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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

5k of technical committees is to prepare International Standards. Draft International Stan
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Nuclear fuel technology — Preparation of plutonium sources
and determination of 238Pu/239Pu isotope ratio by alpha
spectrometry
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nternational Standard describes three simple and fast procedures to prepare plutonium s
dure to measure the activity ratio of 238Pu to (239Pu + 240Pu) by a spectrometry. The o
bd is used for the determination of isotopic abundance of 238Pu in combination with mass
bliminates the possible interferences of 238U in the latter method. It applies to the analys
ons of plutonium in 2 mol/l to 4 mol/l nitric acid containing 50 ug to 200.jug of plutonium pe
result from the chemical treatment and purification preceding plitonium isotopic analy
rometry.

International Standard applies to plutonium solutions free ffom 24'Am and those contain
of other non-volatile impurities relative to the plutonium>content. Anion exchange chrom
dance with 1SO 8299:1993 [12], Subclauses 7.2 and“7.3, or solvent extraction chrom
5366 [13] are suitable purification methods.

The

specfrometry for the isotopic analysis of plutonium-in spent-fuel solutions or nuclear-grade plutoni

2

Ther¢ are two major methods to prepare plutonium sources: drop deposition and electrodepositio

of dr
a ele
flame

In th
sligh

The s

The

ethods given in this International Standard arg,intended for use in conjunction or in paral

rinciple

p-deposition methods are.given: a drop of sample solution is mixed with wetting agent and
ctrochemically polished stainless-steel disc or porcelain disc and dried. The dried residue i
or muffle furnace depending upon the selected types of disc to produce a thin and carrier-fr,

case of the electrodeposition method, the plutonium is deposited as hydrous oxide fror
ly acidic aquedus solution onto a stainless-steel disc.

ource issmeasured by a spectrometry with a semiconductor detector.

spectrum is processed to obtain the activity ratio of 238Pu to (239Pu + 240Py). The tailing

burces and a
Spectrometry
spectrometry
is of purified
r millilitre, as
5is by mass

ng less than
atography in
atography in

el with mass
um products.

n. Two types
deposited on
5 ignited in a
e source.

h a buffered,

of the 238py

peak

is eorrected by the “Geometric-Progression Decrease” method aor exponential extrapolation

method.

The isotope ratio 238Pu/239Py is calculated using the isotope ratio 240Pu/239Pu determined by mass
spectrometry.
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3 Source preparation

The source should be very thin. Its thickness should not significantly limit the o peak resolution.

Different procedures can be used to prepare o sources, such as

solution

sublimation in vacuum,

electrodeposition,

evaporation with a wetting agent and subsequent ignition, or

coprecip

Sublimation
and an ener
with sources
plutonium in
coprecipitatig

itation of Pu(lll)F5 with lanthanide fluoride, such as NdF5 or CeF5

s the preferred procedure when the aim is to study the fine structure of the plutonium o spe
Jy resolution of 9 keV is needed [1]. It is possible, but more difficult, to reach\stich a reso
prepared by electrodeposition [2]. Coprecipitation is well suited to determine' trace conte
environmental or biological samples by o spectrometry [3]. However,;\sources preparg
n exhibit a. peaks with greater tailing.

Depositing a
sources for
deposition 3
common us

procedures,

properties
5,50 MeV al

nd drying a small drop of solution of the purified sample onto an inert’support produce satisfa
he purpose of plutonium accountancy measurements. Two examples of the procedure of
e described below. These alternatives were selected because they are convenient a
when the sample is measured in parallel by o and mass spectrometry. It is also easy, with
o prepare five to twenty sources simultaneously. Drop<deposition yields sources of appro
en using semiconductor detectors with an intrinsi€’energy resolution of 20 keV or les
ha-particle energy of 238Pu.

The source [support shall have a clean and perfectly smooth surface, which shall remain physically
chemically irfert during the preparation of the sources. dn particular, the material of the support shall no
and shall be fesistant against nitric acid, plutonium nitrate, the wetting agent and their decomposition pro
as well as adainst atmospheric corrosion.

3.1 Sourde preparation on electrochemically polished stainless-steel disc [4]

In the followiphg procedure, the sources shall be prepared in a fume cupboard or a glove box designed for]

Ctrum
ution
ts of
d by

ctory
drop-
nd in
hese
Driate
s for

and
melt
ducts,

work

with a-emitting radioisotopes wherg the use of a gas burner is authorized.

3.1.1 Apparatus

3.1.141 Electrochemically polished discs, of heat-resistant stainless steel, about 25 mm in diafeter
and 0,5 mm [thick; stainless steels of the following composition would be suitable: Cr 17 % to 20 %; Nj 8 %
to 15 %; Mo R,5 %04 %; C 0,12 % max.; Si 1,0 % max.; Mn 2,0 % max.; S 0,030 % to 0,045 %; P 0,04 %.
3.1.1.2 Burner

3113 Piston pipette, of capacity 10 pl, with disposable tip.

3114 Sample holder, made of a 50 mm diameter and 5 mm thick stainless-steel plate with a 25 cm

long insulated handle. A 0,2 mm to 0,3 mm deep recess shall be provided in the centre of the plate with a

diameter 1 mm greater than the diameter of the disc.

3.1.2 Reagents

3.1.21 Ethanol, analytical grade.
3.1.2.2 Colourless varnish
2 © ISO 2005 — All rights reserved
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3.1.23 Tetraethylene glycol, analytical grade.

3.1.3 Procedure
3.1.31 Clean the disc with the ethanol (3.1.2.1).

3.1.3.2 Draw a circular rim, of about 12 mm diameter, on the polished surface of the disc with a varnish
(3.1.2.2) and let it dry.

NOTE An artist's brush can be useful for this operation.

3133 Place the disc in the recess of the sample holder.
3.1.3/4 Pipette 10 pl of the tetraethylene glycol (3.1.2.3) inside the circular rim.
3.1.3(5 Change the pipette tip and pipette 10 ul of the sample solution inside the gircular rim.

3.1.3}6 Gently heat the holder and the disc with a gas burner, swirling slowly over the flanpe to mix the
sample well with the tetraethylene glycol. The solution should be evaporated.slowly, without boiling.

3.1.3{7 When the disc is dry, heat more strongly to burn off the rim of\varnish.

3.1.3|8 Finally, introduce the disc into the reducing zone of the flame and bring the source|to a dull red
heat for approximately 30 s.

3.1.3}9 Let the holder and the disc cool to ambient temperature. The source is ready for measurement.
3.2 | Source preparation on porcelain disc [°]

3.2.1] Apparatus

3.211 Glazed porcelain disc, of @about 29 mm diameter and 5,5 mm thickness. A circular recess of
8,5 mm diameter and 1 mm depth shall be provided in the centre of the disc to receive the sample solution,
which defines the source area. The glazing shall not melt below 1 000 °C.

3.2.1)2 Hotplate, with a maximum temperature of 250 °C.
NOTE A surface thermometer may be used to monitor the temperature of the plate.
3.21]3 Muffle_furihace, controllable to 1 000 °C and equipped with a removable quartz boat or tube,

about 100 mm to.200 mm long and 30 mm in diameter. The boat shall be wide enough to acceptthe porcelain
discs

3.21}4 Piston pipette, of capacity 10 pl, with disposable tip.

3.2.1:

(4]
P
b
a
B
+

tha narcalain dic Thao-nmark:
e pPoTCCan T urSC—1 T

able-aftergnition-at 850 °C.
3.2.2 Reagents

3.2.21 Ethanol, analytical grade.

3.2.2.2 Tetraethylene glycol, analytical grade.

3.2.3 Procedure

3.2.31 Clean the surface of the porcelain disc using a tissue paper moistened with ethanol (3.2.2.1).
Write the identification of the sample with a pencil (3.2.1.5) on the reverse side of the disc.

© 1SO 2005 - All rights reserved 3
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3.2.3.2 Pipette 10 pl, of tetraethylene glycol (3.2.2.2) into the recess in the centre of the porcelain disc
and spread it, with the pipette tip, over the entire surface of the recess.

3.233 Change the pipette tip and pipette 10 pl of the sample solution into the recess in the centre of the
disc, previously moistened with tetraethylene glycol; mix both solutions well with the tip of the pipette.

3.234 Place the porcelain disc on the hotplate (3.2.1.2), set the temperature to 100 °C and warm it up
for 1 h; then increase the temperature to 150 °C for another hour; after 2 h, the disc should be dry.

3.23.5 Introduce the porcelain disc into the quartz tube or boat of the muffle furnace (3.2.1.3), set the
temperature control to 850 °C and ignite at this temperature for 20 min; the furnace reaches 850 °C in about
20 min.

3.2.3.6 Switch off the furnace and let it cool for about 20 min before removing the source.

The source i$ ready for measurement.
3.3 Sourde preparation by electrodeposition [2]

3.3.1 Apparatus
3.3.141 Btainless-steel discs, as described in 3.1.1.1. The diameter has{o fit the electroplating cell,

3.31.2 Device for electroplating, with adjustable voltage of up f0,12 V and adjustable current of [up to
200 mA/cm?2|of area of deposition. The anode must be rotating to sefve’as a stirrer.

3.313 Disposable electroplating cell, of 10 ml capacity ‘and diameter compatible with the diamejter of
the stainlesststeel discs (3.1.1.1).

3.314 Pt-anode

3.3.2 Reagents
3.3.21 Nitric acid, analytical grade, cancentrated, 3 mol/l, 0,1 mol/l, 0,001 mol/I.

3.3.2.2 1,0,, analytical grade, 30 %.

3.3.23 Ammonium nitrate,-analytical grade, saturated solution in distilled water.
3.3.24 Ammonia solution, analytical grade, 5 % in distilled water.
3.3.2.5 Acetoneanalytical grade.

3.3.3 Procrdure

3.3.31 A redox treatment is necessary to ensure isotopic homogenization if the Pu was mixed from
different origins. This can be done by first treating the mixture twice with concentrated nitric acid (HNO3) to
break the polymer and then adding H,O, in 3 mol/l HNO5; medium. Then evaporate to dryness and redissolve
in 0,1 mol/l HNOj to adjust the concentration to about 1 pug Pu/10 pl.

3.3.3.2 Add 5 ml of 0,001 mol/l HNO4 to the electrodeposition cell. Transfer 10 pl of the Pu solution to the
cell.

3.3.33 Connect the mirror-polished stainless-steel disc and the platinum stirrer to act as cathode and

anode, respectively. It is important to stir the solution during electrodeposition, since there is gas evolution
during the process.

4 © ISO 2005 — All rights reserved
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3.3.34 Now start the electrodeposition by maintaining a voltage of 10 V to 12 V and adjusting the current
density to about 200 mA/cm? by the addition of saturated solution of ammonium nitrate.

3.3.3.5 Run the deposition for about 1 h.
3.3.3.6 Before stopping the electrodeposition, add a few drops of diluted ammonia solution.

3.3.3.7 Remove the electrical connections and wash the electrodeposited source with water and acetone
and keep for drying.

3.3.3.8 Wash the Pt electrode thoroughly with concentrated nitric acid (HNO3). Always use a fresh cell for
a neW source.

4 Alpha spectrometry

4.1 | Apparatus
4.1.1[ Vacuum chamber, equipped with a vacuum gauge and a pump praoviding pressures of 5|Pa or less.

4.1.2| Si detector, surface barrier passivated or ion-implanted, energytesolution (FWHM) 20 KeV or better,
activ¢ area about 100 mm?2.

Pass|vated ion-implanted detectors have a resolution of 9 keV*'to 10 keV, but are not required unless the
sourge is prepared by vacuum sublimation or electrodeposition and the aim is to reach a|much better
accuracy or to study the fine structure of the plutonium o Spectrum.

The gletector shall be mounted in the vacuum chamber at a distance of about 15 mm from the ¢ source, i.e.
about 1,5 times the diameter of the source.

4.1.3| Electronic modules
Bias |voltage supply, adjustable up t0.200 V, preamplifier and spectrometry amplifier, 1 024 or more memory
multithannel analyser. The amplifierigain is adjusted in such a way that the peaks of 238Pu and 2P°Pu + 240py
are displayed on the upper energy 'side of the screen; the energy scale should be about 1,5 keY/channel for
the 11024 multichannel analyser.

4.1.4)] Small computing device, separate or incorporated in the multichannel analyser.

4.2 | Measurement

4.21| Place:the source in the vacuum chamber and pump until a vacuum of about 5 Pa (5 x {0~2 mbar) is
obtaiped. Then set the detector voltage to the value recommended by the manufacturer.

4.2.2L__Record-the-spectrm-—of o particleradiation—ceollecting-whenever practical-at least 500-300 counts in
the smaller of the two peak groups [corresponding to 238Pu or (239Pu + 240Py) peaks]. The spectrum recorded
in the semi-logarithmic scale shall be similar to the one presented in Figure 1. The upper energy sides of the
two peak groups shall be smooth, while the lower energy sides shall decrease monotonically, except for the
two small peaks indicated in Figure 1. At mid-height, the 5,5 MeV peak of 238Pu shall have a width of 20 keV
or less. The counts per channel in the valley between the two groups shall be no greater than 1 % of the
counts at the 238Py peak top.

4.3 Spectra evaluation

A number of computer software have been developed to perform elaborate evaluations of o spectra [6, 7, 8].
Some can be used on personal computers. However, sources with very high resolution are needed to draw a

© 1SO 2005 - All rights reserved 5
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significant advantage out of such sophisticated evaluations, compared to the simple empirical procedure
described in 4.3.2.

4.3.1 Principle

Very simple models are very efficient for accurately correcting the tailing of the 238Pu peak, as long as the
spectrum is well resolved and the tailing is small.

The following assumptions are then generally applicable:

a) single a peaks all have the same shape;

b) the tailsjare the sum of the tailings of all single peaks of higher energies;
c) in the flgdt portion of the tail, peak tailing contributions are proportional to the corresponding'peak areas.
The above agsumptions form the basis of the procedures which are described below.
4.3.2 Geometric-progression decrease method [°]

The method |nvolves two assumptions:

— the self fibsorption of the alpha particles of 238Pu, 239Pu and 240Pu i$.thé same;
— the courts in the tail of a peak decrease in geometric progression.

Its main feat{ires are as follows:

a) equal infervals of integration are selected for the 238Py and (239Pu + 240Py) peaks;

b) each intprval is selected to include all the relevant single peaks which contribute at least 0,05 % ¢f the
total activity of the group of interest;

c) the interpals of integration of the 238Py peaks include only contributions from 238Pu (and 241Am) isotppes;
d) the interpal of integration of the (239Pu + 240Py) peaks excludes all the major 242Pu and 241Pu peaks|

e) tail-contfibution estimates_alSa exclude the contributions of the major 242Pu and 24'Pu peaks and the
minor 23BPu peak at 5,357-9 MeV.

4.3.21 Divide the-plutonium a-spectrum into four regions: A, B, C and D, each region having an gqual
number of channels (see Figure 1).

4.3.2.2 Belect 'the high-energy end of region A: EAmaX: 5,499 0 MeV + FWHM, where FWHM(MgV) is
the full widthlaf-Half-maximum of the 238Py peak at the energy 5,499 0 MeV

4323 Fix the low-energy end of the region A: EA_,. = EA ., — 0,267 7 MeV.

max

4.3.2.4 Select the high-energy and the low energy ends of region B: EB =5,168 2 MeV + FWHM and

max

EB L in=EBax— 0,267 7 MeV.
4.3.2.5 Select the high-energy and low-energy ends of the region C: ECmax = 4,856 2 MeV - FWHM and
EC in = ECmax — 0,267 7 MeV.

4.3.2.6 Select the high-energy and low-energy ends of the region D:

EP ox = EBrax — (EAmax — ECmax) @nd EP i, = EP, ., — 0,267 7 MeV.

6 © ISO 2005 — All rights reserved
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4327 The interval width 0,267 7 MeV is the energy interval between the 240Pu peak at 5,168 2 MeV
and the 242Pu peak at 4,900 5 MeV (see Table 1).

4.3.2.8 Obtain the sums of the counts in the channels of regions A, B, C and D. Call the corresponding
counts a, b, c and d respectively.

4329 The 238Pu/(239Pu + 240Py) alpha activity ratio, R(«), is calculated from

(1)

See feference [9] for more details.

4.3.3| Exponential decrease method

4.3.3{1 Divide the plutonium o spectrum into two regions: A and B as described in 4.3.2 (see|Figure 1).

o
i~
gyn
gyn

N
gyn

X  Energy, MeV

@  Region.
Figure 1 — Example of o spectrum
4.3.3.2 Use the 96 keV interval above region B for fitting an exponential function
Y, = Ag-e?1Xi )

© 1SO 2005 - All rights reserved 7
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or a straight line:

InY; =InAg +a4X; (3)
where
Y. is the number of counts in the channel X;

1

Agand a, are the fitting parameters.

4.3.3.3 alculate the area 7=3 Vz under this line in the rnginn B and subtract this number from the sum

of counts in fegion B.

T'is a number of counts in the extrapolated tail under 239Pu + 240Py peaks.

4.3.3.4 Calculate the activity ratio from
A
R(a)=4+— 4
(@)= )
where 4 and|B are the number of counts in respective regions.
5 Expresgsion of results
The isotope fatio 238Pu/239Pu, Rg/g is calculated from
> 1 Ro/9
R =R(a)Tg| —+ 5
8/9 ()z{Tg ToJ ()
where
R(e) ig the activity ratio calculated in‘Equation (1);

Ro/9 ig the isotope ratio 240Pu/239Pu measured by mass spectrometry;

i$ the half-life of {sotope 238Pu (87,7 + 0,3 years);

o’

&3

i$ the half4ife'of isotope 239Pu (24 110 + 30 years);

T, i$ the half-life of isotope 240Pu (6 563 + 7 years).

6 Interference of americium

The isotope 241Am emits alpha particles of energies very close to the energies of the radiation emitted by
isotope 238Pu (see Table 1). Its presence yields positive biases.

Since plutonium always contains some isotope 24TAm, resulting from the decay of isotope 241Pu, it is
necessary to purify the sample by removing americium just before o spectrometry is done. The purification
should be verified by gamma spectrometry.

The a spectrometry should be done within one week after the separation is completed. If the spectrometry is
not done immediately after purification of the plutonium, the analysis will have a positive bias. The resulting

8 © ISO 2005 — All rights reserved
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relative bias ¢ is given by the following equation, where the delay ¢ and the half-lives, T; to Tg and T, are
expressed in the same units:

5=—18 |ppRust

__1¢ (6)
TaAR8/9 Ty

where

Th is the half-life of isotope 241Am (432,7 + 0,5 years);

Rg/9 is the isotope ratio 23°Pu/%3°Pu at the time of the separation;

R1/9 is the isotope ratio 241Pu/239Puy at the time of the separation;

T is the half-life of isotope 241Pu (14,35 + 0,1 years).

Isotopic ratio 241Pu/239Pu R 19 should be measured by gamma spectrometr§i{10] or mass spectrpmetry.

In the¢ case of plutonium containing 1 % of 238Pu isotope and 10.% of 24'Pu isotope, a bia$ of 0,027 %
accumulates every day following the separation.

7 esolution of the o spectra

When starting with pure plutonium compounds, the present method should yield sources which [display a full
width at half-maximum (FWHM) of 20 keV to 10 keVdor the 238Pu peak.

8 Repeatability

For g complete measurement, involving the preparation of one source and its spectrometry, the [coefficient of
variafion of the repeatability on R(a) is of the order of 0,2 % and corresponds to the value expected from
counfing statistics.

9 Reproducibility

A megasure of perfermance is that the measurement system gives reproducible results. A chgck source is
counfed » times‘according to the measurement procedure described above. The measured| spectra are
evalyated byboth geometrical progression and exponential decrease methods. Finally, Rsg/gand|its combined
standard<uncertainty are calculated according to Annex A. It contains details of the evaluatipbn and error
propagation scheme. Both random and systematic terms are taken into account.

10 Interferences

In addition to the interference of isotope 24TAm, which is discussed above, the method can be subject to two
other kinds of interferences.

Firstly, the isotopes emitting a particles of energies between 4,9 MeV and 5,6 MeV can interfere if they are not
separated during the purification of plutonium. If emitters of a particles of energies above 5,5 MeV are present,
an additional tailing correction shall be made to avoid a positive bias.

Secondly, any chemical compound, which is not completely eliminated during the chemical separation or
during the preparation of the source, decreases the quality of the source and the resolution of the a spectra.

© 1SO 2005 - All rights reserved 9
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Even if these compounds are not radioactive, the errors in the processing of the spectra become significant
when the half-height width of the peaks become greater than 25 keV. When the width of the peaks is 40 keV,
these errors can be as large as + 2 % or more.

Table 1 — Nuclear data relevant for the alpha spectrometry of plutonium [11]

Isotope Half-life 1 E
years % keV
70,91 5 499,03
28 98 5456 3
2f8py 87,7+0,3
0,105 5 357,91
0,003 5207,76
73,3 5 156,59
0,03 5.156,50
15,1 5144,3
239py 24110+ 30 0,015 5111,2
11,5 5105,5
0,036 5076,13
0,03 5055,19
72,8 5168,17
27,1 5123,68
240py 6563 + 7
0,0852 5021,23
0,001 08 4 863,6
2,5E-6 5054,0
2,5E-5 5042,0
1,0E-5 4 998,0
3,1E-5 4972,0
24Py 14;354 0,1
2,01E-3 4 896,4
2,92E-4 4 8534
2,9E-5 4798,0
5,0E-6 4784,0
78,0 4 900,5
s 22,4 4 856,2
242py (3,735+0,011) x 10
0,098 4 754,6
0,001 30 4 598,5
0,34 55445
0,22 5511,47
84,5 5 485,56
241Am 432,7+0,5
13,0 5 442,80
1,6 5388,23
0,015 5322,0

10
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Annex A
(informative)

Combined standard uncertainty evaluation

A.1 Standard uncertainty R(«)

A.1.1 Geometrical progression decrease method

Equation for the R(«) evaluation is as follows (see 4.3.2):

R(a):# (A1)

b+ﬂ
C

The ¢gombined standard uncertainty of the R(«a), u[R(2)] is evaluatedfrem the following equation:

3[Re@)] = [Ri(@hc(a)]® +[ Ri(e)uo(b)]® +[ Re(ahug(@F +[ Ry(ehuc(d)]® +
+2s(a,b)R, ()R} () + 2s(a,c)R (a)R,.(a) + 2s(a,d )R ()R} () +
-25(b,c)R) ()R () + 25(b,d )R}, ()R} () + 25(&,d)R..(a)Ry () (A.2)

where u(a), ug(b), ug(c), us(d) are the standard-uncertainties of a, b, ¢, d

R' (ar) = 1ac + o cad— “jd (A.3)
b-—o b+"5 b+ 52
b ) ac c ¢
c b ﬂ
C
, a ac
R), ()= 5| 1= o (A4)
b+—
] (b+%)
h—
B
C
2
, a a ad 1
Ri(a) = > — T (A.5)
b+7 ¢ (b+2h2
ac
b+ﬂ

© IS0 2005 — All rights reserved 1


https://standardsiso.com/api/?name=edb154dc9dd4a7b36e83bef614fe511e

ISO 11483:2005(E)

(A.6)

s(a,b) is the covariance between a and b, etc. The covariances are calculated from the results of n repeated
measurements of one sample:

b) et (A.7)

s(a,b) =
n

The correlatipn coefficients g(a,b)
g(a,b) =|s(a,b)/(ab) (A8)

are used oftgn instead of covariances, because they reflect correlation between a and(bin relative units.

A.1.2 Expgnential decrease method

The activity rptio R( ) is obtained through the following equation [see [1] and.Equation(4)]:

Rla)= -Bil—T (A.9)

where
A is tHle area of the 238Pu peak region in the measured o spectrum;
B s the area of the 239Pu + 240Py peaks region;
T is the extrapolated tail area under region B.

The combingd standard uncertainty of(the’R(a), u[R()] is evaluated from the following equation:

W2[R(e)] = [Ry(@)uc ()P Ry (@)uc(B)] +[ Ry (@uc(T)]* +
+25(A, )R’y (a)R'3 (@)% 25(4, T)R ()R () + 25(B,T)R's ()R () (A.10)

where

uc(4), uB)u (T) sont les incertitudes standards de 4, B, T,

1

R’A(a):—B_T (A.11)
—A

(q) = ——2 A.12

Rp(a) B-1)? (A12)
A

Ri(q)=—2 A13

(@) TR (A13)

s(4, B), s(4, T), s(B, T) are the covariances between 4 and B, 4 and T, B and T, respectively.
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T is calculated by integration of the tail exponential function #(i) over the region B:

No
T = j {i)di (A.14)
Ny
where
i is the channel number;

N4 and N, are the first and the last channel numbers of the region B:

(i) = %09 (A.15)
wherg parameters ag and a4 are calculated by fitting of an exponential function to the-part of the o spectrum
betwgen regions A and B.

Equations for ag and a4 are as follows:
.2 NN :
10221 YInY; =X iYilnY; (A16)
A
” :lein -nY.ilnY; (A7)
A
h=nyi?—(2i)? (A.18)
wherge

gums (X) are taken over the part of-the spectrum chosen for the tail approximation function;

1 is the channel number;

I is the number ©f counts in the channel ;;

1 is the number of channels.
One gan get, froms@quations (A.14) and (A.15), the following expression for T

r:i[eao—a-IN-I _eao—a1N2:| (A19)

a
The L;UIIIiJ;IIUUI btcllluldluI UIUV;dt;UII Uf le UVdiUdtﬂU‘ as fU”UVVb.
2 2 2 2 2 2 2

u3(T) = [Taouc(ao)] +[Ta1uc(a1 )] +2s(ag,ar)TyTh, (A.20)
where

7, :i[eao—am _eao—mNzJ (A.21)

a
TL;1 _ _iz[eaofa»]N»] _ e“O*a1N2 :| _i':N‘]eaO*a»]N»] _ N26a07a1N2 :| (A22)
aq aq
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2¢.2
l
Ha) = £ 2 (129
A
12”
ublay)= (A.24)
A
i
s(ao,a1)=—z7u3(a1) (A.25)
2 Z InY~—ﬂn—ﬂ4f\2
<= LA A—_ (A.26)
n-2
A.2 Comhined standard uncertainty Rs/9
The isotope fatio 238Pu/239Pu, Rg/g is derived from the following equation [see also Equation (2)]:
> 1 Ro/9
R =R(a)Tgs—+ A.27
8/9 ()z;{T9 To} (A-27)
where
Ro/9 is the isotope ratio 240Pu/239Pu measured by mass‘spectrometry;
Tg, Ty, Ty are the half-lives of isotopes 238Pu, 239Pu and 240Pu, respectively.
The combindd standard uncertainty of Rs/9, uC(Es/g) includes random and systematic terms:
1 Roe 12T 2 1 Roo ]|’
2(% _ 1 Ros > Tg 1 Roso
ué (RS/)) = {uc [R()]Tg |:Tg + Te }} + _uc (RO/Q)R(Q)TO:| -‘r{uc(Tg )R(a){T9 + To +
- 2 — 72
R
Hug(TR@) L | +| ugtTp)R(cr)Tg —2° (A.28)
Ty Ty |
The standard uncertaintiés of Rg/oand Ro/9 express the magnitude of random measurement uncertainties.
Systematic tgrms inglude half-life uncertainties: u(7g), u(Tg), u(Tp)-
When interference of americium is taken into account (see Clause 6), the equation for the corrected value of

Rg/9 is as follews:

—corr
Rgi9 =
where

R 419

R1/9

14

Ts [ R R1/9 -
_3{ ;17/9+|n2 1/9 t}

T, T

R(a)Tg {TlJr—R;/g } +
9 0

is the isotope ratio 241Am/239Pu before purification of plutonium:;

is the isotope ratio 241Pu/239Pu at the time of separation;

(A.29)

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=edb154dc9dd4a7b36e83bef614fe511e

ISO 11483:2005(E)

T, Ty are the half-lives of isotopes 241Am and 241Py;

F is the decontamination factor of americium.

The combined standard uncertainty of Eg% is calculated from the following equation:

wher

A3

A.3.1

One
meth

sample was about 1 %. Measurement time was>automatically adjusted to reach 500 000 ¢
239py + 240Py peak (the smaller one, 4.2). Rarameters a, b, ¢, d were determined for eve

spec

progression and exponential decrease methods.

A.3.2 Calculation of R(a) and «[(R ()]

A.3.21 Geometrical progression decrease method

Tablg A.1 lists correlation coefficients between parameters «, b, ¢, d calculated from the measurer

Only

_ 2 2 2
Corr(Rg/g}2 :{MCR(a)TS {i+ RO/Q:I} +{uC(EO/Q)R(a)T—8} { (RA/Q)T_:| 4
L T Ty

9 Tp T F

TT4 4 Iy Tp Ty

2 9 B ) B J
{u (To)R } [ o(To )R(a)TB ] +{“c(TA)_RA/29T_8} J{uc(ﬂ)w}
TO TAF T1 TA

b additional random uC(EA/Q), uc(ﬁwg ) and systematic terms [u(7,).41g(T4)] are included.

Evaluation of Rg/9

General

C — 22 ¢ C — — —
Tg-t-In2 Tg R 1 R 1(R A
L c(R1/9) 8 J LMC(F)S—A/ZQJ +{uC(TB){R(a)[—+ O/9J+—[ A9 4 1nd
T T.F F

hundred repeated measurements of Pu a-source prepared on the porcelain disk by the drop deposition

bd (3.2) were done using parameters specified-in 4.1. The 238Pu/23%9Py isotopic ratio in t

rum and used in evaluations of R(¢), ‘R8/9 and corresponding uncertainties for both

Table A.1 — Correlation coefficients between 4, b, ¢, and d

q(a,b) q(a.c) q(a,d) q(bsc) q(b,d) q(c,d)
-0,029 0,018 -0,013 0,020 -0,074 0,591

e measured
ounts in the
'y measured
geometrical

hents.

the correlation between ¢ and d appears to be significant.

Fixed counting statistics in the area B (500 000 counts) leads to significant differences of the standard
deviations of the actual results of repeated measurements and the values of square roots of the measured
counts which would be expected from Poisson statistics (see Table A.2).
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