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Newly developed depleted uranium (DU) composite materials enable fabrication of spent nuclear fuel (SNF) 
transport and storage casks that are smaller and lighter in weight than casks made with conventional materials. One such 
material is DU dioxide (DUO2)-concrete, so-called DUCRETETM. This paper examines the radiation shielding 
efficiency of DUCRETE as compared with that of a conventional concrete cask that holds 32 pressurized-water-reactor 
SNF assemblies. In this analysis, conventional concrete shielding material is replaced with DUCRETE. The thickness 
of the DUCRETE shielding is adjusted to give the same radiation surface dose, 200 mrem/h (2 mSv/hr), as the 
conventional concrete cask. It was found that the concrete shielding thickness decreased from 71 to 20 cm and that the 
cask radial cross-section shielding area was reduced ~50 %. The weight was reduced ~21 %, from 154 to ~127 tons. 
Should one choose to add an extra outer ring of SNF assemblies, the number of such assemblies would increase from 32 
to 52. In this case, the outside cask diameter would still decrease, from 169 to 137 cm. However, the weight would 
increase somewhat from 156 to 177 tons. Neutron cask surface dose is only ~10 % of the gamma dose. These reduced 
sizes and weights will significantly influence the design of next-generation SNF casks. 

 
1. Introduction 

 

DU composite materials enable fabrication of 
spent nuclear fuel (SNF) transport and storage casks 
that are smaller and lighter in weight than casks 
made with conventional materials. One such 
material is DU-steel cermets [1]; another is 
DUCRETETM. 

This work examines the possible use of 
DUCRETE as a shielding material in SNF storage 
casks. DUCRETE consists of a DU ceramic 
aggregate (DUAGGTM), which replaces the coarse 
aggregate used in standard concrete. DUAGG 
briquettes are DUO2 particles that are pressed and 
solidified by liquid-phase sintering. DUAGG is a 
very dense (>95 % of theoretical UO2 density), 
stable, low-cost, coarse aggregate that is combined 
with Portland cement, sand, and water in the same 
volumetric ratios used for ordinary concrete. 
DUCRETE can have a density ranging from ~6.0 to 
7.2 g/cm3. This material efficiently shields gamma 
radiation because of the uranium, and shields 
neutrons because of water bonded in the concrete. 
Fig. 1 shows the effectiveness of using DUCRETE 
as a gamma-shielding material compared with the 
use of competing materials. In spite of the fact that 
uranium metal, lead, DUO2-steel are better gamma-
shielding materials their using is restricted for some 
limitations (for instance, uranium metal is much 
more expensive to fabricate etc). DUCRETE casks 
have smaller size, lower weight, and higher heat 
conductivity, therefore allowing for higher decay 
heat content than conventional concrete casks and 
greater resistance to assault [2]. This work describes 
a radiation shielding evaluation where ordinary 
concrete shielding in a cask, such as that shown in 
Fig. 2, is replaced with DUCRETE. The outside-

surface gamma-radiation dose is held the same. 
Radii of DUCRETE casks are adjusted to give an 
outside-surface dose of 200 mrem/h (2 mSv/hr). 
One-inch stainless steel inside and outside liners for 
DUCRETE are used for all calculations. 

 
2. Assumptions and Methodology 

 
2.1. Cask Description 

 
The SNF storage cask shown in Fig. 2, 

containing 32 PWR SNF, was modeled using the 
radial dimensions are given in Fig. 3. The height of 
the cask was assumed to be 336 cm in all cases. 
One-inch-thick inner and outer steel liners surround 
and seal the DUCRETE. DUCRETE with a density 
of >7 g/cm3 has been fabricated. However, a 
DUCRETE density of 6.4 g/cm3 was used in all the 
calculations. Although DUCRETE at a density of 
6.4 g/cm3 has a compression strength of 
670 kg force/cm2, no credit is taken for this strength; 
that is, no rebar or structural steel is present between 
steel liners. It is believed that DUCRETE cask 
licensing will be easier if no credit is taken for 
concrete strength; the cask relies solely on the 
stainless steel liners for its mechanical and structural 
properties. 

The ordinary concrete shielding material shown 
in Fig. 2 was replaced with DUCRETE in this work. 
The resulting smaller shielding-wall thickness 
(outside radius) was calculated while holding the 
surface radiation dose to a constant 200 mrem/h (2 
mSv/hr). Next, an additional ring of SNF was placed 
in the multipurpose canister (MPC) to give a total of 
52 PWR SNF assembles; the wall thickness was 
then again calculated while holding the cask surface 
dose constant. 
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Fig. 1. Comparison of cask-wall thicknesses required to attenuate gamma dose from pressurized-water-
reactor (PWR) SNF after 5 years of cooling time to 200-mrem/h (2 mSv/hr) surface dose at cask midpoint. 
Steel SS316 with theoretical density of 8000 kg/m3 has been used for calculations. 
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Fig. 2. Schematic of conceptual SNF concrete storage cask. 

 
Fig. 3. Radii and thicknesses of materials of the inner cavity and shielding layers. 
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2.2 Shielding Calculations 
 
The source radiation term for these shielding 

calculations was obtained from an output file of the 
SAS2 code program in the SCALE 5 package. The 
SCALE code system [3] is available from the 
Radiation Safety Information Computational Center 
at Oak Ridge National Laboratory. The MPC is 
assumed to generate 34 kW of heat. All calculations 
performed for this project assumed that the storage 
cask contained 32 PWR spent fuel assemblies 
(Table 1). In addition, calculations for 52 PWR fuel 
assemblies for the “extra” cask design were 
performed. 

 
Table 1. Input data for ORIGEN-ARP Express  

for 15 × 15 PWR spent fuel 
 

Parameter Input 

Fuel type  15 × 15 
Uranium 1.18916E+07 g 

Enrichment 4.0% 
Burnup 40,000 MWd/MTU 
Cycles 3 

Cooling time 5 years 
Average power 40 MW/MTU 

 
The SAS2 module from SCALE 5 was used for 

all shielding calculations. The SAS2 module of 
SCALE uses standard SCALE composition libraries 
and the functional modules BONAMI-S, NITAWL-
S, XSDRNPM-S, and XSDOSE to perform one-
dimensional shielding calculations. The radiation 
calculations used 27 energy groups of neutrons and 
18 energy groups of gamma. 

 
 

3. Results and Analysis 
 

3.1 Variations in Density 
 
DUCRETE can be manufactured with a range of 

densities. Fig. 4 shows how the surface dose varies 
for different DUCRETE densities at a constant 20-
cm DUCRETE wall thickness. Note the low 
contribution of neutrons to the total dose. 

 
3.2 Radiation Shielding Analysis 

 
Fig. 5 summarizes the radiation shielding 

analysis of this work. 
Fig. 5, a shows the cross section for the reference 

conventional concrete storage cask for PWR fuel 
that contains neutron flux traps. If the U.S. Nuclear 
Regulatory Commission (NRC) allows burnup credit 
for PWR fuel, then the cask represented by cross 
section shown in Fig. 5, b becomes applicable. Most 
electric utilities that own PWRs are buying casks 
such as that shown in Fig. 5, b in anticipation of 
NRC approval of burnup credit for PWR fuel during 
storage. Fig. 5, c represents the cask shown in 
Fig. 5, b when DUCRETE replaces the conventional 
concrete. Note the large reduction in shielding 
thickness from 71 to 20 cm. Similarly, the weight is 
reduced from 156 to 127 tons. There is no difference 
between inner radii of stainless steel liners in cases 
5, a, 5, b, and 5c. In case 5, d, an additional ring of 
SNF is added to the reference case (see Fig. 5, b) 
and the cavity radius increases from 87.9 to 103 cm. 
Even when an extra ring of SNF assembles is added, 
the outside radius of the cask is reduced from 169 to 
137 cm. However, the total weight of the cask 
increases from 156 to 177 tons. 
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Fig. 4. Surface dose for various DUCRETE densities for a constant wall thickness of 20 cm. 
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Fig. 5. Cask size and weight reduction through the use of DUCRETE. 
 

3.3 Cask Weight Calculations 
 
Table 2 gives the weight of major components of 

SNF casks. If the weight of each individual 
component can be kept below 120 tons, DUCRETE 
cask components can be shipped via conventional 

railcar. Alternatively, if the component weight is 
below 36 tons, the component can be shipped via 
truck. Components can be manufactured at a central 
location, shipped separately as individual compo-
nents, and assembled into an integrated cask. 

 

 

Table 2. Estimated Cask Component Weights 
 

Case Cylinder Top Bottom 

Multipurpose 
canister 
(MPC) - 
empty 

Fuel 
assemblies a 

Total 
weight 

Cask 
weight w/o 
MPC and 

SNF 
kg 87,038.2 13,620.0 13,620.0 20,430.0 19,200.0 153,908.2 114,278.2 
lb 19,1714.2 30,000.0 30,000.0 45,000.0 42,290.7 339,004.9 251,714.2 

24 SNF 
assemblies 
with flux 
traps: 
conventional 
concrete 

Metric 
tons b 87 14 14 20 19 154 114 

kg 87,038.2 13,620.0 13,620.0 16,344.0 25,600.0 156,222.2 114,278.2 
lb 191,714.2 30,000.0 30,000.0 36,000.0 56,387.7 344,101.9 251,714.2 

32 SNF 
assemblies c: 
conventional 
concrete 

Metric 
tons 87 14 14 16 26 156 114 

kg 58,450.5 13,620.0 13,620.0 16,344.0 25,600.0 127,634.5 85,690.5 
lb 128,745.5 30,000.0 30,000.0 36,000.0 56,387.7 281,133.2 188,745.5 

32 SNF c: 
DUCRETE 

Metric 
tons 58 14 14 16 26 127 86 

kg 81,123.9 15,000.0 15,000.0 25,000.0 41,600.0 177,723.9 111,123.9 
lb 178,687.0 33,039.6 33,039.6 55,066.1 91,630.0 391,462.4 244,766.3 

52 SNF c: 
DUCRETE 

Metric 
tons 81 15 15 25 42 177 111 

 

aWeight of an individual PWR fuel assembly = 800 kg. 
 

b1 metric ton = 2205 lb. 
 

cWithout neutron flux traps. 
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4. Assault Resistance 
 
Russian analysis [2] indicates that if ordinary 

concrete is replaced by DUCRETE without changing 
the size of the storage cask, the cask resistance to 
damage caused by hollow-charge shells, shock waves, 
and aircraft impacts will be improved by a factor of 2 
to 3. If the radius of the cask internal cavity is 
increased, through the use of DUCRETE, to increase 
cask capacity, the defense (resistance) properties of 
the cask will increase by a factor of 1 to 1.5. It is 
concluded that when replacing ordinary concrete with 
DUCRETE, an optimum relationship between 
capacity and defense properties can be obtained. 
Further evaluations are planned as a prototype 
DUCRETE cask is designed, fabricated, and tested. 

5. Summary 
 
Casks made with DUCRETE will be smaller in 

size and lighter in weight for a given number of SNF 
assembles and have higher heat transfer rates, 
thereby enabling the storage of higher-energy 
(shorter-cooldown-time) SNF. Such casks are also 
more assault resistant. For a 32-SNF-assembly cask, 
the shielding thickness of conventional concrete, 71 
cm, is reduced to 20 cm when DUCRETE is used. 
The cask radial cross-section area is reduced from 
8.97 to 4.42 m2. The cask weight is reduced from 
156 to 127 tons. Gamma radiation (not neutron) is 
the dominant contributor to total cask surface dose. 
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ЗМЕНШЕННЯ  РОЗМІРІВ  МАСИ  КОНТЕЙНЕРА  ПРИ  ВИКОРИСТАННІ  СУМІШІ  МАТЕРІАЛІВ, 

ЩО  СКЛАДАЄТЬСЯ  З  ДИОКСИДУ  ЗБІДНЕНОГО  УРАНУ  ТА  БЕТОНУ 
 

С. Ю. Лобач,  Дж. М. Хєйр 

 
Новітні композитні матеріали, що розроблені з використанням збідненого урану, дозволяють фабрикацію 

контейнерів для транспортування та сховища відпрацьованого ядерного палива (ВЯП), які є значно меншими за 
розмірами та масою порівняно з контейнерами, що існують зараз. Одним із цих матеріалів є композитна суміш, 
що складається з диоксиду збідненого урану та бетону, так званий DUCRETETM. У даній роботі наведено 
результати розрахунків ефективності радіаційного захисту DUCRETE в порівнянні з типовим контейнером, 
виготовленим із звичайного бетону, в якому знаходиться 32 паливних збірки легководневого реактора. При 
проведенні розрахунків оболонку з бетону було замінено на DUCRETE. Відповідна товщина захисту 
підбиралась таким чином, щоб потужність дози випромінювання на поверхні була такою самою, а саме 
200 мбер/год. Було виявлено, що при цьому товщина захисної оболонки зменшується з 71 до 20 см, а площа 
перерізу – приблизно на 50 %. Зменшення маси дорівнює приблизно 21 %, з 154 до 127 т. За наявності 
додаткового зовнішнього шару, що складається з паливних збірок, кількість цих збірок може бути збільшена з 
32 до 52. Навіть у цьому випадку зовнішній діаметр контейнера зменшується з 169 до 137 см. Однак при цьому 
збільшується й маса контейнера, з 156 до 177 т. Потужність дози на поверхні контейнера, що відповідає 
нейтронному випромінюванню, становить приблизно 10 % від дози гамма-випромінювання. Наведені переваги 
у зменшенні розмірів та маси суттєво вплинуть на конструювання контейнерів ВЯП наступного покоління. 

 
УМЕНЬШЕНИЕ  РАЗМЕРОВ  И  МАССЫ  КОНТЕЙНЕРА  ПРИ  ИСПОЛЬЗОВАНИИ  СМЕСИ 

МАТЕРИАЛОВ,  СОСТОЯЩЕЙ  ИЗ  ДИОКСИДА  ОБЕДНЕННОГО  УРАНА  И  БЕТОНА 
 

С. Ю. Лобач,  Дж. М. Хейр 

 
Недавно разработанные композитные материалы на основе обедненного урана, позволяют изготовление 

контейнеров для транспортирования и хранения отработанного ядерного топлива (ОЯТ), которые обладают 
меньшими размерами и массой по сравнению с контейнерами из обычных материалов. Одним из таких 
материалов является композит из диоксида обедненного урана (DUO2) с бетоном, так называемый 
DUCRETETM. В настоящей статье представлены результаты исследования эффективности радиационной 
защиты DUCRETETM в сравнении с контейнером из обычного бетона, в котором находится 32 сборки ОЯТ из 
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легководного реактора. В расчетах защитная оболочка из обычного бетона была заменена DUCRETE. Толщина 
защитной оболочки из DUCRETE подбиралась таким образом, чтобы она была равной мощности дозы на 
поверхности контейнера из обычного бетона, 200 мбэр/ч. Было обнаружено, что при этом толщина защитной 
бетонной оболочки уменьшается с 71 до 20 см, а площадь поперечного сечения – примерно на 50 %. 
Уменьшение массы составляет примерно 21 %, с 154 до 127 т. При выборе дополнительного внешнего кольца 
на сборках количество этих сборок может быть увеличено с 32 до 52. В этом случае внешний диаметр 
контейнера также уменьшается с 169 до 137 см. Однако при этом увеличивается масса контейнера с 156 до 
177 т. Мощность дозы на поверхности контейнера от нейтронов оказывается равной примерно 10 % дозы от 
гамма-излучения. Эти уменьшения размеров и массы окажут существенное влияние на конструирование 
контейнеров ОЯТ следующего поколения. 
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