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The number of spent fuel and nuclear waste shipments per year may be expected 
t o  increase dramatically during the next few decades as the nuclear industry ma- 
tures and waste management endeavors are expanded. Exi s t i  ng regulations specify 
allowable dose rates in the vicinity of such shipments. For example, under normal 
operating conditions the acceptable dose rate a t  2 m from accessible surfaces 
of a spent fuel cask i s  10 mrem/hr (IAEA Safety Series No. 6, para. 534.c and 
537.c). As the number of shipments increases there may be pressure t o  restrict  
the a1 lowable dose rates in accordance with the phi 1 osophy of "as 1 ow a s  reason- 
ably achi evabl e" (ALARA) . 

When changes are considered in the regulations, b o t h  the costs and the bene- 
f i t s  of a given change should be addressed. In the past,. the application of- the - 
ALARA concept i n -the' transportation area ' has been i nvesti gated wi t h  almost excl u- -- -&- - 

T 

-.:s s u e  -emphasi s - oCreducing .'occupational: and I pub1 i c radi a t i  on exbosure.. A! though . 
&-- - radiation exposuye ' i s'-of - paramount impgrtance, ALARA effects. on -transportation . .-. --- .-.-- - -.-- - -- - e sm3m- costs, including  parameter"^ 'such as physical dimensidns and t 8 a l -  lifetime ' ' ; 

shipping costs a1 so must be determined to  adequately justify using ALARA in trans- 
sportation applications. During the past year some preliminary work i n  this area 
has been compl eted a t  Sandi a Nati onal Laboratori es . 

The recent effort a t  Sandia evaluated the application of the ALARA concept 
to  1 i g h t  water reactor (LWR) spent fuel, hi gh-1 eve1 c mmerci a1 and defense wastes, 
and remote-hand1 ed transuranic waste transportation.p This evaluation included: 
(1) obtai ni ng transportation hardware shield desi gns which comply with the 
regulatory 10 mremjh, 3 m dase rate condition; (2)  determining the additional 
shielding required to  decrease the dose rate t o  5 mremjh; (3)  determining the 
additional shielding required to  decrease the dose rate t o  2 mrem/h; and (4) in- 
vestigating the effects of the additional shielding on system parameters such as 
cask weight and dimensions. This evaluation was done for wastes and LWR spent 
fuel of 1, 3, 5 and 10 years age and for casks with 1, 4 and 7 unit capacities. 
Gamma shield materi a1 s i nvesti gated were depl eted urani urn, 1 ead and steel. The 
neutron shield materi a1 was water. 

This study considered pressuri z water reactor (PWR) spent fuel (SF) which 
was init ially enriched t o  3.3 wt.% 5'5U. The i rradi ati  on sequence assumed for 
the fuel involved 3-year residence in the reactor with three separate burn cycles 
and an 80% capacity factor. The total burnup sustained was about 15,000 MW days 
per assembly (33,000 MW days/tonne of uranium). 

DISTRIBUTION OF THIS QOCUML#T IS 

*Work sponsored bytheU.S. Department of Energy under Contract DE-AC04-76-KP00789. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Current na t i ona l  p o l i c y  i n  the USA does not author ize reprocessing o f  comer-  
c ia1 reactor  spent fue l .  Since t h i s  pol  i c y  could change i n  t h e  fu ture ,  ALARA i m -  
pacts on the  t r anspo r ta t i on  o f  h i  gh-1 eve1 commerci a1 waste ( HLCW) were i nvest i  gated. 
The HLCW considered here was assumed t o  contain 0.5% o f  t h e  uran i  un and p lu ton i  urn 
and 100% o f  t h e  f i  ss i  on products and other  t ransuranics o r i  g i  nal  l y  i n t h e  unprocessed 
LWR SF. Present ly,  i n the  USA, the re  are approximately 2 PWR reac to rs  f o r  each 
boi  1 i ng water r e a c t o r  (BWR) . Since the  rad i  a t i  on and thermal cha rac te r i s t i c s  o f  
PWR and BWR spent f u e l s  d i f f e r ,  the  HLCW considered was formulated t o  r e f l e c t  t h i s  
r a t i o  o f  LWR types. The concentrat ion o f  the waste i n  some s u i t a b l e  m a t r i x  (boro- 
s i l i c a t e  glass f o r  instance) was assumed t o  be such t h a t  t h e  HLCW obtained from 
reproce s ing  1 tonne urani  um equivalent  o f  t he  2: l  PWRfBWR SF mi x resu l ted  i n  5 0.085 m (3  ft3) o f  waste product. 

High-level defense waste (HLDW), which i s  s i m i l a r  t o  b u t  l e s s  rad ioac t i ve  
than HLCW, i s  a by-product obtai  ned du r i  ng the- reprocessi ng o f  m i  1 i t a r y  reac to r  
SF. Large q u a n t i t i e s  o f  t h i s  waste cu r ren t l y  are store9 as sa l t s ,  sludges, 1 i q -  
uids and ca l c i ne  a t  t h ree  US Department o f  Energy s i tes .  This waste w i l l  be con- 
cent ra ted  and i mmobi 1 i zed i n a sui tab1 e matr i  x before be i  ng t ranspor ted o f f  s i  t e. 
The r a d i o a c t i v i t y  o f  the  waste i s  q u i t e  va r iab le  from s i t e  t o  s i t e  and w i t h i n  a 
given s i te .  The t r anspo r ta t i on  of the  most rad ioac t i ve  waste was inves t iga ted  i n  
th i 's  work. 

Remote-hand1 ed t ransuran ic  waste (RH-TRU) i s t ransuran ic  and f i  ss i  on product 
contami nated mater i  a1 which requires some rad i  a t i  on shi  e l  d i  ng f o r  safe t ransport .  
Re la t i ve ly  small q u a n t i t i e s  o f  RH-TRU are i n  temporary storage a t  DOE sites, . d , 

"concerning' i t s  physical  - -characteri s t i e s  a r e  _ d i f f i  c u l t  t o -  make . .22 
acZ@e-sizes: rangesrom : 30 gal l p n  drums'?to:,round cai_ssons-240,- t m -  - ' - 35: 
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KF.St-i7rn?and -decomplissi oni-ng programs :a+ ;DOE f ac j.1 j t i es: are: Iseguirr-%-?z z s s = m = = = =  
r x  L !  i n  the  comi ng decade- and beyon'd. ' For the  purposes o f  t h i s  study, t h e  propose 

Waste I s o l a t i o n  P i  1 o t  Pro jec t  (WIPP) d e f i n i t i o n  o f  an acceptable RH-TRU package 4 
was used. The package assumed i s  61 cm diameter, 460 cm l ong  and has a maximum 
surface dose r a t e  o f  100 remfhr. 

Table I shows some o f  the physical parameters o f  t h e  SF, waste mater ia l ,  and 
waste containers considered i n  t h i s  study. The r a d i a t i o n  and t h e  ma1 character- lr i s t i c s  o f  each waste t ype  were estimated using t he  SANDIA-ORIGEN isotope gener- 
a t i o n  and dep le t i on  code. The diameter o f  the  HLCW can i s te r  was assumed t o  be 
30.5 cm based on thermal considerat ions (i .e., possi b i  l i t y  o f  waste m e l t  along 
the  can is te r  center1 ine). This can is te r  dimension cou ld  be t o o  l a r g e  f o r  shor t  
cooled HLCW. The HLDW can i s te r  diameter was a1 so selected t o  be 30.5 cm since, 
a t  one time, WIPP t e s t s  w i th  such containers 1 oaded w i t h  HLDW were proposed. The 
HLDW can i s te r  diameter could be increased t o  t h a t  o f  t h e  RH-TRU conta iner  
wi thout  any adverse thermal e f fec ts .  

The cask hardware invest igated i n  t h i s  study inc luded a cask w i t h  a c a v i t y  
sized t n  accommodate 1, 4 o r  7 assemblies o r  canisters,  a 2.5-cm-thick s tee l  
i nner  wall ,  a gamma sh ie l d  zone of adjustable thickness, a 5.0-cm-thick s tee l  
s t r uc tu ra l  wa l l ,  and a neutron shi e l  d zone o f  va r i  abl e th ickness i f  such a sh ie l d  
was necessary. F igure 1 shows idea l i zed  cross sect ions o f  t h e  cask f o r  each 
load ing conf igurat ion.  I n  each case, an aluminum basket was assumed t o  provide 
support f o r  t h e  waste can is te rs  o r  f ue l  assemblies i n  t h e  cask cav i t y .  Table 2 
l i s t s  the cask c a v i t y  diameters assumed f o r  each conf igurat ion.  

The th icknesses o f  the  sh ie l d  zones were var ied fo r  each waste type and cask 
capac i ty  t o  ob ta i n  conceptual sh ie ld  designs r e s u l t i n g  i n  10, 5 and 2 mrem/h dose 
ra tes  a t  2 m from the  cask exter ior .  I n  order t o  ob ta in  reasonably balanced sh ie l d  
designs, t he  acceptable primary gamma and neutron-secondary gamna dose r a t e  con t r i -  
butions t o  t h e  t o t a l  dose r a t e  as given i n  Table 3 were selected. The XSDRNPM~ 



CASK SIDEWALL MODELS 

WASTE OR FUE 

ONE UNIT CAPACITY FOUR UNIT, CAPACITY SEVEN UNIT CAPACITY 

F i g u r e  1 .  Cask Models f o r  V a r i o u s  L o a d i n g  C o n f i g u r a t i o n s  



1 ,  

one-dimensi onal r a d i  a t i  on t ranspor t  code was used t o  est imate t he  requ i red t h i ck -  
$ nesses o f  the  neutron and garma sh ie ld  zones. The ca l cu la t i ons  were performed 

using an 11-group, P I  primary gama cross-section set  and a coupled 19-neutron, 
13-secondary gamma P1 cross-sect i  on set. Past experience has shown t h a t  one- 
dimensional t r anspo r t  ca lcu la t ions  performed using these cross sec t ion  sets y i e l d  
r e s u l t s  which agree wel l  wi h pred ic t ions obtained w i t h  more sophis t ica ted Monte 
Carl o analyses u s i  ng MORSE.£ A1 1 ca lcu l  a t i  ons were done i n  c y l  i ndr i  ca l  geometry 
using an S6 quadrature. 

Tabl e 1. Physical Parameters o f  Spent Fuel and Waste 

THERMAL POWER GENERATION RATE 
PHYSICAL WEIGHT (Wth) 

DIMENSIONS (kg) 1 - Y r - O l d  3-Yr-Old 5-Yr-Old 10-Yr-Old 

PWR Spent 21.7-cm d i a  660 5000 1700 970 580 
Fuel 420-cm 1 engt h 

Hi gh-Level Com- 30.5-cm d i  a 750 20000 6600 3600 2100 
merci a1 Waste 305-cm l eng th  
Cani s t e r  

Hi gh-Level 30.5-cm d ia  7 50 230 200 180 150 
Defense Waste . 305.ycm leng th  , .. . $ .  . :. ; . ! 
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Tabl e 2. Cask Cavity Dimensions and Capaci t ies 

TYPE 

PWR Spent Fuel 

HLCW 

HLDW 

CAVITY 
DIAMETER (cm) 

CAPACITY 
(Number o f  Assembl i es o r  Cani s te rs )  

R H-TRU 



Tab1 e 3. Acceptabl e Primary Gamma and Neutron-Secondary 
Gamma Dose Rate Contributions 

NOMINAL DOSE RATE AT 
2 M FROM CASK EXTERIOR PRIMARY GAMMA NEUTRON-SECONDRY GAMMA 

(mrem/ h )  (mrem/ h) (mrem/h) 

The reasons for consi deri ng waste and SF cool ed only for up t o  10 years shoul d 
be mentioned before considering the results obtained i n th is  study. One reason 
i s  that a si gni f i  cant fraction of the SF stored i n the USA i s approaching 10 years 
since being discharged. A more fundamental reason i s  t h a t  the radiation source 
associated with each waste changes dramatically during the f i r s t  10 years of cooling 
bu t  much more slowly thereafter. This i s  indicated in Figure 2, which shows the 
ratio of the neutron and gamna sources for each year decay t o  that a t  20 years 
cooling time a s  a function of cooling time for PWRSF. The curvesarequi te  
steep for the f i r s t  10 years of cooling and nearly f l a t  dur ing  the subsequent 
10 years. Thus the shielding requirements of the material do not change si gnif- 
icantly during the second 10 years. 
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spent fuel casks designed to  transport 7 PWR fuel- assemblies=aC a- function o f  . -  " 
fuel age and 2 m dose rate. The le f t  portion of the figure i s  for casks in which, 
depl eted urani um provides the necessary gamna shieldi ng. The center portion i 1- .I 
lustrates similar results for lead shielded casks. On the r i g h t  are shown the, .  - 
results for steel casks. In general, the radi i of the depleted urani utn casks are?,, 
less t h a n  the corresponding lead and steel shielded casks because uranium is the. 
best gamma shield material of the three considered. The radius of the cask i s  
important si nce transportation-imposed constrai nts 1 imi t thi s dimension to  probably 
no more t h a n  105 cm (without cooling fins) . From the f i  gure i t  i s  seen t h a t  the 
lead and steel shielded casks for short cooled fuel which yield 2 mremjh dose rates 
and the steel shi elded cask with the 5 mrern/h dose rate for  1 year cooled fuel do 
not meet this requirement. 

Figure4 shows the estimated empty weights of the casks indicated in Figure 3. 
Agai n ,  three sets of curves are given: the l e f t  for urani um shielded casks, the 
center for casks with lead gamna shielding, and the r i g h t  for steel casks. The 
weights of the lead and steel casks are more sensitive to  waste age and 2 m dose 
rate t h a n  are the uranium casks. 

The percentage increases in the weight of each cask when the design dose 
rate i s decreased from 10 mremjh t o  5 o r  2 mrem/h a s  a function of cooling time 
for each gamma shield material are shown in Figure 5. By ha1 vi ng the regulatory 
dose rate, the cask weight increases by about 6 t o  10% in  each case. A further 
reduction of the acceptable dose rate by a factor of 2.5 causes an additional 
10% increase in the weight of the urani urn and steel casks relative t o  the corre- 
sponding 10 mrem/h casks. The additional weight percent increase i s  even higher 
for the lead shielded casks, being around 15%. The reason the lead casks weight 
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,,&,igure 2 .  T e m p o r a l  V a r i a t i o n  o f  R a d i a t i o n  S o u r c e  S t r e n g t h  f o r  PWR 
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Figure 4 .  Estimated Weights o f  Empty Seven Element.Spent Fuel Casks 
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percent increases are h i  qher apparently i s because 1 ead i s t h e  poorest neutron 
sh ie ld  materi  a1 o f  t he  three gamma sh; e lds  considered. The neutron shi e l  d i  ng 
problem i s  more important  a t  the  lower dose rate.  

Figure 6 g ives estimates o f  the  1 i f e t i m e  t r anspo r ta t i on  costs  o f  the  casks, 
i n  1978 U.S. do l l a r s ,  based on the  weight est imates o f  Figure 4. These cost  es- 
t imates do no t  i nc l ude  f ab r i ca t i on  costs. Assuming a 20 year  l i f e t i m e  and round- 
t r i p  distances o f  3200 km w i t h  15  round t r i  ps per year a t  9.3 cents/Mg-km i n c l u d i n g  
both haulage and usage fees, the  estimates f o r  l i f e t i m e  t ranspor ta t ion  costs, as  
given i n  F igure 6, a re  obtained. From the  f i g u r e  i t  i s  apparent t h a t  a lead  
shielded cask would cos t  approximately $1 m i l l i o n  and a s tee l  cask $2 m i l l i o n  more 
t o  operate over t h e i r  l i f e t imes  than a corresponding uran i  um sh ie lded cask. Such 
addi t iona l  opera t i  ng cost  may be recovered s i  nce 1 ead and, p a r t i c u l a r l y ,  s t ee l  
casks are l e s s  expensive t o  fab r i ca te  than uran i  urn casks. 

' SPENT FUEL AGE (years) SPENT FUEL AGE (years) SPENT FUEL AGE (years) 

O 10 rnrem/hr CASKS 
5 mrem/hr CASKS 

A 2 mrem/hr CASKS 

Fi gure 6. Estimated L i f e t ime  Transportat ion Cost o f  Seven Element Spent Fuel 
Casks 

S i m i  l a r  r e s u l t s  are obtained f o r  t he  1 and 4 element SF casks and f o r  t h e  
other waste casks considered i n  t h i s  study. Some o f  t he  ove ra l l  s i  gni f i c a n t  r e -  
s u l t s  may be summari zed as fo l lows: (1) some low dose r a t e  cask designs may 
be overs1 ze o r  overwejght i f  l ead o r  s tee l  prov ide t h e  gamma sh ie ld ing,  (2) de- 
s igning f o r  5 i ns tead  o f  10 mrem/h increases the  cask weight by  about 10% and f o r  
2 mrem/h adds another 10% o r  more t o  t he  weight and (3) t h e  increased weight o f  
the low dose r a t e  casks r p ~ l l l t s  in an estimated f 1 t o  $2 mi 1 l i o n  increase i n t h e  
cask 1 i fet ime t ranspor ta t ion  costs. 
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