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Beer-Lambert's attenuation law is used to analyze the structure of an empirical calibration
equation employed by surface gamma-neutron gauges for density measurements. The surface
gamma-neutron gauge used in this study is a CPN model MC-3, having at the tip of the probe a 10
mCi Cs-137 gamma-ray source (Fig la). The gauge permits density measurements from the surface
to a maximum depth z of 0.30 m, in Az increments of 0.025 m.
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Fig. 1. a) Schematic representation of the gauge; b) solid angle determined by gamma detector.

A well accepted empirical calibration equation [1] and [2] which relates the transmitted and
scattered photon count ratio R(z)=I(z)/Is to the density D of an investigated material, at a depth z, is
of the form:

D(z) = B(z) ln{A(z) / [R(z) - C(z) ] } U>

Where A(z), B(z), and C(z) are depth dependent calibration parameters.

The detected count ratio R(z) after the interaction of the gamma rays with a material layer of
thickness x(z) (Fig. 1) associated with this calibration allows the measurement of the average
density of the material laying between the source and the detector. From the definition of R it is
possible to rewrite eq. 1 to obtain the intensity of the gamma beam that reaches the detector:

= IsC(z) + A(z)Is exp [-D / B(z) ( 2 :

Considering that transmitted and scattered radiation reach the gamma detector and using
Beer-Lambert attenuation law, a third equation can be written as follows:

= I

s c t (
z ) + loto exp[-Dux(z) ] (3)

where the first term of the right hand side of eq. 3 is the intensity due to scattered radiation and the
second represents Beer-Lambert's law for a material of density D, thickness x, attenuation
coefficient JJ,, and for a gamma intensity Цг).
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Using geometric considerations it can be seen that:

Io(z) = ( I e f f dQ)/4 : r (4)

where dO is the solid angle determined by the gamma detector (fig. lb) of the equipment and Ljr the
effective intensity that is emitted from the Cesium source located at the tip of the gauge.

For the case of a poor scattering and attenuating medium (Isct«0 and u«0) as for example air,
eq.3 yields I a l r (z) = (1в„сЮ) / 4тс = Io(z).

Figure 2a presents the theoretical gamma radiation intensity according to eq. 4 in
comparison to experimental gamma radiation intensities obtained when the gauge tip is surrounded
by air. From the combination of equations (2), (3), and (4), eq. (5) is obtained, which is the
expression of Beer-Lambert's law of attenuation applied to measurements made by the gauge.
Through the use of eq. 6 is possible to obtain the product uD of any material under investigation.

x(z) - IsC(z)

Equation (5) for several attenuation media, yields data is shown in Fig. 2b.
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Fig. 2. a) Calculated and experimental gamma radiation intensities ;b) Beer-Lambert's law applied to
investigated materials.

The results presented figs. 2a and 2b show that the structure of the empirical calibration
equation can be related to Beer-Lambert's attenuation law applied in this situation.
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