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ABSTRACT 

We have developed passive neutron detectors that 
include the Add-a-Source (AS) technique to improve 
the accuracy of the nondestructive assay of plutonium 
in large waste containers. We have improved the AS 
by incorporating multiple positions for the 252Cf 
source on the exterior of a 200-L drum. The multiple 
positions give a better coverage of the drum and have 
the effect of segmenting the matrix as a function of 
fill height. We have applied the multiposition AS to 
the assay of drums with heterogeneous matrix 
combinations of concrete, polyethylene, wood, paper, 
and metal. The measurement errors caused by the 
matrix significantly reduced by the AS technique and 
anomalous shielding material in the drum can be 
flagged for more detailed investigation. 

INTRODUCTION 

The measurement of plutonium scrap and waste 
in 200-L drums is important for accountability, safe- 
guards, and waste disposal. Because of heterogeneous 
waste materials, representative sampling is not possi- 
ble, and nondestructive assay (NDA) methods m 
p r e f e d  over destructive analysis. We have 
developed the Add-a-Source (AS) technique' to 
improve the accuracy of the NDA of plutonium in 
scrap and waste. The AS technique introduces a small 
source of 252Cf near the external surface of the sample 
drum; the drum's perturbation of the 252Cf coincidence 
counting rate provides the data to make a matrix 
correction for the plutonium inside the drum. We 
have improved the AS technique by incorporating 
multiple positions for the %f neutron source on the 
exterior of a 200-L drum. The multiple positions 
give a better coverage of the drum and have the effect 
of segmenting the matrix correction as a function of 
fill height. If there is a localized neutron shield in the 
drum, the segmented readout of the matrix correction 
could flag the anomalous matrix condition. To test 
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the effectiveness of the segmented AS method, we 
loaded 200-L drums with heterogeneous mixtures of 
concrete, wood, and polyethylene. The reduced assay 
error from the segmented AS corrections for various 
heterogeneous matrix loadings is presented. 

EQUIPMENT 

The passive neutron counter used for these 
experiments was a Canberra Model JCC-21 with 
modifications to provide a higher efficiency and lower 
background. The counter contains 60 3He tubes with 
a diameter of 2.54 cm and a fill pressure of 4 atm. 
The resulting efficiency was 19.3% and the die-away 
time was 79 ps. The cadmium liners were removed 
to reduce the cosmic ray background. A 128-ys coin- 
cidence gate was used for the matrix measurements as 
well as the subsequent calibrations. 

The coincidence electronics included a Canberra 
model JSR-12 shift register interfaced to a PC. 

The basis of the AS method is to measure the 
matrix perturbation to the counting rate from a small 
"'Cf source (-5 x lo4 d s )  on the outside of the sam- 
ple and to use the information to correct for the 
matrix perturbation on the inside of the sample. For 
the present case, we have positioned the AS neutron 
source at three positions on the 200-L drum. Fig- 
ure 1 shows a schematic diagram that illustrates the 
technique in which the AS neutrons originate from 
*%f and the sample neutrons originate from pluto- 
nium. The figure shows the location of the three 
positions on the bottom and side of the drum. 

DRUM MATRIX MATERIALS AND 
PROCEDURES 

To evaluate the AS matrix correction technique, 
we loaded 200-L drums with a variety of matrix mate- 
rials for test and calibrations. Table I lists the drums 
for the experiments? Metal matrix malerials were 
not used in the present tests because prior work3 had 
demonstrated that assay error caused by metal in the 
matrix was almost negligible. The most important 
matrix variable for passive neutron assay is the 
hydrogen density (pH). Several of the test drums 



Vermiculite + 

Concrete (top) + 

contained gross heterogeneities such as the bottom- 
half filled with concrete and the top filled with paper 
or poly shavings. 

a drum loaded with CH2 beads and vermiculite @H = 
0.0423 g/cm3). The hydrogen content in this drum is 
equivalent to 38% of the hydrogen content of water. 

To establish the AS calibration, the 252Cf source 
was automatically positioned at the three locations 
shown in Fig. 1 and counted for 100 s at each posi- 
tion. A plutonium sample was then moved to nine 
positions distributed in the matrix to simulate a uni- 
form distribution. 

RESULTS 

The average of the nine positions was then 
ratioed to the empty-drum case to give the volume- 
averaged perturbation. 

AS Position 

AS Position 

2”Cf 
Source 
Storage 

The AS correction factor is derived from the vol- 
ume averaged reals ratio for the empty drum over the 
matrix-filled drum compared with the corresponding 
AS reals ratio. This data are given in Table II. 

Fig. 1. Schematic illustration for the AS concept show- 

ks Position I Nickel Reflecto! 

ing the Teleflex cable transjer system that moves the 
252Cf source from the shielded storage position to the 
matrix interroaation Dosition. 

A plot of the volume-averaged perturbations y vs 
the AS perturbation x is shown in Fig. 2. The data - 
point with the highest AS perturbation corresponds to 



Table II. 2 5 k f  Counting Rates for Add-a-Source and the Average over the Matrix Volui 

Volume Average 

TaV 1 Rav ToIT RoIR 

Poly Tubes 404.4 46.1 1.205 1.763 

Vermiculite + Poly Beads, 29.5 kg 405.5 51.8 1.202 1.569 

Vermiculite + Poly Beads, 59.1 kg 3 18.2 27.7 1.535 2.924 

Concrete + Poly Shavings 470.5 72.9 1.038 1.112 

Concrete + Paper 48 1.3 78.0 1.014 1.039 

CALIBRATIONDATA 

0.0 0.2 0.4 0.6 0.0 1 3  1.2 
6 1  > a.5 

0.0 0.2 0.4 0.6 0.0 1 3  1.2 

ADD-A-SOURCE PERNRBjrnON (x) 

Fig. 2. The AS perturbation n in R vs the volume aver- 
aged perturbation y in R’for a variety of matrix materials 
in 200-L drums. 

The ratios and corrected results are illustrated in 
Fig. 3. The CF-corrected reals deviate from the 
empty drum with a standard deviation of only +1.7%. 
These same drums (except for wood and concrete) 
were used to determine the corntion function so the 
results show the scatter of our calibration. However, 
after the calibration was established, drums filled with 
concrete plus paper, concrete plus polyethylene, and 
wood were measured as unknowns and the COlTected 

Add-a-Source 

Rav RoIR 

845.1 1.000 

844.6 1.001 

802.9 1.053 

813.1 1.039 

744.0 1.136 

784.7 1.077 

765.4 1.104 

512.6 1.649 

564.8 1.496 

408.9 2.067 

730.4 1.157 

794.2 1.064 

response was within 1% of the empty-drum case. A 
typical drum of organic waste is expected to have a 
hydrogen loading that is equivalent to pCH2 
-0.014 glcm3, and thus the correction factor will be 
smaller than the present calibration range. 

concrete + Poly 
Vam. + 59.1 kg 
Vam. + 295 kg 

Poly Tuba 
Poly Shavings 
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Paper - 1 
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Fig. 3. The measured reals and the AS CF-corrected reals 
for various matrix materials in 200-L drums. 

CALIBRATION 

Calibration measurements using small pluto- 
nium samples and MOX pellets were made at Los 
Alamos. The calibration range of interest for the 



waste drums is from zero to a few hundred grams of 
plutonium. 

The results of the plutonium calibration m 
shown in Fig. 4. 

There is negligible multiplication in the stan- 
dards so we fitted a linear calibration line that went 
through the origin. The Deming fitted calibration 
line is 

R(corr.) = a m , 

where m is the %-eff mass and 

a = 17.7 countsls g 2vu-eff. 

When matrix material is in the drum, the measured 
reds are corrected by 

R(corr) = R(meas) CF , 

where CF is the AS correction factor. The CF is 
applied to borh the calibration standards and the assay 
samples. Thus, any error in CF is limited to matrix 
differences between the standards and the unknowns. 

0 
0.0 0.5 1 .0 1.5 2.0 2.5 

pweff (9) 
t(0 

Fig. 4. Preliminary calibration curve for (CF) R vs the 
240 Pu-eff mass for MOX pellets at Los Alamos. 

SUMMARY 

The passive neutron detector provides a sensitive 
(19.3% efficiency) and accurate method to measure 
plutonium in 200-L waste drums. Other samples, 
such as boxes that fit into the sample cavity, can be 
measured as well as the drums. The sensitivity of the 
system will depend on the room background and the 
cosmic-ray spallation background at the measurement 
location. A few milligrams of 2 4 ~ u  can be m e a s d  
in well shielded locations. The accuracy will depend 
on the particular matrix type and the plutonium mass 
level. 

For the typical drum-matrix loadings, the detector 
has been optimized to be insensitive to matrix 
changes. As the matrix density increases, the AS cor- 
rection is effective for correcting the measurement 
back to the calibration condition. 

The AS correction significantly improves the 
final assay accuracy as illustrated in Fig. 4. The AS 
feature also gives the capability to flag outlier sam- 
ples that contain an unexpected or shielding material. 
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