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ABSTRACT 

In t h i s r e p o r t , some impl ica t ions of applying the 
ALARA concept to cask designs for t r a n s p o r t i n g spent 
fue l , h i g h - l e v e l commercial and defense was te , and 
remote-handled t r ansu ran ic waste are i n v e s t i g a t e d . 
The XSDRNPM, one-dimensional r a d i a t i o n t r a n s p o r t 
code, was used t o obta in p o t e n t i a l sh i e ld designs 
tha t would y ie ld t o t a l dose r a t e s a t 1.8 ra from the 
cask surface of 10, 5, and 2 mrem/h. Gajnno s h i e l d s 
of depleted uranium, l ead , and s t e e l were s t ud i ed , 
the capac i ty of the casks was assumed to be 1, 4 , or 
7 elements or c a n i s t e r s , and the wastes were 1, 3, 
5, and 10 yrs o l d . Depending on the dose r a t e , the 
cask empty weights and l i f e t i m e t r a n s p o r t a t i o n cos t s 
were e s t ima ted . 

This work was supported by U. S. DOE. 
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ALARA STUDIES ON SPENT FUEL AND WASTE CASKS 

Introduction 

A study has been completed at Sandia Laboratories in which the impact 
of applying the ALARA concept to the hardware used in transporting spent 
fuel and commercial and defense wastes was investigated. The ALARA con* 
cept pertains to the philosophy of limiting radiation exposure to "as low 
as is reasonably achievable." The manner in which this concept was ap­
plied in Chis study is an evaluation of the additional shielding necessary 
to decrease the acceptable dose rate of 10 rarem/h at 1.8 ra (6 ft) from 
the accessible surface of the transportation package to 5 or 2 mrem/h. 

Spent Fuel and Waste Description 

Commercial reactor spent fuel and the following three types of waste 
wer«i considered: high-level commercial waste (HLCW), high-level defense 
waste (HLDW), and remote-handled transuranic waste (RH-TRU). In all 
cases, the SANDIA-ORIGEN code was used to obtain the radiation source 
strengths and power-generation rates associated with the spent fuel and 
wastes. 

Spent Fuel 

The spent fuel considered was from pressurized water reactors (PWRs) 
and had e.-:parienced a typical irradiation sequence involving j-yr resi­
dence in the reactor with three separate barn cycles, a capacity factor 
of 80%, and a total burnup of 15,000 MW daps per assembly. The initial en­
richment of the fuel was assumed to be 3,3% * " y ^y w eig n t.. Table 1 lists 
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the radiation and thermal characteristics of such fuel for 1, 3, 5, and 
10 yr since discharge from the reactor. 

High-Level Commercial Waste 

HLCW results from the chemical processing of commercial reactor 
spent fuel. Three specific HLCW types are generally possible: ptesent-
generation (once through) HLCW, uranium-recycle HLCW, and uranium-
plutonium HLCH: 3 

o Present-generation HLCW results by reprocessing enriched 
uranium fuel that has been used once in the reactor. The 
uranium and plutoniua thus extracted are not used to 
make fresh coamercial reactor-fuel rods. 

o Uranium-recycle HLCW is obtained by reprocessing spent 
fuel that contains uranium previously extracted for 
recycling. 

o Uranium-plutonium HLCH results from the chemical separa­
tion of spent fuel containing both recycled uranium and 
plutonium. 

Each HLCW type has distinct radiation and thermal characteristics. 
Present generation and uranium recycle wastes are quite similar. Uranium-
plutonium recycle waste is more radioactive than either present generation 
or uranium recycle waste. 

The HLCW considered here is present-generation HLCW. This waste is 
assumed to contain 0.5% of the uranium and plutonium and 100% of the fis­
sion products and other transuranics originally in the unprocessed spent 
fuel. To obtain the waste considered, HLCW anticipated from reprocess­
ing spent fuel from pressurized-water and boiling-water reactors was mixed 
in a ratio of 2:1 by volume respectively, representing the current pro­
portions of commercial reactor types in this country. The resultant HLCW 
is assumed solidified in a borosilicate-glass matrix. In this matrix, the 
vaste obtained by reprocessing 1 megagram (Mg) heavy metal equivalent of 
spent fuel is incorporated into 0.085 m 3 (3 ft 3) of glass. Steel cyl­
inders that are 31 cm (12 in) in diameter and 3 m (10 ft) long are filled 
to 2.4 m (8 ft) with this glass product. The container with glass, weighs 



approximately 750 kg. Table 2 indicates the radiation source strengths 
and thermal characteristics of HLCW at 1, 3, 5, and 10 yr since discharge 
of the source spent fuel from the reactor. 

High-Level Defense Waste 

HLDW is a by-product of reprocessed spent fuel from military reactors 
supporting the nation's defense programs. Large quantities of this waste 
are in temporary storage at the Savannah River Plant near Aiken, SC; the 
Hanford Reservations near Richland, WA; and the Idaho National Engineer­
ing Laboratory (INEL) near Idaho Falls, ID. Present waste forms include 
salts, sludges, liquid, and calcine. In some instances the waste age is 
roughly 30 yr; such waste has correspondingly low radiation levels. In 
designing transportation hardware, however, radiation and thermal charac­
teristics of HLDW to be generated in the future provide a more appropriate 
design basis since such waste will emit considerably more radiation and 
heat. 

In this study the HLDW described in Reference 4 was considered, This 
waste, which will be generated at the Savannah River Plant, is the "hot­
test" defense waste expected in the future. Table 3 lists the radiation 
and thermal characteristics assumed for this waste for up to 10 yr of cool­
ing. Like HLCW, HLDW may be vitrified and contained in steel canisters. 
For present purposes, the waste is assumed to be in canisters identical to 
the HLCW container previously described. 

Remote-Handled Xransuranic Waste 

The last waste considered in this study is RH-TRU, which is difficult 
to characterize because of considerable disagreement as to what will con­
stitute RH-TRU. It is generally agreed that RH-TRU includes any radioac­
tive waste that has a surface dose rate greater than 200 rarem/h and does 
not fit into some other category of waste (such as HLDW). Though the 
amount of RH-TRU currently on hand is limited, considerable quantities 
will be generated as nuclear facilities are decommissioned for disposal in 
the future. 
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For the purposes of this study, the most current definition and phys­
ical description of this waste provided by the Waste Isolation Pilot Plant 
(WIPP)^ was used. An RB-TRU container acceptable at the WIPP may be 81 cm 
(2 ft) in diameter, 4,6 m (15 ft) long, w^igh 3200 kg <7000 lb), and have 
a maximum surface dose rate of 100 ren/h. The radiation and thermal char­
acteristics of RH-TRU with such a dose rate are given in Table 4. 

Table 5 summarizes the physical dimensions, assumed weights, and ther­
mal outputs for variously aged wastes and spent fuel. 

Calculations and Results 

The feasibility of applying the ALARA concept in cask design was as­
sessed by first obtaining shield designs chat complied with the lO-mrem/h 
dose rate requirement and then by determining how much additional shield­
ing was necessary to decrease this dose rate by 50% and 80%. This proce­
dure was followed for wastes and spent fuel of 1, 3, 5, and 10-yr age and 
for casks with one, four, or seven element or canister capacities. 

The cask shield designs considered were developed around a framework 
(Figure 1) wich a 2.5-~cm-thick steel inner wall, a gamma shield zone of 
variable thickness, a 5.0-cm~thick steel structural wall, and a neutron 
shield zone of variable thickness if such a shield was necessary. Table 6 
gives the cavity diameters of the casks used for the spent fuel and for 
tl»ree types of waste and their capability to contain one, four, or seven 
fuel assemblies or waste canisters. The cavity diameters were obtained by 
requiring a 2,5-cm clearance between the cask sidewall and waste contain­
ers or fuel assemblies and between individual containers or assemblies. 
In each case an aluminum basket was used to support the contents inside 
the cavity. If the cask carried four canisters or assemblies a square 
arrangement of the payload was employed inside the basket. A central as™ 
sembly or canister surrounded by six others was used for the seven-element 
casks. 
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5.1 cm STEEL 

2.5 cm STEEL 

NEUTRON SHIELD 

GAMMA SH1EL0 

CASK CAVITY 

Figure 1, Computer Model of the Cask Framework 

The gamma sh i e ld m a t e r i a l s evaluated included s t e e l , deple ted u r a n i ­
um, and lead . Water was the only neutron sh ie ld i n v e s t i g a t e d . Table 7 
l i s t s the d e n s i t i e s and compositions assumed for each of these m a t e r i a l s 
as well as tnose of o ther m a t e r i a l s , including conc re t e , a p o t e n t i a l ma­
t r i x ma te r i a l for RH-TRU waste . This ma te r i a l was used in the sh ie ld ing 
c a l c u l a t i o n s involving RH-TRU because the r a d i a t i o n spectrum used in t h i s 
case corresponded to RU-TRU in conc re t e . The o ther wastes and the spent 
ruel assemblies were modeled as r a d i a t i o n - e m i t t i n g voids in the ca sks , 
thus y i e ld ing conserva t ive r e s u l t s for sh ie ld th icknesses by neg lec t ing 
s e l f - s h i e l d i n g . 

XSDRNPM, a one-dimensional r a d i a t i o n t r a n s p o r t code , was used 
to es t imate the th icknesses of *"ae neutron and gamma sh ie ld m a t e r i a l s 
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necessary to obtain 10, 5, and 2 mrea/h at 1.8 tn from the cask surface* 
In general, the primary gamma flux caused the greater fraction of the 
total dose rate at the 10 tareta/h level. The neutron and the secondary 
gamma contribution to the total dose rate was much more significant at 
lower doae rates , particularly at 2 mrem/h. In order to obtain some 
consistency in designs involving both neutron and gamma shield materials 
(designs for HLCW and spent fuel), the cr i te r ia given in Table 8 designat­
ing acceptable primary gamma and neutron-secondary gamma contributions to 
the total dose rate were adopted. In most instances, adherence to these 
cr i te r ia resulted in reasonably balanced shield designs. 

Only one-dimensional, radiation transport calculations were per­
formed. The results of such calculations were shown to be in excellent 
agreement with multidimensional and Monte Carlo approaches. Also, Che 
simple cask models used in this study do not warrant a more detailed 
analysis. The calculations were performed using an 11-group, PI primary 
gamma cross-section set and a coupled 19-neutron, 13-secondary gamma PI 
cross-section set . The energy structure of these cross-section sets and 
the corresponding flux-to-dose-rate conversion factors used are described 
in Reference 3. The calculations were performed in cylindrical geometry 
using an Sg quadrature. 

The results are tabulated in Tables 9 to 20. Tables 9 to 11 pertain 
to possible spent-fuel cask shield designs using, respectively, depleted 
uranium, lead, and s tee l . The results are presented as pairs (00/00) rep­
resenting, respectively, the thickness of the gamma shield material and of 
thfc neutron shield zone. Values are provided for spent-fuel elements 1,, 
3, 5t and 10 yr since discharge from the reactor and for casks having a 
capacity of one, four, and seven elements and which yield total dose rates 
at 1,8 m from the cask surface of 10, 5, and 2 mrem/h. Tables 1 2 to 14 
give comparable results for HLCW; Tables 15 to 17 for HLDW; and Tables 18 
to 20 for possible RH-TRU cask shield designs. Only the thickness of the 
required gamma shield is given in the last six tables; the neutron sources 
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for HLDW and RH-TRU are of such magnitude as to provide little contribu­
tion to the total dose rate. No neutron shield is necessary beyond the 
shielding provided by the cask gamma shield for HLDW aud RH-TRU. 

Uncertainties in these results include such difficulties as dose 
conversion factors, multidimensional effects, code convergence criteria, 
radiation source definition, and material cross-sections. Uncertainties 
in cross-section values probably provide the greatest contribution to the 
current problem uncertainties. It is estimated that these results are 
accurate to within +0.5 cm in the thickness of the gamma shield zones and 
a few cm for the water shield thickness. 

Tables 21 through 24 provide e-timates for the radii of spent-fuel 
and waste casks. These estimates are based on the shield thicknesses 
given in Tables 9 to 20. The estimates do not include the height of cool­
ing fins that may be necessary in some designs such as the short, cooled 
spent-fuel and HLCW casks, but probably not in the HLDW and RH-TRU casks. 
Typical cooling fins might be 8 cm high, adding 16 cm to the overall diam­
eter. The diameter is important because the transportation-imposed limita­
tion is about 2.4 m (8 ft) as an upper bound en this dimension. Allowing 
for cooling fins, those radii that would be unacceptably large are circled 
in the tables; only a few spent fuel and HLCW cask designs are thus ex­
cluded , 

Tables 25 to 28 show how the weight of the empty cssks would increase 
if the dose rate requirement of 10 mrem/h at 1.8 m from the cask surface 
was to be reduced to 5 or 2 mrem/h by increasing the shield thickness 
(see Tables 9 to 20 for thicknesses). Such weight increases lead to higher 
cost for materials, construction, anc1 transportation. Each table presents 
the increase required for a different waste. The data are entered in 
pairs (00/00) for each particular material constituting the gamma shield, 
indicating the percentage of weight increase for 5 and 2 mrem/h, respec­
tively. In addition, the information is categorized by age of the waste 
and the capacity of the c«isk. 
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For spent fuel, regardless of age or ganma shield material, the 
weight increases approximately 82 for a 50% decrease in dose riito 
(5 rarera/h) and 202 for an 80% (2 mrem/h) decrease. For HLCW, the weight 
increase depends considerably on its age and on the gamma shield material, 
probably because this waste needs more neutron shielding then spent fuel 
and the gamma shield materials themselves vary widely in their capability 
to shield against neutrons. For instance! for a 50% decrease in dose 
rate, uranium requires 8% to 17% weight increase, lead requires 12% to 
24%, and steel requires 8% to 10%. For an 80% decrease, the differences 
in increased weight are even more scattered: uranium - 20% to 39%; lead -
24% to 79%; and steel - 21% to 26%. The tables show similar differences 
for HLDW and RH-TRU. 

Tables 29 to 32 contain estimates of the total weights, in Mg, of 
empty casks fcr the various types of waste. For each particular gamma 
shield material, the weights are presented in sets of three, each set rep­
resenting the required weight for 10, 5, and 2 mrem/h shielding The in­
formation is further divided by the age of the waste and the capacity of 
the cask. The maximum weight of a loaded cask is probably limited by 
transportation and handling requirements to about 120 Mg. None of the 
casks described in this study would exceed this weight when loaded. 

Estimates of the cask weight can be used to obtain estimates of the 
lifetime transportation costs of the casks. Based on information con­
tained in Reference 7, the truck haulage fee for spent-fuel casks is ap­
proximately 4.4 cents/Mg-km and the rail haulage fee is about 9.3 cents/ 
Mg-km (in 1978 dollars). For present purposes the same fees may be as­
sumed for the transport of the other waste types. Assuming a roundtrip 
of 3200 km (2000 mi), a truck cask could complete about 40 and a rail cask 
about 15 roundtrips per year. 

The cost estimates, obtained using these assumptions, are given in 
Tables 33 to 36. The costs are presented in sets of three (00/00/00) 
representing the lifetime tr msportation costs for casks with shield 
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material required to linit dose rates Co 10, 5, and 2 mrera/h, respec­
tively. It was assumed that casks with a capacity of one fuel assembly 
or waste canister would go by truck and those with a greater capacity by 
rail. Depending on the age of the waste and the capacity of the cask, 
the heavier 2-mrem/h casks would cost about SI 000 000 more to operate 
than the corresponding 10-arem/h casks. Casks using lead and steel for 
gamma shield materials would cost several hundred thousand dollars more 
to operate than those using uranium. Such transportation cost increases 
may not be appreciable over a 20-yr lifetime. The higher transportation 
costs for lead, and especially steel casks, over depleted uranium casks 
may also be more than offset by the anticipated savings in material and 
fabrication costs for the former casks. 

Conclusion 

Some of the cask shield dimensions determined as necessary to satisfy 
10, 5, or 2 mrem/h dase rate conditions lead to unacceptably large diam­
eter casks, but only for a few spent-fuel and HLCW cask designs. Applying 
the AIARA concept to cask design results in roughly a 10% irvrease in a 
spent-fuel or waste cask empty weight if the cask shield design is in­
tended to allow a maximum dose rate of 5 mrem/h aC 1.8 m from the cask 
surface rather than the current" standard of 10 mreWh. If the dose-rate 
goal is decreased further to 2 mrem/h, the corresponding empt« cask weight 
penalty increases by another 10% or moire. However, these higher cask 
weights result in only a few hundred thousand or a couple million dollars 
increase in the estimated cask lifetime transportation costs. Such addi­
tional costs for similar casks using different gamma shield materials may 
be offset by probable decreased costs in material and fabrication if com­
mon materials such as steel, cast iron, or lead are used in future casks 
in place of depleted uranium or other exotic materials. 



Table 1 

Spent-Fuel Radiat ion C h a r a c t e r i s t i c s Per Assembly 

Gamma Spectrum ( p h o t o n s / s ) 
Mean E n e r s y <MeV) 1-Yr 31d 3 -Vr J ld 5 - Y r J l d 1 0 - Y r O l d 

3 . 2 5 6 . 9 + 6 5 . 6 + 5 . 2 + 6 4 . 3 + 6 

2 . 7 5 2 . 4 + 13 3 . 3 •• 4 . 6 + 11 5 . 1 • 9 

2 . 3 8 2 . 5 + 12 6 . 3 <• 1.6 + 11 5 . 2 • 9 

1 . 9 9 6 . 6 + 13 1 .1 + 2 . 0 + 12 2 . 8 • 10 

1 . 5 5 1 .4 + 14 6 . 2 + 3 . 0 + 13 5 . 3 + 12 

1 .10 3 . 8 + 14 2 . 3 + 1 .7 + 14 9 . 7 • 13 

0 . 6 3 1.2 + 16 5 . 6 • 3 . 4 • 15 1.6 t 15 

0 . 3 0 2 . 1 + 13 9 . 3 + 1 . 0 + 13 1 . 3 * 13 

T o t a l 1 .3 + 16 5 . 9 + 3 . 6 + 15 1 .8 • 15 

N e u t r o n Y i e l d 
( n / s ) 

2 . 2 + 8 1 .7 • 8 1 .6 + 8 1 . 3 + 8 

T o t a l Decay 
<Wth) 

H e a t 5000 1700 C/0 580 

HIgh-Level Commercial Waste Radiat ion C h a r a c t e r i s t i c ? 
Per L i t r e of Waste 

Gamma Spectrum ( p h o t o n s / s ) 
Mean E n e r g y (MeV) 1-Yr O ld 3-Xr Old i ± - J l d 1 0 - " r O ld 

3 . 2 5 1 .6 + 5 1 .3 + 5 + 5 1 .0 + 5 

2 . 7 5 5 . 4 + 11 7 . 4 + 10 + 10 1 . 2 + 8 

2 . 3 8 5 . 7 *• 10 1.4 + 10 + 9 1 .2 t 8 

1 . 9 9 1 .4 + 12 2 . 5 + 11 + 10 6 . 1 + 8 

1 .55 3 . 3 + 12 1 .4 + 12 + 11 1.2 + 11 

1 .10 8 . 8 + 12 5 . 5 + 12 + 12 2 . 3 + 12 

0 . 6 3 2 . 8 t 14 1.3 + 14 + 13 3 . 9 + 13 

0 . 3 0 3 . 6 + 11 5 . 2 + 10 + 10 9 . 3 * 9 

T o t a l 2 - ? r 14 1 .4 + 14 + 13 4 . 2 * 13 

N e u t r o n Y i e l d 5 . 1 + 6 4 . 0 + 6 + 6 3 . 1 * 6 
( n / s ) 

T o t a l D e c a y H e a t 110 37 20 12 
( W t h ) 



High-LeveX Defense Waste Radiat ion C h a r a c t e r i s t i c s 
Per L i t r e of Waste 

Gamma Spectrum (photons /a ) 
Mean E n e r g y (MeV) 1-Yr l jST" 22i u Did 5 - Y r l W 1 0 - Y r O H 

3 . 2 5 3 . 6 • i * • 1 3 . 4 * 3 . 1 * 1 

2 . 7 5 4 . 0 + 7 + 8 3 . 6 • 6 . 3 * 8 

2 . 3 8 2 . 8 * 7 + 6 1 .8 • 5 . 9 • 4 

1 .99 2 . 0 • 9 • S 6 . S * 1 .2 + 7 

1 .55 2 . 0 • ID + 9 5 . 0 * 9 . 5 * S 

1 .10 1.2 + 11 + 10 7 . 8 » 10 5 . 0 • 10 

0 . 6 3 3 . 9 + 12 + 12 2 . 7 • 12 2 . 2 • 12 

0 . 3 0 2 . 4 + 9 + 9 3 . 6 * 5 . 0 * 9 

T o t a l 4 . 1 + 12 + 12 2 . 8 • i 2 2 . 2 • 12 

Neutron Yiei .d 9 . 7 * 3 + ; 8 . 1 + 7 . 5 + 3 
(n/s) 

T o t a l Oecny H e a t 1 . 1 1.1 0 . 9 9 0 . S 4 
C J t h ) 

Table k 

RH-TRU Waste Radiat ion C h a r a c t e r i s t i c s Per L i t r e of Waste 

Gannaa Spectrum (pho tons / s ) 
Mean E n e r g v {MeV) 

3 . 2 5 

2 . 7 5 

7 . 3 8 

1 . 9 9 

1 .55 

1 .10 

0 . 6 3 

0 . 3 0 

Neutron Yield 
Us) 

Total Decay Heat 
(Vth> 

l - Y r 1 m~ —e; EJ 3 Id 5 - Y r i EE- 1 0 - Y r O l d 

4 . 3 - - 1 4 . 3 * i 4 . 3 + 1 

1.8 + + 4 1.2 • 3 . 7 + ^ 

1 .1 + • 5 6 . 9 * 2 . : * 3 

1.4 • + 5 9 . 2 + 3 . 0 • 3 

4 . 5 • + 6 2 . 9 * S . 3 * 3 

1.4 * 10 + 10 8 . 5 + 4 . 8 + 9 

3 . 2 * + 9 2 . 1 • 2 . 0 • 9 

2 . 8 * + 7 3 . 2 + 3 . 6 + 7 

1 .7 + 10 + 10 1.1 + 10 6 . 8 + 9 

3 . 1 + + 1 3 . 3 + 3 . 4 * 1 



Table 5 

Physical Parameters of Spent Fuel and Waste 

PWR Spent Fuel 

Physical 
Dimensions 

21.7-cra dia 
«C-ci length 

High-Level Commercial 30.5-cm d i a 
Waste C a n i s t e r 305-cm leng th 

High-Level Defense 
Waste Can i s t e r 

30.5-cm d ia 
305-cm length 

Remotely Handled TRU 61--cm d ia 
Waste Container 460-cm length 

Power Genera t ion Rate 
Height (.Wth) 

(kg) 1-Yr Old 3-Yr Old 5-Vr 01-1 10-Yr Old 

660 5000 1700 970 580 

750 

750 

3200 

20000 

230 

100 

6600 

200 

05 

3600 2100 

ISO 150 

90 80 

Table 6 

Cask Cavity Dimensions and c a p a c i t i e s 

P«R Spent Fuel 

High-Level Commercial Waste 

High-Level Defense Waste 

Reocte Handled TttU Waste 

Cask Cavi ty Cask Capaci ty 
Dia (cm) (Number of assembl ies or c a n i s t e r s ) 

39 
75 
94 

39 
07 
107 

39 
87 
107 

66 
137 
193 



Tabic 7 

Material Specifications 

Lead 

Depleted Uranium 

Concrete 

Aluminum 

Air 

Density Coo iposi t ion 
( * / c n 3 ) (aComs/barn-cnO 

7.9 C 0.00032 
Si 0.00169 
Cr 0.0174 
Mn 0.00173 
Fe 0.0579 
Ni 0.0081 

11.4 Pb 0.0330 

19,0 U 0.0483 

2.3 H 0.0137 
C 0.00012 
0 0.0458 
Al 0.00175 
Si 0.0166 
Ca 0.00152 
Fe 0.00035 

2.7 Al 0.0602 

0.0013 N 0.00004 
0 0.00001 

1.0 H 0.0669 
0 0.0334 

Acceptable Primary Gamma and Neutron-Secondary 
Gamma Dose Hate Con t r ibu t ions 

Nominal Dose Rate at 
1,3 ra From Cask Ex- Primary Gamma Neutron-Secondary Gamsaa 

t e r i o r (ntrem/h) (inren/hj (arem/hj 

10 7.0 +_2.0 3 .0 *2 .0 
1 3.5 *} . 0 1.5 =Fl, 0 

2 1.5 +G.5 0 .5 TO, 5 
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Depleted Uranitra Spent-Fuel Cask: 
Gamma and Neutron Shield t h i cknes se s 

Nominal DoBe Rate a t 
1.8 m From Cask Ex t e r i o r 

(mrem/h) 

10 

Number of Fuel Assemblies Per Cask 
(Thicknesses in cm) 

Fuel Age 
(y r ) 

1 
3 
5 

10 

1 
3 
5 

10 

I 
3 
5 

10 

(U/H 20) 

8 .5 /16 .0 
7 .0 /15 .0 
6 .0 /15 .0 
5 .0 /13 .0 

4 
<u7H20) 

9 .0 /18 .0 
7 . 5 / 1 6 . 0 
6 .5 /14 .0 
5 .0 /17 .0 

9 .0 /21 .0 10 .0 /18 .0 
7 .5 /20 .0 8 . 0 / 2 0 . 0 
6 .5 /18 .0 7 .0 /18 .0 
5 .5 /15 .0 5 .5 /20 .0 

10 .0 /25 .0 11 .0 /20 .0 
8 .5 /20 .0 9 .0 /23 .0 
7 .5 /20 .0 8 .0 /22 .0 
6 . 0 / 2 0 . 0 6 .5 /20 .0 

7 
(U7H20) 

9 .5 /18 .0 
8 . 0 / 1 6 . 0 
7 .0 /15 .0 
5 ,5 /16 .0 

10 .5 /18 .0 
C.5 /22 .0 
7 .5 /19 .0 
6 . 0 / 1 9 . 0 

1 1 . 5 / 2 3 . 0 
9 . 5 / 2 7 .0 
8 . 5 / 2 4 . 0 
6 . 5 / 2 6 . 0 

Table 10 

Lead Spent-Fuel Cask: Gamma 'md Neutron Shield Thicknesses 

Nominal Dose Rate at 
1.8 m From Cask E x t e r i o r 

(mrem/h) 

10 

Nu-nber o i Fuel Assemblies Per Cask 
(Thicknesses in cm) 

Fuel Age 
(y r ) 

1 
3 
5 

10 

1 
3 
5 

10 

1 
3 
5 

10 

15 .5 /18 .0 
13 .0 /15 .0 
11 .0 /25 .0 
9.0/15.0 

16 .0 /25 .0 
13 .5 /22 .0 
12 .0 /20 .0 
10 .0 /17 .0 

1 8 . 0 / 2 6 . 0 
1 5 . 5 / 2 1 . ) 
13 .5 /21 .0 
U . 0 / 2 2 . 0 

16 .5 /20 .0 
13 .5 /20 .0 
12 .0 /16 .0 

9 .5 /18 .0 

17 .5 /25 ,0 
15 .0 /20 .0 
13 .0 /20 .0 
11 .0 /18 .0 

17 .5 /20 .0 
14 ,5 /20 .0 
12 .5 /19 .0 
10 .5 /17 .0 

18 .5 /27 .0 
15 .5 /25 .0 
13 .5 /25 .0 
11 .5 /21 .0 

1 9 . 5 / 3 2 . 0 2 0 . 5 / 3 8 . 0 
17 .0 /26 .0 17 .5 /35 .0 
14 .5 /26 .0 15 .0 /35 .0 
12 .5 /25 .0 13 .0 /30 .0 

2 0 



Table 11 

Steel Spent-Fuel Cask; Gamma and Neutron Shield Thicknesses 

Number of Fuel Assemblies Per Cask 
Nominal Dose Rate at O h i c k n e a . e s in cm) 

1.8 m From Cask Ex te r io r Fuel Age 1 4 7 
(mr-m/h) ( y r) (steel/H:0) (steel/H20) (steel/HjO) 

10 1 25.0/20.0 26.5/20.0 28.0/19.0 
3 21.0/21.0 22.5/19.0 24.0/17.0 
5 19.5/17.0 20.5/18.0 21.5/18.0 
10 17.5/16.0 18.0/19.0 19.0/19.0 

5 i 27.5/18.0 28.5/21.0 30.0/21.0 
J 23.0/20.0 24.5/19.0 26.0/18.0 
5 21.5/16.0 22.5/17.0 23.5/18.0 
10 19.0/17.0 19.5/20.0 20.5/20.0 

2 1 30.0/20.0 31.0/24.0 32.5/25.0 
3 75.5/20.0 27.0/21.0 28.5/21.0 
5 23.5/18.0 24.5/20.0 26.0/19.0 
10 21.0/18.0 21.5/22.0 22.5/23.0 

Depleted Uranium, High-Level Commercial Wasre Cask: 
Games* and Neutror. Shield Thr-Knessea 

Number of Waste Can i s t e r s Per Cask 
Nominal D08e Sate a t - (Thicknesses in em) , 

1,8 m From Cask Ex t e r i o r 
tarem/h) 

10 

Waste Age 
( y r ) 

1 
(U/HjO) 

10 .5 /19 .0 
9 . 0 / 1 7 . 0 
8 .0 /25 .0 
6 . 0 / 1 9 . 0 

4 
<U/H20> 

7 
(U/H 20) 

1 
3 
5 

10 

1 
(U/HjO) 

10 .5 /19 .0 
9 . 0 / 1 7 . 0 
8 .0 /25 .0 
6 . 0 / 1 9 . 0 

11 .5 /20 .0 
10 .0 /18 .0 
9 .0 /27 .0 
7 .0 /19 .0 

12 .0 /23 .0 
10 .5 /21 .0 
9 .5 /20 .0 
7 .5 /22 .0 

1 
3 
5 

10 

11 .5 /19 .0 
10 .0 /18 .0 
9 .0 /16 .0 
7 .0 /19 .0 

13 .5 /20 .0 
12 .0 /19 .0 
10.C/21.0 

8 .0 /21 .0 

14 .0 /24 .0 
12 .5 /23 .0 
10 .5 /26 .0 
8 . 5 / 2 . \ 0 

1 
3 
5 

10 

12 .5 /23 .0 
11 .0 /21 .0 
10 .5 /21 .0 
8 . 0 / 2 3 . 0 

15 .5 /27 .0 
14 .0 /25 .0 
12 .0 /26 .0 
10 .0 /23 .0 

16 .0 /37 .0 
14 .5 /35 .0 
12 .5 /38 .0 
10 .5 /37 .0 
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Table 13 

Lead High-Level Commercial Waste Caek: 
Ganrcaa end Neutron Shield Thicknesses 

Number of Waste Can i s t e r s Per Cask 
Nominal Dose Rate at 
1.8 m From Cask Exterior 

Cmrem/h) 
Waste Age 

(vr) 
1 

(Pb/HjO) 

19.0/23.0 
16.5/20.0 
14.5/19.0 
12.5/17.0 

4 
(Pb/H20) 

20.0/34.0 
17.5/29.0 
16.0/26.C 
14.0/23.0 

7 
(Pb/H20) 

10 1 
3 
5 
10 

1 
(Pb/HjO) 

19.0/23.0 
16.5/20.0 
14.5/19.0 
12.5/17.0 

4 
(Pb/H20) 

20.0/34.0 
17.5/29.0 
16.0/26.C 
14.0/23.0 

22.0/39.0 
19.5/34.0 
18.0/32.0 
16.0/28.0 

5 1 
3 
5 
10 

21.0/25.0 
18.0/24.0 
16.5/21.0 
14.5/18.0 

23.0/42.0 
20.0/38.0 
17.5/37.0 
16.0/32.0 

26.0/52.0 
23.0/47.0 
20.5/46.0 
19.0/42.0 

2 1 
3 
5 
10 

23.0/32.0 
19.0/31.0 
17.5/29.0 
15.5/26.0 

30.C/56.0 
27.0/52.0 
25.0/50.0 
24.0/48.0 

30.0/74.0 
27.0/70.0 
25.0/69.0 
24.0/65.0 

Stee l High-Level f.oTraercial Waste Cask: 
Gamma and Neutron Shield Thicknesses 

Number or Waste Can i s t e r s Per Cask 
Nominal Dose Rite 6t (Thicknesses in cm) 

1.8 m From Cask E x t e r i o r 
(mrem/h) ^ ^ 

10 

Waste Age 
(yr) 

1 
(sr.eel/H20) 

4 
(steel/HjO) 

30.5/32.0 
26.5/28.0 
24.5/25.0 
22.0/23.0 

7 
<steel/H20) 

1 
3 
5 
10 

29.0/30.0 
25.0/28.0 
23.0/25.0 
21.0/22.0 

4 
(steel/HjO) 

30.5/32.0 
26.5/28.0 
24.5/25.0 
22.0/23.0 

32.0/33.0 
28.0/29.0 
25.5/27.0 
23.0/25.0 

1 
3 
5 
10 

31.0/32.0 
27.0/28.0 
25.0/25.0 
23.0/21.0 

32.5/36.0 
28.5/33.0 
26.5/27.0 
24.0/24.0 

34.0/37.0 
30.0/33.0 
27.5/30.0 
25.0/28.0 

1 
3 
5 
10 

33.0/39.0 
29.0/35.0 
27.0/30.0 
25.0/25.0 

35.5/40.0 
31.0/37.0 
29.0/32.0 
26.5/30.0 

37.0/44.0 
33.0/40.0 
30.5/38.0 
28.0/36.0 

22 



Depleted Uranium High-Level Defense Waste Cask 
Shield Thicknesses 

Nominal Dose Rate at 
.8 m From Caak Ex t e r i o r 

(mrem/h) 

10 

Number c if Waste Can i s t e r s Pe r Cask 
Waa*-.e Age 

1 
(Tliickm esses in cm) 

(yr! 
Age 

1 1 4 7 

1 5.0 5.5 6.0 
3 4 .5 5.0 5.5 
5 4 .5 5.0 5.5 

10 

1 

4.D 

5.0 

4 . 5 

6.5 

5.0 

7.0 
3 5.5 6.0 6.5 
5 5.0 5.5 6.0 

10 

1 

4 .5 

6.5 

5.5 

7.5 

6.0 

8.0 
3 6.0 7.0 7.5 
5 6.0 6.5 7.5 

10 5.5 6 .5 7.0 

Lead High-Level Defense Waste Cask: 
Shield Thicknesses 

Nominal Dose Rate at Number of Waste Can i s t e r s Per Cask 
l.fi in From Cask Exte r io r 

(mretn/h) 
Waste Age C rhicknesses in cm) 

(yr) 1_ 4 7 

1 
3 
5 

10 

9.5 
8.5 
8.5 
7.5 

10.5 
9.5 
9.0 
8.5 

11.5 
10.5 
10.0 
9.5 

1 
3 
5 

10 

10.5 
10.0 
9 .5 
8.5 

12.0 
11.0 
10.5 
10.0 

13.0 
12.0 
11.5 
11.0 

1 
3 
5 

10 

12.5 
11.5 
11.0 
10.5 

14.0 
13.5 
12.5 
12.0 

16.0 
15.0 
14.5 
14.0 



Table 17 

S tee l High-Level Defense Waste Cask: 
Shield Thicknesses 

Nominal Dose Hate at 
1.8 m From Cask E x t e r i o r 

(roren/h) 

10 

Waste Age (Th ickness=3 in cm: 
( y r ) 1_ 

18.5 
18.0 
17.5 
17.0 

19.5 
19.0 
18.5 
18,0 

7 

1 
3 
5 

10 

1_ 

18.5 
18.0 
17.5 
17.0 

19.5 
19.0 
18.5 
18,0 

20.5 
20.0 
19.5 
19.0 

1 
3 
5 

lO 

20.0 
19.5 
19.0 
18.5 

21.0 
20.5 
20.0 
19.5 

22.5 
21 .5 
21.0 
20.5 

1 22.0 23.5 25.0 
3 
5 

10 

21.5 
21.0 
20.5 

22.5 
22.0 
21.5 

24 .0 
?•'.' 
23.0 

Table 18 

Depleted Uranium RH-TRU Waste Cask: 
Shield Thicknesses 

Nominal Dose Rate at 
1.8 m From f.'ask Ex t e r i o r 

(rarem/h) 

Number of Waste Can i s t e r s Per Cask 
Waste Age Cn i cknesses in cm) 

C/r 
Age 

_ 1 _ 4 7 

1 3.0 3.0 3.0 
3 2.5 3.0 3.0 
5 2 .5 3.0 3.0 

10 2.0 2.5 2 .5 

i 3.5 3.5 3.5 
3 3.0 3.5 3.5 
5 3.0 3.5 3.5 

10 2.5 3.0 3.0 

1 4 . 0 4 . 5 4 . 5 
3 4.0 4 .0 4 .0 
5 3.5 4 , 0 4 . 0 

10 3.0 3.5 3.5 



T*ble 19 

Lead RH-TRU Waste Cask: Shield Thicknesses 

Nominal Dose Rate at Number c if Waste Can i s t e r s Per Cask 
i . 8 m From Casl t Ex te r io r 

i /h) 
Waste Age 

) 
(Thickne isses in cm i ) 

daren 
t Ex te r io r 
i /h) 

Waste Age 
) i 4 7 

10 1 
3 
5 

10 

5.5 
5.0 
4 . 5 
4.0 

6 .0 
5.5 
5.5 
4.5 

6 .0 
5.5 
5.5 
4 .5 

5 1 
3 
5 

10 

6.5 
6.0 
5.5 
5.0 

7.0 
6.5 
6.0 
5.5 

7.0 
6 .5 
6.5 
5,5 

2 1 
3 
5 

ID 

7.5 
7.0 
7.0 
6.0 

8.D 
7.5 
7.5 
6.5 

8.0 
8.0 
7,5 
7.0 

Table 20 

Stee l RH-TRU Waste Cask: Shield Thicknesses 

Nominal Dose 
I .8 m From Cask 

Rate 
. Ext i 
i / h ) 

at 
a r i o r Waste Age 

Number c >f Waste Can i s t e r s 
(Thicknesses in ct 

Per Ca: 
») 

(raren 

Rate 
. Ext i 
i / h ) 

at 
a r i o r Waste Age 

1 4 7 

10 I 
3 
5 

10 

10.0 
9 .5 
9.0 
8.0 

11.0 
10.5 
10.0 
9.0 

11.5 
11.0 
10.0 
9.0 

5 1 
3 
5 

10 

12.0 
11.0 
10.5 
9 .5 

12.5 
12.0 
11.5 
10.5 

13.0 
12.5 
12.0 
10.5 

2 1 
3 
5 

10 

14.0 
13.5 
13.0 
11.5 

15.0 
14.5 
13.5 
12.5 

15.0 
14.5 
14.0 
12.5 

25 



Table 21 

Estimated Radii of Spent-Fuel Caaks 

Nominal Dose Rate 
at 1.8 m From 

Fuel Age 
(yr> 

Number of Fuel Assemblies per Cask (Ra'Ui in cm) 
Cask Exterior Fuel Age 

(yr> 
1 4 7 

(mrem/h) 
Fuel Age 

(yr> JJ Pb Steel ~2 Pb Steel _U Pb Steel 

10 I 52 61 72 72 82 92 82 »2 102 
3 49 55 69 69 79 87 79 89 96 
5 48 63 64 66 73 84 77 86 94 
10 45 51 61 67 73 82 76 82 93 

5 1 57 68 73 73 88 95 83 100 © 
3 35 63 70 73 80 89 85 95 99 
5 52 59 65 70 78 85 81 93 96 
10 48 54 63 71 74 85 80 87 95 

2 1 62 71 77 76 97 100 89 6l3) © 
3 56 64 73 77 88 93 91 no?) 104 
t; 55 62 69 75 86 90 87 105 100 
10 53 60 66 72 83 89 87 98 100 



Table 22 

Estimated Radii of High-Level Commercial Waste Ca^'-s 

Nominal Dose Rate 
a. ' . 8 m From Number of Waste Assemblies per Cask (Radii in cm) 
Cask E x t e r i o r Waste Age 1 4 

(mrem/h) (v r ) U Pb SteeT U Pb SteeT U Pb sTeeT 

57 69 86 83 105 (Tu) 96 ( m ) (u6) 

53 64 80 79 98 (uM 93 ( l i s ) 6 l8J 

91 (Uj) ( u ^ 5 60 61 75 87 93 101 

10 52 57 70 77 88 96 91 105 (109) 

1 56 73 90 85 U16) 62W 99 (nj) (nj) 

3 55 69 82 82 (T09) (TU) 97 (nj) (£24) 

5 52 65 77 82 105 105 98 U2s) (uj) 

10 53 60 71 80 99 99 97 (m) (uM 

1 63 82 99 94 (jrj) (lTj) (lTj) (̂ 65) (̂ 42) 

3 59 77 91 90 Qjo) (m) ( m ) (j£s) (ny 

5 59 74 84 89 U26) (Tlj) (jTj) (lis) U3o) 

10 58 69 77 84 (123) (ios) U09) U5o) (I25) 

27 



Table 23 

Estimated Radii of High-Level Defense Waste Casks 

Nominal Dose Rate 
at i . 8 m Frcn Hurober of Waste Assemblies per Cask (Radii in cm) 
Cask Exterior 

(mrero/h) 
Waste Age 1 4 7 

<vr) U Pb Steel U Pb Steel U Pb Steel 

I 32 37 46 57 62 71 67 73 82 
3 32 36 45 56 61 70 67 72 81 
5 32 36 45 56 60 70 67 71 81 
10 31 35 44 56 60 69 66 71 80 

1 33 38 47 58 63 72 68 74 84 
3 33 37 47 57 62 7? 68 73 83 
5 32 37 46 57 62 71 67 73 82 
10 32 36 46 57 61 71 67 72 82 

1 34 40 49 59 65 75 69 77 86 
3 33 39 49 58 65 74 69 76 85 
5 33 38 48 58 64 73 69 76 85 
10 33 38 48 58 63 73 68 75 34 

Table 24 

Estimated Radii of Remotely Handled Transuranic Waste Casks 

Nomina". Dose Rate 
at 1,8© From 

Waste Age 
(yr) 

Number of Waste Assemblies per Cask (Radii in cm) 
Cask Exterior Waste Age 

(yr) 
1 4 7 

(rarem/h) 
Waste Age 

(yr) U Pb Steel U Pb Steel U Pb Steel 

10 1 44 46 51 79 82 87 107 110 116 
3 43 46 50 79 82 87 107 110 115 
5 43 45 50 79 82 86 107 110 114 
10 43 45 49 79 81 85 107 ,09 113 

5 1 44 47 53 80 83 89 108 111 117 
3 44 47 52 80 83 88 108 111 117 
5 44 46 51 80 82 88 108 111 116 
10 43 46 50 79 82 87 107 110 115 

2 1 45 48 55 81 84 91 109 112 119 
3 45 48 54 80 84 91 108 112 119 
5 44 48 54 80 84 90 108 112 118 
10 44 47 52 80 83 89 108 111 117 



Table 25 

Spent-Fuel Cask Estimated Percentage Increase in Empty Weighr: 
To Achieve 50% and 80% Reduction in 10 mra»/h Dose Rote a t 1.8 n 

Spent-Fuel 
Aae vr) 

One-Assemblv Capacity Cask 
V* Pb* S t e e l * 

Four-Assent 
U_ 

)Lv Capacity Cask 
Pb S t ee l 

Seven-
V_ 

-Assembly CaPac 
Pb 

i t y Cask 
S t e e l 

1 9/22 8/22 9/22 9/19 8/24 8/19 8/19 9/26 8/19 

3 10/21 9/22 8/20 8/20 9/25 8/20 9/21 9/27 8/20 

5 9/23 12/25 9/21 8/22 9/24 8/19 8/22 10/27 8/19 

10 9/21 10/24 9/20 9/21 11/28 8/18 8/20 10/27 7/18 

*Gamma shi e ld m a t e r i a l 

Table 26 

High-Level Commercial Waste Cask: Est imated Percentage Inc rease in Empty 
Weight t o Achieve 50% and 80% Reduction in 10 mreo/h Dose Rate a t 1.8 n 

Waste Age One-Can 
U_ 

i s t e r Capacity Cask 
Pb S t ee l 

Four-Canis te r Capacity 
U Pb 

Cask 
S t ee l 

Seven- C a n i s t e r Capacity Cask 
<vr) 

One-Can 
U_ 

i s t e r Capacity Cask 
Pb S t ee l 

Four-Canis te r Capacity 
U Pb 

Cask 
S t ee l p_ Pb S t e e l 

1 8/20 12/28 9/22 15/34 18/60 8/20 14/35 23/53 8/21 

3 10/22 12/24 8/22 17/37 18/64 10/21 16/39 22/56 9/22 

5 11/31 14/28 9/22 11/32 15/66 9/21 12/36 20/57 9/24 

10 11/27 15/29 8/21 R 11/33 17/79 8/23 13/39 24/67 9/26 



Waste Age One-Cai a i s t e r C* 
Cyr} . . U_ Pb 

1 14/22 sin 
3 15/23 14/28 

5 8/23 9/23 

10 8/24 10/30 

High-Level Defense Haste Cask: Estimated Percentage Increase in Empty 
Weight t o Achieve 50% and 80? Reduction in 10 rarem/h Doae Bate a t 1.8 n 

Four -Canis te r Capacity Cask Seven-Canis ter Capacity Cask 
Stee l U_ Pb. S tee l U_ Pb S t ee l 

8/20 13/25 11/26 7/19 12/24 10/31 9/20 

8/20 13/27 12/32 7/17 12/25 11/33 7/18 

9/20 7/20 12/29 7/17 6/25 11/34 7/18 

9/21 14/29 13/30 7/17 13/27 12/35 7/19 

Waste Age One-Co in i s t e r Cj 
,<.yr) U Pb 

1 9/18 U / 2 2 

3 9/29 11/22 

5 9/19 12/30 

10 10/21 12/25 

Remotely Handled Haste Cask: Estimated Percentage Inc rease in iimpty 
Weigbfc to Achieve 502 and 80% Reduction in 10 mrem/h Dose Rate a t 1.8 fa 

Four -Can is te r M Capac i tv Cask Seven-Canis ter Capacity Cask 
S t ee l U_ Pb Stee l U_ Pb S t ee l 

14/29 8/26 10/19 9/25 6/25 9/19 9/20 

11/29 8/17 10/20 9/25 8/17 10/25 9/21 

11/30 8/17 5/20 10/23 8/17 10/20 12/25 

12/28 9/18 11/22 10/24 9/18 11/27 10/23 



Table 29 

Estimated Weights of Eapty Spent-Fuel Casks 

Gamma Shield Mater ia l 
Futl Assemblies Fuel Age 

( y r ) 

1 

(WeiRhts in Ma)* 
per Cask 

Fuel Age 
( y r ) 

1 

U Fb S t ee l 

1 

Fuel Age 
( y r ) 

1 23/25/28 28/31/35 36/39/44 

3 20/22/24 24/25/29 31/33/37 
5 17/11/22 21/23/25 27/30/34 

10 15/16/18 17/19/22 ?5/27/30 

4 1 40/44/47 47/51/58 56/61/67 
3 35/37/41 40/44/50 48/52/57 
5 31/34/37 35/39/44 45/47/53 

10 26/29/32 31/34/39 40/43/47 

7 1 50/55/60 59/64/74 69/75/82 
3 44/4 7/53 50/55/04 59/64/71 
5 39/43/48 45/49/56 55/58/65 

10 34/36/41 39/45/49 49/53/58 

*Weights in s e t a of th ree (00/00/00) r e p r e s e n t i n g 10, 5, and 2 mrera/h 

Table 30 

Estimated Weights of Empty High-level Commercial Waste Casks 

Gatnma Shield Mater ial 
Waste C; m i s t e r s 

Cask 
Waste Age 

( y r ) 
(Weights in MR) 

per 
m i s t e r s 
Cask 

Waste Age 
( y r ) « Pb S tee l 

1 1 20/22/25 25/29/3 3 33/35/39 

3 17/19/22 22/25/27 27 /30 / ' 4 

5 15/17/21 19/22/25 25/27/10 
10 14/15/17 16/19/22 2 2 / 2 5 / 2 , 

4 1 40/45/54 48/57/77 55/59/65 
3 35/41/48 42/49/69 47/52/57 

5 33/36/43 38/44/64 43/46/52 
10 27/31/36 34/40/61 39/42/47 

7 1 50/57/67 63/76/95 66/71/80 

3 45/52/62 55/67/86 57/63/70 
5 41/45/55 51/61/80 53/57/65 

10 35/39/48 45/56/76 47/52/60 



Table 31 

Estimated Heights of Empty High-Level Defense Waste Casks 

Waste C nisters 
Cask 

Waste Age 
(vr) 

Gamma Shield Material 
(Weights in MR) 

per 
nisters 
Cask 

Waste Age 
(vr) U Pb Steel 

1 1 10/11/12 12/13/15 16/18/20 
3 9/10/11 11/12/14 16/1 ,719 
5 9/10/11 11/12/14 15/17/19 

10 8/9/10 10/11/13 15/16/18 

4 I 20/23/25 24/26/30 30/33/36 
3 19/22/25 22/25/29 30/32/35 
5 19/20/23 21/24/27 29/31/34 

10 18/20/23 20/23/26 28/30/34 

7 1 26/29/32 30/33/39 37/41/45 
3 35/27/31 ?8/31/37 36/39/43 
5 25/26/31 .' 7/30/36 35/38/43 

10 23/26/29 26/29/35 35/37/,2 

Table 32 

Estimated Weights of Empty Remotely Handled Transuranic Waste Casks 

Gamma Shield Material 
Waste Cc niatere 

Cask 
Waste Age 

(vr) 

1 

(Weiphts in MR) 
per 

niatere 
Cask 

Waste Age 
(vr) 

1 

U Pu Steel 

1 

Waste Age 
(vr) 

1 16/17/19 17/19/22 21/25/27 
3 15/16/19 16/16/20 20/23/26 
5 15/16/17 15/17/20 20/22/25 

10 14/15/16 15/16/18 18/20/24 

4 1 31/34/39 35/38/42 42/45/52 
3 31/34/36 34/36/40 40/45/51 
5 31/34/36 34/35/40 39/43/48 

10 29/31/34 30/34/36 36/40/45 

7 1 44/47/55 48/53/57 58/64/70 
3 44/47/51 46/51/57 56/62/68 
5 44/47/51 46/51/55 54/60/66 

10 40/44/47 42/46/53 50/55/62 



Table 33 

Estimated Lifet ime Transpo r t a t i on Costs of Spent-Fuel Casks 

Gamaa Shield Material 
Fuel Assemblies Fuel Age (Costs ( i n $ m i l l i o n s ) ) * 

per Cask (yr) 

1 2.6/2.8/3.2 
3 2.3/2.5/2.7 
5 1.9/2.2/2.5 
10 1.7/1.8/2.1 

1 3.7/4.1/4.3 
3 3.3/3.4/3.8 
5 2.9/3.2/3.4 
10 2.5/2.7/3.0 

1 4.7/5.2/5.6 
3 4.2/4.4/5.0 
5 3.7/4.1/4.5 
10 3.3/3.4/3.9 

3 . 2 / 3 . 5 / 4 . 0 4 . 1 / 4 . 4 / 5 . 0 
2 . 7 / 2 . 8 / 3 . 3 3 . 5 / 3 . 7 / 4 . 2 
2 . 4 / 2 . 6 / 2 . 8 3 . 1 / 3 . 4 / 3 . 8 
1 .9 /2 .2 /2 .5 2 . 8 / 3 . 1 / 3 . 4 

4 . 3 / 4 . 7 / 5 . 3 5 . 2 / 5 . 6 / 6 . 1 

3 . 7 / 4 . 1 / 4 . 6 4 . 4 / 4 . o / 5 . 2 
3 . 3 / 3 . 6 / 4 . 1 4 . 2 / 4 . 3 / 4 . 9 
2 . 9 / 3 . 2 / 3 . 6 3 . 7 / 4 . 0 / 4 . 3 

5 . 5 / 6 . 0 / 6 . 9 6 . 4 / 7 . 0 / 7 . 6 
4 . 7 / 5 . 2 / 6 . 0 5 . 5 / 6 . 0 / 6 . 6 
4 . 3 / 4 . 6 / 5 . 2 5 . 2 / 5 . 4 / 6 . 1 

3 . 7 / 4 . 1 / 4 . 6 4 . 6 / 5 . 0 / 5 . 4 

*tn s e t s of 3 (00/00/00) r e p r e s e n t i n g c o s t s for casks requi red for dose 
rateB of 10, 5, and 2 mrem/h, 

Estimated Lifetime Transpo r t a t i on Costs of 
High-Lcvel Commercial Waste Casks 

Gamma Shield Macerial 
Waste Ce misters 

Cask 
Waste Age 
(yr) 

(Costs (in $ milli 
U Pb 

ons) ) 
per 

misters 
Cask 

Waste Age 
(yr) 

(Costs (in $ milli 
U Pb Steel 

1 1 2.3/2.5/2.8 2.8/3.3/3.7 3.7/4.0/4.4 
3 1.9/2.2/2.5 2.5/2.8/3.1 3.1/3.4/3.9 
5 1.7/1.9/2.4 2.2/2.5/2.8 2.8/3.1/2.6 
10 1.6/1.7/1.9 1.8/2.2/2.5 2.5/2.S/3.1 

4 1 3.7/4.2/5.0 4.5/5.3/7.1 5.1/5.4/6.0 
3 3.3/3.8/4.5 3.9/4.5/6.3 4.4/4.8/5.3 
5 3.1/3.4/4.0 3.6/4.1/5.9 4.0/4.3/4.8 
10 2.6/2.9/3.4 3.2/3.7/5.6 3.6/3.9/4.4 

7 1 4.7/5.4/6.3 5.9/7.1/8.8 6.2/6.6/7.4 
3 4.3/4.9/5.8 5.2/6.3/8.0 5.4/5.9/6.5 
5 3.9/4.3/5.2 4.8/5.7/7.4 5.0/5.4/6.1 
10 3.4/3.7/4.6 4.3/5.3/7.1 4.5/4.9/5.6 
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Table 35 

Estimated Life t ime Transpo r t a t i on Costs of 
High- level Defense Waste Casks 

Gamma Shield Mater ia l 
Waste Can i s t e r s Waste Age (Cos t s t i n $ m i l l i o n s ) ) 

per Cask ( y r ) U Pb S t ee l 

1 1 1 .2 /1 ,3 /1 .4 1 .4 /1 .5 /1 .7 1 .8 /2 .1 /2 .3 
3 1 . 1 / 1 . 2 / 1 . 3 1 . 3 / 1 . 4 / 1 . 6 1 . 8 / 1 . 9 / 2 . 2 

5 1 . 1 / 1 . 2 / 1 . 3 1 .3 /1 .4 /1 .6 1 .7 /1 .9 /2 .2 

10 0 . 9 / 1 . 1 / 1 . 2 1 .2 /1 .3 /1 .5 1 . 7 / 1 . 8 / 2 . 1 

1 1 .9 /2 .2 /2 .4 2 . 3 / 2 . 5 / 2 . 8 2 . 8 / 3 . 1 / 3 . 4 

3 1 . 8 / 2 . 1 / 2 . 4 2 . 1 / 2 . 4 / 2 . 7 2 . 8 / 3 . 0 / 3 . , 

5 1 .3 /1 .9 /2 .2 2 . 0 / 2 . 3 / 2 . 6 2 . 7 / 2 . 9 / 3 . 2 
10 1 . 8 / 1 . 9 / 2 . 2 1 .9 /2 .2 /2 .5 2 . 7 / 2 . 8 / 3 . 2 

1 2 . 6 / 2 . 8 / 3 . 1 2 . 9 / 3 . 2 / 3 . 7 3 . 6 / 3 . 9 / 4 . 3 

3 2 . 5 / 2 . 7 / 3 . 0 2 . 8 / 3 . 0 / 3 , 6 3 . 5 / 3 . 7 / 4 . 1 
5 2 . 5 / 2 . 6 / 3 . 3 2 . 7 / 2 . 9 / 3 . 5 3 . 4 / 3 . 7 / 4 . 1 

10 2 . 3 / 2 . 6 / 2 . 8 2 . 6 / 2 . 8 / 3 . 4 3 . 4 / 3 . 6 / 4 . 0 

Table 36 

Estimated Lifetime T r a n s p o r t a t i o n Costs of 
Remotely Handled Transuvanic Waste Casks 

Gamma Shield Mater ia l 
(Costs ( i n j m i l l i o n s ) ) Waste Ci niscers 

Cask 
Waste Age 
(yr) 

1 

(Cc 
per 

niscers 
Cask 

Waste Age 
(yr) 

1 

U 

1 

Waste Age 
(yr) 

1 2.0/2.1/2.3 
3 1.9/2.0/2.3 
5 1.9/2.0/2.1 
10 1.7/1.9/Z.0 

4 1 3.4/3.6/4.1 
3 3.4/3.6/3.8 
5 3.4/3.6/3.8 
10 3.2/3.4/3.6 

7 1 5.0/5.2/6.0 
3 5.0/5.2/5.6 
5 5.0/5.2/5.6 

10 4.6/5.0/5.2 

2.1/2.3/2.6 2.5/3.0/3.2 
2.0/2.2/2.4 2.4/2.8/3.1 
1.9/2.1/2.4 2.4/2.6/3.0 
1.9/2.0/2.2 2.2/2.4/2.9 

3.7/4.0/4.4 4.4/4.6/5.3 

3.6/3.8/4.2 4.2/4.6/5.2 

3.6/3.7/4.2 4.1/4.4/4.9 

3.3/3.6/3.8 3.8/4.2/4.6 

5.3/5.8/6.1 6/2/6.8/7.3 
5.1/5.6/6.1 6.0/6.6/7.1 
5.1/5.6/6.0 5.9/6.4/6.9 
4.8/5.1/5.8 5.5/6.0/6.6 

34 



References 

1. Code of Federal Regulations, Code 49 CFR 173.393 (Washington: 
Government Printing Office, 1978). 

2. D. E. Bennett, SANDIA-ORIGEN Users Manual, SAND79-0299 
(Albuquerque: Sandia Laboratories, April 1979). 

3. S. H. Sutherland, Preliminary High Level Waste Conceptual 
Cask Designs and an Assessment of a Clad Waste Cask, SAND77-2030 
(Albuquerque: Sandia Laboratories, October 1970}. 

4. D. E. Bennett and S. H. Sutherland, Defense High-Level Waste 
and Spent Fuel Characterization for Geologic Waste Repositories. 
SAND79-0172 (Albuquerque: Sandia Laboratories, September 1979). 

5. P. D. O'Brien, Waste Characterization for WIPP Safety Analysis, 
SAND79-0420 (Albuquerque: Sandia Laboratories) (to be published). 

6. N. M. Greene et al, AMPX: A Modular Code System For Generating 
Coupled Multigroup Neutron-Gamma Libraries From ENDF/B, ORNL/ 
TM-3706 (Oak Ridge: Oak Ridge National Laboratory, March 1976). 

7. E. S. Murphy et al, "Transportation of Postfission Radioactive 
Wastes from the Commercial LWR Fuel Cycle," Proceedings of the 
Fifth International Symposium on the Packaging and Transportation 
of Radioactive Materials, held in Las Vegas, NV, May 7-12, 1978, 
Vol II (Albuquerque: Sandia Laboratories, May 12, 1978), p 939. 

35 



DISTRIBUTION: 

TID-4500-R67-UC-71 (161) 

U.S. Department of Energy (2) 
Washington, DC 20545 
Attn: M. J. Lawrence, NEW 

R. B. Chitwood, HEW 
U.S. Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, NM 87185 
Attn: E. C. Hardin 

Allied-General Nuclear Services 
P.O. Box 847 
Barnwell, SC 29812 
Attn: Paul F. Highberger 

Applied Science and Technology 
3344 Sorth Torrey Pines Court 
Suite 220 
La Jolla, CA 92037 

Atomics International 
P.O. Box 309 
Canoga Park, CA 91304 
Attn: it. Foster 

Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 
Attn: Reuben W. Peterson, Project Manage 

Battelle Memorial Institute (2) 
Pacific Northwest Laboratories 
P.O. Box 999 
Richland, WA 99352 
Attn: Russel E. Rhoads 

The Boeing Company 
Nuclear Power Systems Equipment 
P.O. Box 3707, M/S 9A-48 
Seattle, WA 98124 
Attn: Stanley M. Graves, Director 

Chem-Nuclear Systems, Inc. 
P.O. Box 1866 
Bellevue, WA 98009 
Attn: K. H. Kinkade 

36 

EG&G Idaho, Inc. 
P.O. Box 1625 
Idaho Falls, ID 83401 
Attn: J. D. McKinney 

E. I. du Pont de Nemours & Co 
Savannah River Plant 
Bldg 773-A 
Aiken, SC 29801 
Attn: Franklin D. King 

Exxon Nuclear Company 
777 106th Avenue NE, C-00777 
Bellevue, WA 98055 
Attn: James H. Nordahl 

Exxon Nuclear Company (2) 
Research and Technology Center 
2955 George Washington Way 
Richland, WA 99352 
Attn: E. E. Garrett 

J. H. Riddle 

General Atomic Company 
P.O. Box 81608 
San Diego, CA 92138 
Attn: Robert Burgoyne 

General Electric Corporation 
175 Curtner Avenue 
San Jose, CA 95125 
Attn: C. Davis 

Hittman Nuclear and Development Corp 
r 9190 Red Branch Road 

Columbia, MD 21045 
Attn: Paul E. Blanchard 

Lanson Industries, Inc. 
P.O. Drawer 1107 
Cullman, AL 35055 
Attn: Roger C, Humphrey 

Monsanto Research Corporation 
Mound Laboratory 
P.O. Box 32 
Miaraisburg, OH 45342 
Attn: Richard K. Blauvelt 

NL Industries, Inc. 
P.O. Box 2046 
Wilmington, DE 19899 
Attn: Dennis G. Maxwell, Gen Mgr 

\ 



DISTRIBUTION (eotlt): 

Nuclear Assurance Corporation 
24 Executive Park West 
Atlanta, GA 30329 

Attn: Carol Thorup, V Pres 

Nuclear Packaging, Inc. 
815 South 28th Street 
Tacoma, WA 98409 

Attn: John D. Simchuk 

Oak Ridge National Laboratory (2) 
P.O. Box X 
Oak Ridge, TN 37830 

Attn: Lawrence B. Shappert 

Ridihalgh, Eggere & Associates 
2112 luka Avenue 
Columbus, OH 43201 
Attn: John L. Ridihalgh 

Science Applicatons, Inc. 
Licensing & Risk Analysis Division 
P.O. Box 843 
Oak Ridge, TN 37830 

Attn: William R. Rhyne, Manager 

Stanford Research Institute 
Engineering Mechanics Group 
Poulter Laboratory 
333 Ravenwood 
Menlo Park, CA 94025 

Attn: James D. Colton, Asst Mgr 

Stearns-Roger Manufacturing, Inc. 
P.O. Box 5888 
Denver, CO 80Z17 

Attn: W. H. Brinkman, V Pres 

Teledyne Energy Systems 
110 West Timonium Road 
Timoniura, MD 21093 

Attn: William C. Kincaide 

Transnuclear, Inc. 
One North Broadway 
White Plains, NY 10601 

Attn: L. Macklin 

The Transport Environment 
SR 285 Old Squaw Drive 
Kitty Hawk, NC 27949 

Attn: William A. Brobst 

U.S. Department of Energy 
Savannah River Operations Office 
Spent Fuel Project Office 
P.O. Box A 
Aiken, SC 29801 

Attn: Roger P. Whitfield, Deputy Director 

U.S. Department of Transportation 
Office oi Hazardous Materials Operations 
Material Transportation Bureau/RSPA 
2100 2nd Street, SW 
Washington, DC 20590 
Attn: Richard R. Rawl 

U.S. Nuclear Regulatory Commission (3) 
Office of Standards Development 
Mail Stop NL 5650 
Washington, DC 20555 

Attn: D. R. Hopkins 
W. H. Lahs 
C. E. McDonald 

Westinghouse Electric Corporation 
P.O. Box W 
Oak Ridge, TN 37830 

Attn: J. E. Rutenber 

Westinghouse Electric Corporation (3) 
Hanford Engineering Development Laboratory 
P.O. Box 1970 
Richland, WA 99352 
Attn: D. M. Bosi 

E. T. Weber 
S. R. Fields 

Thomas A. Duffey 
P.C. Box 4404, Station A 
Albuquerque, NM 87106 

Ken Gab1 in 
6749 Towne Lane Road 
McLean, VA 22101 

R. H. , Jones 
P.O. Box 24036 
San Jose, CA 95154 

4231 S. A. Dupree 
4550 TTC/Library (5) 
4550 R. M. Jefferson 
4551 R. E. Luna 
4551 J. M. Freedman 
4551 J. D. McClure 
4551 E. E. Minor 

37 



DISTRIBUTION (cont): 

4551 R. T. Reese 
4551 E. W. Shepherd 
4552 R. B. Pope (10) 
4552 G. C. Allen, Jr (4) 
4552 G. H. Lamoreaux 
4552 W. B. Leishei 
4552 J. M. Ortman 
4552 L. E. Romesberg 
4552 S. H. Sutherland (10) 
4552 A. A. Trujillo 
4552 M. E. Vernon 
4552 H. S. Yoshimura 
5835 H. J. Rack 
8266 E. A. Aas 
3141 T. L. Werner (5) 
3151 W. L. Garner (3) 

DOE/TIC (Unlimited Release) 

~'U.S. Government Printing Office: 1SB0--677-116/527 


