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Shipments o f  commercial nuclear f ue l  cyc le  mater ia ls  have been safe1 
transported i n  the  United States f o r  many years. However, t he  de fe r ra l  o 
reprocessing and delays i n  devel oping geol ogic- waste disposal r epos i t o r i es  have 
resu l ted  i n  only 1 i m i  ted  quan t i t i es  o f  some fue l  cyc le  materi  a1 s being shipped 
i n  the U.S. I n  1979, f o r  example, approximately 50 shipments o f  commercial powe 
reactor  spent fue l  were made i n  t he  U.S. High-density storage racks have bee 
o r  are being i n s t a l l e d  t o  the ex ten t  poss ib le  because reactor discharge bas in  
are s t a r t i n g  t o  f i l l  up. This has delayed the  t ranspor ta t ion o f  spent fue l  t o  
an uncertain fu tu re  date and has resul  t ed  i n  the ex i s t i ng  small f l  ee t  o f  spent 
fue l  casks now avai lab le  i n  the  U.S. n o t  being f u l l y  u t i l i z e d .  

The present lack o f  d e f i n i t i v e  in format ion on the volumes and dest inat ions o 
spent fuel  and high-1 eve1 waste has created uncertai  n t i es  f o r  p r i v a t e  companie 
which would provide nuclear mater ia l  t ranspor ta t ion  services. While it i s  expecte 
t h a t  p r i va te  U.S. i ndus t ry  w i l l  design, l icense, fabr icate,  own, and operate a1 
commercial fuel  cyc le  t ranspor ta t ion  systems, the  U. S. Department o f  Energy (DOE 
i s  charged wi th  the responsi b i  1 i ty t o  assure the ava i l  a b i l  i ty o f  systems requ i re  
t o  meet U.S. pol icy.  Spec i f i ca l l y ,  t ranspor ta t ion  systems must be ava i l  able f o  
supporting fu tu re  away-from-reactor (AFR) and geologic nuclear waste repos i t o r i es  

The purpose o f  t h i s  paper 1s twofold. The f i r s t  ob ject ive i s  t o  provide a 
estimate o f  spent fue l  shipping cask requirements f o r  reactor t o  away-from-reacto 
(AFR) storage f a c i l i t y  shipments from the present time u n t i l  l a t e  i n  t h i s  century 
These estimates w i l l  provide a bas is  f o r  ass i s t i ng  government agencies and i ndus t  
i n  assessing t ranspor ta t ion a1 ternat ives.  The second ob jec t i ve  i s  t o  determi 
and document the wi l l ingnessand c a p a b i l i t y o f  p r i v a t e  industry t o  provide r e q u i r  
f u tu re  t ranspor ta t ion services. I n  order t o  meet t h i  s objective, t he  Transpor ta t io  
Techno1 ogy Center a t  Sandia National Laborator ies sponsored Tel edyne Energy System 
t o  conduct a survey o f  U.S. industry.  The resul  t s  o f  tasks completed t o  car ry  ou 
the stated object ives w i l l  be reviewed. 

I n  order t o  determine f u tu re  shielded cask requirements, Oak Ridge Nat ional  
Laboratories has devel oped t ranspor ta t ion  l o g i  s t i c s  model s t o  simulate op a t i  n 
waste t ransportat ion systems,l which operate using a spent fue l  data basey con 
s i s t e n t  w i th  the in format ion provided t o  the  U.S. Department o f  Energy Spent Fue 
Storage Program. The data base describes h i s t o r i c a l  discharges and p ro jec t s  f u t u r  
discharges o f  spent fue l  from operat ing and proposed reactors. Spent f ue l  shipment 
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from U.S. reactors t o  AFRs represent only one of the paths shown i n  Figure 1 t h a t  
will require shielded shipping casks. Details of the cask requirements for many of 
the other paths are not ye t  ful ly  developed, and depend upon the date when waste 
reposi tor ies  become available. For path B (domestic power reactor to A F R )  there 
are three estimates of quantit ies of material t o  be moved (shown in  Figure 2 )  , 
and there a re  four possible destinations under consideration (AFR potenti a1 ly  
1 ocated i n  the southeast, northeast, midwest, and western U.S.). The hardware 
requirements for  each of the twelve possible scenarios have been calculated. The 
spent fuel l og i s t i c s  programs developed a t  ORNL have been used to  predict the 
number of both truck and ra i l  spent fuel casks required as  a function of time 
fo r  these specific scenarios. The cask esttmates for  the U.S. reactor to  AFR 
shipments (Path B )  do not include the equipment required fo r  reactor to  reactor 
shipments where transshipment i s  an option. Results fo r  one of the twelve scenarios 
i s  shown i n  Table 1, which represents the reactor to  AFR cask requirements for  
the pl anning base w i t h  the AFR located in' a northeastern U.S. s i t e .  The e f fec t s  
of the d i f fe rent  volume options on total  ( r a i l  and truck combined) cask require- 
ments are  shown in Figure 3 .  The impact of d i f fe rent  mutually exclusive location 
options for the planning base volume is  shown in Figure 4. 

Table 1 

Reactor to  AFR Shipments Cask Fleet  Requirements 
Projected Pl anni ng Base 

AFR Located in Northeastern U.S. S i t e  

Year Number of Rail Casks Number of Truck Casks 
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As noted e a r l i e r ,  def in i t ion  of casks required for the other shipment legs 
depends upon the date when a repository fo r  these materials becomes available 
in the U.S. Repository s ta r tup  dates range from as early as  1989 to  a s  l a t e  as 
2006. The current reference time frame used by the U .  S. National Waste Termi nal 
Storage program i s  for  the f i r s t  repository to  become operational between 1997 
and 2006. If a repository was avail able in the 1990s, the number of shipping 
casks required to  meet the requirements of U.S. Government waste processing 
facil  i t i e s  up  t o  the year 2000 would be l e s s  than 40 r a i l  cask equivalents. 

To determine and document the  willingness andcapabili ty of private industry 
to  provide required future transportation service, the Transportation Technology 
Center a t  Sandi a National Laboratories sponsored Tel edyne Energy Systems to  
conduct a survey of U.S. industry. The objective of the survey i s  t o  gather 
information tha t  can be used i n  the development of .future Federal policy i n  
the transportation area. The survey scope i s  limited to  the back end of the 
nuclear cycle and emphasis i s  on shipment of spent fuel and wastes other than 
non-transuranic 1 ow-1 eve1 waste. The survey program consists of four major tasks: 
(1 ) Development of survey questions and background information, ( 2 )  Collection 
of survey data from approximately 135 private companies, ( 3 )  Evaluation and 
assessment of .the survey data,  and ( 4 )  Documentation of resul ts. 

The background information prepared for distribution to  industry i n  the survey 
package i ncl uded a summary of the overall nucl ear material transportation system, a 
supplier matrix of transportation services i n  the U.S., descriptions and projected 
requirements for  shipping packages. Survey questions were directed a t  defining 
capabi l i t ies  of package suppl iers ,  transport  service groups, c a r r i e r s ,  special ve- 
hicle  suppliers, and tes t ing  organizations. Questions regarding general issues 
(such as finance, marketing, personnel, and government involvement) t h a t  a f f e c t  
the U.S. nuclear material transportation industry were a1 so incl uded. The survey 
questionnaire was approved bytheU.S.Department of Energy and the U.S. Office of 
Management and Budget. 

The evaluation of survey data was performed by summarizing written question- 
naire responses and evaluating the summarized data. Evaluation was performed with 
the assistance of a team of consul tan ts  to Tel edyne, each having 1 ong association 
w i t h  U. S. nuclear transportation ac t iv i t i e s .  About 50 companies provided usable 
responses to  the survey questionnaire. This return i s  c lear ly l e s s  than ant ic i -  
pated since the approximately 150 questionnaire recipients were pre-sel ected on 
the basis t h a t  t he i r  capabil i t i c s  matched the requir-ewents o f  a nuclear transpor- 
tation system. Reasons fo r  lack of participation i n  the survey cannot be com- 
pl etely determined. However, I t  i s  c lear  from survey resul t s  t h a t  the current  
U.S. marketplace for  nuclear transportation a c t i v i t i e s  i s  generally not offer ing 
an a t t rac t ive  opportunity f o r  private industry. Those who are  presently most 
heavily invol ved of fer  considerable skeptici sm for  future business. 

The actual survey resul t s  indicate tha t  substantial capabil i t i e s  e x i s t  i n  
every transport function except finance and insurance (see Figure 5) .  These l a t t e r  
two represent a problem i n  response, not  uapabll f ty ,  since the companies f a l l i ng  
i n  these twocategories f e l t  they had l i t t l econs t ruc t ive  information t o  of fer  now, 
b u t  the i r  services were avail able as  required. Of the companies responding, the 
majority derive l e s s  than 10% of the i r  revenue from nuclear material transporta- 
t ion w i t h  over 20 responses f a l l i ng  in the 0 to  1% category. Even for  package 
fabricators who responded, a1 1 b u t  one derive 1 ess than 10% of t h e i r  business from 
nuclear material transportation. I t  i s  interesting t o  note t h a t  a l l  b u t  one 
respondent anticipated an increased percentage in the future,  ye t ,  by a 5 to  1 
ra t io ,  the same group f e l t  t h a t  a substantial number of new employees would not 
be required to  support a future role. This apparent inconsistency i s  probably 
expl ained by the small amount of to ta l  business tha t  nuclear transportation 
provides to domestic industry. 



Each company was asked t o  r a t e  the e f f e c t  t h a t  p u b l i c  concern has on t h e i r  
r o l e  i n  t ranspor ta t i on .  I n  eva lua t i ng  responses t o  t h i  s  and s imi  1  a r  quest ions, 
i t  i s  apparent t h a t  p u b l i c  concern and acceptance i s  regarded as an impor tan t  
f a c t o r .  Most responding companies prov ided a n s w e r s t o t h e  general  ques t ions  which 
addressed c r i t i c a l  p rob l  em areas, po l  i c y ,  mo t i va t i on  and d e t e r r e n t s  t o  p a r t i c i p a -  
t i o n  i n  t r a n s p o r t a t i o n  a c t i v i t i e s .  The th ree  problems most o f t e n  c i t e d  were 
regu la to ry  unce r ta in t y ,  l a c k  o f  spent f ue l  and high-1 eve l  waste f a c i l i t i e s ,  and 
pub1 i c  acceptance. Fo r  those companies having con ta ine r  f a b r i c a t i o n  capab i l  i t i e s ,  
regu la to ry  u n c e r t a i n t y  was t h e  problem most o f t e n  c i t e d .  

Areas o f  government p o l i c y  most a f f e c t i n g  a  s u p p l i e r  f u n c t i o n  were genera l l y  
responded t o  i n  a  nega t i ve  contex t .  Lack o f  a  c l e a r  o v e r a l l  government po l  i c y  
was most c i t e d  and i nc luded  a  perceived l ack  o f  suppor t  f o r  i n d u s t r y .  Other 
po l  i c y  areas f r e q u e n t l y  mentioned were Nuclear Regul a t o r y  Commi s s i o n  (NRC) regu- 
1  a t o r y  indec is iveness  and problems w i t h  s p e c i f i c  regul a t ions .  The 1  a t t e r  category 
i n c l  udes t ime consumi ng environmental regul a t ions ,  NRC spent  f u e l  safeguard regu- 
l a t i o n s ,  mandatory qua1.i ty assurance documentation and Occupational Safety and 
Heal t h  Admi n s t r a t i o n  regu l  a t i ons .  

There was very  d e f i n i t e  agreement on what would mo t i va te  i n d u s t r y  t o  be more 
i nvol ved i n  nuc lear  t r a n s p o r t a t i o n .  Indus t ry  wants a  c l e a r  view o f  t h e  market so 
t h a t  business prospects  can be reasonably assessed. As a  c o r o l l a r y  t o  a  b e t t e r  
market, i n d u s t r y  des i res  c l  ea'r Federal and s t a t e  pol  i c y  w i  t h  emphasis on government 
commi tment toward nucl  ear  power. DOE'S expressed ph i  1  osophy i s  t h a t  t r a n s p o r t a t i o n  
capabi 1  i t y  w i l l  be p rov ided  by p r i v a t e  indus t ry .  Furthermore, government pol  i c y  
w i l l  s t r i v e  t o  reduce r i s k s  and improve i ncen t i ves  f o r  p r i v a t e  i n d u s t r y  p a r t i c i -  
pa t ion .  The survey i n c l u d e d  quest ions on i ncen t i ves  t h e  government coul  d  o f f e r  
i n  the  t r a n s p o r t a t i o n  business area. Here responses were more d iverse.  Most 
f requent  responses mentioned were a  dependable l i c e n s i n g  schedule ( r e g u l a t o r y  
s t a b i l i t y )  and government programs t h a t  p rov ide  R&D funds and o p p o r t u n i t i e s  f o r  
hardware f a b r i c a t i o n .  Funding by t h e  Federal government was usual l y  t i e d  t o  
statements about imp1 ementat ion o f  a  na t i ona l  waste s to rage p o l  i c y .  A ques t ion  
on deter ren ts  t o  i n d u s t r y  p a r t i c i p a t i o n  y i e l d e d  s i m i l a r  r e s u l t s  t o  the  e a r l i e r  
ques t ion  on i n d u s t r y  w i l l  ingness t o  p a r t i c i p a t e  i n  t h i s  a c t i v i t y .  A t  present,  
i n d u s t r y  cannot assess r i s k s  and the  p r o f i t  and market growth p o t e n t i a l s  i n  
nuclear  ma te r i a l  t r a n s p o r t a t i o n .  Company responses i n d i c a t e d  t h a t  these problems, 
coup1 ed w i t h  p o o r l y  d e f i n e d  n a t i o n a l  waste pol  i c y  and t h e  psycho1 o g i c a l  impact 
o f  changing p o l i t i c a l  p o s i t i o n s  over  t he  l a s t  t en  years,  makes t h e  market  r e l a -  
t i v e l y  u n a t t r a c t i v e ,  These p o i n t s  were emphasized by those companies w i t h  a  
h i s t o r y  o f  a c t i v i t y  and an understanding o f  the  market. 

Although t h e  c u r r e n t  nuc lear  t r a n s p o r t a t i o n  market leaves  much t o  be des i red  
from domestic i n d u s t r y ' s  v iewpo in t ,  t he re  i s  l i t t l e  ques t ion  t h a t  ample p r i v a t e  
i n d u s t r y  c a p a b i l i t y  e x i s t s t o  meet t he  marketplace's needsthrough t h e  yea r  2000. 
The survey asked a  number o f  s p e c i f i c  quest ions r e l a t e d  t o  c o n t a i n e r  f a b r i c a t i o n  
capab i l  i t i e s  f o r  t r u c k  and r a i l  spent f u e l  casks, high-1 evel  and i n te rmed ia te  
waste casks, and TRU overpacks. A key r e s u l t  o f  t h e  survey i s  t h e  composite 
response t o  t h e  ques t i on  on domestic i ~ ~ d r ~ u f a c t u r i  ng capab i l  i ty t o  b u i l d  var ious  
con ta ine rs  f o r  spent  f u e l  and waste t ranspor t .  Table 2 shows t h i s  c a p a b i l i t y  
based on the  t h i r t e e n  responses rece ived from companies w i t h  p r e s e n t l y  e x i  s t i n g  
product ion  f a c i l  i t i e s .  

The near-term U. S. cask needs a re  based on reac to r - to - reac to r ,  reactor-to-AFR 
and waste disposal t e s t  program r e q u i  remcnts. Shi pnlents t o  geo log ic  r e p o s i t o r i e s  
a r e  n o t  expected t o  occur u n t i l  approximately t h e  yea r  2000. It i s  c l e a r  t h a t  
domestic c a p a b i l i t y -  f a r  exceeds the  near-term n a t i o n a l  requi rements based on 
o n l y  the  t h i r t e e n  responses. Many companies w i t h  known manufac tur ing  capab i l  i ty 
d i d  n o t  choose t o  respond t o  t h e  i n d u s t r y  survey and the  survey was o n l y  ma i l ed  t o  



Figure 5. Present Capab i l  i t i e s  of U.S. Companies 
Responding t o  the Industry Survey 



Table 2 

Number o f  U n i t s  Per Year That  Could Be Produced 
W i  t h  Present  Capabil i t i e s  o f  Respondi ng Companies 

. In termed ia te  
H i  gh-Level Level TRU 

Spent Fuel  Casks Waste Casks Waste Casks Overpacks 
Truck Truck 

Truck * R a i l  Truck R a i l  & R a i l  & R a i l  
20-30T 50-100T 20-30T 50-100T 15-25T 5-15T 

Business 
as Usual 63 2 8 60 24 113 40 

P r i  o r i  ty Over 
Other Jobs 11 7 61 8 9 3 3 159 6 3 

* T = tons; 1 t o n  = 0.91 tonne 

a very small f r a c t i o n  o f  t he  o v e r a l l  p o t e n t i a l  manufactur ing popul a t ion .  Con- . , 

.. . 
su l  t a n t s  c u r r e n t l y  e v a l u a t i n g  the  survey data agree t h a t  e x i s t i n g  manufactur ing .. 
c a p a b i l i t y  f a r  exceeds t h e  known hardware requi rements o f  t h e  t r a n s p o r t a t i o n  ; , . 

system. U t i l i z a t i o n  o f  t h i s  c a p a b i l i t y  must, o f  course, take i n t o  account t h e  ..- , 
,., . . 

p robl  em areas, d e t e r r e n t s  and i ncen t i ves  which have been descr ibed e a r l i e r .  
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