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David E. Hollowell and John S. Hendricks
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ABSTRACT

Photon benchmark calculations have beern performed to
validate the MCNP Monte Carlo computer code. These are
compared to both the COG Monte Carlo computer code and
either experimensal or analytic results. The calculated so-
lutions indicate that the Monte Carlo method, and MCNP
and COG in particular, can accurately model a wide range
of physical problems.

I. INTRODUCTION

The importance of accurate radiation transport modeling codes bas dramatically in-
creased in recent years. Faster and better computers along with great improvements in
calculational techniques have made greater reliance upon calculations feasible. Meanwhile,
the cost of experiments has risen making calculational approaches even more attractive. Cal-
culations also provide greater insight into physical processes and are safer for problems in
liazardous environments.

Requirements for increased quality assurance in dﬂiiﬂ have also increased. Not only are
more calculations with greater detail being performed, but more assurance of the accuracy
of these calculations is being demanded. Regulatory agencies are insisting upon better code
validation, and code qu.m control can even become a legal issue in tort law cases.

To ensure that the predictive results of a computer code are accurate, validation of the
code by comparison to known results, either analytic or measured, is crucial. We report
here, for the firct time, a series of MCNP photon benchmark calculations. MCNP!'? is
a general purpoasr Monte Carlo radiation tnmrort code for three-dimensional, continuous
energy, time-dependent neutron, photon, and electron transport. It is used at many instal-
lations around the world and is increasingly relied upon by the aerospace, medical, oil well
logging, reactor analysis, criticality safety, fusion, and cther communities. The benchmark
comparisons are a series c{ nine families of neutron and ihoton benchmarks used to vali-
date the COG Monte Carlo code developed at Lawrence Livermore National Laboratory.?
The COG benchmarks are a carefully documented set of problems covering a wide range
of radiation transport problems. Thus, the comparison presented here is to both COG and
experimental or aualytical results.

At this time four of the nine families of COG benchmarks have been calculated. These
four problems are all photon problems; we plan to do the neutron problems soon. The
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results show excellent agreement between MCNP, COG, and the measured or analytical
results. Thus, they increase our confidence in the codes and further define the degree of
validity of such calculations. These calculations also demonstrate the applicability of the
Monte Carlo method to the tested classes of problems.

We will now summarize the benchmark problems and display our results.

II. SPHERICAL PROBLEM WITH A CONSTANT CROSS SECTION AND
ISOTROPIC SCATTERING

The spherical benchmark with a constant cross section and isotropic sca‘tering is a family
of problems with analytic solutions.

In the first problem, an isotropic point source is in an infinite mediura, with the scatterin
being 30% of the total cross section. In the second problem, scattering is 90% of the tota
cross section. Both MCNP and COG agree with the analytic solution.* In addition, MCNP
was run with scattering being 0% of the cross section (pure absorption). As expected, at a
distance r the number of particles surviving per source particle was e™".

III. HUPMOBILE THERMOLUMINESCENT SPECTROMETER EXPERI-
MENTS

The Hupmobile thermoluminescent dosimeter experiments®® were conducted to bench-
mark the LBL SORS-G Monte Carlo radiation transport code. Six experiments were per-
formed in which a point source of gamma rays or x rays was placed in air one meter from
one end of a teflon cylinder along its axis. Seventeen LiF TLDs were imbedded at specified
locations inside the %ylinder along its axis. The ratios of the dose at these TLDs to a non-
imbedded reference TLD were measured from six photon sources ranging from 39.9 keV to
1.33 Mev. Typical results are shown in Fig. 1 indicating that MCNP and COG both agree
with the measurements. ‘

IV. UNIFORM ®*CO SOURCE ON AN INFINITE AIR-GROUND INTER-
FACE EXPERIMENT

In the ®Co air-over-ground problem, the radiation dose that a person standing in a field
upon which cobolt-60 fallout has been uniformly spread is determined. There have been
at least three measurements of this setup and several calculational efforts. This problem
is number 4.0 in the American Nuclear Society ANS-6 Standards Committee conipilation
of reference shielding problems.” Tho person is represented by a detector three feet above

the ground and the kerma angular distribution is measured and calculated at that point as
illustrated in Fig. 2.

V. GAMMA-RAY SKYSHINE EXPERIMENT

The gamma-ray skyshine problem consists of a collimated source two meters above ground
directed into a 150.5° cone into the air. Dose rates at detectors one meter above ground at
100 meter intervals (out to 700 meters) were measured.® The MCNP results are compared
to the experimental results in Fig. 3 and are shown to have excellent agreement.
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DISCUSSION

Although all of the benchmarks are simple conceptually, they are very challenging numer-
ically. All involve deep penetration. Two have a difficult air-ground interface. All require a
wide range and careful use of variance reduction techniques.

VII.

SUMMARY

Radiation transport computer code validation by comparison to analytical or experimsn-
tal benchmarks calculations is more important than ever. Four families of photon bench-
marks from the COG benchmark set have been calculated with MCNP. Results show excellent
agreement between both codes and the measured/analytical answers, thus validating these
codes, their data bases, and the Monte Carlo method for these classes of problems.
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Fig. 1. Hupmobile TLD results for cesium x-rays (661 KeV). The lines represent MCNP,
COG, and measured results.
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Fig. 2. Kerma angular distribution at detector for ¥Co problem. The histograms represent
MCNP and COG calculations. The points represent the experimental measurement. Cos 8
= 1.0 when looking directly toward the ground from the detector location.



GAMMMA RAY SKYSHINE EXPERIMENT
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Fig. 3. Gamma-ray skyshine experiment results. The values of flux as a function of distance
are shown for MCNP, COG, and the experimental measurement.



