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ABSTRACT

Shielding analysis methods for transport packages are
becoming more important to the cask designer because optimized
cask designs with higher payloads can yield doses near the
limits set by regulatory authorities. Uncertainty arising from
generation of radiation sources, selection of cross-section
data, and the radiation transport methodology must be
considered. Recent comparison studies using popular U.S. codes
illustrate calculational discrepancies arising from each of
these areas.

INTRODUCTION

Accurate results from shielding analyses of spent fuel
transport packages (or casks) have become more important as the
desire for optimized designs increases. In order to obtain
accurate, defensible results, it is necessary to identify and
evaluate uncertainties arising from three major analysis areas:
radiation source generation, utilization of cross-section data,
and radiation transport and dose evaluation. This paper reviews
recent efforts carried out at Oak Ridge National Laboratory
(ORNL) to evaluate the impact of various codes, data, and
analysis assumptions on the calculation of radiation doses from
spent fuel casks.

RADIATION SOURCES

In the United States, radiation sources for spent fuel and
high-level waste are typically obtained with the ORIGEN2 or
ORIGEN-S codes. ORIGEN-S and ORIGEN2 employ the same point
depletion/decay methods and use virtually identical decay data
and photon data. The different methods used to develop and
supply burnup-dependent cross-section libraries to ORIGEN2 and
ORIGEN-S represent the major difference between the codes.

Radiation source strengths calculated by ORIGEN2 and
SCALE/ORIGEN-S have been compared for burnup values of typical
light-water-reactor (LWR) fuel.1 The photon source strengths and
spectra showed good agreement. The primary discrepancy in the
spectra was observed above 2 MeV where there can be a reversal
in the magnitude of adjacent energy groups caused by the
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different strategy used to bin photons to assure energy
conservation (important for accurate shielding analysis).
Photon dose rates on the surface of a cast-iron cask were also
calculated using the 0RIGEN2 and SCALE/ORIGEN-S sources. For
the pressurized-water-reactor (PWR) sources, the doses agree to
within 1.8% at a 5-year cooling time and 5% at 50-year cooling.
Results for the boiling-water-reactor (BWR) cases showed
agreement within 2.9% and 6%, respectively, for the 5-year and
50-year cooling times. One current limitation of ORIGEN2 is
that the photon spectrum is provided in a fixed group structure
whereas ORIGEN-S can provide a spectrum in any user-specified
format. Conversion of the 0RIGEN2 spectrum to fit a cross-
section group structure is an approximation and should be
performed with care.

The neutron production rates obtained for the comparison
study1 indicate discrepancies between ORIGEN2 and SCALE/ORIGEN-S
as large as 3 0% for spent BWR fuel. For PWR fuel, the sources
agree to within 2%. ORIGEN2 does not provide a neutron energy
spectrum, whereas ORIGEN-S uses measured isotopic spectral data
to provide a spectrum in any user-specified group structure.

The comparison study demonstrated that radiation sources
from ORIGEN2 and SCALE/ORIGEN-S agreed very well for decay-only
cases (codes started with same isotopics). The largest
discrepancies occur in situations where the actinide
concentrations offer an important contribution to the radiation
source. This fact implies that the discrepant results discussed
above arise from differences in the burnup-dependent cross-
section data and the methods used to generate the data.
Validation against measured data is needed to determine the
accuracy of the calculated radiation sources. Unfortunately,
the availability of measured isotopic data is severely limited
for many of the fission products and actinides (e.g., curium)
that are important contributors to the radiation source.

The radiation source emitted by activated light elements in
the hardware of LWR fuel must often be considered in a cask
shielding analysis. Activation of 59Co to ^Co is of particular
concern. Typically, analysts use activation ratios based on
neutronic calculations or measurements to adjust the ORIGEN (2
or -S) input to enable reasonable source terms to be obtained
for fuel hardware zones. Conservative assumptions to cover the
large uncertainties associated with the initial concentration
values and activation analyses are typically not a problem for
transport cask design unless the designer significantly reduces
the radial shield thickness (due to weight constraints) in the
hardware regions.

CROSS-SECTION DATA

The thick shielding and, hence, deep-penetration
characteristics found in spent fuel casks make calculated dose



rates particularly sensitive to the cross-section data. Several
standard multigroup libraries were selected and/or altered by
ORNL to analyze dose sensitivity due to resonance self-
shielding, energy-collapsing spectrum, and parent fine-group
data. A 1-D cylindrical cask model with a homogenized spent
fuel source region and 3 8-cm-thick cast-iron body was used in
the evaluation study.2 Comparison of dose results using the
different libraries showed (a) absence of resonance self-
shielding for iron decreased the neutron dose 33%, (b) the
neutron dose decreases 8 to 10% in going from ENDF/B-IV to
ENDF/B-V data, (c) an inappropriate weighting spectrum for the
neutron data can easily alter the neutron dose by a factor of 2,
and (d) a fine-group (45 to 60) photon library needs to be
utilized and/or careful attention paid to the collapsing
spectrum for more accurate results. Improper weighting (e.g.,
concrete flux rather than iron flux) and use of broad groups in
the important energies (1 to 3 MeV) yielded 30 to 50% changes in
the photon dose. Although limited to spent fuel shielded by
cast iron, this study does point out the common error of using
"off-the-shelf" cross-section libraries without regard to
particular aspects of the radiation source, geometry, and
material compositions. Work has begun at ORNL to generate
multigroup cross-section libraries specifically applicable to
spent fuel cask analysis.

Cross-section interpolation technigues used in point kernel
and point Monte Carlo codes can also lead to small cross-section
changes that have a larger impact on the dose. For the iron
cask above, varying the interpolation method from linear
(QAD-CG) to log-log (QAD-CGGP) yielded a 2% change in the cross
section, which was sufficient to cause an 8 to 10% variation in
the dose results.

RADIATION TRANSPORT CODES

Time and available funds often dictate the selection of
radiation transport techniques. Point kernel and 1-D discrete
ordinates codes are often used by cask designers because they
are fast, inexpensive, and relatively easy to use. In the past,
Monte Carlo and two-dimensional (2-D) discrete ordinates codes
were typically reserved for specific problems and/or to validate
the simpler methods. However, cask vendors for the new cask
designs being developed for the U.S. Department of Energy
repository program are utilizing Monte Carlo (MCNP) and 2-D
discrete ordinates codes (DORT) in their shielding analysis.

An evaluation of several codes used in the United States
for cask shielding analysis has been performed using the cast-
iron cask model (with homogenized fuel and basket region)
described above.2 All of the codes utilized ENDF/B-V data
libraries. The results obtained from the SAS1/XSDRNPM sequence
of SCALE indicate that 1-D discrete ordinates codes can be used
to obtain acceptable sidewall doses for casks with height-to-



diameter (H/D) ratios greater than two. For dose locations at
the cask axial midplane but away from the surface, slightly
conservative (with respect to multidimensional calculations)
results were observed. The 1-D results showed a 20%
overprediction at 10 m from the cask surface. The QAD point
kernel (gamma only) results similarly agreed quite well with
multidimensional calculations on the cask sidewall surface, but
were up to a factor of 2 conservative at dose locations 10 m
from the cask surface. The point kernel methods also perform
quite well for doses at the cask top and bottom.

Multidimensional calculations were performed using a 2-D
discrete ordinates method (DORT) and two three-dimensional (3-D)
Monte Carlo codes (SAS4/MORSE and MCNP). In general, the SAS4
and DORT agreement is quite good, generally within the SAS4
standard deviations. Comparing SAS4 and DORT versus MCNP also
indicates very good agreement for the gamma doses, but the
groupwise neutron doses from SAS4 and DORT are about 20% lower
than those based on point cross-section values (MCNP).

The results of the comparison study discussed above are for
a model with a homogenized (fuel assemblies and basket) source
region. Modeling the assemblies (five) as an array of
homogenized source zones within a 1-cm-thick steel basket
increases the neutron dose by 6% and decreases the photon dose
by 26%. The small increase in neutron dose (6%) is of only
slight concern; however, the significant decrease (26%) in the
photon dose indicates the improved accuracy that can be obtained
with more detailed modeling of the source region. Work with
explicit pin-by-pin models of the assemblies showed no
significant difference from results obtained with a model using
homogenized individual assemblies placed heterogeneously within
the source region.

SUMMARY

The user must ensure that the codes and data interact
effectively to produce an accurate shielding analysis of a cask.
The available radiation transport codes are reliable tools when
handled by the knowledgeable user. However, more work is needed
to reduce and/or quantify the uncertainty in the dose arising
from specific source characterization methods and cross-section
libraries.
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