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Abstract 
We have used a tomographic gamma scanner (TGS) to produce tomographic prompt gamma-ray neutron activation 
analysis imaging (PGNAA) of heterogeneous matrices’. The TGS was modified by the addition of graphite 
reflectors that contain isotopic neutron sources for sample interrogation. We are in the process of developing the 
analysis methodology necessary for a quantitative assay of large containers of heterogeneous material. This 
nondestructive analysis (NDA) technique can be used for material characterization and the determination of neutron 
assay correction factors. The most difficult question to be answered is the determination of the source-to-sample 
coupling term. To assist in the determination of the coupling term, we have obtained images for a range of samples 
that are very well characterized, such as, homogenous pseudo onedimensional samples to three-dimensional 
heterogeneous samples. We then compare the measurements to MCNP calculations. For an accurate quantitative 
measurement, it is also necessary to determine the sample gamma-ray self attenuation at higher gamma-ray energies, 
namely pair production should be incorporated into the analysis codes. 

Introduction 
The tomographic gamma scanner (TGS) enables 

imaging with variable resolution per voxel by adjusting 
tungsten plates in front of the HPGe detector. The 
resolution used for these measurements was 
intentionally degraded to about 4 cm. The purpose was 
to decrease the scanning time in order to produce an 
PGNAA image of a container that is approximately 
three-quarters the height of a 208-L drum with the same 
diameter as a 208-L drum (- 60 cm high by -60 cm in 
diameter). To obtain the information for an accurate 
characterization of the instrument for use in PGNAA 
tomographic imaging, it is necessary to have very well 
characterized samples and geometry. Thus, we have 
built a six-layer modular design stand with a diameter 
equal to that of a 208-L drum. Each layer of the stand 
encompasses between two and three TGS scan layers. 
We have at this time a large number of 10.2-cm per 
side blocks of polyethylene, borated polyethylene, 
aluminum, graphite, and iron. We also use a number of 
similar sized aluminum containers to hold other 
samples such as cadmium pieces, polyethylene 
shavings or liquid samples. 

The modular design allows us to interchange a 
sample at any one position with minimal disturbance to 
the rest of the matrix and allows for a previous 
arrangement to be reproduced. This design also allows 
for simpler MCNP modeling. The TGS has been 

modified such that a large graphite reflector is 
positioned at the top and bottom of the modular test 
stand. These graphite reflectors are constructed to hold 
up to five isotopic neutron sources each. Their purpose 
is to provide a uniform neutron flux over the 
measurement region with the maximum intensity 
possible. They also provide significant shielding for 
the experimental area and help to minimize room return 
contributions. Lastly, The graphite reflectors and 
sources are fixed to the sample container where a 
constant neutron flux is maintained within the sample 
during scanning. This last fact is important when 
attempting to determine the source to sample coupling 
term. 

Discussion 
For this paper we will detail two measurement 

series that we have performed. The first is a single 
measurement of a four-pillar arrangement, one pillar is 
located 90 degrees apart from the others at the edge of 
the “drum” or sample holder. The pillars were placed 
on the edges of the sample holder to minimize cross 
talk between each of them. We used the following 
arrangement of pillars: a polyethylene of density 0.98 
gm/cm3, a pillar of polyethylene shavings of density 
0.16 gm/cm3, a pillar of borated polyethylene of density 
0.95 gm/cm3, and a pillar of iron blocks of density 7.87. 
The purpose of this measurement was to characterize 
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the neutron flux reduction as a function of distance 
from a source that was placed in the top center graphite 
reflector. This group of materials was chosen such that 
we could measure a range of neutron interactions, such 
as neutron moderation in the polyethylene, capture in 
the boron, and inelastic scattering in the iron. 

Figure 1 shows the total time-integrated gamma- 
ray spectrum that was obtained for both the 
transmission and emission parts of the tomographic 
scans. 

Gamma-Ray Spectrum from a Tomographic PGNAA Measurement 

Figure 1. A time-integrated gamma ray obtained for the 
measurement results shown in Figure 2. The ROIs highlighted in 
yellow are the peaks used for the tomographic analysis. 

The peaks highlighted are those used for the 
measurements, in addition to the Cd(n,y) line at 558 
keV. Selenium-75 and %o are used for transmission 
measurements to determine the sample gamma-ray 
attenuation. The figure displays an inset spectrum with 
the entire energy range, while the enlarged region 
displays some peaks of interest. Normal TGS 
operations simply use the 7 5 ~ e  source for gamma-ray 
attenuation measurements. Pair production is estimated 
as contributing less than 20% of the gamma-ray 
attenuation at 2223 keV and has not been factored in. 

The measured gamma-ray production rate for each 
of the materials as a function of layer or depth into the 
sample is shown in Fig. 2. 
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MCNP and TGS results for the four pillar measurement 
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Figure 2. MCNP and TGS results for the four-pillar measurement. 
Each pillar was separated by 90 degrees from the others. A single 
normalization factor to account, for the source. strength was used to 
correlate the TGS measurement to the MCNP calculation. 
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"he source is located at approximately layer 11 in 
terms of the TGS scanning protocol. The solid line is 
the corresponding MCNP calculation for each of the 
data measurements. A single normalization factor to 
account for the source-strength term was used for all of 
the curves. The magnitude of the '% capture reaction 
appears to be biased high in the measurement, this 
could be attributed to the actual boron loading in the 
material being different from that used in the 
calculation. The only line with a different shape is the 
Fe(n,n'y) line. That calculation relies upon the less - 
measured inelastic scattering cross section for the first 
excited state in 56Fe. The flattening of the measurement 
at low layer numbers also appears to demonstrate a 
room return effect on the neutron capture reactions for 
those regions close to the floor. The MCNP model did 
not incorporate the experimental room geometry in the 
calculation. 

The second result to be presented is comprised of 
several independent measurements of a 4-cube 
arrangement in each layer centered directly below the 
source. For these measurements, a single source was 
also located just in the top graphite reflector. 
Polyethylene blocks were then placed in each layer 
with the exception of layer three of the stand (TGS 
scanning layers 6 and 7). Measurements with 
polyethylene, borated polyethylene, iron, aluminum, 
and graphite were measured. Figure 3 shows the results 
of these measurements. 
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Figure 3. The measured gamma-ray production rate for each layer. 
Comparison for different matrix materials in layers 6 and 7. 

The aluminum and graphite data are not shown for 
clarity, they are nearly identical to one another, and 
mimic the polyethylene result within measurement 
error. The solid blue line represents the H(n,y) reaction 
for each layer in the measurement with polyethylene in 
layers 6 and 7. The maroon line comprised of small 
dashes represents the H(n,y) reaction for each layer 
with the borated polyethylene in layers 6 and 7. The 
red line made of large dashes represents the H(n,y) 
reaction for each layer in the measurement with iron in 
layers 6 and 7. The solid maroon and red lines 
represent the ‘?B(n,ay) and Fe(n,n‘y) production rates 
respectively . 

The TGS instrument does not have perfect 
collimation, especially for the higher gamma-ray 

energies. The detector also views a cone through the 
sample. The layered geometry for these measurements 
enables the germanium detector to view parts 
neighboring layers on the far side of the stand during 
scans. Thus the 2223-keV gamma-ray is “measured” 
for positions 6 and 7. The difference in neutron capture 
in hydrogen seen for these two measurements is 
calculated in MCNP and represents a method of 
characterizing material in different regions as 
scattering/moderating neutrons or as capturing 
neutrons. This is a method we are hoping to use to 
provide information to help determine the source-to- 
sample coupling term. Interrogation with neutron 
sources of different energy spectra could also aid in this 
decoupling, as MCNP modeling has indicated. 

Conclusion 
We are beginning a series of measurements to 

quantitatively measure heterogeneous matrices via 
prompt neutron activation tomography. This paper 
presented some of our results for simple systems in 
which we are trying to validate MCNP for use in 
modeling the PGNAA measurements and also a 
possible technique for determining the source-to- 
sampling coupling term. 
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