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Several types of calibration source having different density were
prepared using one or combinations of those materials, namely foam
cement, liquid, glass beads, polystyrene foam bead and hard plastic
bead for gamma-ray spectrométry of the samples with different
densities and shapes{variable height with constant base area). For
each type of the source, a few sources were prepared to examine
characteristics in such cases as {a) different heights but constant
density, and (b} constant height and constant density. For the foam
cement source, several sources with different densities and a
constant height were prepared. All the sources were measured with a
gamma-ray spectrometry system and the results were discussed. This
report also presents the results obtained from the experiments for the
evalution of (1) the variation of detector efficiency-energy with
gamma-ray energy, and (2) the variation of detector efficiency with

density of the sources.
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1.INTRODUCTION

In JAERI, a centralized system of radiocactivity measure-
ment has been utilized for radiation control purposes since
1980. 1In this system, various types of samples collected at
various sampling points are measured with equipments such as
alpha/beta counters, alpha-, beta-, x- and gamma-ray spec-
trometers, and liguid scintillation counters. Quality
control measures for these equipments are regularly practiced
for the purpose of achieving reliability of results, both in
precision and accuracy.

The types of samples collected from the controlled areas
and the environment for the monitoring of radioactivity can
be categorized into several types by their original forms.
For example; smear papers, carbon cartridge filters, waste
water and solid samples such as soil, chemically processed

marine and land products.
1.1 Samples and calibration sources

To determine accurate value of radicactivity in the
samples, suitable calibration sources which have a similar
shape, composition and density to the measured sample are
necessarylt The quality control scheme in practice 1s shown

in Fig.1.1 for exampie.
1.2 Foam cement calibration source

The foam cement source is prepared in such that it has
the same properties in shape and density as the sample to be
measured. The status of the source is a mixture of foam and
cement. In the preparation of this source, which will be
explained in more detail later (in Section 2.2.2(2}), the
amount of introduced foam can be adjusted so that the resul-
tant source density is equal to the sample density. The
possible range of density is from 0.2 to 2.1 gcm*.

The suitability of this foam cement source as a calibra-
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tion source for radicactivity measurement has been tested
precisely and accuratelym. Although the preparation of the
foam cement source is convenient and not a problem to this
laboratory, it is somewhat complicated in other laboratories.
This is espeeially true when it comes to the stage of homoge-
nizing the diluted radicactive source in the foam cement.
For this reason, it is thought useful (besides this fecam
cement scurce) to have other types of calibration sources,
which are more convenient to prepare, for the purpose of

radiocactivity measurements,
1.3 Objectives of this work

The main objectives of this experimental work are (1) to
study the characteristics of self-prepared calibration
sources depending on their shape, composition and density,
and (2) to study the reprcducibility of source preparation
method.

Three sets of calibration sources, from six types (or
compositions), namely foam cement, 1liquid, calibration
sources with matrix of glass beadm of 68 mm in diameter, glass
bead of 2 mm in diameter, polystyrene foam bead and hard
plastic bead respectively are prepared. Set A has charac-
teristics of constant density but different heights, Set B of
different densities and constant height (only applicable to
cement source), and Set C of constant density and constant
height.

The study for the characteristics of the calibration
sources depending : (a) on shape and composition, is done by
evaluating the efficiency-energy curve of Set A, and (b) on
density, is done by evaluating that of Set B. For the study
of the reproducibility of source preparation, the efficiency-
energy curve of Set C is evaluated.

For a constant source height, calibration sources from
sets A, B and C are used to study further the characteristics
of the calibration sources depending on' composition and

density, by evaluating the efficiency-density curve for each
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gamma-ray energy.

On the basis of the understanding of these characteris-
tics, a simple preparation task of suitable calibration
source as a standard for accurate radioactivity determination
of any environmental and radiation control samples will be
preferable. This work is also aimed to find the most

suitable calibration source as intercomparison material among

laboratories.

The factors that determine the suitability of a calibra-
tion source may be as follows : (1) the availability of
material to be used as the composition, (2) the

reproducibility of the preparation method, (3) radionuclide
uniformity (homogeneity) and (4) precision and accuracy.
Factors (1) and (2) are especially needed for other laborato-
ries. For factor (3), as our laboratory has previously
worked and experienced with foam cement source, which
radionuctide homogeneity is the prime concern due to 1its
manner of preparation, it is also the purpose of this work to
check its validity by comparing its results with the results
obtained from other calibration sources. The second and
final factors are also taken into account in this work.
Finally, it is hoped that some of the prepared calibra-
tion sources, if not all, will be routinely used as calibra-
tion standards in the radiocactivity measurement of environ-

mental and radiation control samples.
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2. PREPARATION OF CALIBRATION SOURCE
2.1 Radioactivity standard

2.1.1 Radioactivity standard solution

Throughout this work, a mixed-source radicactivity
standard solution supplied by DAMRI /LMRI (Ref no:
OMI.01-ELMB60), comprising ten radionuclides and thirteen
major gamma-ray energies was used. On receiving this source,
its volume is 5 cm’ and it is contained in a flame-sealed
glass ampoule. In this report, this source is sometimes
referred as a master solution.

The certified data of this standard source, which yields
the type of radionuclides, their half-lives, energies (keV),
absolute intensities (%), photon emission rate per unit mass
of scolution (4x steradians g*sﬂ) is given in appendix A. The
necessary values used in the calculation of activity of any

nuclide are taken from this data.
2.1.2 Handling of ampoules

Before using this source, it 1is however the usual
practice of this laboratory to transfer the wheole amount of
the source into several polyethylene ampoules (of volume 3
cma), for the purposes of safety, sampling convenience and
sampling accuracy. This is especially true since gravimet-
ric sampling is applied for this type of source, due to its
activity certification (per unit mass of solution). The
types of ampoules used in this work are shown in Photo 1.
On receiving the source, 1t 1is transferred to several
ampoules of P-1. Then the top section of P-1 is heated to
form P-2. It is in this form of P-2 that the source is
kept, before it is in use. When later the source is to be
used, the top section of P~2 ampoule is heated to have the
neck drawn out to form a capillary as P-3. Similar method
is used to transform P-4 to P-5. The form of P-3 and P-5 is
respectively called pycnometer of 3 em® and 50 em® in volume.

The application and advantage of these pycnometers will be
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described in the later section. All the work of transform-
ing the polyethylene ampoules from P-1 to P-2 and P-2 to P-3
is carried out in the draft (fumed-cupboard) of the hot

laboratory.
2.2 Calibration source preparation

The types of all the calibration sources to be prepared
are shown in Table 2.1. It is obvious from the compositions
that the process of preparing the sources involves four
stages of work, namely (1) calculations prior to preparation,
(2) preparation of matrix materials, (3) preparation of
diluted radioactive source, and (4) introduction of the
diluted source to the matrix material. These stages of work
can be divided into two main tasks, i.e. preparation work
carried out outside a hot laboratory (stages 1 and 2), and
inside a hot laboratory (stages 3 and 4). This section
describes these two main tasks.

The complete form of all types of the calibration
sources will only be achieved after going through these
stages. Photo 2 shows a set of the complete form of all
types. Before these sources are ready to be measured, each
of them with matrix of beads needs to be stuck with an outer
and inner acrylic lids (the shape of this 1id is shown in
Fig.2.1) with the use of epoxy adhesive, then wrapped with a
plastic bag. The procedures are intended to prevent
radicactive contamination from the sources.

The same containers of 9.5 cm in diameter that are
currently been used for measuring environmental samples such
as sand, soil and milk are used. Notice that for this type
of container, the heights of 1.5 em, 3.0 cm and 4.5 cm
correspond respectively to the volumes of 100 cma 200 cm® and
300 cm® (as shown by the x-axis of Fig.2.2). These volumes do
not correspond to the formula for calculating the cylindrical
volume, 1i.e. nDZH/4, where D and H are the respective
diameter and height in cm. This is due to the smaller

diameter at the container bottom, in comparison with the
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container top (of which diameter of 9.5 cm is quoted). It
will be seen in the next section that this work considers
these three heights. Also in this work, the term of height

simply represents the meaning of velume or shape.

2.2.1 Work carried-out outside hot laboratory

(1) Calculations prior to preparation

Since this work mostly involves with quantities 1like
mass, density and volume, it is most helpful to write the
relationship of these gquantities, as it would be seen later,
the understanding of the calculation would become more clear,
i.e. ' _

density = mass/volume {1)

Eqn (1) yields that if a constant density is to be obtained
for volumes of 100, 200 and 300 cm3, the exact proportion of
masses must be achieved. To see the exact proportion of
masses to these volumes, Fig.2.2 gives the graphical meaning
of eqn (1) for six different densities. In the preparation
of the sources (shown in Table 2.1 as Ti, T2, T3A, T3B, T4
and T5), a target has been set, that is to produce calibra-
tion source sets with following three properties
(a) to prepare three calibration sources (from each type)
which represent three different heights of 1.5, 3.0 and 4.5
cm, that have a constant density. Fig. 2.2 shows examples
of six constant densities for these three heights. The number
of sources to be prepared here is 18.
{b) to prepare five calibration sources from the foam cement
type only which represent five different densities, that have
a constant height of 4.5 cm. The number of sources to be
prepared here 1is 5. {c) to prepare three calibration
sources for each type, that have a constant height of 4.5 cm
to examine reproducibility. The number of sources to be
prepared is 18.

But if the value of density in this case iIs made equal

to that in the case (a) of height of 4.5 cm, the number of
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sources that now need to be prepared becomes 12 (=18-86). In
addition, if one of the foam cement sources in case (b) (of
course they are all 4.5 cm in height) is made to have this
value of density, the number of sources to be prepared
becomes 11 (=12-1).

The total number of calibration sources henceforth that
need to be prepared is 34 (=18+5+11). The three character-
istics of (a), (b) and (c) simply represent the main objec-
tives of this work, i.e. in respect to (1) study the varia-
tion of the efficiency-energy curve with composition and
height of the calibration sources, for a constant density,
(2) study variation of the efficiency-energy curve with
density of the foam cement source, for a constant height, and
(3) study the reproducibility of the efficiency-energy curve
with composition of the calibration source, for a constant

density and height.

{(2) Problems in preparing sources with a constant density

In practice it is not simple to prepare SOuUrces that
have characteristic of a constant density. As described
above, this involves cases of (a) a constant density but
different heights, and of (e¢) a constant density and a
constant height. Examples of cases in (a) are given in
Fig.2.2 with the same symboles. As seen in this figure and
Table 2.1, to make a constant density, it also means : in the
case of (a), the source net mass (i.e. the sum of mass of
matrix materials plus the mass of diluted master solution) of
the three calibration sources must be accurately determined
in proportion with the intended heights of 1.5, 3.0 and 4.5
ecm, and in the case of (c¢), the source net mass of the three
calibration sources must be accurately determined to be
equal (for a constant height of 4.5 cm). A slight deviation
of total mass will result in three values of density and not
a constant. However, since the obtained values of density
are quite close to each other (almost equal), it is assumed

that they have a constant density value.
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The above problem is not encountered in the case of (b)
described above, i.e. constant height but different densi-
ties, since a constant height can be achieved by method of
direct measurement. However, to¢ have different densities
and constant height, it simply depends the availabillity of a
matrix material that is capable of changing its mass only,
without changing its volume (since a constant volume is
needed here). This is only possible in the case of foam
cement source, since foam can be used to change its mass,
without changing its volume. Other calibration sources are
not possible since changing their mass also means changing

their volume.
(3) Preparation of matrix material

This stage of work only concerns with the matrix
material of the bead sources® . The actual form of the variety
of beads used in this work is shown in Photo 2. The glass
beads are made of soda-lime glass (SiOz 65-75, Al,0; 0.5-4,
Fe,0 <2, Ca0 5-15, Mg0 0.5-4 and Nay0 10-20 %).

This work plans to make several types of samples {T3A,
T3B, T4 and T5) to have the properties of (a) constant
density at different heights {(namely, 1.5 cm, 3.0 cm and 4.5
em), and (¢) a constant density and at a constant height (4.5
cm) . Beads (i.e. T3A, T3B, T4 and T5) are filled tightly
into the container until it reached the intended height.
When this process is over, the mass of beads (in g) is then
determined by the use of a digital balance (Mettler PM 4000).
To prevent beads from moving or floating (especially in the
case of polystyrene foam when the diluted radicactive
solution is introduced later) a piece of PVC mesh and an
inner 1lid are put on top of the beads. This procedure is
illustrated in Fig.2.1.

2.2.2 Work carried-out inside hot laboratory

(1)Dilution of radioactivity standard solution
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Dilution of the radiocactivity standard sclution means a
process of dispensing a known amount of the master solution
{in g) to a 1000 cm’ polyethyiene bottle that contains a
diluting solution (i.e. of distilled water with 0.5 mol/l
HC1). The bottle is then shaken slowly and carefully to
homogenize the solution.

When the diluting solution has been prepared, the
dilution of master solution may be started before or after
the preparation of the matrix material. However, in the
case of foam cement source, the dilution work must be done
earlier, for the reason described in section 2.2.2(2) below.

In this dilution work, a gravimetric sampling method“
is used, with the help of two digital chemical balances
(Mettler:PC 2200 and AE 163}). The shape of pycnometer P-2
which contains the master solution is transformed into
pyvcnometer P-3. The end of the capillary is then cut, and
a known amount of master solution (in g) is dispensed to the
diluting seolution.

It is also useful to have a formula written here for the
purpose of calculation of the activity {(disintegration s{)
of a known amount of diluted master solution dispensed to a
certain calibration source, in terms of known amount of
master solution and known amount of diluting solution. Iif,
in the preparation, M, g of master solution was dispensed to
a polyethylene bottle that contains My g of diluting solu-
tion, then a diluting factor Dy for the diluted master

solution exists, which equals to M“/(M“+M“). If in the
preparation the condition of D%s << M“ is wvalid, then Df
approximately becomes M“/M“. If now Mis 8 of diluted

master solution (from the polyethylene bottle) is dispensed

to a calibration source, the activity A of the calibration

source is given by

A, = My, x (A} x Dp) s’

o

where At* is the initial activity at time zero of a certain

radionuclide that is contained in the master solution. In
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practice, correction for radicactive decay are necessary.

A list of parameters for reference solution is presented
in Appendix A with a numeral example. In Appendix A, notice
that the value given in column 5 is the activity of a certain

radionuclide emitting gamma-ray with a particular energy.

(2)Introduction of diluted radioactive solution to the matrix

material

The diluted radiocactive solution is now ready to be
poured to the matrix materials of (i) foam cement and (ii)
beads. The following sections describe the procedure of
introducing the diluted master solution into these matrices.

The steps for the liquid source are simply a method of
directly filling of the diluted source to the container,
using a P-5 pycnometer. The amount (in g) of the diluted

solution is determined by the use of the chemical balance.
(i) Cement as matrix material (plus water and foam)

In the case of the foam cement, since cement powder
added with water will get hard quickly, it is thought wiser
to prepare the matrix material of this type of source in the
hot laboratory. For reference the element of cement and its
contents are : 510y 20-25, Al,04 4-6, Feq 04 2-4, Ca0 62-66, MgO
1-2 and S04 1-2 %.

The method of preparation Tor foam cement source is
similar to the one described by Kawasaki et. a1?! and Manabe® .

The fecam is first made. By letting water ready Iin a
beaker, chemical agents making the foam solution (S-100 and
§-200) are dropped into it, followed By smoother (which is
introduced in stages, a little amount at a time), to make a
foam solution. A known amount of this solution is put into
a smaller bowl.,. Foam can be obtained from this solution by
putting a mixer into the bowl and drive it {( to allow the
intake of air} at high speed. Photo 3 shows the form of

foam which is ready to be transferred (with known amount) to
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the cement paste.

Secondly the foam cement is prepared. A Known amount
of both cement powder and water are put together into the
large bowl. By the use of mixer and spatula, they are mixed
slowly, until they form a cement paste. This stage of work
is shown in Photo 4. By mixing homogeneously a known amount
of foam to the cement paste, the foam cement is formed.
Notice that a different amount of foam added to the cement
paste will produce a different density of the foam cement.

When this matrix material is ready, a known amount of
diluted master source (in g) 1s dispensed to the known amount
of the foam cement to produce a calibration source.

Prior to this preparation, it 1is important to know
beforehand the amount of component material ( i.e. water,
cement, and foam) that is needed for the intended amount of
source volume and density. The recipe for this calculation is

given in Appendix B.
(ii) Bead as matrix material

The diluted radicactive solution is poured carefully
through the hole of the inner 1id of the container, by using
the pycnometer of 50 cm3in volume (shown as P-5 in Photo 1).
This process is stopped when the solution reaches the PVC
mesh. The amount of the diluted master solution (in g)
poured into the container is determined by the use of the
balance. The outer 1id is then used to cover the top of
container( see Fig.2.1). As a safety precaution, this outer

1id is sticked to the container by the use of epoxy adhesive.
2. 9.3 Tllustration of data in the preparation work

From Fig.2.2, the source net mass (y-axis) refers to the
sum of component masses of the compositions of the calibra-
tion sources. The compositions of the calibration sources
are given in Table 2.1. However, for the purpose of

iilustrations, these composition are repeated here, i.e. {1)
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Net mass of the foam cement type (Tl) = sum of masses of
cement, water, foam, carrier HC1, distilled water and master
solution (2) Net mass of the liquid type (T2) = sum of masses
of HC1, distilled water and master solution, and (3} Net mass
of bead types (T3A or T3B or T4 or Tb) = sum of masses of
beads, HC1, distilled water and master solution.

In the case of T1, if for example a constant density of
0.97 g‘cm‘3 for source heights of 1.5, 3.0 and 4.5 c¢cm is
needed, Fig.2.2 gives the exact values of source net mass for
these heights. This means for each of this height, the net
mass {sum of masses of component compositions) must be
precise. However, as been mentioned earlier about the
problem of constant density, it can be seen that in Appendix
C, data on this work has several density values, and not a
constant. This is due to the slight deviation in values of
source net mass (from the exact one, as shown in Fig.2.2).
But since these values are very close teo each other, it is
assumed that a constant density is obtained.

The data in Appendix C also shows the source net masses
for T2, T3A, T3B, T4 and T5 and their respective densities,
for different heights.

The values in Appendix C can be represented graphically,
as shown in Fig.2.3 (a), (b) and (c), in terms of heights,
densities and types (or compositions) of calibration scources.
Notice that only foam cement source can have different

densities, and not other sources, as shown in Fig.Z2.3(b}.



JAERI-Tech $85-010

3. MEASUREMENTS
3.1 Gamma-ray spectrometry system

The measuring system consists of a vertical coaxial HPGe
detector (SEIKO EG&G, Model GMX-45200, SN 32-N 306828A, 450%
relative efficiency at 1332 keV of Co-80) connected to a 3.5
keV negative HV power supply{(EG&G ORTEC 459)), amplifier
(EG&G ORTEC 572), and PC-based MCA(NEC-PC-9801-VX). The
computer is installed with analysis software for data manipu-
lation. A radiation shielding constructed with lead of 10
cm thickness is used around the detector to minimize contri-
bution from background radiation. _

In all measurements, the cylindrical source is placed
axially above the detector, as shown in Photo 5, where the
source to the detector distance is fixed at 5 cm to avoid the
effect of cascade summingm and to achieve a very low counting
dead-time (0.5%). The measuring time is also fixed to 5000s
for the purpose of accuracy (uncertainty less than 1%) of the
accumulated area under the photo-peak.

The automatic sample changer system, which is routinely
used for radicactivity measurement of samples, is also
applied, for the purpose of checking the accuracy of the
results (obtained from the manual system}. This system is

shown in Photo 6.

3.2 Data analysis

3.2.1 Spectrum-analysis software

An analysis software of SEIKO EG&G Co., Ltd. (1987) GMX
Version 3.30 is used for the manipulation of measurement
data. This software will perform the necessary calibrations
and yield the empirical function of : (1) energy as a
function of channel number, (2) FWHM as a function of energy,
and (3) channel number as a function of energy. It is also
capable of performing the peak search, and eventually
vielding the information on identification of the nuclides,

their photo-peak net area and uncertainty.
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3.2.2 Efficiency-energy and efficiency-density curves of

calibration source

From the experiment the information on the registered
net gamma-ray counts A, in the peak area of energy E accumu-
lated in live time T (sec) will be obtained. Consequently
from Appendix A, the number of emitted gamma-rays At‘from the
diluted master solution in time T can be obtained. The
value of A; may be calculated from A fT, where A, is the
source activity at the time of measurement and f is the gamma
emission rate at energy E. The absolute efficiency Eg, for
energy E (keV) may then be obtained from Eg,.=A,/A;. Notice
that this equation is similar to the equation mentioned in
Fig. 1.1.

Since the diluted master solution yields thirteen major
gamma-ray energies, this also means that for each calibration
source, thirteen pairs of efficiency-energy data (E, Ews)
will be obtained. And since for a constant height of 4.5 cm,
all types of calibration source yield ten density (D) values
(as seen in Fig.2.3), thirteen pairs efficiency-energy data
(E, Egps
pairs however can be rearranged in such that ten pairs of

efficiency-density data (D, E@S). for each ganma-ray energy,

) for each density will also be obtained. These data

are obtained.

3.2.3 Fitting function for the curves

In plotting the experimental data pairs of (E, Ews) for
each calibration source and (D, E,;,} for each gamma-ray
energy, a software of Ngraph Version 5.3” was used. This
software is also capable of plotting the fitting curve to the
data and yielding the empirical function of E,,as a function
of E, for 60 keV < E < 1836 keV; and E,, as a function of D,
for 0.23% gcm"3 < D < 2.04 gcmﬁ. These functions are very
useful as the calculation E”S for any energy and density

within these ranges will be made possible.
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4. RESULTS AND DISCUSSION

Figures 4.1, 4.2, 4.3, 4.4, 4.5 and 4.6 respectively show
the variation of three efficiency-energy curves with heights
(for a constant density), for calibration sources of foam
cement, liquid, glass bead (6 mm in diameter), glass bead (2
mm in diameter), polystyrene foam bead, and hard plastic
bead. The plotted data for the gamma-ray energies of 136.5
and 320.1keV differ from the curves, compared with those for
the other energies. The result is based on analysis of the
small peak area due to the short half-life and weak gamma-ray
emission rate of corresponding nuclides. Therefore, the
uncertainty should be taken into account to estimate the
efficiency-energy curves. It can be seen in all the figures
that the efficiencies decrease when the height is increased,
as expected.

Fig.4.7 shows the variation of five efficiency-energy
curves with density (for a constant height), for five foam
cement sources. It can be seen that the efficiencies
decrease when the density is increased, as expected. It can
also be noted that the efficiency separation at low energy is
wider than at the high energy, which implies the significance
of the self-attenuation in the source, at low energy.

Figures 4.8, 4.9, 4.10, 4.11, 4.12 and 4.13 respectively
show the variation of three efficiency-energy curves with
heights (for a constant density)}, for calibration sources of
foam cement, liquid, glass bead (6 mm in diameter), glass
bead (2 mm in diameter), polystyrene foam bead, and hard
plastic bead. From all the figures it can be seen that the
three efficiency curves are situated very close to each
other, as if they are obtained from a single source. This
implies that the reproducibility of our method of source
preparation is good.

As seen in Fig.2.3, for a height of 4.5 cm, all the
prepared calibration sources have a density in the range of
0.21 to 2.04 gcm*. Henceforth if the appropriate experimen-
tal data shown in figures 4.1 to 4.13 are taken to plot the
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efficiency versus density for this constant height, the
variation of efficiency-density curves with the thirteen
gamma-ray energies in the region of 59.54 to 1836 keV, for
all types of calibration sources, can be seen. For this
purpose, all the thirteen efficiency-density curves were
first plotted, then for each curve, the quality of the
correlation (i.e. the agreement of data from all the types of
source to make a curve) was evaluated. It is found that
quality of correlation can be grouped into three categories,
namely, bad {(for gamma-ray energy of 539.5 keV, as shown in
Fig.4.14), poor (for energies of 88.03, 122.1, 136.5, 165.9
and 320.1 keV, as shown by samples in Fig.4.15), and good
{(for energies of 391.7, 514.0, 661.7, 898.0, 1173, 1332 and
1838 keV, as shown in Fig.4.18}. In the case of the poor
correlation, since all the curves are close to each other,
only two curves with small uncertainty (for the energies of
122.1 and 165.9keV) are selectively shown in Fig.4.15.

The bad correlation as shown in Fig.4.14 is first
discussed. The types (or compositions) of the calibration
source which contributed to this data are also indicated in
the figure. Notice that the dotted line shows the fitting of
data due to the foam cement source only. It can be seen in
this figure that the efficiencies of foam cement source are

fairly smaller at any corresponding density than those of the

3 the efficien-

other sources. In the case of density 1 gcm™
cy of the foam cement source is relatively 24 % smaller than
that of the liquid source. This implies that if a sample
which has a characteristic 1like the ligquid source (for
example, a sample of waste solution) is to be measured for
its gamma-ray radiocactivity, the application of foam cement
as the calibration source is not recommended here.

The difference of efficiency between the foam cement and
the other sources is due to the elements contained in their
matrix materials. The interaction of low energy photons
with materials is mainly determined by the photoelectric
effect that strongly depends on the atomic number of element.

Polystyrene foam and plastic beads are composed of such
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elements as hydrogen,oxygen and carbon, and water is of the

elements of hydrogen and oxygen. And also, the dominant
element in glass beads is silica. On the other hand, the
foam cement source contains large amount of calcium. The

atomic number of calcium 1is higher than those of the elements
contained in the sources of polystyrene foam bead, plastic
bead, glass bead and liquid. Therefore, the decrease of the
efficiency for the foam cement source 1is clearly observed in
the low gamma-ray energy region corresponding to the bad
correlation case.

The case of the poor correlation is shown in Fig.4.15.
It can be seen that this poor case is much better than the
bad case but is not so good case. Therefore, this gamma-ray
energy region is considered to be a transitive region.

In the case of the good correlation (regardless of the
types of the calibration source) as shown in Fig.4.16, this
implies that efficiency dependence on the types (or composi-
tion) of the source is less significant for gamma-ray energy
higher than 391.7 keV. In addition to this, the same figure
also shows that when gamma-ray energy keeps increasing, the
variation of efficiency-density curves becomes less signifi-
cant (this fact will be discussed later in this section).

From Fig.4.14, although it 1is mnoticed that the
efficiency-density correlation at this low energy is bad for
all types of sources, it can be seen however (from the dotted
1ine) that the correlation yielded by the foam cement source
alone 1is good, and acceptable. For this reason, the
efficiency-density correlation due to the foam cement source
only is plotted for all the gamma-ray energy, as shown in
Fig.4.17. 1t can be seen that good correlation is obtained,
which implies the Validity. and suitability of this foam
cement source to be used as a calibration source in the
gamma-ray radioactivity measurements for limited composi-
tions.

In Fig.4.16, if the efficiency variation at a particular
gamma-ray energy is defined as the ratio of the efficiency

value at density 0.21 g;cm'3 (at certain energy) to the
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efficiency value at 2.04 g‘cm’3 {(at the same energy), and if
this efficiency variation versus gamma-ray energy is plotted,
the significance of this efficiency variation (in this
density range) as a function of the gamma-ray energy may be
seen. Notice that if the ratio equals to one, it means that
there is no variation of the efficiency at the particular
energy. This ratio is also obtained for I'ig.4.17. As it
can be seen from Fig.4.18, it implies that efficiency
variation is very significant for low energy gamma-ray, and
becomes less significant when the energy increases.

It is also worth mentioning here about the usefulness of
the liquid and the bead sburces. Although the foam cement
calibration source alone is very useful for the purpose of
getting a good correiation between the efficiency and density
for all the gamma-ray energy (Fig.4.17), it is also thought
that for the same purpose, the liquid and the bead sources
are also useful, but only at the gamma-ray energy above 100
keV (Figs 4.15 and 4.18).

Notice that accuracy of all the results (discussed in
this section) have been checked by the use of the alternative
detection system, i.e. the automatic sample changer system

for routine radioactivity measurement of samples.

5. CONCLUSION

Based on the results obtained, it may be concluded from
this work that:
(1)the common expectations of this work have been fulfilled,
(2)the reproducibility of the source preparation method is
good,
{3)the accuracy of the results obtained with the present
system is good,
(4)the foam cement source is the most suitable calibration
source for gamma-ray radioactivity measurements for limited
compositions,
(5)the liquid and the four types of bead source are not very
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efficiency value at 2.04 gem™ (at the same energy), and if
this efficiency variation versus gamma-ray energy is plotted,
the significance of this efficiency variation (in this
density range) as a function of the gamma-ray energy may be
seen, Notice that if the ratio equals to one, it means that
there is no variation of the efficiency at the particular
energy. This ratio is also obtained for Fig.4.17. As it
can be seen from Fig.4.18, it implies that efficiency
variation is very significant for low energy gamma-ray, and
becomes less significant when the energy increases.

It is also worth mentioning here about the usefulness of
the liquid and the bead sources. Although the foam cement
calibration source alone is very useful for the purpose of
getting a good correiation between the efficiency and density
for all the gamma-ray energy (Fig.4.17), it is also thought
that for the same purpose, the liquid and the bead sources
are also useful, but only at the gamma-ray energy above 100
keV (Figs 4.15 and 4.18).

Notice that accuracy of all the results (discussed in
this section) have been checked by the use of the alternative
detection system, i.e. the automatic sample changer system

for routine radicactivity measurement of samples.

5. CONCLUSION

Based on the results obtained, it may be concluded from
this work that:
(1)the common expectations of this work have been fulfilled,
(2)the reproducibility of the source preparation method is
good, |
(3)the accuracy of the results obtained with the present
system is good,
(4)the foam cement source is the most suitable calibration
source for gamma-ray radioactivity measurements for limited
compositions,
(5)the liguid and the four types of bead source are not very
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suitable or useful for use as the calibration sources for
gamma-ray radicactivity measurement over all the energy and
density ranges of interest,

(6Yhowever, for gamma-ray energy above 100 keV, the liquid
and the four other types of the calibration sources are also
useful for the calibration work,

(7)for . gamma-ray energy lower than 100 keV, in the case of
equal shape, the significance of types {(or compositions) and
density of the calibration sources/is prominent, and

(8)the use of the foam cement source as a calibration source
for the purpose of radiocactivity measurement of low gamma-ray
energy (59.54 keV) of samples like water (density value about

1 g'cm'3 for example, the waste solution) is not recommended.

ACKNOWLEDGEMENTS

The authors are extremely grateful to the collaboration
given by the staff of Radiation Counting Section of Radiation
Dosimetry Division Dep. of Health Physics JAERI, namely
Mr.Koji Takahashi and Mr.Masato Ishizawa, that greatly
contributed to the success of this work. One of us (SBS) is
grateful to The Science and Technology Agency (STA), Govern-
ment of Japan for the award of STA Scientist Exchange
Programma Fellowship, which has made leave from Universiti
Kebangsaan Malaysia at Tokai-mura for three months

29.3.1994-25.6.1994 possible.



JAERI-Tech 95-010

suitable or useful for use as the callbration sources for
gamma-ray radioactivity measurement over all the energy and
density ranges of interest,

{6)however, for gamma-ray energy above 100 keV, the liquid
and the four other types of the calibration sources are also
useful for the calibration work,

(7)for gamma-ray energy lower than 100 keV, in the case of
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Calibration sources:

and identification

JTAERI-Tech 85-010

type, composition

Composition
Type [dentification
Matrix Carrier Diluting
material solution
distilled
cement water
Foam cement t water used” (with T 1
+ foanm 0. 5mol/1
HC1)
same
Liquid none none T 2
as above
glass, of Bmm
T3 A
in diameter
glass, of Zmm
T3B
in diameter same
Beads none
foamed as above
T4
polysiyrene
hard plastic T5

¥ : Cs,Sr, Y, Ce, Co, each 10mg/ml in 4N HCI
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Calibration source
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and activity)
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source.
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isource) !

; i .

: Chemical : N

: composition? | ,
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1 Density? L
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' 2nd stage
 (Measurement)

efficiency-energy curve
for the calibration source
available for the present

{a)detector and {b)detector,
source geometry?

N

I
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1

i

: Get the

1 |fefficiency-energy

1 feurve. '

1

1 L o ht

1

1[ With the same {a) and (b), determine
; the energy(Es) and area(As) under

I ihe pesk for the sample.

!

L ome mm mm wm me ww e Em mm o mr m HF TR Em o mr omm W ome wl Em we W AE Er s mm es e o o o4
‘3rd stage YT TTTRT k

I(Activily determination)

For a particular energy Es, if

Er = detection efficiency,

As = count rate in peak area for the sample,
and f = gamma emission rate,

Sample activity = As/(Es « f)

Figl.l Standard procedures for qualitative and gquantitative
determination of a sample, with emphasis given on the

shape, chemical composition and density.
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Adhesive to fix
inner lid

Fig2.1 Containment for matrix materials of bead

calibration source.
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Fig2.2 Guide for the preparation of calibration scurces

with constant density.
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4.5
3.0
1.5
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Constant density(g/cm’)

tem) shown in brackets
— +(0.93) +{1.00) +(1.93) +(1.88) +{0.39) +{0.86)
— +{0.94) +{1.00) +(1.92) +{1.87) +(0.38) +{0.82})
— +(0.973 +(1.00) +(1.82) +(1.88) +{0.43) +(0.80)
| | | | I |
T1 T2 T3A T3B T4 T5

Source composition identification

(a)To study the variation of efficiency curve with composition and height of

Density(g/cm’ )

2.0
1.5
1.0
0.5

calibration sources.

+(2.04)
+(1.34)
+(0.94)

+(0.51)
4(0.21)

Constant height=4.5cm

| | | I |

T1

T2 T3A T3B- T4 TS5

Source composition identification

{(b}To study the variation of efficiency curve with density of foam cement

Density(g/cm? )

2.0
1.5
1.0
0.5

sources.

Constant height=4.5cm
{ Ja=Sources from(a)

B +(%.g$) IHggga { Yb=Source from(b)
— T83)a +(189)

+(0.04)p *{1.00)a 0.84
- #1093 {50 +{0:84)

+(0.92

. +(0.39)a +(0.86)a

- | +(0.39)

r | | | 11038 |

T2  T3A T3B T4 TS5

Source composition identification

(c)To study the reproducibility of source preparation method.

Fig2.3 Objectives of this work. All the sources in (a),(b) and {(c)

use the same plastic container of 9.5cm in diameter. Detalilis

of the composition identification is given in TableZ.1
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Foam cement source, i
constant density.

Height (cm), density (gcm‘a)

o 1.5,0.97 |
m} 3.0,0.94
A 4.5,0.93

1 1 L.l I | 1 1 1 1 1 1 1 I i

10° 10°
Energy (keV)

Fig4.1 Variation of efficiency-energy curves with heights of

foam cement source for a constant density.



Efficiency (%)

JAERI-Tech S5-010

Liquid source,
constant density.

Height (cm), density (gem™)
- © 1.5,1.00
o . 3.0 1.00
A 4.5,1.00

107t

Illll L 1 IIIIllI 1

10° 10°
Energy (keV)

Figd.2 Variation of efficiency-energy curves with heights of

ligquid source for a constant density.
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¥ I r1 I ] ' T 1 ] i r l T

Glass beads (6 mm) source,
constant density.

ll[

Height (cm), density (gem™)

. o 1.5,1.82 .
G 3.0,192
A 45,193

102

10°
Energy {keV)

Fig4.3 Variation of efficiency - energy curves with heights of

glass bead (6mm in diameter) source for a constant

density.
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A

L1 ‘

Glass beads (2 mm) source,
constant density.

Height (cm), density (gcm's)

. © 1.5,1.88 -
o 3.0,1.87
4.5,1.88

X 1 1 1 1 1 11 I

L

10

103

Energy (keV)

Fig4.4 Variation of efficiency-energy curves with heights of

glass bead {Z2mm in diameter) source for a constant

density.
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IIIII T ¥ Illllll 1

Polystyrene foam source,
constant density.

Efficiency (%)

Height (cm), density (gem™3)

. O 1.5, 0.43
o 3.00.:38
A 45,039

1 ] 11 I 1 1 1 1 1 1 Ll i L

102 10°
Energy (keV)

Fig4.5 Variation of efficiency-energy curves with heights of

polystyrene foam source for a constant density.
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Hard plastic source,
constant density.

Height (cm}, density (gem™3)

0 1.5, 0.80
O 3.0,0.82
A 45,086

Illll 1 1 Ill!ll' 1

10°
Energy (keV)

102

efficiency-energy curves with heights of

hard plastic source for a constant density.
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107

[ ] I.,‘.

Density (gcm“a)

® 0.21
o 051
o 0.94
¢ 134
A 204

Foam cement source,
Constant height (4.5cm)

1

Figd.7

102

10°
Energy (keV)

Variation of efficiency-energy curves with densities

of foam cement source for a constant height.
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Foam cement source,
Constant height (4.5cm)

Density (gcm‘s)

™ 0.92
(o) 0.93
(m] 0.94

Illll 1 ] Illllll 1

10°
Energy (keV)

102

Fig4.8 Reproducibility of feam cement source preparation

(with constant height and density).
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10~

Liquid source,
Constant height (4.5cm)

Density (gcm'a)

' 1.00
0 1.00
O 1.00

1 1 L I

1 L 1 1 ] 1 L1 l I

10°
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Energy (keV)

Figd4.9 Reproducibility of the liguid socurce preparation

(with constant height and density).
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Glass beads (6 mm) source,_
Constant height (4.5cm)

Density (gem™3)

. 1.93
0 1.87
o 1.89
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Energy (keV)

Fig4.10 Reproducibility of the glass bead (6mm in diameter)

source preparation (with constant height and density).
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Glass beads (2 mm) source,
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Density (gcm's)
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Fig4.11 Reprcducibility of the glass bead (2mm in diameter)
source preparation (with constant height and density).
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Density (gem™)

. 0.38
o 0.39
0 0.39

'O I I

1 1 L) ] T I L | I 1

Polystyrene foam source,
Constant height (4.5cm)

102

103
Energy (keV)

Figd.12 Reproducibility of the Polystyrene foam source

preparation (with constant height and density).
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Hard plastic source,
Constant height (4.5cm)

Density (gcm‘s)

. 0.86
0 0.84
(m| 0.84

| - 1

L. l

10

10°

Energy (keV)

Fig4.13 Reproducibility of the hard plastic source
preparation {(with constant height and density).
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) 2 . o For 59.5 keV —
[ N
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1L Types of calibration source ~9
o Foam cement el
— A Liquid TTTom -
| 4 Glass bead(6mm)
-------- fitted to the data
v Glass bead(2mm) from foam cement
o Polystyrene foam source
™~ ¢ Hard plastic -
AN TS N O N T TN N N [ M O N S I

Density gcm‘3

Figd.14 Variation of efficiency-density curve with gamma-ray
energy of 59.54keV. The types of the calibration source
are indicated here. The broken line fits to the data from

the foam cement source.
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Energy( keV)
— 1221

---------

Efficiency( % )
N
I

1 Types of calibration source
o Foam cement

— A Liquid
v Glass bead(6mm) |
a4 Qlass bead(2mm)

O Polystyrene foam

— < Hard plastic

Density gcm‘3

Figd4.15 Variation of efficiency-density curves with gamma-ray
energies of 122.1 and 165.9keV. The types of the calibration

source are indicated here.
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Figd4.16 Variation of efficiency-density curves with seven

gamma-ray energies, for all the calibration source.
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Foam cement source only

Efficiency (%)

3 Energy keV
© 59.54 ¢ 391.7
e 88.03 ¢ 5140
o 1221 A B61.7
@ 1365 A 8980
o 320.1 v
e

I T N O I T O I
Lttt b e v et v vl or oyt b

Density gcm‘3

Figd.17 Variation of efficiency-density curves with all the
thirteen gamma-ray energies, for the calibration

scurce of feam cement only.
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Types (or compositions) of calibration source
o foam cement only -
o all

Efficiency variation
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Figd4.18 Variation of efficiency with gamma-ray energy.
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Photol Types of polystyrene ampoules (pycnometers)

used in this work.

Photo2 Types of calibration sources prepared for this work.
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Photo3 Preparation of foam.

Phetod4d Mixing water and cement.
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Photo5 Calibration source to the HPGe detector geometry.,

Photo6 Automatic sample changer system. This system is also
utilised in this work for the purpose of checking the

accuracy of results obtained from the manual system.
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The radicactivity standard solution supplied by DAMRI/LMRI
at reference date 6 Dec 1993, at 12:00

Energy Absolute Photon Emission | Uncertainty

Radionuclide | Half-life Intensity (%) rate (%>

(keV) to 4P] sreg™ig™? 3¢
24 Am 432. Ty 59.537 = 0.001 | 35.% * 0.4 1. 462E+04 3
torcd 462. 6d 88.034 £ 0.002 3.66 = 0.06 8. 479E+03 4
*7Co 271. 8d 122.0614%= 0.001 | 85.68 + 0.13 8. 7T82E+03 3
*"Co 271. 8d 136.4743%= 0.001 | 10.67 =+ 0.13 1. 094E+03 3
1$9Ce 137. 6d 165.857 £ 0.006 | 79.87 = 0.06 8. 126E403 3
S1Cr 27.7d 320. 0842 = 0. 001 9.85 = 0.09 2. B68E+04 3

1138n 115. 1d 391.702 + 0.004 | 64.89 =* 0.17 4. 080E+04 35
#98r 64. 8d 514.009 = 0.012 | 99.29 £ 0.04 3. 605E+04 3
1$7Cs 30.25y | G661.660 = 0.003 | 8.2 =+ 0.2 4. 395E+04 3
sy 1086. 6d 898.042 = (. 004 | 94.1 * 0.5 5. ITOE+04 3
*°Co 5.27y 1 1173.240 = 0.004 | 99.89 =+ Q.02 6. 143E+04 3
*°Co 5.27y |1332.500 = 0.005 | 99.983 £ 0.001 6. 149E+04 3
ey 106.6d | 1836.060 %= 0.013 | 99.36 £ (.05 5. 459E+04 3

As a mumerical example, a case is quoted : 1.3382 x 107% g of master solution is diluted

and dispensed to the foam cement, and the activity at energy 122.1 keV of a Co-57 radiomuclide is
to be determined at reference data of 10 ¥ay 1994
data of 6 Dec 1993 at this emergy is 8. 782 x 10° s g™,

obtained (by half-life correction) as 5. 9157 x 10° s™' g™
at this energy is 1.3382 x 107% g x 5.9157 X 10" s' g*', which equals to 7.916 x 10' s™'.

From Appendix A, the activity at reference
The activity on 10 May 1994 may be

The activity of foam cement SOurce
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Appendix B

Calculation involving in the preparation of foam cement

source.

If

Vi

and if
¥«
K.
M:
Ve

Intended density of the source gem™

Intended volume of the source cm®

Prepared volume (resultant in practice) cm?®

= V + 0.2V (where 0.2V is the loss, as waste)

1.2V cm®

Mass of water g
mass of cement g
Mass of foam g

Volume of foam cm?

the estimation of M«, M., M¢ and V: can be made from the following relationships,

which are
¥«
M.
Me
Vi
Ve

gained experimentally.

(15xV1xD-V1)/62.5 ¢
&3xMw g
VIxXD-(KtMe) g

154 cm®

lt¥e)/2. 154V con’®

where it can be seen that V. = V].

As an example, for the preparation of a foam cement source of volume V = 300 cm?,

the amount of Mw, Mc, M¢ and V¢ as a function of the source density is given in

Fig APP-B-1. Notice that from the figure, when density is increasing, M= and M.

are increasing too, but M¢ and V: are decreasing.
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Fig.App-B-1: A guide for estimating the amount of water (g),
cement (g) and foam (g and cm’) for a certain

density of the foam cement cailbration scurce.

Volume cm3
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Appendix C

Data on the work for preparation of calibration sources

Cl1 = Type

C2 = Height

C3 = Intended density

C4 = Volume

5 = Mass of container

C6 = Mass of beads only

C7 = Mass of HCl+distilled water

C8 = Mass of beads+HCl+distilled watertmaster solution

C9 = Mass of cementicarriertwatertfoam+liClidistilled watertmaster solution

Cl10 = Density of sources
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Data on the work for preparation of calibration sources

Cl1 C2 c3 c4 Ch Cé6 cC7 C8 CH C10
(om) | (g/em®) | (en®) | (g (& () (g) (€ (g/cn®)
Type-1-1 15 1. 00 160 36.55 - - - 96. 75 0. 97
etz | 30| Lo | a0 | s ST imss | 0w
“Type1-3 | 45 | Loo | %00 | 875 - | - | ~ |95 0.93
T Typeld | 45 | To.z0 | 300 | .97 - | - a3 oo
T T BT T e e e F T I YT
“Type-i-6 | 45 | Loo | 900 | 3653| - | - | — |a817| 084
TTypel7 | 45 1 Le0 | 300 | 3649 — | — | - “laoner| L4
T Type-18 | 45 | 2.20 | 300 | 8615 - | - | ~ L85 | 204
Chme-1e 45 T Loo a0 | sees| — | - | — jemor| 092
Type-2-1 15 - 100 3¢6. 69 - 100. 00 - - 1. 00
Type-2-2 | 30 | -1 200 | 3657 - |awon| — - | 100
Type2-3 | 45 | - | 300 | 36.09| — (8000 - | - 1 100
R e N I I T S = L
Type-2-5 | 45 | - | 300 | 36.57| — |s00.00] - | — | oo
Type-3-14 | 15 - 100 36.62 | 144.78 | 37.24 1821!}_2__ - 182
Type-3-24| 30 | - | 200 | 36.67|304.62| 70.70 | 38e32| - | 192
Type-3-34 | 45 | - 300 | 35.59 1460.20 | 110.20 | 579.40 | — | 193
Type-3-4A | 45 | - | 300 | 35.97|453.81 113.20 | 567.01| - | 1.89
Type35A| 45 | - | 300 | 36.10 | 446.57 | 115.60 | 562.17| — | 1.87
Type-3-1B| 15 | - 00 | 36.09 152 12| 35.80 | 187.92| — | 1.88
Type-3-28| 30, - | 200} 36.80 | 300.68 | 73.50 (37418 ~ | 187
Type-3-3B| 45 | - | 300 | 35.58 | 450.34 | 113.50 (563.84 1 — | 1.88
Type-3-48| 45 | = 300 | 3794 | 444.76 | 110.10 | 554.86 | — | L8
Type-3-5B| 45 | - | 300 173793 [ 454.00 | 110.00 | 564.00 | — | 188
Type-4-1 15 - 100 36. 95 1.58 | 40.92 | 42.50 - 0. 43
CTypedz | 30 | - 200 | 36.02| 5.38| 7220 .58 - | 0.38
Typed3 | 45 | - | 300 | 36.63| 5.17|10.70[115.88 ~— | 0.39
CTypedd | 45 | - | 300 | 36.09] 5.22 | 110.94 106.16| — | 0.39
| Type-45 | 45 | - | 3003617 5.15|109.75 |114.90| — | 0.38
Type-5-1 15 - 100 36.56 | 49.19| 30.48 | 79.67 - 0.80
sy | @ = o asl 0670 | 5430 | 16408 | — | 0.8
“ropes 3 | 45 | C a0 anes o495 | 9o 23| - | 086
“vpesd | 45 | S Tao | os [ iebae | seo0 25308 - | 0.81
| Type-5-5 | 45 | - | . 300 | 36.17 | 167.28 | 85.00 |252.28| ~— | 0.84




