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ABSTRACT

Photon benchmark calculations have been performed to
validate the MCNP Monte Carlo computer coda. Theac a.m
compared to both the COG Monte Carlo comput~ code ●nd
either experimental or ●nalytic results. The calculated -
Iutions indicate that the Monte Carlo method, and MCNP
and COG in particular, can ●ccurately model ● wide mnge
of ph@Cd probleuu.

I. INTRODUCTION

rhe importaca of accurate radiation transport modeling codes haa dramatically in-
crd in recent years. Faater and better computem aion with great improvements in
caiculational techniqu~ have made ~ter reiiana upon d cuiations feasible. Meanwhile,
the cost of experiments haa risen makmg calculationai approach- even more attractive. Cal-
culation also provide greater inoight into physical proces~ and are safer for problems in
hazardous envmonrnents.

Requi.rementi for incread uality asauran~ in d-i hmm also increased. Not only are
1 rmore calculations with greater etail being performd, ut more assurance of the accuracy

of th~ calculations is being demanded. Regulatory agena~ ue insi~ting upon better code
validation, and code qualit control can even baome ● legal iocue in tort law cases.

To ensure that the preKl“ctive radtt of a com uter code are accurate, validation of the
Jcode by mmparhon to known reoults, either an ytic or measured, u crucial. We report

here, for the fkt time, a wrim of MCNP photon benchmark calculation. MCNP’12 ia
a general py- Monte Carlo radiation trans ort code for tkdinwnsional, continuous

f’energy, ti~ ependent neutron, photon, and e ectron transport. It it used d many instal-
lations around the world and is increuingly relied upon by the aeros~ace, medical, oil weil
logging, r-tor analysis, criticality safety, fuoion, and ether commumties. The benchmark

?compuisons ue a ~rim cf nine arnilia of neutron and hoton benchmarks used to vaii-
[date the COG Monte Carlo code devdopmi ●t Lawrence ivermore National Laboratory.s

The COG benchmarks are ● carefully documented set of problems coverin :hw:d;~a~g:
of radiation transport ~roblerrm Thus, the mmparison praenti here is to L
experimental or aualytml results.

At thic time four of the nine families of CO(I benchmarks have been calculated, These
four problems are ail photon problems; we plan to do the neutron problems coon, The
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resultsshow excellent agreement between MCNP, COG, and the me~ured or analytical
results, Thus, they increase our confidence in the codes and further define the degree of
validityof 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 croes section and isotropic scattering is a family
of problems with analytic solutions.

In the fust problem, an isotropic point source is in an infinite medium, with the scatterin
being 30% of the total cross section. In the second problem, scatterm ~ is 90% of the tot~
cross section. Both MCNP and COG agree with the analytic solution. In addition, MCNP
was run with scattering being O% of the croau section (pure absorption). As expectd, at a
distance r the number of particlea surviving per source particle WMe-’.

m. HUPMOBILE THERMOLUMINESCENT SPECTROMETER EXPERI-
MENTS

The Hu mobile thermohunhxent dooimeter experirnentas~ were condticted to bench-
bmark the L L SORS-G Monte Carlo radiation transport code. Six experiments were er-

!formed in which a point mu.rce of gamma raya or x ra~s wa9 placed in air one meter rom
one end of a talon cylinder along its axis. Seventeen LIF TLDs were imbeclded at specified
locations inside the c linder along its axh. The ratioa of the doee at these TLDo to a non-

4imbedded refermm LD were nmm.ued from eix photon sources ranging fiwm 39.9 keV to
1.33 Mev. Typical -ults are ehown in Fig. 1 indicating that MCNP and COG both agr-
with the measurements.

Iv. UNIFORM ‘CO SOURCE ON AN lINFINITE AIR-GROUND lNTER-
FACE EXPERIMENT

In the ‘Co air-ovur-ground problem, the radiation doee that a pemon atandin in a field
!upon which cobolt-60 fallout has been uniformly spread is determined. There ave been

at bat thm measurements of this setu and several calculational ~orto. This problem
is number 4.0 in the Anmian Nuclear & ciety ANS-6 Standar& Committ- canpilation

%
of referenca dliel ‘ problems,’ Tlia pawn it repmented by ● detector three feet above
the ground and the rma angular distribution i~ measured and calculated ●t that point aa
illustrated in Fig. 2.

v. GAMM&~Y SKYSHINE EXPERIMENT

The gamma=ra okyshine problem consists of ● collimated source two meters dove ground
idirected into a 15 .5° cone into the air. Dow ratea ●t detectors one meter above ground at

100 meter intervals (out to 700 meters) were meumAO The MCNP reds are compared
to the experimental ruult. in Fig. 3 and are shown to have excellent agreement,
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VI. DISCUSS1ON

Although all of the benchmark 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 trmsport computer code validation by comparison to analytical or experimm-
tal benchmarks calculation is more important than ever. Four famili- of photon bench-
marks from the COG benchmark set have been calculated with MCNP. Rarults show excellent
ag=ment between both codeu and the measured analytical anzwers, thue validating these

6codes, their data basea, and the Monte Carlo met od for th= clauw of problems.
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Fig, 1. Hupmobile TLD reaulto for ceaium x-rays (661 KeV). The linm repraent MCNP,
COG, and meaaured results,
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Fig. 2. Kerma angular distribution at detector for ‘Co problem. The histograms represent
MCNP and COG calculation. The pointo repr~t the experimental measurement, Coa 0
= 1.0 when looking directly toward the ground from the detector location.

s



GAMMMA RAY SKYSHINE EXPERIMENT,02
I I I I I I I I I I I I I I I I I I I

o Experimental Measurement

- FL — MCNP
5,”’s,4 Aa ------- COG

\

% ●%W

I I 1 I 1 1 I I I 1 I I I 1 1 1 1 7 1

10 20 30 40 50 60 70 80 90100
Radius ● Density (g/cm 2 )

Fig. 3. Gamma-ray okyuhine experiment rmdta. The values of flux as a function of dietance
are shown for MCNP, COG, and the experimental measurement.


