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BACKGROUND

• The nuclear material deposited in equipment, transfer lines, and ventilation
systems of a processing facility is typically referred to as “Holdup”.

• Operators need to know the location and amount of holdup for safety and
material accountability.

• Calculating the mass relies on the simplified assumption that all the
deposited geometries can be modeled as either a point, a line, or an area.

• This can result in a low spatial resolution, and lead to an error in the
estimated source-to-detector distance and, therefore, to a bias in the
measured mass.

METHODOLOGY RESULTS

• Fig. 3a shows the reconstructed 2D source distribution for the experimental
validation using FISTA, with the activity estimated as 63.88 kBq.

• Fig. 3b shows the reconstructed 2D source distribution based on the
simulated detector counts. The activity calculated using FISTA was 99956.15
kBq, with a relative error of 0.044%.

• The estimated source activities and relative errors are summarized in
Table 1 and the reconstructed source distributions can be seen in Fig. 4.

QUESTION: How can we improve limitations of holdup measurement in reprocessing facilities for nuclear nonproliferation?

AIM

We attempt to suggest a solution towards reducing the sensitivity of
a bias in the measured mass by:

• Proposing an array of detectors which are co-axial to the inspected pipe to
measure the holdup material.

• Create an experimental proof of principle consisting of three NaI(Tl)
detectors surrounding an aluminum pipe containing two Cs-137 sources.

• Develop a simulated model of both the experimental setup and of an
enhanced system onto a discretized 3D model of the system, testing
multiple source deposits.

Fig. 1: holdup inspection method. 

Fig 2: the percent difference for calculated mass to mass for displacement of the two sources.

Single Detector Measurement

Activity Calculation

• Identify the hold up mass assuming that during each measurement step with 
M detectors the system is mainly sensitive to a portion (1 cm cross section) of 
the pipe, then discretize the region into N 1cm side square pixels.

• Out = R∗In
• In = N x 1 matrix – What we are trying to estimate
• Out = M x 1 matrix – Includes the readouts of the detectors 
• R = M x N matrix – Response matrix, counts of detector when there is a 

source of unit activity in each pixel. Can be simulated or calculated.
• Calculate R using the attenuation law for direct calculation: 

𝑓 − branching ratio of the 662  keV  Cs-137, i.e., 0.85

ωint, ωgeo − intrinsic and geometric efficiency of detector i, respectively. 

μa, μw − attenuation coefficients of the 662 keV gamma rays in air and pipe wall, respectively.

da, dw − Distances that the gamma rays travelled, from the center of pixel j to detector i, in the air and pipe wall, respectively.

• Two Cs-137 sources with a total activity of 70.80±14.16 kBq are stacked on  
one another at the center of an aluminum cylindrical pipe of thickness 0.6 cm. 

• A simulation was performed using the same arrangement of detectors with a 
source strength of 108  gamma rays per second using MCNP6.2.

Experimental Validation of a 2D case in a Simplified Geometry

3D Simulation

2D Reconstructions

Fig. 5: 2D source distribution inside the pipe, i.e. the elements of the calculated In on a 2D regular raster. The red 
circles show the pipe wall cross section.
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3D Reconstructions

Fig. 6: Reconstructed 3D source distributions

Fig. 1: setup of single detector measurement with pipe and detector.
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Fig 4: (a,b,c) Cross section of the aluminum pipe with source and (b,c) 3D source distributions with source, pipe, 
and collimated detector ring shown. The detector collimators are not shown.
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Table 1: Comparison between the estimated total activity and actual activity.
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Fig 3: 3D sketch of the experimental proof of concept. Center of pipe 
made transparent to show two Cs-137 sources

Table 1: Comparison between the estimated total activity and actual activity.


