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EVALUATION OF COMBINATION OF DIFFERENT
METHODS FOR DETERMINATION OF ACTIVITY OF
RADIOACTIVE WASTE IN SEALED DRUM
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ABSTRACT

This paper presents a method that could diminish systematic errors of gamma
techniques for assay of radwaste drums. The idea is the combination of Segmented Gamma
Scanning technique and technique using two identical detectors. The results show that the
maximum errvors are small in comparison with those of SGS technique and technique using
two detectors. This combinative method corresponds well to determine activity of
radioactive in low density waste drums, such as organic materials: rags, protective
clothing, shoes, gloves etc...
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TOM TAT
Ddnh gid vigc két hop cdc ki thudt khdc nhau dé xdc dinh hoat dp
cdc thung thai phong xa

Bai bdo nay trinh bay mét phiong phdp cé thé lam giam sai s hé thong trong viéc
kiém tra cdc thing chdt thdi bang ki thudt gamma. Y twong cua phwong phdp la két hop
hai ki thudt do Quét Gamma Phan dogn va dung hai dau do dong nhdt. Céc két qua cho
thay sai s6 la nhé so voi cac ki thudt do riéng lé va ki thudt s dung hai dau do. Phwong

phap két hop dap ung 16t cho viéc xdc dinh hoat @ cia cdc chat thai phong xa trong cdc
thing chira cdc chdt don cé mdt @ thap nhw tii, gidy, gang tay, quan do bdao ho v.v..

Tir khéa: ki thuat gamma, chét thai phong xa, pho ké gam-ma.

1. Introduction

The operation of nuclear industry results in the production of a considerable
amount of radioactive waste, which is usually stored in large sealed drums. Because of
the requirements of radioactive waste management, determination of activity of isotope
in the drum is necessary.

The Segmented Gamma Scanner (SGS) is a traditional technique that has been
used for almost practical cases [1,2]. However, the accuracy depends on many factors:
non-uniform distribution of radioactive source within the drum; inhomogeneous
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distribution of non-radioactive materials [3]; the lump effect, especially for uranium
and plutonium assay [2]; the drum-to-detector distance [3].

In order to increase the accuracy some recent methods were proposed: technique
using two identical detectors [4,5,6]; technique of measuring a drum with different
geometry and/or some different gamma energy lines of the isotope of interest [7,8,9];
gamma tomographic techniques [10, 11].

To reduce the systematic errors the method of combination of SGS technique and
technique using two identical detectors was studied by simulation of measuring system.
The results are shown in this paper.

2.  Study and results
2.1. Gamma techniques for assay of radwaste drums

Segmented gamma scanning is an important measurement tool for assay of
radioactive waste. It was developed by Los Alamos National Laboratory (USA) in
early 1970's. SGS has been using the assumptions that the radioactive source and
sample matrix are uniform for a segment. The procedures for using the SGS can cause
errors if the sample does not satisfy the assumptions.

The basic idea of this technique is to divide the drum into a series of horizontal
segments and to assay each segment in a conventional gamma measurement. When all
segments have been measured, the total assay result for the drum is given by summing
the results of each segment. The accurate results are obtained by using the assumption
of a uniform radial distribution of source in each segment. To minimize the potential
error caused by non-uniform distribution of material within the segments, the drum is
rotated during the measurement as shown in Figure 1.

Segment assayed

View of detector ] _____.:
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wpwards |
Rotation

Figure 1. Schematic of the Segmented Gamma-ray Assay of a waste drum

97



Tap chi KHOA HOC BHSP TPHCM S0 36 nam 2012

The investigation demonstrates that very large error can be introduced in the
result when a heterogeneous waste drum is assayed by SGS. The measurement errors
increase rapidly as a function of increasing attenuation coefficient. The distance from
drum to detector also influences the results. The shorter the distance is, the larger the
error is. The inhomogeneity of matrix adds to the measurement error. The higher the
heterogeneity is, the stronger the effect is. The error caused by the inhomogeneity of
matrix is small in comparison with that caused by nonuniformity of radioactive source.
The error strongly depends on the radioactive distribution. The more nonuniform the
distribution is, the more inaccurate the result is.

Segmented gamma scanning technique can be used for most practical cases.
However, for assay of the drums containing low density waste, mainly consisting of
organic materials (contaminated paper, rags, protective clothing, shoes...) from
operation of nuclear plant, another measuring technique has been studied

The principles of this technique were given by A. Cesana et al [4]. Two identical
detectors are set on the drum axis at the same distance from the bases as shown in
Figure 2.
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Detector 1 Detector 2

Figure 2. Illustration of technique using two identical detectors
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Where C,;, C, are count rates of detector 1 and detector 2, respectively. The
geometric mean of the efficiencies is defined as

L2
Gzﬁ.e H 2)

The total activity is: [ =

Where L is the length of the drum. The value of G can be determined directly by
experiment using a calibrated source placed next to one base of the drum. In the
general case of a random distribution of activity, the drum can be subdivided into an
appropriate number of thin sheet. I; — activity of the i-th sheet at the depth x;.
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So, the geometric mean G becomes:

Gr = L?)Z’( Zlie_ulxi 'Zlie_ul(L_Xi))l/z

= .e—ulL/Z {1+2Z“ZII€JA[cosh[],t1<xi —Xj)]_l]}l (3)

i
Dz i j>i

When the linear attenuation coefficient (n) is low and/or total activity is
concentrated in a small fraction of drum volume, expression (3) approaches expression
(2). In general case, the error will increase when p is high and (x;-x;) 1s large. In order
to estimate this error, a set of two source layers with their different distances of source
1s modeled. The investigation shows that the accuracy of the result of this technique
depends on the distance from detector to drum bases (D), the coefficient p and the
distribution of radioactive in the drum.

2.2. Combination of the techniques

In order to reduce systematic errors of each above techniques, a technique based
on the combination of them was considered. The schematic of the method is shown as
Figure 3. It consists of two identical detector 1 and 2 that are set on the drum axis at the
same distance from the bases and detector 3 scans the drum which is rotated during
measurement.

£— Detector 3

Rotation
Detector | Detector 2
-------{- cded={eetf oo - -

i

Figure 3. Schematic of combination of SGS and technique using two identical detectors

The measurement result by SGS technique determines activity Igi=vy; .14 for i-th
segment. Where I4; — “true” activity of i-th segment and
I -1,
-S4 100% = (yi -1 )100%
di

is the error of SGS technique.

Using expression (3) the approximate value of factor Gr, called f,q can be
collected.
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After determining factor f,4, approximate activity lyq= is collected.

According to expression (3) we have Gr as follows,

i e “1”2{ SRS 1]}1 5

i i

, the change of f for G gives “true” activity ;.

172
Generally, activity [ = %

The change of f for f,4 and G gives approximate activity l,4 and Iyrespectively

For proven of the preeminence of combination of the techniques, the satisfaction
of two conditions is

[ Ta—To | > [ 1a—Tgq | (6)
[ Ta—Is|>[Tg— g | (7)
Where IS = ZISi ,
1/2 172
As Iy= €G- j Log = €~ then I 4 = Id.& (8)
GT ed fgd

The error of this combinative method is (y, —1 )100%, where v, = Gr/fyy

Because choosing drum is a random process, a computer program has been
created for random test. Choosing random values of y;, put on inequalities (6) and (7) it
will lead result that the correction of the random values of Ig examine the satisfaction of
inequality (6) and (7), at the same time get out the minimum, maximum values of vy,

Using standard drum 210 liter with diameter R = 29cm, length L = 86cm,
distance from detector to drum D = 150cm, number of segments 6. Linear attenuation
coefficient p is from 0.0lcm™ to 0.12cm™. Doing 2000 times random tests both
inequalities for each value of y. For each value of p, the value of vy; gives the errors
from minimum (S,,;,) to maximum (S,,.;) values of SGS technique.

Table 1 and 2 show the comparison of errors among three techniques. The error
of SGS technique is caused by point source in uniform matrix. In all cases, p from 0.01
to 0.12 cm™, the error interval of combination technique is always small in comparison
with the error interval of SGS technique, and the error of combination technique is
small in comparison with the maximum error of technique using two detectors. Here P
is the probability so that the value of activity of the combinative method is better than
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the value of SGS technique and technique using two detectors. The value P (%) is
100% when p = 0.01cm™ and reduces when p increases.

Table 1. Comparison of errors between three techniques.

The “true” activity 1;; is supposed equal to 1(MBgq)

v Two Combination
- SGS P(%
(em™) detector of two techniques %)
Smin Smax Smax Smin Smax
0.01 -1% 30% 53% -1% 1% 100
0.02 -11% 44% 117 % -5% 4% 85.85
0.03 -21% 61% 220% -10% 8% 79.25
0.06 -47% 125% 1010% -27% 39% 64.9
0.08 -61% 179% 2480% -37% 95% 56.95
0.12 -82% 317% 13880% -52% 285% 50.6
Table 2. The error of the combination technique.
The value 1, is randomly chosen from 0 to 10 (mCi)
M , Combination two techniques
(Cl’l’l-l) P (%) Smin Smax
0.01 100 -1% 1%
0.03 82.65 -9% 9%
0.08 64.65 -39% 87%

3.  Conclusion

The above results show that the errors are reduced by combination of the different
techniques. For all coefficient p the maximum errors are small in comparison with
those of SGS technique and technique using two detectors. In case of low linear
attenuation coefficient (<0.03 cm™) this method is very good.

The combination of the different techniques can be used to determine radioactive
activity in low density waste drums, such as organic materials: rags, protective

clothing, shoes, gloves etc...
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