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Calculation of the wall correction factor for the BIPM air-kerma standard for 137Cs
using the code PENELOPE
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Introduction
The wall correction factor kwall, which accounts for photon attenuation and scattering in the
wall of an ionization chamber, was determined experimentally for the 137Cs air-kerma
standard at the BIPM using the extrapolation method. More recently, Monte Carlo
calculations have demonstrated that the extrapolation technique may not be valid. Rogers and
Treurniet [1], using the Monte Carlo code EGSnrc [2], calculated the wall correction factor
for the BIPM standard. In the present work, kwall was calculated using the code Penelope [3].

Method
Source simulation
The BIPM 137Cs source was simulated using the code Pengeom (Penelope geometry code).
The source, the source container (aluminum), the housing (lead) and the collimator (tungsten
and steel) are shown in Fig.1. The source is 12 mm in diameter and 23 mm in length; the
collimator defines a beam of 20 cm in diameter at the reference plane.

Fig.1. Simulation of the 137Cs source

This geometry was used to create a photon phase-space file at 90 cm from the source. The
normalized distribution of photons with energy at this plane is shown in Fig.2. The photon
scatter contribution, in terms of relative energy fluence, is about 16 %.

Fig.2. Distribution of photon number with energy
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Chamber simulation
The BIPM 137Cs air-kerma standard, serial number CH5-2 was also modelled using the
Pengeom code. This chamber is similar to the 60Co air-kerma standard (CH5-1) and details of
the model are given in [4].

Calculation of the wall correction factor
The photon phase-space file was used as input for the calculation of kwall. The attenuation
component was determined using the photon regeneration technique. Details of the method
used in the calculation of kwall are described in [4].

Results
The value for kwall calculated in the present work is shown below, together with the result of
Rogers and Treurniet [1]. The statistical standard uncertainty for both results is given in
brackets.

Present work 1.000 2(1)

Rogers and Treurniet 0.999 93(6)

Discussion
The value for kwall determined experimentally for the BIPM standard is kwall = 1.0022
(standard uncertainty 0.0016), around 2 × 10–3 higher than the calculated value. The overall
uncertainty of the calculated value remains to be evaluated, but is likely to be significantly
smaller than the uncertainty of the measured value. The two calculated values are in
reasonable agreement.
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