c o m p l i e d with 
by t h e c a r r i e r . The i n f o r m a t i o n in t h e s e s e c t i o n s c a n be of 
v a l u e to a s h i p p e r and a r e t h e r e f o r e i n c l u d e d . 
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PART 71 

GENERAL INFORMATION AND REGULATIONS 

This pa r t d i s c u s s e s ve ry briefly the 
a r e a s of application of P a r t s 71 - 78 and the basis for the 
authori ty to formulate , i s sue , modify and enforce the published 
regula t ions . 

Section 71.8 (a) points out that within 
the ent i re regulat ions; that is P a r t s 71 - 78, the word "mus t " 
or " sha l l " is used in mandatory regulat ions , and the word 
"should" indicates r ecommenda to ry p rov i s ions . 
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PART 72 

COMMODITY LIST OF EXPLOSIVES AND OTHER DANGEROUS ARTICLES 
CONTAINING THE SHIPPING NAME OR DESCRIPTION OF 

ALL ARTICLES SUBJECT TO PARTS 7 1 - 7 8 

Section 72.5 l i s t s the p roper shipping name to be 
used for var ious a r t i c l e s that a r e considered to be subject to the 
regulations of P a r t s 71 - 78. The p r io r sections descr ibe the p roper 
method of using the l i s t ing . 

The l is t ings of in te res t a re as follows: 

Ar t ic le Classed as 

Radioactive m a t e r i a l s , n. o . s . Poison D 
Drums , empty See Sec. 73.29 
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P A R T 73 

R U L E S AND REGULATIONS A P P L Y I N G T O S H I P P E R S 

S e c . 7 3 . 9 I m p o r t and e x p o r t s h i p m e n t s . 

(a) I m p o r t s h i p m e n t s of e x p l o s i v e s and o t h e r d a n g e r o u s a r t i c l e s 
of fered in t h e Uni ted S t a t e s in o r i g i n a l p a c k a g e s for t r a n s 
p o r t a t i o n by c a r r i e r s by r a i l f r e igh t , r a i l e x p r e s s , m o t o r 
v e h i c l e , o r w a t e r m u s t c o m p l y with a l l r e q u i r e m e n t s of 
the r e g u l a t i o n s in P a r t s 71-78 . The i m p o r t e r m u s t fu rn i sh 
with the o r d e r to t h e fo r e ign s h i p p e r , and a l s o to t h e 
f o r w a r d i n g agen t at the p o r t of e n t r y , full and c o m p l e t e 
i n f o r m a t i o n a s to the p a c k i n g , m a r k i n g , l abe l i ng , and o the r 
r e q u i r e m e n t s , a s p r e s c r i b e d in P a r t s 71-78, and the 
f o r w a r d i n g agent m u s t file with the i n i t i a l c a r r i e r in the 
Uni ted S t a t e s a p r o p e r l y c e r t i f i e d sh ipping o r d e r o r o t h e r 
sh ipp ing p a p e r s as p r e s c r i b e d in t h i s p a r t . 

S e c . 73-11 Vio la t ions and a c c i d e n t s to be r e p o r t e d . 

(a) C o n s i g n e e s m u s t r e p o r t p r o m p t l y to t h e B u r e a u of E x p l o s i v e s 
a l l i n s t a n c e s of i m p r o p e r s t ay ing and b r o k e n , l e a k i n g , o r 
de fec t ive c o n t a i n e r s of e x p l o s i v e s o r o t h e r d a n g e r o u s a r t i c l e s 
in s h i p m e n t s r e c e i v e d by t h e m . 

S u b p a r t A - P r e p a r a t i o n of A r t i c l e s for T r a n s p o r t a t i o n 
By C a r r i e r s By Rai l F r e i g h t , Ra i l E x p r e s s , 

Highway o r W a t e r 

S e c . 73 .21 P r o h i b i t e d p a c k i n g . 

(a) The offer ing of p a c k a g e s of d a n g e r o u s a r t i c l e s in o u t s i d e 
p a c k a g e s con ta in ing in the s a m e c o m p a r t m e n t i n t e r i o r 
p a c k a g e s the m i x t u r e of c o n t e n t s of which would be l i a b l e 
to c a u s e a d a n g e r o u s evo lu t ion of hea t or gas o r p r o d u c e 
c o r r o s i v e m a t e r i a l s is p r o h i b i t e d for t r a n s p o r t a t i o n by 
c o m m o n c a r r i e r s by r a i l f r e igh t , r a i l e x p r e s s , h ighway, 
o r w a t e r , excep t as spec i f i ed in s e c . 73.152 (a), s e c . 
73 .242 (a), (b) and s e c . 73 .301 (a) . 
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(b) T h e of fer ing for t r a n s p o r t a t i o n of any p a c k a g e o r c o n t a i n e r 
of any l iqu id , so l id o r g a s e o u s m a t e r i a l which unde r cond i t i ons 
i n c i d e n t to t r a n s p o r t a t i o n m a y p o l y m e r i z e ( c o m b i n e o r r e a c t 
with i t se l f ) o r d e c o m p o s e so as to c a u s e d a n g e r o u s evo lu t ion 
of h e a t o r gas i s p r o h i b i t e d . Such m a t e r i a l s m a y be of fe red 
for t r a n s p o r t a t i o n when p r o p e r l y s t a b i l i z e d o r i n h i b i t e d . 
R e f r i g e r a t i o n m a y be u s e d a s a m e a n s of s t a b i l i z a t i o n only 
when a p p r o v e d by t h e B u r e a u of E x p l o s i v e s . 

(c) T h e of fer ing for t r a n s p o r t a t i o n of any p a c k a g e or c o n t a i n e r 
of any m a t e r i a l which wi l l c a u s e a d a n g e r o u s evo lu t i on of 
hea t o r gas u n d e r c o n d i t i o n s n o r m a l l y i nc iden t to t r a n s p o r t a t i o n 
i s f o r b i d d e n . 

Sec. 7 3 . 2 3 C l o s u r e s for c o n t a i n e r s : 

(a) . . . G a s k e t e d c l o s u r e s m u s t be f i t ted wi th g a s k e t s of ef f ic ient 
m a t e r i a l wh ich wi l l not be d e t e r i o r a t e d by t h e c o n t e n t s of the 
c o n t a i n e r . 

Sec. 7 3 . 2 4 D e s i g n of c o n t a i n e r s . 

(a) In a d d i t i o n to s t and ing the t e s t s p r e s c r i b e d , t h e d e s i g n and 
c o n s t r u c t i o n of i n s i d e and o u t s i d e c o n t a i n e r s m u s t be such 
a s to p r e v e n t t h e o c c u r r e n c e in individual- p a c k a g e s of d e f e c t s 
t ha t p e r m i t l e a k a g e of t h e i r c o n t e n t s u n d e r o r d i n a r y c o n d i t i o n s 
i n c i d e n t to t r a n s p o r t a t i o n . 

(b) A r t i c l e s for which d e t a i l e d s p e c i f i c a t i o n s for p a c k i n g a r e not 
g iven in t h i s p a r t m u s t be s e c u r e l y p a c k e d in c o n t a i n e r s s t r o n g 
enough to s t and , wi thout r u p t u r e o r l e a k a g e of c o n t e n t s , a l l 
s h o c k s ordinafcily i n c i d e n t to hand l ing d u r i n g t r a n s i t . 

Sec. 7 3 . 2 8 R e u s e d c o n t a i n e r s . 

(a) C o n t a i n e r s u s e d m o r e t h a n once ( r e f i l l ed and r e s h i p p e d a f t e r 
hav ing b e e n p r e v i o u s l y e m p t i e d ) m u s t be in such cond i t ion 
i n c l u d i n g c l o s i n g d e v i c e s and c u s h i o n i n g m a t e r i a l s , t h a t they 
wil l p r o t e c t t h e i r c o n t e n t s d u r i n g t r a n s i t a s e f f ic ien t ly a s new 
c o n t a i n e r s . R e p a i r s m u s t be m a d e in an ef f ic ient m a n n e r and 
p a r t s t h a t a r e weak , b r o k e n , or o t h e r w i s e d e t e r i o r a t e d m u s t 
be r e p l a c e d , . . . 

(b) M a r k i n g s app l i ed a s p r e s c r i b e d by the s p e c i f i c a t i o n s m u s t 
be m a i n t a i n e d in a l e g i b l e c o n d i t i o n . 

(c) If, on a c c o u n t of pa in t i ng o r any o t h e r r e a s o n , the m a r k i n g s 
a s p r e s c r i b e d for any c o n t a i n e r canno t be kep t p l a in and 
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l e g i b l e , a m e t a l p l a t e , b r a z e d o r s o l d e r e d , o r o t h e r w i s e secure ly 
f a s t e n e d to the c o n t a i n e r , with a r e p r o d u c t i o n of the p r e s c r i b e d 
m a r k i n g s p l a in ly s t a m p e d t h e r e o n , wi l l be p e r m i t t e d . 

Sec t i on 7 3 . 2 9 E m p t y c o n t a i n e r s . 

(a) E m p t y c y l i n d e r s , b a r r e l s , k e g s , d r u m s , o r o t h e r c o n t a i n e r s 
excep t c a r b o y s . . . p r e v i o u s l y u s e d for t h e s h i p m e n t of any explosive 
or o t h e r d a n g e r o u s a r t i c l e , a s def ined in t h i s p a r t , if a u t h o r i z e d for 
r e u s e m u s t have a l l open ings inc lud ing r e m o v a b l e h e a d s , filling 
and v e n t h o l e s , t i gh t l y c l o s e d b e f o r e be ing of fe red for t r anspor ta t ion . 
S m a l l q u a n t i t i e s of the m a t e r i a l with which c o n t a i n e r s w e r e loaded 
m a y r e m a i n in " e m p t y " c o n t a i n e r s and when t h e v a p o r s r e m a i n i n g 
t h e r e i n a r e u n s t a b l e , i t i s p e r m i s s i b l e to add suff ic ient i n e r t gas to 
r e n d e r the v a p o r s s t a b l e . 

(e) All c o n t a i n e r s and a c c e s s o r i e s which have b e e n u s e d for sh ipments 
of r a d i o a c t i v e m a t e r i a l s when sh ipped a s e m p t y m u s t be sufficiently 
f r ee of r a d i o a c t i v e c o n t a m i n a t i o n so a s t o c o n f o r m to t h e conditions 
of p a r a g r a p h (la) (1), (2), and (3) of s e c . 7 3 . 3 9 2 . 

(f) C o n t a i n e r s sh ipped a s " e m p t y " m u s t have t h e old l a b e l s p r e s c r i b e d 
by t h i s p a r t r e m o v e d , o b l i t e r a t e d , d e s t r o y e d , o r c o m p l e t e l y covered 
by a s q u a r e whi te l a b e l a s d e s c r i b e d in s e c . 73 .413 m e a s u r i n g 
not l e s s t h a n s ix i n c h e s on each s i d e , and b e a r i n g t h e r e o n the word 
" E M P T Y " in l e t t e r s not l e s s t h a n o n e - i n c h h igh . T h i s d o e s not 
apply to c a r l o a d o r t r u c k l o a d s h i p m e n t s to be un loaded by consignee. 

Sec t ion 7 3 . 3 0 Load ing and p l a c a r d i n g of c a r s by s h i p p e r s and un load ing of 
c a r s by c o n s i g n e e s . 

(a) When s h i p m e n t s of e x p l o s i v e s o r o t h e r d a n g e r o u s a r t i c l e s a r e 
l o a d e d in to c a r s by s h i p p e r s , o r un loaded f rom c a r s by the 
c o n s i g n e e o r h i s duly a u t h o r i z e d agen t , the a p p l i c a b l e p r o v i s i o n s 
of P a r t 74 m u s t be c o m p l i e d wi th . See s e c . 7 4 . 5 3 8 for loading 
and s t o r a g e c h a r t . 

S u b p a r t G P o i s o n o u s A r t i c l e s ; Def in i t ion and P r e p a r a t i o n 

Sec t ion 73 .391 R a d i o a c t i v e m a t e r i a l s c l a s s D P o i s o n ; de f in i t i on . 

(a) F o r the p u r p o s e of P a r t s 71-78, r a d i o a c t i v e m a t e r i a l i s any 
m a t e r i a l o r c o m b i n a t i o n of m a t e r i a l s tha t s p o n t a n e o u s l y e m i t s 
ion iz ing r a d i a t i o n . F o r t h e p u r p o s e of P a r t s 71-78, r a d i o a c t i v e 
m a t e r i a l s a r e d iv ided into t h r e e g r o u p s a c c o r d i n g to t h e type 
of r a y s e m i t t e d at any t i m e d u r i n g t r a n s p o r t a t i o n , a s fo l lows : 
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(1) G r o u p I . R a d i o a c t i v e m a t e r i a l s t h a t e m i t g a m m a 
r a y s o n l y o r b o t h g a m m a a n d e l e c t r i c a l l y c h a r g e d 
c o r p u s c u l a r r a y s . 

(2) G r o u p II . R a d i o a c t i v e m a t e r i a l s t h a t e m i t n e u t r o n s 
and e i t h e r o r both the t y p e s of r a d i a t i o n c h a r a c t e r i s t i c 
of G r o u p m a t e r i a l s . 

(3) G r o u p III . R a d i o a c t i v e m a t e r i a l s tha t e m i t e l e c t r i c a l l y 
c h a r g e d c o r p u s c u l a r r a y s only , i . e . , a l p h a o r be t a , e t c . , 
o r any o t h e r t h a t i s so s h i e l d e d tha t the g a m m a r a d i a t i o n 
at t he s u r f a c e of the p a c k a g e d o e s not e x c e e d 10 m i l l i 
r o e n t g e n s for 24 h o u r s a t any t i m e d u r i n g t r a n s p o r t a t i o n . 

(b) Not m o r e t h a n 2, 000 m i l l i c u r i e s or r a d i u m , p o l o n i u m , o r 
o t h e r m e m b e r s of the r a d i u m fami ly of e l e m e n t s , and no t m o r e 
t h a n 2, 700 m i l l i c u r i e s ( d i s i n t e g r a t i o n r a t e of 100, 000 m i l l i o n 
be p a c k e d in one o u t s i d e c o n t a i n e r for s h i p m e n t by r a i l f r e igh t , 
r a i l e x p r e s s , or h ighway, excep t by s p e c i a l a r r a n g e m e n t s and 
u n d e r c o n d i t i o n s a p p r o v e d by the B u r e a u of E x p l o s i v e s o r 
e x c e p t a s s p e c i f i c a l l y p r o v i d e d in s u b p a r a g r a p h (c) of t h i s 
s e c t i o n . 

Note 1: F o r p u r p o s e s of P a r t s 71-78 one m i l l i c u r i e is t ha t 
a m o u n t of any r a d i o a c t i v e m a t e r i a l wh ich d i s i n t e g r a t e s at the 
r a t e of 37 m i l l i o n a t o m s p e r s e c o n d . One t h o u s a n d m i l l i c u r i e s 
is equa l to one c u r i e . 

(c) N o t m o r e t h a n 3 0 0 c u r i e s of s o l i d c e s i u m 137, c o b a l t 6 0 , 
g o l d 198 , o r i r i d i u m 192, m a y b e p a c k e d i n o n e o u t s i d e 
c o n t a i n e r f o r s h i p m e n t by r a i l f r e i g h t , r a i l e x p r e s s , o r 
h i g h w a y , e x c e p t by s p e c i a l a r r a n g e m e n t s a n d u n d e r c o n d i t i o n s 
a p p r o v e d b y t h e B u r e a u of E x p l o s i v e s . 

Sec t ion 7 3 . 3 9 2 E x e m p t i o n s f o r r a d i o a c t i v e m a t e r i a l s . 

(a ) R a d i o a c t i v e m a t e r i a l s a r e e x e m p t f r o m p r e s c r i b e d p a c k a g i n g , 
m a r k i n g , a n d l a b e l i n g r e q u i r e m e n t s p r o v i d e d t h e y fu l f i l l 
a l l of t h e c o n d i t i o n s i n s u b p a r a g r a p h s (a) (1), (2 ) , a n d ( 3 ) . 
S h i p m e n t s f o r t r a n s p o r t a t i o n by h i g h w a y c a r r i e r s a r e 
e x e m p t a l s o f r o m P a r t 7 7 , e x c e p t s e c t i o n 7 7 . 8 1 7 of t h e s e 
r e g u l a t i o n s , a n d P a r t 197 of t h e I . C . C . M o t o r C a r r i e r 
S a f e t y R e g u l a t i o n s . 

(1) T h e p a c k a g e m u s t be s u c h t h a t t h e r e c a n b e n o l e a k a g e 
of r a d i o a c t i v e m a t e r i a l u n d e r c o n d i t i o n s n o r m a l l y 
i n c i d e n t t o t r a n s p o r t a t i o n . 
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(2) The p a c k a g e m u s t con ta in not m o r e t h a n 0 .1 m i l l i c u r i e s 
of r a d i u m , o r po lon ium, o r tha t a m o u n t of s t r o n t i u m 
89, s t r o n t i u m 90, o r b a r i u m 140 which d i s i n t e g r a t e s at 
a r a t e of m o r e than 5 m i l l i o n a t o m s p e r s econd ; o r that 
a m o u n t of any o t h e r r a d i o a c t i v e s u b s t a n c e which 
d i s i n t e g r a t e s at a r a t e of m o r e t h a n 50 m i l l i o n a t o m s 
p e r s e c o n d . 

(3) The p a c k a g e m u s t be such tha t no s ign i f i can t a lpha , 
be ta , o r n e u t r o n r a d i a t i o n is e m i t t e d f rom the e x t e r i o r 
of the p a c k a g e and the g a m m a r a d i a t i o n at any s u r f a c e 
of the p a c k a g e m u s t be l e s s t h a n 10 m i l l i r o e n t g e n s for 
24 h o u r s . 

Sec t ion 7 3 . 3 9 3 P a c k i n g and s h i e l d i n g . 

(a) R a d i o a c t i v e m a t e r i a l s tha t p r e s e n t s p e c i a l h a z a r d s due to t h e i r 
t e n d e n c y to r e m a i n fixed in the h u m a n body for long p e r i o d s of 
t i m e ( i . e . , r a d i u m , p l u t o n i u m , and r a d i o a c t i v e s t r o n t i u m , e t c . ) 
m u s t , in add i t ion to the p a c k i n g h e r e i n a f t e r p r e s c r i b e d , be 
p a c k e d in i n s i d e m e t a l c o n t a i n e r s s p e c i f i c a t i o n 2R ( s e c . 78 . 34), 
or o the r c o n t a i n e r a p p r o v e d by the B u r e a u of E x p l o s i v e s . 

(b) All r a d i o a c t i v e m a t e r i a l s m u s t be so p a c k e d and s h i e l d e d tha t the 
d e g r e e of fogging of u n d e v e l o p e d film unde r c o n d i t i o n s n o r m a l l y 
i nc iden t to t r a n s p o r t a t i o n (24 h o u r s at 15 feet f rom the p a c k a g e ) 
wil l not e x c e e d tha t p r o d u c e d by 11.5 m i l l i r o e n t g e n s of 
p e n e t r a t i n g g a m m a r a y s of r a d i u m f i l t e r e d by 1/2 inch of l e a d . 

(c) T h e d e s i g n and p r e p a r a t i o n of the p a c k a g e m u s t be such tha t 
t h e r e wil l be no s ign i f i can t r a d i o a c t i v e s u r f a c e c o n t a m i n a t i o n of 
any p a r t of the c o n t a i n e r . 

(e) All ou t s i de sh ipp ing c o n t a i n e r s m u s t be of such d e s i g n tha t the 
g a m m a r a d i a t i o n wil l not e x c e e d 200 m i l l i r o e n t g e n s p e r hour 
or equ iva l en t at any point of r e a d i l y a c c e s s i b l e s u r f a c e . Con ta ine r s 
m u s t be equ ipped with h a n d l e s and p r o t e c t i v e d e v i c e s when 
n e c e s s a r y in o r d e r to sa t i s fy t h i s r e q u i r e m e n t . 

(g) R a d i o a c t i v e m a t e r i a l s G r o u p I, l iquid , so l id , or g a s e o u s , m u s t 
be p a c k e d in s u i t a b l e i n s i d e c o n t a i n e r s c o m p l e t e l y s u r r o u n d e d 
by a sh i e ld of l e a d o r o t h e r s u i t a b l e m a t e r i a l of such t h i c k n e s s 
tha t at any t i m e d u r i n g t r a n s p o r t a t i o n the g a m m a r a d i a t i o n at 
one m e t e r (39- 3 i n c h e s ) f rom any point on the r a d i o a c t i v e s o u r c e 
wil l not e x c e e d 10 m i l l i r o e n t g e n s p e r h o u r . T h e sh i e ld m u s t be 
so d e s i g n e d tha t it wi l l not open or b r e a k u n d e r c o n d i t i o n s incident 
to t r a n s p o r t a t i o n . The m i n i m u m s h i e l d i n g m u s t be suff ic ient 
to p r e v e n t the e s c a p e of any p r i m a r y c o r p u s c u l a r r a d i a t i o n to 
the e x t e r i o r of the ou t s ide sh ipp ing c o n t a i n e r . 
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(h) R a d i o a c t i v e m a t e r i a l s G r o u p II, l iqu id , so l id , or g a s e o u s , m u s t 
be p a c k e d in s u i t a b l e i n s i d e c o n t a i n e r s c o m p l e t e l y s h i e l d e d 
so t h a t at any t i m e d u r i n g t r a n s p o r t a t i o n t h e r a d i a t i o n m e a s u r e d 
at r i gh t a n g l e s to any po in t on the long a x i s of the sh ipp ing 
c o n t a i n e r wil l not e x c e e d the l i m i t s spec i f i ed in s u b p a r a g r a p h s 
(1) to (4) of t h i s p a r a g r a p h . T h e s h i e l d i n g m u s t be d e s i g n e d 
so a s to m a i n t a i n i t s e f f ic iency u n d e r c o n d i t i o n s n o r m a l l y 
inc iden t to t r a n s p o r t a t i o n and m u s t p r o v i d e p e r s o n n e l p r o t e c t i o n 
a g a i n s t fas t o r s low n e u t r o n s and a l l o t h e r ion iz ing r a d i a t i o n 
o r i g i n a t i n g in the r a d i o a c t i v e m a t e r i a l s o r any p a r t of the 
a g g r e g a t e c o n s t i t u t i n g the c o m p l e t e p a c k a g e . 

(1) G a m m a r a d i a t i o n of 10 m r h m . 
(2) E l e c t r i c a l l y c h a r g e d c o r p u s c u l a r r a d i a t i o n which i s 

the p h y s i c a l e q u i v a l e n t ( s e e no te 1 of t h i s p a r a g r a p h ) of 
10 m r h m . o r g a m m a r a d i a t i o n . 

(3) N e u t r o n r a d i a t i o n which i s the p h y s i c a l equ iva l en t 
( s ee Note 1 of t h i s p a r a g r a p h ) of 2 m r h m . of g a m m a 
r a d i a t i o n . 

(4) If m o r e t han one of the t y p e s of r a d i a t i o n n a m e d in 
s u b p a r a g r a p h s (1), (2), a n d / o r (3) of t h i s p a r a g r a p h 
i s p r e s e n t the r a d i a t i o n of each type m u s t be r e d u c e d by 
sh i e ld ing so tha t t h e t o t a l does not e x c e e d the e q u i v a l e n t 
of s u b p a r a g r a p h s (1), (2), o r (3) of t h i s p a r a g r a p h . 

Note 1: F o r p u r p o s e s of P a r t s 71-78 t h e " p h y s i c a l 
e q u i v a l e n t " of a r o e n t g e n i s t ha t a m o u n t of r a d i a t i o n tha t 
would be a b s o r b e d in t i s s u e to the ex t en t of a p p r o x i m a t e l y 
100 e r g s p e r g r a m ( m r h m . i s an a b b r e v i a t i o n for 
m i l l i r o e n t g e n s p e r hou r at 1 m e t e r (39- 3 i n c h e s ) ) . 

(j) R a d i o a c t i v e m a t e r i a l s G r o u p III, l iqu id , so l id , or g a s e o u s , 
m u s t be p a c k e d in s u i t a b l e i n s i d e c o n t a i n e r s c o m p l e t e l y w r a p p e d 
a n d / o r s h i e l d e d with such m a t e r i a l a s wi l l p r e v e n t the e s c a p e 
of p r i m a r y c o r p u s c u l a r r a d i a t i o n t o the e x t e r i o r of the sh ipp ing 
c o n t a i n e r , and s e c o n d a r y r a d i a t i o n at t h e s u r f a c e of the c o n t a i n e r 
m u s t not e x c e e d 10 m i l l i r o e n t g e n s p e r 24 h o u r s , at any t i m e 
d u r i n g t r a n s p o r t a t i o n . 

(k) In d e t e r m i n i n g c o m p l i a n c e with r e q u i r e m e n t s of p a r a g r a p h s 
(e), (g), (h) and (j) of t h i s s e c t i o n m e a s u r e m e n t s of r a d i a t i o n 
m u s t be m a d e with a L a n d s v e r k - W o l l a n E l e c t r o m e t e r , 
M o d e l L-100 or equa l ly ef f ic ient s t a n d a r d i z e d m e t e r . 

Section 7 3 . 3 9 4 R a d i o a c t i v e m a t e r i a l s l a b e l s . 

(a) E a c h o u t s i d e c o n t a i n e r o r r a d i o a c t i v e m a t e r i a l G r o u p I o r II, 
u n l e s s e x e m p t by s e c . 7 3 . 392, m u s t be l a b e l e d with a p r o p e r l y 
e x e c u t e d l a b e l a s d e s c r i b e d in s e c . 73 . 414 (a). 
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(b) Each ou t s i de c o n t a i n e r of r a d i o a c t i v e m a t e r i a l G r o u p III m u s t 
u n l e s s e x e m p t by s e c . 7 3 . 3 9 2 be l a b e l e d with a p r o p e r l y 
e x e c u t e d l a b e l as d e s c r i b e d in s e c . 73 .414 (b). 

Sec t i on 7 3 . 3 9 5 C l e a n i n g c a r s and v e h i c l e s . 

(a) Any box c a r o r m o t o r v e h i c l e which , a f t e r use for t h e t r a n s 
p o r t a t i o n of r a d i o a c t i v e m a t e r i a l s in c a r l o a d o r t r u c k l o a d 
l o t s , i s c o n t a m i n a t e d with such m a t e r i a l s t o the ex t en t t h a t 
a s u r v e y of the i n t e r i o r s u r f a c e shows tha t the b e t a - g a m m a radiat ioi 
i s g r e a t e r t h a n 10 m i l l i r o e n t g e n s p h y s i c a l e q u i v a l e n t in 24 h o u r s or 
tha t the a v e r a g e a lpha c o n t a m i n a t i o n i s g r e a t e r t h a n 500 d i s i n t e 
g r a t i o n s p e r m i n u t e p e r 100 s q u a r e c e n t i m e t e r s s h a l l be 
t h o r o u g h l y c l e a n e d in such a m a n n e r t ha t a r e s u r v e y of the 
i n t e r i o r s u r f a c e shows t h e c o n t a m i n a t i o n to be below t h e s e 
l e v e l s . A c e r t i f i c a t e to tha t effect m u s t be f u r n i s h e d to t h e 
l o c a l agen t of the c a r r i e r or to the d r i v e r of t h e m o t o r v e h i c l e . 
C a r s and m o t o r v e h i c l e s which a r e u s e d so le ly for t h e t r a n s p o r 
t a t i o n of r a d i o a c t i v e m a t e r i a l s a r e e x e m p t f rom the p r o v i s i o n s 
of t h i s s e c t i o n . 

Sec t ion 7 3 . 3 9 6 R a d i o a c t i v e m a t e r i a l s h a n d l i n g . 

(a) When r a d i o a c t i v e m a t e r i a l s a r e l o a d e d in to r a i l r o a d c a r s or 
m o t o r v e h i c l e s by t h e s h i p p e r , the s h i p p e r sha l l o b s e r v e a l l 
a p p l i c a b l e r e q u i r e m e n t s of P a r t s 74, 75, o r 77, a s t h e c a s e 
m a y be . 

S u b p a r t H - M a r k i n g and L a b e l i n g E x p l o s i v e s 
and O t h e r D a n g e r o u s A r t i c l e s 

N o t e : The m a r k i n g s p r e s c r i b e d for c o n t a i n e r s shou ld be a s 
n e a r t o g e t h e r a s p o s s i b l e . 

Sec t ion 73 .401 D a n g e r o u s a r t i c l e s . 

(a) P a c k a g e s c o n t a i n i n g f l a m m a b l e l i q u i d s , f l a m m a b l e s o l i d s , 
ox id iz ing m a t e r i a l s , c o r r o s i v e l i q u i d s , c o m p r e s s e d g a s e s , 
and p o i s o n s , a s def ined in t h i s p a r t m u s t be m a r k e d , u n l e s s 
e x e m p t e d , wi th t h e p r o p e r sh ipp ing n a m e a s shown in t h e 
c o m m o d i t y l i s t ( see s e c . 72. 5). . . . 

(b) Each p a c k a g e of d a n g e r o u s a r t i c l e s m u s t show t h e n a m e 
and a d d r e s s of the c o n s i g n e e e x c e p t in c a r l o a d s and t r u c k l o a d s 
or l e s s - t h a n - t r u c k l o a d s when hand led by a m o t o r v e h i c l e not 
r e q u i r i n g t r a n s f e r f rom one m o t o r c a r r i e r to a n o t h e r . 
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(e) Additional shipping information not inconsis tent with P a r t s 71-78 
may be shown on a container if so des i r ed but no such label 
or mark ing shall be of a design, or form, or s ize , as may be 
confused with the mark ing requ i red by P a r t s 71-78. 

Section 73.402 Labeling dangerous a r t i c l e s . 

(a) Each package containing any dangerous a r t i c le as defined by 
P a r t s 71-78, mus t be conspicuously labeled by the shipper 
as follows, except as other wii&e provided. . . . 

(8) "Radioactive M a t e r i a l s " label as descr ibed in sec . 73.414 
(a) on conta iners of c lass D poisons , Group I and II, 
except when exempted by sec . 73.392. 

(9) "Radioactive M a t e r i a l s " label as descr ibed in s ec . 73.414 
(b) on conta iners of c l a s s D poisons , Group III, except 
when exempted by s ec . 73 .392 . 

(13) "Empty Label" as descr ibed in s e c . 73 .413 must be applied 
to conta iners which have been emptied and on which the 
old label has not been removed, obl i tera ted or des t royed . 
It must be so placed on the container a s to completely cover 
the old label . 

Section 73 . 404 Labels 

(a) Shippers mus t furnish and at tach the labels p r e s c r i b e d for their 
packages . Labels should be applied to that par t of the package 
bear ing cons ignee ' s name and a d d r e s s . 

(b) Labels must mt b* applied to packages containing a r t i c l e s which 
a r e not subject to P a r t s 71 or 78 or a r e exempted the re f rom, 

(c) Shippers mus t not use labels which by the i r s ize , shape, and 
color , may readi ly be confused with the s tandard caution labels 
p r e s c r i b e d in this pa r t , 

(d) Labels mus t conform to s tandards as to s ize , print ing and 
color , and samples will be furnished, on reques t , by the Bureau 
of Exp los ives . 
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(e) A combination diamond-shaped label - tag of p roper size 
and color, bearing on one side the shipping information and 
on the r e v e r s e side the wording p r e s c r i b e d in this pa r t , will 
be pe rmi t t ed . 

(f) As cert i f icat ion of compliance with regulat ions is a lso r equ i red 
by other Government agencies and to avoid mult ipl ici ty of 
cer t i f icat ions , t he re may be added to the cer t i f ica te on labels 
"and the Commandant of the Coast Guard", or "and the 
Admin is t ra to r of the F e d e r a l Aviation Agency" or "and the Pos t 
Office DepartmentJ'as is n e c e s s a r y . 

(g) The c a r r i e r ' s name and s ta t ionery form mumber, or the sh ipper ' s 
name and a d d r e s s , may be pr inted on the labe ls , in type not 
l a rge r than 10 point, if placed within the b lack- l ine bo rde r and 
in the upper or lower corner of the diamond. 
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Section 73.413 Empty Container label. 

(a) Labels for empty containers must be not'less than 

6 inches on each side, white in color, and printed in 

letters not less than 1 inch high in black ink and as 

shown in this section. 

6 inches ■ ·»» 

6 inches 

L 

mm 
White Label For Empty Containers 



Section 73.414 Radioactive Mater ia ls labels 

(a) Labels for radioactive ma te r i a l e (c lass D poisons) 
Group I and Group II muet be of diamond shape, white 
in color and with each side 4 inches long . Pr int ing 
must be in red l e t t e r s inside of a red- l ine border 
measur ing 3-1/2 inches on each side, as shown in this 
section. 

inches 

HANDLE CAREFULLY 
RADIOACTIVE MATERIAL 

CLASS D POISON Group I or II 
M ratSOH SHALL lEKAW WITHIN TRUE FHT Of IBB CÛKTAWtt D M K Z S U I B I 

K ÜBT KUX DNDEmOTED F U WITH» 15 FUT OF THIS COHTaHBI 

Principal radioactiva content— . 
Activity of contants 
Number of radiation unita from pajefcaojax. ...^^....^ .......... 

Not mor· than 40 unift «kail be loaded In on« 
ear or on· motor vehicle or h»ld at on· location. 

Thla la ts certify that t h · contanto of thla package 
ar» proparly deeorlbed by nama and ara packad 

and marked and ar» In propar condition for 
transportation according to th · Regula -

tlona prescribed by the Interstate 
Commerce Comtnteelon. 

Shlpper*e name required 
hereon forehlp. 

mente by 

Note: This label must be duly executed by the shipper 
and the numer of radiat ion units must be shown. For 
purposes of these regulat ions 1 unit equals 1 mi l l i roen t 
gen per hour at 1 me te r for hard gamma radiat ion or the 
amount of radiat ion which has the same effect on film as 
1 mrhm or hard gamma rays of radium fil tered by 1/2 
inch of lead. 

Label for Radioactive Mater ia ls 

Group I or II 



Section 73.414 Radioactive Mate r ia l s Labels 

(b) Labels for radioact ive m a t e r i a l s (c lass D poisons) 
Group III must be of diamond shape, white in color , and 
with each side 4 inches long. Pr in t ing must be in blue 
l e t t e r s inside of a blue line border measu r ing 3-1/2 inches 
on each side, and a s shown in this sect ion. 

Label for Radioactive Mater ia l s 

Group III 



Section 73.427 Shipping order and bill of lading descr ip t ion . 
(a) The shipper when offering for t r anspor ta t ion by c a r r i e r s 

by ra i l freight, r a i l express , highway, or water any 
c l a s s A, c lass Β or c lass C explosive, f l a m m a b l e liquid 
f lammable solid, oxidizing ma te r i a l , c o r r o s i v e liquid, 
compres sed gas or poison as defined by this pa r t , mus t 
desc r ibe such a r t i c l e in the shipping o rde r , bill of lading 
or other shipping paper by the shipping name used in 
s ec . 72.5 (see commodity list) and may add a further 
descr ipt ion not inconsistent therewi th . Abbreviat ions must 
not be used. 

Section 73.428 Label or p lacard notation 

(a) The shipping o rde r , bill of lading or other shipping paper 
must also show theron in connection with the entry of the 
a r t i c l e as p r e s c r i b e d in sec . 73 .427, the color or kind of 
label applied, and for c a r s containing such a r t i c l e s loaded 
by the shipper, requir ing p l aca rds the kind of p lacard 
applied to the c a r . 

Section 73.430 Cert i f icate 

(a) The shipper offering for t ranspor ta t ion by c a r r i e r s by ra i l freight 
highway, water , or a i r , any c l a s s A or c l a s s Β explosive and 
blasting caps . . . o r poison, requi r ing labels or ca r loads requir
ing p l aca rds , as p r e s c r i b e d by P a r t s 71-78, must show on the 
shipping order , bill of lading, or other shipping paper , in the 
lower left-hand co rne r , the following cer t i f ica te over the written 
or s tamped facs imi le s ignature of the shipper or his duly author
ized agent: 

This is to certify that the above named a r t i c l e s a r e properly 
descr ibed , and a r e packed and marked and a r e in proper 
condition for t r anspor ta t ion according to the regulat ions 
p r e s c r i b e d by the In te rs ta te C o m m e r c e Commission» 

(b) For the rel ief of sh ippers from mult ipl ici ty of cer t i f icat ions 
r equ i red for packages which may move by var ious means of 
t ranspor ta t ion , shipments may be cert if ied for r a i l , motor 
vehicle^, wate r , or a i r t r anspor ta t ion by adding to the certificate 
requ i red on the shipping document "and the Commandant of the 
Coast Guard" or the "Adminis t ra tor of the F e d e r a l Aviation 
Agency", as the case may be . 
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P A R T 74 

REGULATIONS A P P L Y I N G P A R T I C U L A R L Y TO CARRIERS BY RAIL FREIGHT 

Subpar t A  Load ing , Unloading, P l a c a r d i n g and Handling 

C a r s ; Loading P a c k a g e s Into C a r s 

Sect ion 7 4 . 5 3 2 Loading o ther d a n g e r o u s a r t i c l e s . 

(j) R a d i o a c t i v e m a t e r i a l s and r a d i o a c t i v e o r e s , r e s i d u e s , and 
s i m i l a r m a t e r i a l . 

(2) The amoun t of r a d i o a c t i v e m a t e r i a l s , o the r than r a d i o 

a c t i v e o r e s , r e s i d u e s , o r s i m i l a r m a t e r i a l s , l oaded in a 

f re igh t c a r eha l l be l i m i t e d so tha t t he quan t i ty does not 

exceed 40 un i t s a s d e t e r m i n e d by to ta l ing t he n u m b e r of 

un i t s , shown on the ind iv idua l l a b e l s on the p a c k a g e s . 

Note 1: F o r p u r p o s e s of t h e s e r e g u l a t i o n s 1 unit equa l s 1 

m i l l i r o e n t g e n p e r hour at 1 m e t e r for h a r d g a m m a 

r a d i a t i o n o r the a m o u n t of r a d i a t i o n which h a s t he 

s a m e effect on f i lm a s 1 m r h m of h a r d g a m m a r a y s 

of r a d i u m f i l t e r ed by 1/2 inch of l e a d . 

(3) No p e r s o n s sha l l r e m a i n in a c a r conta in ing r a d i o a t i v e 

m a t e r i a l u n n e c e s s a r i l y and the s h i p p e r m u s t fu rn i sh the 

c a r r i e r wi th such i n f o r m a t i o n and equ ipmen t a s i s n e c e s s a r y 

for the p r o t e c t i o n of the c a r r i e r ' s e m p l o y e s . 

Subpar t Β  Loading and S t o r a g e C h a r t of E x p l o s i v e s and O t h e r 

D a n g e r o u s A r t i c l e s 

Sect ion 7 4 . 5 3 8 Loading and s t o r a g e c h a r t of e x p l o s i v e s and o t h e r d a n g e r o u s 
a r t i c l e s . 

(a) E x p l o s i v e s or o the r d a n g e r o u s a r t i c l e s m u s t not be loaded, t r a n s 

p o r t e d , or s t o r e d t o g e t h e r , except a s p r o v i d e d in the Loading and 

S t o r a g e C h a r t of Exp los ives and O the r D a n g e r o u s A r t i c l e s shown irí 

th i s s e c t i o n . 
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The following is a l ist of a r t i c l e s which must not be s tored 
along with m a t e r i a l s classif ied as "Radioactive m a t e r i a l s 
(Class D Poisons) : 

(1) Low explosives or black powder 
(2) High explosives or propel lant explosives , chass A/ 
(3) Initiating or pr iming explosives , wet:DiazodinitrcphenoI 

fulminate of m e r c u r y , guanyl n i t rosamino , guanylidene 
hydras ine , lead azide, lead styphnate, ni t ro mannite , 
ni t rosoguanidine, pen tae ry thr i t e t e t r a n i t r a t e , te t razene, 

(4) Blasting caps , with or without safety fuse (including 
e lec t r i c blasting caps) , detonating p r i m e r s . 

(5) Ammunition for cannon with explosive p ro jec t i l e s , gas 
p ro jec t i l e s , smoke p ro jec t i l e s , incendiary pro jec t i l es , 
i l luminating pro jec t i l es or shell , ammunit ion for small 
a r m s with explosive p ro jec t i l e s , or rocket ammunition 
with explosive p ro jec t i l e s , gas p ro jec t i l e s , smoke 
pro jec t i l es , incindiary p ro jec t i l es and i l luminating 
pro jec t i l es and boos t e r s (explosive), b u r s t e r s (explosive) 
or supplementary charges (explosive), without detonators 

(6) Explosive p ro jec t i l e s , bombs, to rpedoes , or mines , 
rifle or hand grånades (explosive), jat thrus t , (jato) 
explosive c l a s s A ., 

(7) Detonating fuzes, c l a s s A, with or without radioact ive 
components 

Subpart C - P l a c a r d s on C a r s 

Section 74,541 "Dangerous" p l aca rd s ; "Dangerous - Radioact ive m a t e r i a l " 
p l a c a r d s ; or "Caut ibn¡-Residual phosphorus" p l a c a r d s . 

(b) "Dangerous-Radioac t ive Ma te r i a l " p l a c a r d s , a s p r e s c r i b e d in 
section 74 .553 , must be applied to c a r s containing shipments of 
c l a s s D poisons as p r e s c r i b e d by sect ions 73 . 392 (c) and 73 . 393 
and bear ing labels a s desc r ibed in sect ions 73 .414 (a), (b) and(c) . 

Section 74.546 P l a c a r d s must be s tandard . 

(a) P l a c a r d s mus t conform to s tandards as p r e s c r i b e d . Samples will 
be furnished by the Bureau of Explos ives on reques t 
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(b) Tagboa rd p l aca rds must be pr inted on strong t agboard of 

quality and s trength not l e s s than that designated commerc ia l ly 

a s 100 percen t su lphate , weighing 125 pounds per r e a m , of 

sheets 24 χ 36 inches , and having a r e s i s t a n c e of not l e s s than 

60 pounds per square inch Mullen t e s t . 

(c) P a p e r p l aca rds mus t be pr in ted on strong white pape r . 

(d) P l a c a r d s or car ca rds which by their shape, coloring, or p r in t 

ing may be readi ly confused with the s tandard p l aca rds p r e s c r i b e d 

in this pa r t must not be used. 

(e) C a r r i e r ' s or sh ippe r ' s name and s ta t ionery form number may be 

pr in ted on p l aca rds in type not l a rge r than 10 point, but must 

be pr in ted thereon sepa ra t e from any p lacard wording. 

Section 74.548 P l a c a r d e d c a r s . 

(a) Shippers mus t have applied p l aca rds to c a r s loaded by them when 
c a r s a r e acceptable for t r anspor t a t ion . (See § 74.549 for method of 
application) 

Section 74.549 Application of P l a c a r d s 

(a) P l a c a r d s mus t be secure ly applied one to each end and each side 

of car as follows: 

(1) By tacking t ag board p l aca rds to each end and each side of cars 

or to placard böser d ¿ of suitable size provided for the 

pu rpose . 

(3) Tacks when used mus t have heads at leas t 1/4 inch a c r o s s 

At leas t 5 tacks must be used, one at each corner and one 

in the center of the p lacard , or when stapling devices a r e 

used the s taples should be made of flat me ta l not l e ss than 

19 gauge, and the space between the legs of the s taples 

should be at leas t 3/8 inch and length of s taples not l e s s 

than 1/4 inch. At leas t 9 s taples must be used, one at 

each co rne r , one along edge between each co rne r , and one 

in cen te r . Tacks , na i l s , s taples , or other devices used in 

p rev ious applicat ion of p l a c a r d s mus t be removed when 

the i r p r e s e n c e in t e r f e r e s with p roper application of 

p l a c a r d s . 
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(4) By inser t ion of t ag-board p laca rds in suitable p lacard 

holders affixed to c a r s . 

(5) P a p e r p laca rds must be secure ly pas ted to me ta l or 

other smooth su r faces . Metal p laca rd boards must be 

used when provided for thè pu rpose . Grease or other 

substances which in te r fe re with secure applicat ion mus t 

be removed from surfaces before pasting on p l a c a r d s . 

(b) P l a c a r d s applied to c a r s must have the print ing in hor izonta l 

posi t ion. 

(e) P l a c a r d ho lders mus t be so const ructed as not to obs t ruct the 

wording, change the shape of the p lacard , or reduce the exposed 

surface of the p lacard m o r e than th ree -e igh ths of an inch on 

each s ide . 

(f) P l a c a r d s as r equ i red by sect ions 74.540, 74.541, and 74.542 

must be 6ecurely applied to both s ides and both ends of a container 

car on which a container or conta iners loaded with explosives , 

c l a s s A or B, or with dangerous a r t i c l e s r equ i r ing labels , a r e 

placed: or p l aca rds mus t be secure ly applied to both ends of such 

a car and to both s ides of a container loaded with such a r t i c l e s . 
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Section: 74.553 Dangerous - Radioactive material placard. 

(a) The "Dangerous-Radioactive material" placard for c lass D 
poisons must be of diamond shape, measuring 10-3/4 inches 
on each side, and must bear the wording in red letters as 
shown in the following cut: 

DO NOT 
REMAIN IN OR 

NEAR THIS CAR 
UNNECESSARILY 

Notify Shipper or Bureau of Explosives 
before handling contents of broken packages 

DANGEROUS 
RADIOACTIVE MATERIAL 

This car must not be next to a car placarded 
explosives or next to carloads of undeveloped 

fílm 

Avoid contact with leaking contents 

WHIN LADING IS REMOVED 
THIS PIACARD MUST 

BE REMOVED 

Dangerous Placard For Radioactive 
Material 



Section 74.554 Unauthorized use of p l aca rds 

(a) P l a c a r d s p r e s c r i b e d by this pa r t must not be applied to c a r s 
containing a r t i c l e s not subject to P a r t s 71-78 or specifically 
exempted the re f rom. 

section 74.562 Removal of p l aca rds and car cer t i f ica te after unloading. 

(a) When lading requir ing p l aca rds or car cer t i f ica tes is removed 
from c a r s other than tank c a r s , p l aca rds and car cer t i f i ca tes 
must be removed by the par ty unloading the c a r . 

section 74. 566 Cleaning c a r s 

(d) Any box car which, after use for the t r anspor ta t ion of radioactive 
m a t e r i a l s in car load lo ts , i s contaminated with such m a t e r i a l s 
to the extent that a survey of the in te r io r surface shows that the 
be t a -gamma radiat ion is g rea t e r tha.n 10 mi l l i roen tgens physical 
equivalent in 24 hours or that the ave rage alpha contamination 
is g r ea t e r than 5 00 d is in tegra t ions pe r minute per 100 square 
cen t ime te r s shall be thoroughly cleaned in such a manner that 
a r e s u r v e y of the in te r io r surface shows the contamination to be 
below these l eve l s . A cer t i f ica te to that effect mus t be furnished 
to the local agent of the c a r r i e r . C a r s which a r e used solely for 
the t r anspor ta t ion of rad ioac t ive m a t e r i a l s a r e exempt from the 
provis ions of this sect ion. 

ection 74.586 Handling explosives and other dangerous a r t i c l e s . 

(h) A container of radioac t ive m a t e r i a l bear ing r ed label must not be 
placed in c a r s , depots or other p laces c lose r than 3 feet to an 
a r e a which may be continuously occupied by p a s s e n g e r s , employ
ees , or shipments of a n i m a l s . When m o r e than one such container 
is p resen t , the dis tance from occupied a r e a s mus t be computed 
from the table in subparagraph (2) of this pa rag raph by adding 
the number of units shown on labels on the con t a ine r s . 

v r a i . 

(2) A container cf rad ioac t ive m a t e r i a l , r ed label, must, not be 
placed c loser than 15 feet to any package containing unde 
oped film. If m o r e than one such container is p r e sen t , the 
dis tance mus t be computed from the table in this subpara
graph by adding the number of units shown on the labels 
on the packages . 
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T A B L E 

Total Number 
of 

Units 

1 to 10 

11 to 20 

21 to 30 

31 to 40 

Minimum dis tances 
in feet to nea re s t 

undeveloped fi lm. 

15 

20 

25 

30 

Distance in feet 
to a r e a that may 
be continuously occu
pied by p a s s e n g e r s or 

employees 

3 

4 

5 

6 

Distance in 
feet dividing 
par t i t ion of a 
combination 

car 

3 

4 

-* 

6 

Note 1: The dis tance in the table mus t be m e a s u r e d from the nea re s t 
point of the radioact ive container or con ta iners . 

Note 2: 1 unit equals 1 mi l l i roen tgen per hour at 1 m e t e r for hard gamma 
radiat ion or the amount of radiat ion which has the same effect 
on film as 1 m r h m . of hard gamma ryas of radium fil tered by 
1/2 inch of lead. 
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(3) Not m o r e than 40 units of radioact ive m a t e r i a l ( red 
label) shall be t r anspor t ed in any car or s tored in any 
location at one t i m e . 

Section 74.589 Handling C a r s 

(n) Posi t ion in t r a in of c a r s containing c l a s s D po i sons . 
In a freight t r a in or mixed t r a in ei ther standing or during 
t ranspor ta t ion thereof, a car p lacarded "Dangerous -
Radioactive m a t e r i a l " mus t not be handled next to c a r s 
p lacarded "Explos ives" or next to car load shipments of 
undeveloped fi lm. 

Section 74,597 Leaking packages of acid or po i sons . 

(e) Radioactive m a t e r i a l s - Poison c l a s s D. In event of 
b reakage of container, wreck, f i re , or unusual delay 
involving c a r s p lacarded "Dangerous-Radioac t ive m a t e r i a l " 
as p r e s c r i b e d in s ec . 74.541 (b) the car and any loose 
radioact ive m a t e r i a l mus t be isola ted a s far a s poss ib le 
from danger of human contact and no p e r s o n s must be allowed 
to r ema in c lose to the car or contents needless ly until qualif
ied pe r sons a r e avai lable to superv ise handling. The 
shipper and tie Bureau of Explos ives should be notified 
immedia te ly . Detai ls involving the handling of radioact ive 
m a t e r i a l s in the event of a wreck may be found in Bureau 
of Exp los ives ' Pamphle t No. 22 covering "Recommended 
P r a c t i c e for Handling Coll is ions and Dera i lmen t s involving 
Explos ives , Gasoline and Other Dangerous A r t i c l e ' s . " 
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PART 7 7 

REGULATIONS APPLYING TO SHIPMENTS MADE BY WAY O F 
COMMON CONTRACT, OR PRIVATE CARRIERS BY PUBLIC 

HIGHWAY 

Subpart A - Genera l Information and Regulat ions 

Section 77. 815 Labels (See s e c . 7 3 . 405 to section 7 3 . 414 for descr ip t ion 
of labels) 

(a) Labels p r e s c r i b e d by the C o m m i s s i o n ' s regula t ions , P a r t 73 , 
mus t have been applied to sh ipments , un less exempt from 
P a r t s 71-78 and in addition the shipper mus t have cer t i f ied to 
compliance with the regula t ions by wri t ing, s tamping, or p r i n t 
ing his name underneath the cer t i f ica te pr in ted , the reon or on 
the shipping papers» 

Section 77. 819 Cer t i f ica te 

(a) Except a s provided in th is section, no motor c a r r i e r may 
accept for t ranspor ta t ion or t r a n s p o r t any c l a s s A or c l a s s 
Β explosives , blast ing caps or e lec t r i c b las t ingcaps in any 
quantity, or any dangerous a r t i c l e s requi r ing labels as 
p r e s c r i b e d by P a r t 7 3? un less it. be cert i f ied to h im by the 
sh ippe r ' s name in se r t ed in the cer t i f ica te en the label or by the 
following cer t i f ica te over the wri t ten or s tamped facsimile 
s ignature of the shipper or his duly au thor i sed agent in tne 
lower left-hand corner of the manifest , memorandum rece ip t , 
bill of lading, shipping o rde r , shipping paper , or other m e m o r 
andum; This i s to certify that the above named a r t i c l e s a r e 
p rope r ly desc r ibed , and a r e packed and m a r k e d and a r e in 
p rope r condition for t r anspor ta t ion according to the regula t ions 
p r e s c r i b e d by the In t e r s t a t e C o m m e r c e Commiss ion . 

(b) F o r the re l ief of sh ippers from mult ipl ic i ty of cer t i f ica t ions 
r equ i r ed for packages which may move by va r ious means of 
t r a n s p o r t a t i o n , shipments may be cer t i f ied for ra.il, motor 
vehicle , wa te r , or a i r t r anspor t a t ion by adding to the cer t i f ica te 
r equ i r ed on the shipping document "and the Commandant of the 
Coast Guard", or "and the Admin i s t r a to r of the F e d e r a l 
Aviation Agency, a s the case may be . 
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lection 77.823 Marking on motor vehicles and t r a i l e r s 

(a) Every motor vehicle, other than tank motor vehic les , t r a n s 
porting any quantity of explosives, c lass A, poison gas, c lass 
A or radioact ive ma te r i a l , poison c lass D requir ing red 
radioact ive m a t e r i a l s label ; . . . shall be marked or p lacarded 
on each side and r e a r with a p lacard or le t ter ing in l e t t e r s not 
l e s s than 3 inches high on a contras t ing background as follows: 

(11) Dangerous, c l a s s D poison . . . DANGERO US -RADIO
ACTIVE MATERIAL 

(f) Removal of signs or l e t t e r ing . Every sign or le t ter ing r equ i red 
by pa ragraph (a) of this section shall be removed from or 
covered on any motor vehicle to which it is a t tached or affixed 
when such motor vehicle is not t r anspor t ing the a r t i c l e for which 
the sign is a p p r o p r i a t e , except that no such sign or le t ter ing is 
r equ i red to be removed or covered when such motor vehicle is 
used exclusively in the t r anspor ta t ion of any a r t i c l e for which 
the sign or le t ter ing is a p p r o p r i a t e . 

Subpart Β - Loading and Unloading 

action 77. 834 General Requ i rements 

(a) Conta iners secured in vehic le . Any tank., b a r r e l , drum or 
cyl inder , not designed to be permanent ly at tached to a motor 
vehicle containing any f lammable liquid, compres sed gas, 
c o r r o s i v e liquid, or poisonous a r t i c l e , shall be reasonably 
secured against movement within the motor vehicle by which it 
is being t r an spo r t ed . 

(b) No explosives or other dangerous a r t i c l e s on pole t r a i l e r s . No 
explosive or other dangerous a r t i c l e may be loaded into or on or 
t r anspor t ed in or on any pole t r a i l e r . 

(e) Handbrake set while loading and unloading. No explosive or 
other dangerous a r t i c l e shall be loaded into or on, or unloaded 
from, any motor vehicle unless the handbrake be secure ly set 
and all other reasonab le precaut ions be taken to prevent motion 
of the motor vehicle during such loading or unloading p r o c e s s . 
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Section 77. 841 Poisons . 

(S) Radioactive m a t e r i a l . 

A container of radioact ive m a t e r i a l , red labie l , mus t not be 
placed i n v e h i ó l e s , t e r m i n a l s , or other p laces c loser than 
3 feet to an a r e a which may be continuously occupied by 
p a s s e n g e r s , employees , or shipments of an ima l s . When 
more than one such container is p r e s e n t , the dis tance from 
occupied a r e a s mus t be computed from the table in sub
pa ragraph (1) of this p a r a g r a p h by adding the number of 
units shown on labels on the conta iners . 

(<!) A container of radioact ive m a t e r i a l , red label , mus t not 
be placed c loser than 15 feet to any package containing 
undeveloped film. If m o r e than one such container is 
p r e s e n t the dis tance mus t be computed from the table in 
this subparagraph by adding the number of units shown 
on the labels on the packages . 

TABLE 

Total number 
of units 

I to 10 
II to 20 
21 to 30 
31 to 4 0 - - -

Minimum dis tance 
in feet to n e a r e s t 
underdeveloped film 

15 
20 
25 
30 

Distance in feet to 
a r e a that may be con
tinuously occupied by 
p a s s e n g e r s or 
employees for pe r iods : 
Up to 8 

hours 

3 
4 
5 
6 

Exceeding 
8 hours 

5 
7 
9 

10 

Note 1: The dis tance in the table mus t be measu red from 
the n e a r e s t point of the radioact ive container or 
con ta iners . 

Note 2: 1 unit equals 1 mi l l i roentgen per hour at 1 m e t e r 
for hard gamma radiat ion or the amount of 
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radiat ion which has the same effect on film as 
1 m r h m . of hard gamma rays of radium filtered 
by 1/2 inch of lead. 

(2) Not m o r e than 40 units of radioact ive m a t e r i a l , red label , 
shall be t ranspor ted in any vehicle or s tored in any loca 
tion at one t ime . Packages mus t be so blocked or braced 
in vehicles as to prevent any shift of lading under condi
tions normal ly incident to t r anspor ta t ion . 

(4) Radioactive m a t e r i a l s (c lass D poisons) m u s t not be 
loaded in the same vehicle with Class A explos ives . 

(5) If for any reason , a package containing radioact ive 
m a t e r i a l s , red label , would otherwise r ema in in the same 
building for a period longer than 24 hours , it mus t be 
moved to a different location after each 24 hours . 
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Subpart C - Loading and Storage Chart of Explosives 
And Other Dangerous Ar t i c l e s 

Section 77. 848 Loading and s torage char t of explosives and other dangerous 
a r t i c l e s . The restr ict ionsfound in this action on the loading 
and s torage of explosives and other dangerous a r t i c l e s a r e 
identical with Section 74.5 38 

Subpart D - Vehicles and Shipment in Trans i t ; Accidents 

Section 77.853 Transpor ta t ion and del ivery of shipments 

(a) No unnecessa ry delay in movement of sh ipments . All shipments 
of explosives or other dangerous a r t i c l e s shall be t r anspor t ed 
without unnecessa ry delay, from and including the t ime of 
commencement of the loading of the cargo until i ts final d i s 
charge at dest inat ion. 

Section 77 . 860 Accidents ; poisons 

(a) Accident to vehicle; warnings ; no sparks or f lame. In the event 
of an accident involving any motor vehicle t r anspor t ing any 
poison which is f lammable, noxious, or toxic, every avai label 
means shall be employed in the protect ion of pe r sons or proper ty 
or in the r emova l of h a s a r d s or wreckage , from congregating in 
the vacinity; such means shall a l so be employed to prevent smok
ing, to keep flame away, to safeguard against the aggravat ion of 
the hazard p resen t , and to warn ether u s e r s of the highway. Care 
shall a lso be taken to prevent any poison, whether f lammable or 
nonflammable, from contaminating s t r e a m s or flowing or being 
spilled into s ewer s , and poison in powdered form from being 
sca t t e red by wind. (See a l so sec . 77. 814) 

(c) Radioact ive m a t e r i a l s ; poison D. In case cf accident to vehicle 
resu l t ing in b reakage of, or unusual delay to any shipment of 
radioact ive m a t e r i a l the package or m a t e r i a l should be segregated 
as far as poss ib le from human contact . The shipper and the 
Bureau of Explosives should be immediate ly notified. In case of 
breakage of a package containing radioact ive m a t e r i a l and when 
it appea r s likely that the inside container may have been damaged, 
great ca re must be exe rc i sed to prevent contact with or inhala
tion of radioac t ive m a t e r i a l by any pe r son . 
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(d) Cleaning vehic les . Any motor vehicle which, after use for the 
t ranspor ta t ion of radioact ive m a t e r i a l s in t ruckload lots , is 
contaminated with such m a t e r i a l s to the extent that a survey of 
the in te r ior surface shows that the be t a -gamma radiat ion is 
g rea t e r than 10 mi l l i roentgens physical equivalent in 24 hours 
or that the average alpha contamination is g r e a t e r than 500 
dis in tegra t ions per minute per 100 square cen t ime te r s shall be 
thoroughly cleaned in such a manner that a r e s u r v e y of the 
in ter ior surface shows the contamination to be below these 
l eve l s . A cer t i f icate to that effect must be furnished the 
c a r r i e r or to the dr iver of the motor vehic le . Motor vehicles 
which a r e used solely for the t r anspor ta t ion of radioact ive mater 
ia ls a r e exempt from the provis ions of this sect ion. 
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