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The ASET-T4 Intercomparison Experiment on the
Evaluation of Alpha Spectra of Plutonium

Abstract

Alpha spectra of plutonium with different degrees of peak overlapping were
prepared and evaluated by 10 international laboratories. The methods applied

were grouped according to the effort involved and the results were compared.

It is shown that significent errors may be introduced by the use of unsatis-
factory procedures for peak tail correction and recommendations on suitable

methods are made.

The study was performed in the framework of the Safeguards Project of the
Federal Republic of Germany, the spectra were prepered by the European In-
stitute for Transuranium Elements (EURATOM).

Das Vergleichsexperiment ASET-Th iiber

die Auswertung von Plutonium Alpha-Spektren

Zusammenfassung

Alpha-Spektren von Plutonium mit verschieden stark iiberlappenden Peaks wurden
hergestellt und zur Auswertung an 10 internationale Laboratorien gegeben. Die
dabei verwendeten Methoden wurden entsprechend ihrem Aufwand in Gruppen zusam-

mengefaft und die Ergebnisse verglichen.

Es wird gezeigt, daB durch Verwendung unzulénglicher Verfahren fiir die Korrek-
tur der Peakilberlagerungen signifikante Fehler hervorgerufen werden kdnnen.

Geeignete Auswahlmethoden werden empfohlen.

Die Studie wurde im Rahmen des Projekts SpaltstofffluBkontrolle der Bundes-
republik Deutschland durchgefiihrt, die Spektren wurden im Europdischen In-
stitut fiir Transurane (EURATOM) hergestellt.

zum Druck eingereicht am 10.5.1976
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i. Introduction

For safeguerds as well as for commerciasl reasons exact knowlédge is
required of the isotopic composition of nuclear materials. As far as
destructive anslytical methods are applicable, mass spectrometry is,

in general, used successfully for this purpose. However, if for any

reason uranium and plutonium have to be analyzed in the same mass spectro-
meter - in particular if there is only one instrument available - salpha
spectrometry is preferred by the laboratories for the determination of the

Pu 238 isotope because of its interference with U 238.

1)

years ago permitted to compare the alpha spectrometric results of 11 labo-

The IDA-T2 interlsboratory comparison experiment = ’/1/ carried out a few
ratories, which were obtained on samples containing plutonium with about
0.005 % and 1.0 % Pu 238. In some cases the agreement was bad and it was
assumed that for poorly resolved spectra this may have been caused by the

use of unsatisfactory peak teil corrections in spectra evaluation.

For this reason it was proposed to produce a set of spectra with different
degrees of peak overlapping and to distribute copies of it for evaluation
amongst the laboratories willing to participate in such 8 test.

According to this suggestion, in summer 197k the intercomparison experiment
"ASET-Th" (Alphe-Spectra-Evaluation-Test) was initiated. The necessary
spectra were prepared in the laboratories of the European Transuranium
Institute of EURATOM in Kerlsruhe, Germany, and distributed to 10 labora-
tories interested in this study. Besides the evaluation of the set of spectra,

each laeboratory was asked to give & short description of the method applied.

The data reported by the laboratories were evaluated statistically and
compiled in & preliminary report. This paper is based on that report
" and the critical remarks and comments of the participants are taken into

account.

1)

This experiment was mainly concerned with the mass spectrometric

isotope dilution technique.
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As mentioned before, the poorly resolved spectra used in this experiment
were produced on purpose in order to obtain strong overlapping of peaks,
vhich was suitable to prove the performance of the different correction
methods under study. There is no doubt that much better conditions can

be obtained by the use of targets having thinner layers. However, in the
case of Pu 238 abundances of about one percent or more, peak tail correc-
tion may become important even for the spectra of targets prepared very
carefully.

Two reports on methods of spectra evaluation are given in references

/2, 3/ which proved to be very satisfactory in this test.

The complete set of spectra on which this test was based is given in
Appendix I. It may be used by laboratories which did not participate in
this experiment to check and compare the performance of their own methods

of evaluation.
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2., Preparation of Samples and their Theoretical Composition

Three plutonium samples A, B and C, containing ebout 1.5, 0.8 and
0.2 % of Pu 238 respectively, were prepared by mixing precalculated
quantities of two Pu solutions (in 8 N - HNO3) which were calibrated
by mass spectrometry combined with isotopic dilution analysis tech-

1)

of each nuclide (atoms per gram of solution) are reported in Table 2-1.

nique '/, Their isotopic composition together with the concentration

Tab. 2-1: ASET-74: Concentrations and Isotopic Composition of the

Standard Solutions.

Solution 1 Solution 2
Nuclide Concentration Isotogic Concerntration Isptogic
compos. COMmpos .,
(atoms/g sol.) |((atom %) (atoms/g sol.) |[(atom %)
Pu 238 4,292 £ 16 80.08 0.0 0.0
Pu 239 8,753 E 15 16,33 2,439 1 17 97.13
Pu 240 1.608 E 15 3.00 3.038 £ 15 1.21
Pu 241 2.465 E 14 0.46 2.486 £ 15 0.99
Pu 242 6.968 £ 13 0.13 1,682 E 15 0.67

It can be calculated from the concentration of the different nuclides
in each of the two standard solutions that 1 aliquot part of the first
golution has to be mixed with 11.182, 21,153 and 85.821 aliquot parts
of the second solution in order to get the Pu 238 content mentioned
ebove in samples A, B and C, respectively.

1)

Separation of Am-2L41 was performed before the isotope dilution

analysis, About one month elapsed between this procedure and
alpha counting of the targets.



For practical reasons, about 0.1 ml of solution 1 was taken, mixed
wvith about 1.1 ml, 2.1 ml, and 8.5 ml of solution 2 and diluted in~
to about 8.8 m1, 7.8 ml and 11.4 ml of 8 N nitric acid to prepare

the sample solutions A, B and C, respectively. The aliquots mentioned
above were weighed on an analytical balance. The three samplés vere

then carefully homogenised by shaking; no redox cycle was made.

From the weighing data it was calculated back that one aliquot part

of solution 1 was added to 11.0347, 21.0103 and 84,829 aliquot parts
of solution 2. The Pu 238 concentrations in the three samples were
about 0.17 ug/g of solution for sample A ahd B and 0.085 for sample C.
The calculated isotopic composition of the samples is reported in '
Table 2-2 below.

Tab, 2-2: ASET-74: Calculated Isotopic Composition of Samples A,B, and C

Isotopic composition (atom %)

Nuclide

Sample A Sample B Sample C
Pu 238 1.52 0.805 0.20I
Pu 239 95.60 96.32 96.93
Pu 240 1.24 1.23 1.21
Pu 241 0.98 0.98 0.99

Pu 242 0.66 0.66 0.67
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3. Preparation of.Targets and Spectra Recording

In order to study the influence of tails overlapping on the
evaluation of the peak areas, two types of targets (target '1' and

target '2') were prepared with source layers of different thicknesses.

In the case of targets '1',.spme drops of the three gsample solu-
tions A, B and C were dropped on stainless steel discs and evaporated.
By this way of target prepargtion, a relative thick source layer is

obtained and consequently important teil effects may be expected.

In order to get thin source layers, the electrodeposition method

was used to prepare the targets '2'. Again stainless steel discs
were employed as supporting material. Spectra of higher quality
(lower FWHM) can be obtained with this method and, moreover, the
energy degradation of the o-particles,which causes thé peak tails,

is strongly reduced.

For each of the six targets prepared by the two different methods,

three repetition spectra 'I', 'II' and 'III' were taken.
The electronic equipment used to record the spectra, consisted of:

- @ silicon semiconductor detector with a resolution of sbout

20 KeV at 5.5 MeV and a surface of about 50 mm°,

~ an Ortec power supply, pre-amplifier and amplifier,

- an Intertechnique 400 channels pulse-height analyzer.
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The spectra were stored during 3600 or T200 seconds (real time)

under vacuum (better than 10-2 Torr).

The 18 digital and analogous spectra are given in Appendix I. The
different qualities of the two sets of spectra (targets '1' and

targets '2'), appear clearly from the analogous spectra.
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4, Reduction and Summery of the Data Reported

The individual values for the peak areas of the Pu 238 and (Pu 239+Pu 2L0)
alpha activities reported by the laboratories are compiled in Appendix II.
From these figures, the alpha activity ratios of Pu 238/(Pu 239+Pu 240)
were calculated as the basic data for all subsequent statistical considera-—
tions. The spectra A2 I and B2 III were disregarded as they were obvious-

ly disturbed by external noise (electronics or vacuum system).

1)

target, the mean values per laboratory were calculated with their standard

From the activity ratios of the three ’' repetition spectra taken from each
deviation (SD) end relative standard deviation (RSD) as well as the SD

and RSD of the single spectra evaluationz)
the upper parts of Tables U~1 to 4-3. The definitions of the statistical

. These dats are compiled in
terms are given in Appendix IV,

Comparison of these laboratory mean values shows that meaningful mean
values of the activity ratio per target (and the associated SD's and
RSD's) can only be obtained after rejection of some outlier values.

They were identified by application of the Dixon CriterionB) /4/ to

each group of laboratory mean values belonging to the same target.

The same procedure was used to identify excessively high values obtained

for the SD's and RSD's h).

1)

Two only in case of targets A2 and B2 because of the rejection of the
spectra A2 I and B2 III.

2)For o more detailed interpretation of this term, which can be considered

as the "precision", see Sections 5.3 and 5.h4.

3)Hereand in all other applications of the Dixon Criterion, a probability

of 5 % was allowed for the rejection of a value which belongs to the

group. In some cases this probability was considerably lower.

k)

Although the Dixon Criterion was delineated for groups of independent
single observations and not for groups of mean values or even standard
deviations it seems to be the most suitable procedure also in such cases

to decide on the exclusion of outlier values in an objective manner.



Table L-1:

ASET-Th: Laboratory and Target Means of Sample A and Associated Data

Column 1 ] 2 3 ]— 4 5 6 7 8 ‘ 9 l 10 L 11 \ 12
§ Semple A; Target 1 g Sample A; Targer 2
~
= | SD of RSD of Number of | SD of RSD of P SD of RSD of Number of | SD of RSD of
w ™ | single single repetition] lab.mean lab.mean - ™ single single D repetition| lab.mean lab.mean
Lab. © + | gpectrum ) upectnm) spectra value value o + spectrum ) spectrum spectra value value
Code 893 | evaluation evaluation| evaluated | (columm.1); (columm 1) 2293 evaluation| evaluation| evaluated | (columm 7)| (colum 7)
' 355 5
> oW : > Ilg
523 §42
3%z L7/ L24 3¢z 27 £27
. s(M
Ao | Y1k Sy n Dy | S0y A2k, %12k 212k » o0 Y121
1 3.662 +.301 * 8.21 3 +,174 474 (4.391) (+.423) (+9.63) 2 (+.299) (+6.81)
2 4.000 +.070 + 1.76 3 +.040 + 1,02 3.960 +.057 +1,44 2 +.040 +1.02
3 3.913 +.050 + 1.27 3 +.029 * .73 3.910 +,086 +2.20 2 +.061 +1.56
5 3.289 4,044 * 134 3 *.025 *r .77 3.885 +.096 +2.46 2 +.068 +1.74
3 3.571 *.206 *5.76 3 *+. 119 +*3.33 3.912 +,087 +2.21 2 +,061 +1.56
° (5.631) | +.178 *3.16 3 +.103 +1.82 4.011 +.098 *2.44 2 +.069 +1.73
7 3.983 +.102 +2.55 3 +,059 * 1,47 3.918 +.094 +2.39 2 +.066 +1.69
8 3.706 +.063 +1.70 3 +.036 + .98 3.935 +.106 +2.69 2 +.075 +1,90
9 4.004 +.043 + 1,06 3 *.025 * .61 3.971 +,079 +2.00 2 *.056 +1.41
10 4,268 +.066 + 1.53 3 +.038 + .88 3.956 +.078 +1.96 2 +.055 +1.39
Target mean Al , » Alz..;
- 2 et
o . 3 :
;11((;), 3.8215 |+, 139 *+3.65, _12(e); 3.939, 1‘08782) :2.2252)
11(6) *12(6)
SD of single
lab,mean LAY +.292 L3P +.039
RSD of single
lzb.mean 5., + 7.65 %10 1.98
SD of
target mean  o(), |+.098 o), +.013
RSD of
target mean 8(), |+ 2.55 30D, *.33

Note: Values in brackets were not used for calculating target means and associated data.

I)Thil term can be considered as “precision” /Par, 5.3 and 5.4/.
z)ror calculation see App. IV, Par.2 (4) and (5).

£l =-



Table 4-2: ASET-Th: Leboratory and Target Mesns of Sample B and Associated Data

Column 1 T2 3 4 5 6 7 8 9 10 11 12
Sampls B; Target ! 2 Sample B; Target 2
—~ SD of RSD of (Number of | SD of RSD of = SD of RSD of Number of | SD of RSD of
= single single n repetition| lab.mean lab.mean Y s single single 1 repetition| lab.mean lab.mean
Lsb, w | spectrum spectrum spectra value value 3 % gpgc:nm’) spectIum spectra value value
Coda ° 2| evaluation evaluation |evaluated | (columa 1)| (column 1) 2nd evaluation) evalustion | eveluated | (colum 7)| (column 7)
EEE RS
siz 525
g ni g§58
HE £55
BER L H
- — — - R — ™ T
33& rz7 27 27 27
A2ik. | T2 1% = Mg 20, Axzg. S22 S22 » o 50 80D
1 2,321 | (+.436) (+18.20) 3 (+.252) | (210.85) (2.169) +018 82 2 4013 .58
2 2,283 | *.024 1 21,04 3 +,014 +.60 2.109 +.006 +,27 2 +.004 »19
3 2,162 *.018 * .82 3 *.010 *.47 2.090 +,005 .22 2 +,004 416
4 2,087 | +,024 1,17 3 2014 +.68 2.086 +,008 +.38 2 +,006 427
5 2,123 +.030 1,43 3 +,017 .83 2,087 +,014 +.66 2 +,0i0 #.47
[ (2.607) 042 *1.61 3 2,024 *.93 2.121 +,004 +.19 2 :.(XJS *.13
7 2,111 | %018 +.87 3 +:010 2.50 2.097 +.009 +.43 2 +.006 *.30
8 2.011 | %041 *2.02 3 +,024 *1.17 2.104 +,006 +.29 2 +.004 21
9 No data reported 2.092 +,025 +1.18 2 +.018 #.83
10 2,129 | +.,023 *+1.07 3 +.013 .62 2,104 #.007 + .31 2 *.005 .22
Target mean ‘:21--; :22";
21(6)3|2.153, | 2.028,7 21.36,2 “2206); 2,008, | +.012) s 57,2
221(6) f22(¢)
SD of single
leb,mean %y ».102 %29 +.012
RSD of single
+.55
lab.mean Sy 24,74 259 =
SD of
target mean d(M),, |¢.036 aqm),, +.004
RSD of
target mean s(0),, 121.68 sQ0),, *.18

Hote: Values in brackets were not used for calculating target means and associated data.

I)Thia term cac be comgidered as "precision” /Par. 5.3 and 5.4/.
2)E'm: caleulation see App. IV, Par, 2 (4) and (5).



Table 4-3: ASET-Th: Laboratory and Target Means of Sample C and Associated Data

Colum 1 T 2 T 3 | & | s T 6 7 8 | 9 —[ o [ n —l 12
= ?
’3‘ Sample C; Target 1 z Sample C, Target 2
™~ | SD of RSD of Nusber of {SD of RSD of 2 SD of RSD of Number of | SD of RSD of
2 | single 1 single 1 repetition|lab,.mean lsb.mean " single 1) single n repetition| lsb,.mean lab.mean
Lab. ‘S 4+ | spectrum gpectrum spectra value value oo spectrum spectrum spectra value value
Code 329 evaluation evaluation| evaluated |(columa 1) (colummn 1) 3: a2 evaluation evaluation| evaluated | (column 7)| (column 7)
323 )
k] I+
>u3 g
B R
B Y a -]
o W BNl
ER bt
-t O 4 032
29> ~ - " e -
- L z_T L 2_7 1z [ z !
A g
Ak | i ik n My | 3Mgy 32k. 32 3ok n o0 35 300 4
1 (.4832) | (+.0762) (+15.77) 3 (+.0440) (+9.10) (.5278) (+.0412) (+7.81) 3 (+.0238) (#4.51)
2 .579 | s.0015 + .26 3 +.0009 +.16 5654 +.0042 + .74 3 +.0024 + .43
3 .5680 | +.0058 + 1.06 3 +.0033 + .61 .5580 +.0019 + .34 3 +.0011 + .20
4 5441 +.0026 * .48 3 +.0015 + .28 .5604 +.0022 + .39 3 4.0013 + .23
5 .5594 *,0034 + .61 3 +.0020 * .35 5661 (+.0076) (_-:1.34) 3 (+.0044) (+:.77)
€ 6131 +.0023 + .38 3 :.0013 * .21 5671 +.0025 * W44 3 +.0014 + .25
7 5559 #0027 ] 3 +.0016 + .28 .5609 +.0022 + .39 3 +.0013 + .23
8 5384 | +.0066 + 1.23 3 +,0038 + .70 .5621 +.0034 + .60 3 +.0020 + .35
9 +5589 +.0027 * .48 3 +.0016 * .28 .5596 +.0040 + .71 3 *.0023 + 41
10 5589 | +,0020 + .36 3 £.0012 + .21 +5614 +.0002 * .04 3 2,0001 ° |+ .02
Target mean :‘.“"; ﬁ32“;
7316)5| 5617 | s.00%6,2 |+ 65D 932(0); 5623, 200282 | 450
231(6) 32(6)
SD of single
lab.mean 943 +.0225 | L +.003
RSD of single
lab mean s34, + 4,00 B3z 3.55
SD of
target mean u(}‘l)3l +.0075 a(u)32 +.001
RSD of
target mean '0‘)31 + 1.33 '(H)32 £ .18

Note: Values in brackets were not used for calculating target means and associated data.

l)'l'hic term can be considered as "precision" /Par. 5.3 and 5.4/.
Z)Yor calculation see App. IV, Par.2 (4) and (5).

-Gl -
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The target mean values and the associated SD's and RSD's, - calculated
after rejection of the outlier values put in brackets - are compiled

in the lower part of the tables.

A graphical survey of these data is given in Figs. L-1 to U4~6 which
present separately for each target and sample the relative deviations

of the leboratory means from the target mean values.

From the results shown in these tables and figures, the following ob-

servations and statements can be made:

-~ The supposed effect of peak overlapping on the accuracy of evaluation
is clearly confirmed: the spread of the laboratory means around the
target meen decreases with decreasing Pu 238 content from sample A
(1.5 %) to sample C (0.2 %) and is distinctly smaller for spectra
obtained from tergets prepared by electrodeposition ("2") than by eva-

poration ("1").

- BEven typical "outlier" values may be caused by unsatisfactory evalu-

ation procedures,

-~ For samples A and B with the higher Pu 238 content significant diffe-
rences in the target mean values of the two preparation methods
seem to exist. However, the opposite signs of these deviations for
samples A and B indicate that they do not reflect any realistic effect.
FUrthermore,‘as it will be shown later /Section 5.2/, the significance
of the discrepancies is considerably reduced if those laboratory mean
values are excluded which were obtained by unsuitable methods of evalua-

tion,

In cese of sample C there is an excellent agreement of both target means
/Figo h-S/o
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5. Discussion of the Results

5.1 Methods of Spectrs Evaluation Used and Tentative Appreciation

Each laboratory participating in the experiment was asked to give
a short description of the method used for the evaluastion of the
alpha spectra. The descriptions of the methods are presented in

Appendix III as reported by the laboratories.

It is evident from the survey of the methods reported that each la-
boratory according to its experience and to the qﬁality of the spec-
tre uses its own method which differs to some extent from the

methods used by other laboratories. This confirms that practically no
standard methods are available to evaluate alpha spectra, especially
for the spectra obtained from evaporated soureges. |

The methods used in this experiment were divided into three grdups,
which exclusively served the purpose.of_contribﬁting to a selection
of some methods susceptible of giving in every case, i.e. independent

of the quality of the spectrum, more reliable results:

- i) Simple methods,
- ii) normal methods,
- iii) elaborated methods.

The main features of each group are:

Simple methods: - The peak area is obtained by summing up the
channel content between predetermined channels.
The correction for the tail effect of the Pu 238
peek is very poor or is not performed at all.



=2 1=

Normel methods: — The peak area is evaluated more or less as
in case I. The contribution of the tail to
the preceding peak is taken into account and

corrected in a more efficient way.

Elabor. methods:- To evaluate the peak area and to meske corrections
for the overlapping of tails, non-linear least

squares fitting procedures are used.

Regardless of the results obtained by each laboratory and accor-
ding to the general features defined above the methods were grouped

as in Table 5-1:

Tab. 5 - 1: ASET-74: Grouping of the Methods Used for
Evalusting the Alpha Spectra -

Method Laboratory Code
SIMPLE | 1, 4, 6
3
B
NORMAL 2, 8, 9, 10 f
|
|
ELABORATED ; 3, 5, 7 ;

The analytical results obtained by the laboratories meke evident
that the goodness of each group of methods and their relative
appreciation should appear also from the reported single values

of the Pu 238/(Pu 239+ Pu 240) activity ratio and from some
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statisticel evaluations on the values obtained by pooling the
results of each group of methods. The following considerations

confirm that this grouping of the methods is meaningful:

- The 6 laboratory mean values of the Pu 238/(Pu 239 + Pu 2L0) activity
ratio considered as outliers belong to the group defined as "simple"
method /Tabs. b-1 to 4-3/.

- Considering the means of the relative étandérd deviatidns of single
spectra evgluation1) /Tab. 5-2/ for the three groups of methods
results for‘S of tbe 6 targets in higher RSD's obtained by the group
of "simple" methods than by the others. |

- Influence of the tails and the worth of the correction applied are
indicated for each laboratory by the differences of the Pu 238/
(Pu 239 + Pu 240) activity ratios obtained for the two targets of the
same sample. For each sample and each group of methods the mean of these
relative differences is given in Teble 5-3. It is evident from the
analysis of these data that for a given sample the difference of the
activity ratios between the two targets varies according to the appre- .
ciation of the group of method. These data give, essentially, an idea
of the quality of the corrections applied to the overlapping of tails.
Moreover, looking at the results for a given group of methods, it can be
concluded that, in general, the influence of tails decreases with de-
creasing Pu 238 content from sample A (1.5 %) to semple C (0.2 %), which
vas expected. |

The same conclusions on the appreciation of the group of methods
can be drewn from the data reported in Taeble 5-4, They show for
each group and for each target the mean of the relative deviations
of the laborgtory means from the target mean, the latter calculated

after rejection of the 6 outliers as in Tables 4=1 to 4=3,

1)

This term can be considreed as "precision" /Sections 5.3 and 5.h4/.
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Tab. 5-2: ASET-74: Means of the RSD's of Single Spectra Evaluation ("Precision')

for the Groups of Evaluation Methods

Sample A(i=i1) R(i=2) Cfi=2)

Target j 1 2 1 2 1 2

Group of - - - - 1 - - r

Methods 5, 7] s,,@[ | 5,,@[7 5, @7 | 55,(0)[7] s4,(0) 7]

SIMPLE : |

NORMAL 1‘60 2.08 1040 o6h . 067 -59 i

(G:Lab.2,8,9, 10) ! '
| :

ELABORATED !

(G:Lab.3,5,7) 3.55 2.25 1.06 Y g .75 .83

Tab, 5-3: ASET-74: Relative Difference of the Activity Ratios Obtained

for Targets | and 2; Mean Values for the Groups of
Evaluation Methods [ 7 ]

i
Sample | A(i=1) B(i=2) C(i=3)
Group of 100 Allko—AlZR- 100 AZIk-—AZZk-_ 100 A3lk'-A32k-
Methods - | T : XI + e 2 ~

¢ 1ok ¢ 22k . G 32k

SIMPLE
(G:Lab.1,4,6) 24,11 9.99 6.49
NORMAL
(G:Lab.2,8,9, 10) 3.89 4,62 1.82
ELABORATED a
(G:Lab.3,5,7) 3.48 1.95 1.29
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Tab, 5-4: ASET-74: Relative Difference between Laboratory andvTarget Mean ;

Mean Values for the Groups of Evaluation Methods [ A ]

Sample A(i=1) B(i=2) C(i=3)
Target j = 1 2 I I 2 1 2
S::ggd:f tl;(-)gl\j..y‘Aljk- Lo l?gzjugMij.-AZj.. ‘ 'l—(-)g;;“y%jk.—%j..l
iéﬁig-l,‘&ﬁ) 21,82 4,88 10,64 1.67 8.76 2.44
’?3?3’;.2,8,9,:0) 6.03 46 4,59 .32 2,08 '31
%‘:‘Egﬁ*‘}gf‘;,?) 4,39 67 1.26 .36 1.31 .56

It

can be concluded form these considerations that by the methods

of the first group (simple methods) unsatisfactory results are

obtained quite easily. As indicated by the data given in Table 5-k,

this is also true for targets prepared by electrodeposition, in par-
ticular at high Pu 238 concentration.

By contrast, no important difference exists, in general, between

the normal and elsborated groups of methods, especially for high-

resolution spectra. Only some of the data given in Tabs. 5-3 and

5=k indicate a superiority of the elaborated methods compared to

the normal ones.
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5.2 Comparison between Experimental and Theoretical Values

Due to the overlapping of the alpha particle energies of the Pu 239
and Pu 240 nuclides, only the activity ratio between Pu 238 end

(Pu 239+Pu 240) can be obtained by the alpha spectrometric tech-
nique. Consequently, in order to compare theoretical and experimen-—
tal values,it is necessary to calculate the theoretical activity
ratio. Moreover, for safeguards applications it is important to
compare also the Pu 238/Pu 239 isotopic ratio, which can be obtained
from the experimental date of the activity ratio. The formulae for
these calculations are compiled in Appendix IV, Section 5.

The values of the specific activities and those of the half- lives

1)

used are reported in Table 5-5 ’.

Tab. 5-5: ASET-Th: Nuclear Date Used for Calculations

Specific activity Half-life
Nuelide [@.p.m/etom] [years]
Pu 238 1.5027 E-8 87.7
Pu 239 5.4013 E-11 2,44 E Y4

Pu 240 2.0029 E-10 6.58 E 3

1)Th‘ese values were recommended by the participants of the IDA-T2

experiment and used for its evaluation /Ref. 1, Vol. I, Section 8.3.5
and Vol. II, Sect.1.3/. They differ only slightly from those

recommended more recently /5/.
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In Table 5-6 the theoretical and experimental velues of the
Pu 238/(Pu 239+Pu 240) activity and of the Pu 238/Pu 239
isotopic ratios are compiled together with their relative de—

viations.

With respect to the considerations above /Section 5-1/ the experimen-
tal data were calculated excluding the results of the laboratories

1, 4 and 6 which belong to the group of "simple" evaluation methods.
After exclusion of these values there is no more indication that

the target mean values belonging to the same sample have to be con-
sidered as significantly different. As shown in the table, their
error ranges defined by their relative standard deviations overlap

or at least touch each other. It is for this reason that for compari-
son with the theoretical data the mean value per sample has been

calculated.

As . can.be seen from the figures given on the last line of the table,
some discrepancies exist between the experimental and the theoretical
values. These deviations decrease with decreasing Pu 238 content of

the sample. However, no dependence is indicated on the type of target,
i.e. on the degree of pesk overlapping, because of the good agreement
of the two target mean values calculated for each semple. Therefore,

it seems reasonable to assume that the deviations are due to uncertain-
ties of the theoretical values which are affected by at least four

sources of error :

- the inaccuracy associated with the isotopic concentrations of the
two standard solutions A and B determined by isotopic dilution

analysis;

- the errors involved in the weighing data of the different ali-

quots of the two solutions;
- the accuracy of the half-life values;and

- the degree of homogeneity of the sample solutions.




Tab. 5-6: ASET-Th: Theoretical and Experimental Values of the Activity and Atom Ratios

Sample

=
~~
| dd
"

-—t

).

B (i

2)

Target j =

Exp. Pu 238/(Pu 239+ Pu 240)
activity ratio;
Target meanAij”:_a(M)ij

3.921

+ .085

-

3.937
.010

2.137
+ .036

2.098
+ .003

0.5570
.O0LT

0.5619
+ ,0011

Exp. Pu 238/(Pu 239+ Pu 240)
activity ratio;
Sample mean Ai

3.927

2.119

Theor. Pu 238/(Pu 239+Pu 240)
activity ratio

4,220

2.220

0.551k4

Exp. Pu 238/ Pu 239
stom ratio

0.01479

0.00797T

0.00210k4

Theor. Pu 238/Pu 239
atom ratio

0.01590

0.008357

0.00207h4

Relative deviation
exp.— theor. value

L7/

- 6.9k

- 4,55

prs
.
f o

Note: Values of Labs.1, 4 and 6 were not used for the calculation of the experimental

data.

-)2-
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It is very complicated to estimate the combined influence of the
single errors on the overall accuracy of the theoretical values.
For example, the error associated with the Pu 238 half-life value
contributes by different amounts to the activity ratios of the
three samples. Moreover, for the fourth source of error it is not

possible to give any estimation of error.
Taking into account these different sources of error it seems to

be impossible to explain on the basis of this experiment the differen-

ces observed between the theoretical and experimental data.

Estimation of Error Components

In the following paragraphs an attempt is made to estimate quantitatively
the error contributions of spectra recording end their evaluation to the

total error of alphe spectrometric determinations.
For these considerations three error components are distinguished:

- First, the "counting component" which represents the spread
in the Pu 238/(Pul239 + Pu 240) ratio of counts if several repe-
tition spectra are taken from the same target. |

~ Secondly, the "evaluation component" describing the spread
of the results if the same spectrum is evaluated several times
by the same method. Assuming graphical evaluation of an ena-
logbus spectrum, the meaning of this component is obvious. In
the case of non-computerized eveluation of a digital spectrum
it is ceused by different assigning of counts to the Pu 238 or
(Pu 239 + Pu 240) peak from one evaluation to the next (e.g.
evaluation of the same spectrum by different persons). However,
when the spectrum evaluation is completely computerized, this
error component is found to be zero. The corresponding error
now adds to the bias of the method and contributes to the third

error component considered.
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- This third error component corresponds to the interlaboratory
deviation when measurement results are compared. Since in this
test the differences in the results of the lsboratories are
caused by the application of different evaluation methods, the
expression "between methods deviation" seems to be more suitable
for this study. |

These error components will be denoted s(c), s(e) and s(b), respectively,

and are expressed in terms of RSD.

The "counting component" and the "evaluation component" together can

be considered as the "precision" of an alpha activity ratio determination
performed within an individual laborstory, since it describes the repro-
ducibility observed if several repetition spectra are taken from the

same target and each repetition spectrum is evaluated once.

The RSD of its estimate is given by (s(c)2 + s(e)2)1/2

to the value sijk in Tabs. 4-1 to L4-3.

and corresponds

The structure of the experiment does not allow to calculate by one
single analysis of variances the estimates for all three types of errors.
However, by analysis of variances for two types of error, the estimate
s(b) for the RSD of the "between methods deviation" and the estimate

for the RSD of the sum (s(c)2 + s(e)2)1/2 of the two other error com-

ponents, i.e. for the "precision" /App. IV, Section 6/, can be obtained.

The values calculated for the various samples and targets are given
in Teb. 5-7, columns 1 and 2'7.

1)

These and the following calculations are based on the values ob-
tained by the laboratories using a "normal" or "elaborated" eva-
luation method /Section 5.1/.
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Splitting of the precision into its two components "counting" and
"evaluation" becomes possible if date on the spread of the alpha
activity ratios from one repetition to the next can be obtained
which are not influenced by eany evaluation error and therefore re-
present the "counting component" alone. This can be done by calcu-
lation of the channel content of that fraction of the Pu 238 peak
which does not overlap the (Pu 239 + Pu 240) peak related to the
total channel content of all pesks. The channel of the Pu 238 peak
selected for these calculations and the corresponding ratios of
counts Pu 238/(Pu 239 + Pu 240) are compiled in Table 5-8. Then the
RSD for a single spectrum was)calculated from the three repetition
2
mate of the counting component s(c). These values are given in
column 3 of Tab. 5-8.

spectra taken on each target and can be considered as a good esti-

ASET-74: Calculated Estimates for the RSD's of Error Components

!Column 1 2 3 4
1
§Sam?1e Target | RSD of RSD of RSD of RSD of
b j  {"between methods|'precision" "counting | "evaluation
: "~ i deviation' : : omponent'| component"
| \ 2 2, 1/2]¢0mPORE corponen
: isij(b)[z]. (sij(c) f?ij(e)' sij(c)Ei] Sij(e) %]
\ ﬁ ‘ Cz27]
A(i=1) 1 5.57 2,56 .64 2,48
Ali= not
A(i=1) 2 significant 2,15 .35 2,12
B(i=2) 1 - 4,07 1.12 .27 1.09

. not
B =5

(i=2) 2 significant .58 .14 .56
C(i=3) 1 2,21 .71 .27 .66
C(i=3) 2 0,31 71 225 .66
: L

Note: Calculations are based on all data except those obtained by Labs.l,4 and 6

2)

Two only in case of targets A2 and B2 /Section U/.
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Finally, in column U4 the data for the "evaluation component" are given,
which are calculated by appropriate subtraction of the RSD of the

counting component from thet of the precision.

By comparison of the data compiled in Tab. 5-7 the following obser-

vations can be made:

~ The deviations between methods are the main error contribution
in case of targets prepared by evaporation ("1") but nearly in-
significant for electrodeposition targets ('"2").

- The two components contributing to the precision (counting end
evaluation) are of the same order of magnitude for samples‘B
and C. Only for high Pu 238 content (sample A), the counting

component becomes negligible.

- For the counting component, higher values are obtained for the
targets prepared by evaporation ("1") than for those made by

electrodeposition ("2"),

Tab., 5-8: ASET-Th: Chennels of Pu 238 Peak Selected for Estimation of

Counting Error and Ratio of their Content to Total Counts

Sample |Target Spectruurfi Channels *Ratio of Pu 238 counts
selected for in selected channels
Pu 238 counts to total ¢ —
A i 1 205 - 330 .705
II 210 - 330 .697
III 209 - 330 .T0h
A 2 11 212 - 330 .7913
III 212 - 330 . 7952
B 1 I 210 - 350 .6330
11 212 - 350 .6364
11X 208 - 350 6346
B 2 I 210 - 330 6739
II 210 - 330 6726
C 1 I 210 - 330 .3420
11 210 - 330 .3432
I1I 212 - 330 ‘ . 3437
C 2 I. 210 - 330 ' . 3559
II 212 - 330 <3576
III 210 - 330 B .3573
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5.4 Precision of the Alpha Activity Ratio Determinations &s a
Function of their Absolute Value

According to the previous cdnsideraﬁidn /Section 5.2/ the precision
of an alpha activity ratio determination performed in one individual
laboratory is understood as the reproducibility observed if several
repetition spectra are taken from the same target and each repetition
spectrum is evaluated once. The average values for each target were
calculated in Section 5.3 and compiled in Tab. 5-1, column 2. The
theoretical values of the alpha activity ratios themselves were calcu-
lated in Section 5.2 and compiled in Tab. 5-6.

In Fig. 5-1 these data are plotted and connected by straight lines
for each type of target preparation. This presentation clearly

confirms the loss in precision with increasing overlapping of peaks.

30
A
25} 4
o Target 1{evaporation)
x Target 2(electro-deposition) x
Letters indicate samples /
201 ’l
,l
4
/
/
- 15r
s B
c ® /
(o] 'l
:‘Z 101 y
g ¢
o e X/
0.5r
Pu 238 Abundance
0.4 0.8 1.2 1.6 [Atom %]
0.0 ll T . T 4 T L =T
1.0 20 30 40 5.0

«-Activity ratio Pu 238/( Pu239+ Pu'240)

Fig.5-1 ASET-74: Precision of <& -Activity
Ratio Determination Pu238/(Pu239 + Pu240)

(Errors of target preparation not included)



_33_

6. Summary and Comclusion

The results of this experience confirm clearly the strong influence
of peak tail overlepping on the Pu 238/(Pu”239¥'Pu 240) alpha activi-
ty ratio obtained. Considersble errors can be introduced if unsatis-

factory procedures are applied for its correction,

Depending on their performance, three groups of evaluation methods
could be distinguished:

Methods belonging to the group of the simplest ones should not be
used. At least for Py 238 sbundences of sbout 1 % and more they
may fail even if peak tail overlapping is minimized by the use of
very carefully prepared targets. .

With the methods of medium complexity satisfactory results can be
obtained in the whole concentration range of Pu 238 investigated
(up to about 1.5 %) if optimum peak resolution is ensured by the

use of suitable methods for the preparation of the targets.

The most elaborated methods which include non-linear least squares
fitting procedures are of the highest performance and recommended.
However, if applied, they should be computerized to keep the effort
vithin acceptable limits.

Significant differences are observed between the theoretical values
of the alpha activity ratios and those obtained in this test. These
deviations decrease with decreasing Pu 238 content. Their explanation
is not possible from the data of this experiment but would require

more extensive studies.
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APPENDIX I:

Distributed Alpha Spectra
(Analoguous and Digital)
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SAMPLE B 1 II
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061133
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000084
000032
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200666
606065
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000034
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060236
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000032
000047
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000655
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000283
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550065
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000067
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000017
000022
000258
£00104
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900005
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000011
200017
260017
000054
000078
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000553
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000000
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g0C116
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202177
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C00011
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£g8525
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000096
©062938
000607
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Q02732
6¢1183
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000090
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¢00001
€00o01
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000004
000002
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000004
onLo6Gs
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GO0 468
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002224
0900693
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303069¢ -
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0C3752
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000630
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0000CC
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3G0C06
000004
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J09019
303039
GUETTS
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Q60566
309937
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000002
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G000C0
vg0000
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0000C3
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606807
000004
000012
09CG6 20
000040
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000217
00061l
201460
001324
000Co7
Gvo0o11
009046s
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0aCc647
000082
€Ogl3s
000329
001378
041383
004643
€00C18
000001
040400
000000
000000
¢00000C
000001
$€000C

000069
000004
000005
£60005
660005
6CCO06
0C0GO5
HC0008
€C60S5
000002
006012
009007
000011
9Cen14
000039
€083
000260
©€0592
001542
000958
cocone
060006
¢L0o12
360014
000615
60837
000068
0ce171
000343
001721

2150 WA~ o
401459

004354
0C0014
0GG000
9C0001
felg e lsle]
060000
Ll vl i)
0C0000
€Cguol

¢oueee
000005
¢00C0os
€00063
600002
€o0C01
000603
C000G8
€00C05
000004
£005609
000012
000015
¢oo024
000052
¢ogluz
000260
G00549
¢d17¢€sS
oU0682
€90cce
000008
€00014
0090015s
nnoC 28
Guo046
004088
600150
000414
G0150¢C
G01556
003759
600005
G00000
60060¢
630000
000000
Ly [l 14 L]
000001
£0onc1

oCuo00
060902
000004
GQ0Ca3
§003403
000002
¢00007
00400 ¢
060007
0090006
¢00008
000003
000311
0009032
009051
000036
000335
0009627
001934
000441
6003005
$00Q03
000014
0090010
0C00LS
000053
000081
000173
000476
002161
001891
002871
000002
600001
600001
000000
000001
§00002
000001
000002

_"g_



331
341
351
361
371
381
391

£00002
000005
200006
000004
200006
000005
000008
000007
000011
008018
000028
DCO036
000123
000374

FuaiAPr £ = £
U0 LO

¢02118
000272
000004
000d0e
00co1ll
000017
o¢gd2l
000054
ooop92
000177
000511
002286
002070
001918
0000C2
000050
€00002
000001
000000
200000
903001

0000090
Q000046
000002
066052
00C00s
200002
GOGo05
0Ccooo2
000004
200060 2
000005
¢00099
200008
008013
€gco2e
{00050
¢ao09ss

002267
€06153
000007
506012
003a011
000016
Q0Ce25
300058
J00u82
000167
200585
002410
002661
©01082
€o0001
Eleislele o
000001
€00020
200000
000000
600000

¢00000
82010
3000602
B0BGO3
0004005
000003
602007
€00003
DoDoOSs
600005
000008
00008
¢00011
o001z
000031
000068
000136
600489
000 7€3
0023232
boccses
000007
060008
¢00C07
g8o011
gpocoz4e
000063
282112
©00238
6o06e97
002251
003246
£o0535
0060000
¢ooo0e
000000
000001
0000920
C00000C
£o0oco

SAMPLE B 2 II

000000
pcooos
00009¢
200002
000004
000003
peédo2
060007
366002
0C0005
0C000s

peociz

000010
000026
000029
00vE 59
gC0150
0CB575
0CC861
002202
00044
000005
000008
000014
0goo1ls
0C0029
3C0045
peb1ils
000245
gcoene
002011
0c38g0¢e
0oLl
006000¢
060000
000000
cggoee
0000580
06C0001
500001

00g00o¢
000005
000007
83000C¢

200009

3006¢ 2
630002
000002
850006
090005
000006
000011
000013
3000615
000030
000071
000183
200588
201036
90200z
900614
000008
94000 8
000010
900C 14
300037
200077
200149
000280
861066
001700
004470
0000669
000003
£00806
800009
8000040
90000¢
200001
300002

000000

¢0000 2 |

000008
[l sielviclrd
000006
000004
000005
000005
u00ees
000007
¢00C1C
G00012
0000053
€CG0o1s
000032
¢C0g5¢
C00176
000621
C01l144
€016%¢
£00008
000004
00000 2
GoooLs
€60621
000036
00007

90139
000324
©g1093
001398
004754
600023
000000
€303G01
C00001
€¢0000
000062
000000
00000

060000
0006005
000003
6C0G61
000003
000004
¢00003
000004
006010
0000603
00¢006
600004
000012
060015
000049
686055
000197
001345
061236
000004
000006
800015
006510
606319
005035
006075
066154
000355
661431
001322
264798
660007
000000
680601
500000
££0601
660000
000002
80000G

0606000
€¢goes3
000004
0000C4
0co00z
©00004
cCo003
co0o07
0¢0007
0Ce009
goeoer
Ggco12
oco009
0egGa32
C00044
eeenes
000231

CRBsELe2

W R IS

201449
©€g9TlL
800005
000005
@CCLas
0Co01L5
Béco21
000034
0C0090
ofglel
060409
201647
0C1362
4533
€ 0004
¢00000
900000
0C¢0000
600001
0C000C
000000
006001

600600
600C0 &
600006
8006602
000002
600661
000005
000004
€00602
C00007
036011
600009
000015
¢00036
000048
600105
000248
£00554
601786
600682
000010
000007
600612
600013
€00024
C00043
920075
600167
000434
GO1571
001540
003954
600660
000001
G0D60C
000000
£00602
0G0CGO
000066
600GOC

000000
000003
000005
600003
000005
000003
000004
000006
600009
000010
000012
000008
000011
600022
0000461
060087
000348
$00602
001563
000422
000003
0060010
600010
000020
600033

000C42

608086
000Lsl
000527
g021les8
001846
002969
¢00000
0003000
900000
000000
000960
500000
000002
8080001

—CC—



CHANNEL CONTENT:

1
11
21
31
41
51
61
71
81
91

101
111
121
131
141
151
161
171
ie1
191
201
211
221
231
261
251
261
271
281
291
301
311
321
331
341
351
361
371
381
391

007200
3058039
000128
000084
DC3395
¢009082
00D0s2
000066
000045
580051
£00059
000054
200060
p000sS9
909072
600058
HOJ157
500411
000715
602137
£00333
000027
000030
000039
400038
000055
£C2068
000107
c0d209
600528
002357
0G2206
001867
PO00G31
peno18
000017
200022
200015
pesals
2060011

0Gn000
060155
€10108
000104
00C099
360078
000069
0€ga60
C00064
0GG969
N00042
066058
DOGG65
0000690
60IC57
000085
DgO152
560461
000716

$62181 -

00C194
260049
000029
JOCD4AT
906340
300055
96C068
000105
8930223
0uG637
202314
8G2702
collss
300623
gocol?
002017
800014
000098
§30615
G00011

000000
300153
000114
60D0S4
Doule6s
00088
600053
¢20058
Gooo71
Lodes2
go0ge2
00056
05058
000051
£oso73
¢o0Q0e7
peo174
860513
(00782
DB2238
¢00132
£0D034
¢00037
000044
000047
Coo061

olR0s4

¢00115
£o0289
[00734
02272
£932390
000€22
£0603¢
000C1LsS
000021
a0cad1s
0G000s
365012
CoC011

SAMPLE B 2 III

000000
000153
0C0134
pLo09I4
060084
DCo082
000073
oCecoT3
C000sg0
30Gu0655
000046
HC0064
GCCDs4
000061
pibbel
n00106
NGO167
0C0594
0C0860
£g2165
06007S
5Go036
0C0039
0CC043
360042
0C0062
el evivl- Ll
060129
o0 250
pCG847
J0203¢
363774
CCU310
300018
O0COnLY
Qo012
206016
C00013
oC0014
QG019

gugg01
600152
300096
030c8z
090074
000082
9JIL6S
£ooces
900657
00¢642
002045
00G04¢€
0d0063

000078 -

002671
000116
UID18€
00059¢
001000
501888
090055
Q0G035
000046
390633
200049
000048
Q00u 82
030135
20328¢
001029
001716
034235
000158
39061¢
000017
Go0C1Le
30068069
000014
020016
3006019

00004
£o0159
000103
08Cas1
$00066
000069
£Inc62
CoudeT
C00056
£g0056
600045
49872
000048
¢00055
300078
¢N0094
Gg232
600643
¢01192
Co1716
C009490
$00837
000034
236034
£o0044
500066
09108
G001le64
208254
¢01186
001572
£B4668
0C0078
£C0026
£00023
00001 e
¢o0012
000009
00014
000007

0000060
000136
000093
€3Casl
000069
000080
€00678
900074
200067
600051
000051
¢40049
000056
000064
000685
000115
046230
000657
€C1316
001326
500048
Uce032
000039
80032
896Q55
000062
060107
QUG 156
8¢¢32¢
001396
001421
504708
000048
gogtes
000019
640402C
U90C19
Q00015
630014
000011

Coo0o00
©6g131
000084
0Ce091
cLnoss
000067
0€gu6s
000061
¢{ 0058
£€e058
000058
GC D59
000048
coog77
lasin:y)
0cgi20
0eg272
000637
661547

5€8975

¢Co041
oeeaes
OGO 40

Beg048
£00053
0C0069
Gegos2
cool59
$€08430
0C1670
001397
CC43€2
000044
06¢o18
000024
ggaal12
000015
0co009
000012
0C0015

Q00006
C09147
000093
cooCse
020C65S
00008¢
CH0064
CO0065
$uuG63
609645
0D0054
09653
000072
GONCT7
Con078
000142
Cua2s7
GO0 626
Go17848
03764
000038
£00042

{\ﬂﬂﬂéz

€300651
C00G37
¢00080
€D066s2
C00194
€00447
001890
091549
¢d38Ce
000034
¢ong2l
000022
€o0621
600013
C00G13
600612
G00014

000001
060113
0000384
000078
o0onez2
000074
0eoYsl
000058
000054
600066
0009058
690355
600346
009056
000C78
000138
000353
ggae3s
001988
000477
000035
600038
200935
9089035
00004S
000071
060125
§00218
0006537
002211
001775
002517
004Q9029
geg0921
000015
000016
0004909
000011
00604918
002008

_95_



CHANNEL CONTENT:

1
11
21
31
%1
51
61
71
81
91

181
111
121
131
141
i51
is1
171
i81
191
231
211
221
231
241
251
261
271
281
291
331
311
321
331
341
351
361
371
381
391

GE3600
CO000¢
£0n026
Ceeg32
UoDdas
(0929
000044
005343
60056
00272
DODDTE
(00091
Y0123
20151
oel206
003312
c0ds814
$021115
01943
003261
499392
neoo27
S09333
ﬂ09346

uadlr@
003145
Z80234
200552
001115
741359
npNNs49
CEDEH
@uﬂ%fﬁ

OGDJLG
GOHR0L
4009200

GLON02
340322
J0N0038
w329
@00941

C)QO?I
B0GYI1
)CfOBI

Q?kle
witi319
3008601
31213
002011
303239
G211
200026
UU‘”MJZQ

f@W141
L0256
L0CeLY
GElizs
L1491
3&6386

v}uﬁ

»DQQGO
2C0ILD
£OGR00

GeDENd
00031
o00027
GoGo25
CNoG32
UDoe38
30045
utf“f‘59
Lajg62
CONJe8
FO308S
00162
703128
002175
£af262
$53358
L09614
301256
{02163
QOBIQB

Ou”lba
Cg1: 285
000608
Ly1e8l
{51644
{63292
Goage
000000
{9oucy
$00000
Co0Q00
5Gg0e1
GONGCo1

SAMPLE C 1 I

LoUEBC
060035
RELG26
60041
QL0034
aoan3e
Q00049
geoR3s
{40074
siutgz
aeonsy
uGO085
CUL 124
060179
JC0191
HCR3D6
QC0627
311332
12256
L2784
DOOGS6
400033
TLgh46
G0 0041
LTs6
wt0ns3
pehlis
GL0147
G318
L0751
01113
GC1622
DLODSS
Geoong
CCOGOG
DGOt
0CGuG1
JCNOV0
gepgon
GeROBL

GU200L
500632
G031
GO0D3G
nnNgi3s
DIRC32
200036
06853
390058
000061
300469
290107
Gat 10eé
200180
040232
230387
0007065
331388
ﬂ©2467

@@ﬂ42
330031
DBICTE
20NHBH
300998
NG35192
06331
D080 7T
SG1¢7TS
w1696
390044
«D00HBE
DOGGO 3
AGQULE
900000
2925000
200060C
Gagaeg

CUuIN0Y
00035
Q0835
£aC032
006039
00031
00049
SU0N62
cnuo6s
no0Re 8
80691
g0¢109
HH5138
(36160
OE5 248
200452
L0794
81549
no275
£521332
¢0ogQ32
030034
LG8 36
{20049
wgGC47
600094
¢O011a
Qo0178
U333
000827
GGlGTE
01612
lelole) B
2900006
o000l
407901
gonoeo
00g3G1
[RE571 A TRy
000000

i Ielel el 6l
GOGG3T
eeee37
0CGo29
000042
500048
000044
QLUEs4e
DO0D64
00064
PgHe8s
DOL10S5
gen129
200169
485251
UG5 359
300808
G115 84
302920
¢316L9
$30038
Q00030
DUG034
000050
o8n675
poUn75
33116
$op178
300458
000936
$5G1646
031590
000o04
OBu3Co
nonooe
9088650
006000
el iel ¢
Cogot
$00001

CCOe00
o0Dg26
DC0H24
Co0041
¢cd029
UCOG3S
CCGo4s
SL094%1
CLO0n54
QCHos6sS
0G0104
o011}
GCol3s
Ceo1so
CLE275
GGCa14
0090888
86161}
003959
061214
co0n33
200038
L£0044
000052
SE0371
000090
OCGl24
200201
aeg38z
CLGoss
Bo1u8T
0G1382
6C0001
BCCOGH
ceoool
LeGQie
00001
GeLLOC
CC0uGe
0UC000

¢2000C
000032
£20633
CON03e
000046
¢00g 31
00042
00UG4S
00065
£30071
06693
000101
£0914¢
g0021¢
L0241
000450
003924
$0167¢
Cc03138
G792
00002¢
09041
CORE3s
000066
236G
0Nd11l
000144
N0 269
P984 T4
001649
L1202
001111
o001
ielslolele
00000 1
039CGL
000000
£2000LC
G53060¢C
¢00002

000000
000046
00022
000063%
000039
00035
000050
gagnseée
0u0015
G0U3 50
00111
000112
600159
000187
6e0287
§00501
001085
£01747
$03208
060619
000022
063923
8604855
g000632
000058
€00104
000130
009251
060508
001110
801336
QGUET3
BHE001
23000060
000000
660000
Q04000
603901

040000

000001

-LG—



CHANNEL CONTENT:

i
i1
21
31
41
51
61
71
81
91

101
111
121
131
141
151
161
17l
181
191
231
211
221
231
241
251
261
271

281

291
301
311
321
331
341
351
361

- e

371
381
391

803600
Doo003
f05031
000037
Beon33
000047
0ob037
000248
500054
9009355
alslelo Ty
50384
A00L1C
000148
300165
008286
000450
IR EY
001815

{03290 -

BG3359
£0003¢
CGO0n42
$G3041
600260
Do0074
¢301561
0GO157
con252
200554
L1153
001430
0o0595
000050
0G0000
£00000
GCo000

0GG0CC

8€9000
000000

¢00000
000031
34480839
000025
009028
000032
200853
2€0044
000049
00078
00072
2006097
J0Q115
000175
000189
350325
003517
001207
©02131

003191

006216
3660623
0Cc0022
3C0u39
000055
200085
000117
900139
D259
Co061s
B21123
191521
000354
2G00Y0
¢388000
300000
200000
CC0C00
300001
300001

000600
000036
063041
000032
500032
000048
G52 046
062036
600060
60L0 T
000070
6120
600125
£00148
000254
58320
000641
001290
202231
003093
300146
602023
€00G39
CODO4S
000056
coD076
£60697
000143
£0u299
D00 665
001259
861575
000193
200063
000000
500096
000000
002001
000006
000000

SAMPLE C 1 II

200000
200034
9€05627
00027
9€Go35
go0n05¢
LEBU 36
DEcsas
poo0ns7
6eoo8G
0€0088
p¢Co8s8
0C00ss
oG0171
DCG243
0EG34¢
200675
e€1396
002444
L2726
560377
BCO035
OGGC37
Guwhg39
000066
0eg98l
ceDiG2
gco171
0C0341
300706
pLlizs
0C1562
¢CCGos1
F1Gekiite]
oGC 000
e elentol
GC000¢0
200000
ceeon
L0001

000000
0909631
oou032
000031
B00N45
D00O038
90040 405
20005¢
300065
900071
0000 84
Jua1as
200111
3001532
000246
PO0384
000677
581407
902495
002393
P00334
350034
000041
{00643
njNNs 4
W393681
Gudinz
000186
3IN3282
200851
$61€11
201680
500036
30040
200000
9383008
590000
TABoLeo
£00006
£0300¢

2000C0
v00032
(0CO41
¢oooLe
5000237
000045
0UG034
000052
200968
telelels i 4]
00097
26397
000126
¢3G171
¢p0232
¢00372
000797
£Q1515
062696
0102069
G084
L6027
000040
000044
000053
©G0C T2
000121
Co0199
500354
000921
©g1¢22
001648
C00016
00600640
000000
000340
000000
G2002C
600000
00C0nNe

000000
gcuae7
060635
000031
000432
000029
96¢E32
060050
000050
foege2
000080
640107
040132
$GC188
000239
DEa416
006825
$C1582
002921
201573
0c0333
0C0037
000041
5009053
000055
0C0078
000129
000193
£6C389
600960
961¢30
0cl512
0CaLce
96u0o0
000001
§0c o0
000000
SEG0C0
440000
0000900

8000000
0€8027
000023
DOVL4S
0€0U31
000039
2060838
000046
GCOa76
gégyge2
125105 B\
G€gl12
G0C130
€177
cog277
9€0434
000879
©€1623
0030e7
001167
aLng22
BCNY35
0GG049
LLGG 44
o063
D€L€082
200111
060227
480425
60995
2¢1118
601397
JEGUal
eyl
aTeirinlels]
2 g ies]
e ilel]v]
CGER00
GoOUIN0
0Co000

000000
00nez3
00023
po0C2%
600033
000033
©08043
00005¢
£00046
€oegses
Nn0085
OU01C3
00013¢
060207
000257
GOU&TO
C00%83¢€
0R1738
003225
000797
€96C2¢
0790044
0G0057
€N0063
¢No05S
CoDu97
00G1ac
000223
00461
001C74
891198
€0111s
OOUCLL
£00¢C1
¢00000
¢0006Q
0000¢CC
0000006
000000
GG00G1

0090400
000832
€ag032
000041
900043
060033
C00047
000063
700061
Gooa72
0000s0
Q00101
£00152
©w0ol192
000267
200467
001003
noL1737
003220
000489
0004029
0004035
000930
Q69052
000064
000080
(00142
€o0251
60u521
001055
Q01254
0005402
000000
009000
000400
¢00001
603000
0060390
000400
000006



CHANNEL CONTENT:

1
11
21
31
41
51
61
71
81
91

161
111
121
131
141
151
161
171
181
191
201
211
221
231
241
251
261
271
281
291
331
311
321
331
341
351
361
371
381
391

C03640
Do0s00
000030
£€0G33
00026
$00034
DO0056
200051
0009355
D0G065
2008375
000091
002126
000193
2002060
000308
gensne
501139
001823
003151
BDOG37S
000031
00080386
D0D046
009057
8300081
BEYL25
000154
000251
$05582
NO011s54
001473
009551
JCogoo
alstslefelel
300000
060000C
0800000
el frlv el
OCO0L0

300330
¢00021
000038
GOOO37
0Go029
0G0936
Q009835
500936
3€0059
003074
000069
0001900
26€120
Q00155
290205
¢00314
000569
081193
302065

063239

640233

0006624

00035
3€0051
00CO53
000068
909123
8G0157
pog271
$en573
001142
GGleb1
000373
000002
tlelesioly)
000000
000000
¢00000
052000
ICC00T

200008

0004036

¢00618
300024
000039
560631
000045
300043
060057
000059
360093
000106
500140
600170
GaD 225
000317
£00581
£01314
002292
£930636
©00131
896033
6500032
GO0055
590G66
000087
500102
C00166
000245
£00640
¢01115
601517
€00152
$00050
509096
600000
£O30LO
000000
500D
£030601

SAMPLE C 1 III

GC600¢C
000034
000036
000C28
0c0027
o032
000045
goguel
300058
0C0C&3
060075
800104
0CC142
000169
006G 229
0¢0350
0C0662
001338
002405
06272¢€
000087
0EDBO3T
000648
000043
Leeo73
0C0063
GeR091
2900184
£0027¢6
360773
Q001119
261728
0C0Cs5
$060C00
iletelelen
cC0000
gcoeol
060001
0C0008
8 C0000

€6500¢
0000293

5006 2¢

000024
000024

000039

000041
560054
000071
00GC70
000088
200098
000142
000174
506218
900344
000653
$01489
002595
002456
000048
060629
090031
006056
030059
200075
900112
000161
500311
s00813
201030
301666
200037
006001
60300C
000000
0306060
730001
¢600Ge
200000

CCOGOa
¢00030
650Q1s
06029
000044
000043
$00036
$R0C51
400058
000085
£00099
GO01l04
00139
000176
€0024¢
000385
000743
301461
02740
DG 203s
coen27
&006332
000030
Q00056
neeLTl
060091
QG116
000189
£6033¢
+G0 858
Q01070
01603
00013
CeeCoQ
200980
000000
$00000C
000001
400006

600000

000000
000026
§G0031
UC004(
000033
Q080¢31
000043
9e0g55
000061
000064
gcncss
000121
060125
000192
¢g0258
000421
£69774
81497
002898

6¢1581

000039
ggge27
000046
000059

w0064

000074
469124
000199
00401
060578
001035
601501
000001
600601
©00000
000000
000060
030000
6CUC00
000000

06COCo
00GC030

©C0631

000031
c00045
CCC043
CCOO51
0C0u51
000066
oced62
€¢ei7e
0C0100
0COl1e
0G0169
€€g257
000444
0€E895
001605
063022
CC1lse
GC0235
£€go3e
00003s
0CCU55
0€Gg65
peonss
G127
¢00205
LCe3ss
¢gasee
001153
©01283
cono62
€600
€Co0G1
GG0000
£¢Coege
0C0000
£¢ocee
000002

co000C
000C3$
GO063¢
000025
000030
600834
000037
co06s7
000056
08G0E 8¢
000074
000111
€£00140
o0 177
600277
000423
000952
001765
003134
£0084¢S
000030
o030
00038
Congss
C00064
0000972

e S A

000148
0002Ce
€09480C
€01042
001279
¢O1106
CJ0004
€001
G0000¢C
00000¢
paltlgeie
C00G01

$00Cue

005000

€0000%
000038
€000 34
000028
000044
0€0949
000052
0008857
000570

003066

000083
000119
600147
000219
660302
¢00509
001321
00l¢€e21
003263
000542
0004036
600933
600Q05%
000054
0E0g63
020682
000147
0g023¢
6009494
001125
001366
600857
0U00¢C0o
060060
Q06000
000060
000000
000008
000000
0604QcCo



CHANNEL CONTENTS
1 .

11
21
31

41
51

61

71

81

91
101
111
ic1
131
141
151
161
171
181
191
201
211
221
231
261
251
261
271
281
291
301
311
321
331
341
351
361
371
381
391

003600
0GD00C
000002
600063
000004
000002
000006
000002
D000C3
000007
000013
6006005
DGOCL3
000017
©00048
900981
c00119
000349
000s6€C5
001964
600272
¢00000
200004
000JICSsS
000002
000013
0000158
0CDd0D39
gg0057
00141
800619
400557
900501
000000
000000
00000¢
000001
slurhlei]
000300
eleishlely)

£30009
060004
0C0002
960002
00030 2
000004
0590562
006002
2060003
060006
566039
300012
000026
260034
000035
200071
000131
000414
000647

002127 .

300167
000002
ooLGd2
0003008
000007
300005
000030
500925
000065
000162
0040587
Lene21
030291
€J0001
J00G00
363060
¢00000
900000
000001

360000

000000

- D0DOgs

000004
C0DOBS
000004
600001
503003
000004
ZeJedolvprd
000006
£o03Co4
000013
€00022
002033
600046
ooG8s
¢00141
(00492
t00672
002084
tasnsl
§0000¢
002003
t030G4
(00008
togory
000025
Gope39
000071
D0O01s0
G00571
000769
poo138
000000
todoge
200000
¢noooo
eTejelalels)
¢00000
¢o30990

SAMPLE C 2 1

00000
500003
000001
00001
000001
00001
I
000001
666008
000004
060004
060013
000012
866031
900048
000075
0C0160
060514
000728
0C2141
060533
£C0004
500004
£ 00007
0060008
360020
060015
BU0GSI
006078
600218
0C0547
000902
£66053
000000
000600
0C0G00
000000
060001
660000
ceones

000000
£0008062
000004
$09603
000002
030003
5000060
000001
C00C0 4
000009
GG0C07
200006
000018

Q00025

00906C
GOCo74
000162
900595
0008TO
001836
000014
000003
800605
000004
000G07
000013
000023

Y va Yl
506652

000065
803252
000457
001023
000017
000000
9800CC
000000
0e000C
009900¢
00000¢
9C006L

000000
Gu0001
000001
¢00002
000001
000004
$00005
000007
000005
000002
€00c0oe
C00011
500013
060032
€00055
00082
000238
£00563
£00999
€o1588
000008
¢20002
€06004
Gu0005
600009
000025

000024
{EQC38
00085
£00305
£00389
0Glo91
Go0o0e 7
GO0001
€00C00
©000090
000000
¢a0000
N000C0
€00463C

000060
00uGis
000000
¢foacl
000000
000002
000604
00C006
600002
000011
(Jazeldal]
000015
000024
0¢00z8
0C0047
900165
gGo187
90u575
001132
V01304

0006001

Q0C005
200802
000001
0g0cces
006014

000035

866954
000084
0006338
600356
001126
GO00G1
£00000
000661
000000
000000
0600660
000000
8000G0

000000
GU0004
000062
9co0cCs
000002
¢CCoC1
0066002
C00006
0CGG06
c00008
0Cg912
000013
0€CooL8
¢gegz2

600068 -

€00os1

0C0239 -

000567
001337
¢g0923
G000
000002
660002
000005
0cgo12
0€Qa017
000021
6006056
000131
000428
000330
001094
0C0000
000000
€00000
0¢ 0000
600800
el oliely]
000001
0Casd1

000000
000003
000001
000CC2
00000¢C
06000C
€00004
000005
000C04
000004
0009005
00000¢
©00022
£00040
000057
600111
€00275
000564
00158¢C
000617
000000
000062
800667
000C0S
¢oo011
€00022
€00026
000655
€030125
000488
00903%¢
001013
(Al eely]
000000
000800
000000
60500¢
6o00C1
v00000

$B000e

003000
Gecios
002000
600004
000301
G00003
003006
000003
660007
000008
0000907
¢o00L7
000020
000036
000068
000123
000293
060581
g01821
000430
006003
000030
000003
000010
000010
000027
000024
000050
€001zl
000524
000454
000757
000000
000000
000000
000000
000000
00000 2
C0G001
0008649

..09....



CHANNEL CONTENT:

1
11
21
31
41
51
61
71
81
91

101
111
121
131
151
151
161
171
181
191
291
211
221
231
241
251

e o G

261
271
281
291
301
3i1
321
331
341
351
361
371
381
391

003600
BeB32¢
000002
0630062
0000e3

000002 -

0C03C4
¢C0005
260004
000003
coooLl
o910
000013
000029
000039
000360
00213eé
000350
000625
001930
©0%293
600003
0630605
000002
0000053
e0ooes
000022
€009032
Cecdse3
¢eo1is0
008599
2C5489
Q00498
000001
008900
000000
6380001
¢009000
DC00GO
$00001

000000
008001
a0a003
200082
309003
2300003
J000V4
200062
000603
200006
ICGH27
35606013
005020
DONB24
£30031
309091
00138
00450
500646
£82990
AGL157
000000
0G0OO04
200004
DO0007
230ud18
GCLdU24
200043
¢J0068
000148
0oGe16
D00633
34320
c00001
H00000
200030
990309
0049001
206000
06030

000000
©000G2
000000
505091
gudaes
000002
fu0002
G00Cos
£op002
0000¢Cs
coo0oe
¢oGClz
C00C014
000034
000044
000Gses
Co0o172
00430
£0D 644
002686
602096
000C03
2030e5
(ehuIH] eleyrd
000007
bGoU1zg
£00025
¢030633
Looges
CCo1es
000572
LO0 744
000145
000000
(0306060
DOOCO0
305000
000000
0006000
0030Go

SAMPLE C 2 II

0€0000 000000
3600603  DOOO0OG
060002 000002
DEOCO2  B8000C3
000001 000001
060004  000C01
0C0000 900003
060003 000005
0GUC04 000002
000003 000001
9€CO18  ©0G0GS
060308 000014
060020 000025
DCCG21 000033
000048 000054
960082 006685
000169 000182
0CC5406 000556
060792 000883
00285 001525
DECD4D  DIDOLS
000001 000005
TC0004  GOCOOE
DBBODS  GDD6OS
000013 000016
000017  GDODLS
000022 000027
0C004S 006036
00L092 000081
6C020S  06025¢
DLO531  DDD4B2
3C0998 501031
000062  D0OOL9
£600G1  00GGO1
PCDOOG 00000
000000 000000
300500  0O000G
000000 000000
006006 500606
§ODO00  DD2OD1

€00000
¢00600
C00006e
000¢02
C00001
00600¢
{00005
000007
200006
00008
Go0G1LC
£o0012
©06J11
Coto21
800955
lelelo il
$0G19s6
CGOSTE
001077
801580
c00912
600003
£00C03
{00008
¢0001s5
c08018
000024
QG048
Doo0s82
£80277
000401
¢0l1le1
G0000S
0aG6C00

¢000G0

000000
000050
000000
00GG0C
600200

000000
000004
000002
0606603
000000
¢60G03
GC0GO8
000003
000004
000002
620GC14
000006
600623
060027
000054
000097
300226
060625
001126
001275
000001
000000
366004
000006
000011
000016
000030
960056
000103
€G0346
000340
001198
000001
060000
500000
000000
360600
000000
000061
0¢0001

000000
€€oo02
0C0003
$¢0000
060000
0€C00C
€CCCo1
000001
464 00C3
000008
6€4eees
000011
peooLy
600027

0C0061

GCgL11
000232
€€C540
001351
0060952
0€g0Ge
GCo005
€6Co01
0€0005
©60010
£€og22
000028
0CCus52
0001090
UC0437
0C0342
6Cll66
060001
8CC0C0
000001
000001
000001
¢C0000
¢C0001
0CG0000

(el gt
£o0eLe3
000C01
00002
00046032
co0c62
¢CO0Ce
000co2
020C0s
€00C05
COBEL1
000011
GI0GLS
030040
£00059
00011¢
000241
00N53C
001517
000623
€006e2
030006
¢30607
090C03
GC2013
600C1¢
co0025
600070
000101

000475
000321

W U

€00931
000000
¢30¢06
00000¢
0006000
60000¢C
0000032
050000
000001

000000
660003
000001
009001
G00002
800002
000001
0000032
000019
000005
000007
0000¢7
£0a901s
000035
000059
0C0147
000311
00d604
€01713
00b4&22
0600060
000004
0guoes
000008
00000 8
000024
00003¢
000064
€00102
003545

800439

060G 789
000000
8850069
000000
000000
000000
000000
000001
600000

- 9~



CHANNEL COCNTENT:

1
il
21
31
41
51
61
71
81
91
101

111

121
131
141
i51
161
171
181
191
201
2il
221
231
241
251
261
271
281
291
321
311
321
331
341
351
361
371
381
391

03600
S003G0
000004
000001
AOLDO0
0C0004
200054
000207
060003
060704
000007
500017
000918
500022
£00045
000079
€C0137
000349
500569
001911
060293
66RI63
000004
260067
000006
6G0D16
500020
000332
£60961
009151
060578
000496
060002
000500
GE£ID60
000000
200000
GCON00
002001

Q00UoD
opooeo1
a0go0Ns
0C0Gu2
00003
0o0001
OLe003
00008
VLOCE9
D0GO 10
060011
260013
£92go12
otee21
g0G038
260081
egli B B ]
290441
390655
GGgic8l
59165
yltTalvishl
cO0004
QOY005
Q00006
BOHBU13
204025
06031
€gansa
300157
960608
000611
bgel29
{000
200000
JDGITS
200009
BIehiehE

ﬂﬂﬂﬂﬂﬂ

300009

602000
503965
000000
200002
309001
000002
£90063
000002
03002
000005
GOC0a9
BODOOS
€00019
600024
000048
00V099
£80161
00396
503735
002106
503074
D33034
¢00002
502603
000008
995012
000017
C00041
c00068
600169
000589
000791
£Q316¢
LO5GH2
500000
803006
000000
D350
000000
000000

0C000¢C
8C000G
0000G4
000631
900006
000000
oeeeos
000003
2C0010
000006
00¢007
DbUD14
0C001C
629
006050
teoo79
JCH156
200531
306794
GC2083
vd039
0 000LG
0€00CG2
0Goses5
0C0013
0606017
26co27
000040
BCLosC
G00294
CGC514
360897

AT
VWIS S

GLoon3
300001
lilriisls
4CC00s
OL00oY
0C0001
0CGO00

SAMPLE C 2 LII

800000
800001
000002
006802
000002
CO0GC004.
20060C
GU0005
2006C 2
200005
830006
006014
000028
906636
000052
$00086
355183
963535
DGO 924
201809
G986 1T
200001
300005
DOCOU S
500008
388€16
000027
B0004S
200086
000212
050484
501042
£33035
300601
033006
303860
09300¢
$BGE01
300000
290000

600008
£00003
000003
€6000¢
000002
600002
Gonoce
€00004
06GGO1
000007
000005
600007
©00014
€ce029
000061
©3669¢€
£00197
000580
€09933
001619
£C09C 8
(00003
600002
£00490 5
n00008
GOGCGS
000029
£ 00046
£00993
000298
£00374
£01163
£066o S
000001
500000
560000
600001
€0060¢
£00002
£8600C

040000
£e0001
000001
s rile ]
000003
200001
30C005
0006002
G50GGe
000008
GLoa1o
gcon12
000022
060021
000060
$8€093
000206
000585
0C1147
001340
$43602
000003
04eC05
8000066
0000065
g¢Go12
000036
0808C71
oC0107
00342
000349
001167
GHOGIT
200000
0G000
G6oUsT
000000
2eudol
000000
CLaeao

000000
¢60902
060001
6000036
000001
0C00G3
aea8006
cCo003
00003
DGODO7
G€8yos
GCGa1S5
00031
00¢g8 30
CCo0s3
Qo117
0060245
Neos577
D31344
800955
GCeud2
860003
2C00061
G004
¢Co00s
GLeg1s
goge3y
QgBoe6e2
Le0i123
£og0408
Ge83548
c0l1092
200000
000588
LCOGCT
0C0000
CO00s
060000
DELOU

000000
@00Co1

000002

©300061
000002
6O0C01
0004064
000005
90063
000006
gadele
{00011
000031
00Gc3e
000074
€39699
000261
020564
fO01558
0N0674
£50006 3
000003
900Ce7
0G00aG4
000013
€a9G24

Fa¥sl VoV ]
0041

026047
00G10S
C00475
20387
0C4370
030001
0000C¢
¢3000C
€006Co1
000000
0000CU
000000
€0000C

0030C0
000000
000302
000002
000002
000001
000001
000004
000004
0009007
000012
0060011
00001S
000045
000068
Q60115
000317
¢0@589
601762
000466
alilelelite
0004004
Q00004
000012
000011
039025
0036023
0000957
ggo122
000528
0€0442
000771
Goouo1l
000000
€30009
0C00uo0
000000
Qe300
¢acdol
060290

!
o\
T
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APPENDIX II:

Data Reported by the Laboratories

Remark: The gpectra A2 I and B2 III were not used for
evalution. Therefore data reported on these

spectra are put in brackets.



LABORATORY CODE:

' RESULTS OF THE ALPHA SPECTRA EVALUATION,

-6l

PEAK
AREA Pu-238 Pu~239 + Pu=240
SAMPLE L counts 7 L counts 7
1 20121 B0l
Al I1 3227 —8003 .
111 ______}19_@_(;__1 “ 9118
1 - (36403)_ _{8485)___
A2 11 _..38308__ 8168 ___
111 ___38770__ 9475
T 83081 _ 29729
B 1 II 70309 26317 ..
III ___ 69060 30956
1 _.13618 33159
B 2 II 71284 33052
III __(66824)_ (315592)
I 35937 __ 66229,
(o II 36583 92099 _____
111 35848 7103373
I 17128 34478
c 2 1 16564 28829
.III 15749 30762




LABORATORY CODE:

RESULTS OF THE ALPHA SPECTRA EVALUATION,

-65-

ro

PEAK

AREA- Pu-238" Pu~239 .+  Pu~240
SAMPLE L counts ,7‘ [ counts.]
I __Ade4e o | L 11177
Al T _. 44683 11285
o -2 S 10961
I o {41296).. -(1lo526) -
A2 I1 em-dlo2a. ——lodfd___
11X o A1617 lodn3d __
- Co o lelrer o A4
B1 - . II o ..301695 44435
gas! _.100279 _ 44421
A 1 __Jq1354 0 36617 __
B2 11 C_Tmas | 36802___
11X _(81167) _(39059) __
1 ___460lo 79664
c1 T Ceendflleo. S XoV/¥% B
R 22 o o..46281 Sy A s Lo W
‘ I ____:L_Q’ZQ_’{___ : AE2 A0
c.2 11 19933 35104
111 19934 35107 ___

o e G e s i G s e S G




VLABORATORY CODE:

' RESULTS OF THE ALPHA SPECTRA EVALUATION,

~66-

PEAK | N
AREA - Pu-238 Pu-239 '+ ° Pu~240
SAMPLE Ecoupts] ‘[countsj
I 4543 ——tdBld
Al II 45483 __ 11796 _
III ___A5%4T 11509
I et R . e
A2 1I - 40813 lo604
111 . 41331 lo4lo
I o _.1old33 _.h6642
B1 .. II _LoloZo _ ___A6648
11X ___:%gzgfi__ 46548
1 16956 3A772
B2  II 17068 e-BAAG
o - e
I 44988 82924
(o II ___ 45374 81902
I 45398 82856
1 19697 35438
c2 158 19709 __ 35254
19736 35309

111




'LABORATORY CODE:

RESULTS OF THE ALPHA SPECTRA EVALUATION.

T

4

PEAK .
AREA - Pu-238 Pu~239 +  Pu-240
SAMPLE L counts 7 L[ counts 7
I ..Bho885 | 12419
Al II A1 12708 __
II1 Mete oo o 12389 ___
I _;.imeg,z.)-- --(-10-24-9-)--
A2 I ““4—0- ‘i-‘““ lob3%2
III Moo o 10378 __
I ...95864 __ 45944 ___
Bl .II __.96%42 45812
III ___94867 __ 45977
I _.Jesses | . 36617
B2  1I ___16654 36845
11 _(717839) _ (39219)
| 1 44005 81292
cl 11 44177 81098
111 ___AA473E 81324 _
1 C eal9R22 o 34987
C2 11 19207 34878
| I11 19590 348%1




LABORATORY CODE:

RESULTS OF THE ALPHA SPECTRA EVALUATION,

-68- .

PEAK |
AREA  Pu-238 Pu=239 +  Pu-240
SAMPLE L counts_/ L counts 7
I 45153 12898
Al I 45419 2319
s _..Aelsd | _..12144
I .. (41026)_ _(10733)__
A2 II - 40849 10609
193) 41358 ___todlo _
| I 100584 _ 47585 __
B 1 I | ---kQidoda . SN A A A Y - T
111 __1lol2%6__ C eend8242_ .
1 17059 30162,
B2 11 7131 37142,
111 .. A17842) - _(39723)...
I 46448 - 82886
ci 11 46272 83265
I | 46635 82952
v 1 19667 35173
c2 . I 219785 34452
111 19789 __ 350%1




'LABORATORY CODE:

: RESULTS OF THE ALPHA SPECTRA EVALUATION,

A PEAK | |
| AREA  Pu-238 Pu~239 +  Pu=240
SAMPLE L counts 7 L counts ]
I __h1a61 7388
A1 n A I, 7651
III 41893 . . | .l 1202
I _.£41049) _ {1002%3) _
A2 11 40857 ___ 10365 __
111 41369 10139
1 eer4s oo | 57713
B I I1 JJoresr o L 36786 __
1II 95832 36751
I _ITot8 | 36293 _
B 2 I1 AL e A642T
I .(79517). - (35771)
I __.45391 __ 74269
c1 IT 45448 74081
1 45629 __ 74184 __
1 19721 34951
c2 11 __.19790 34825
19804 34824

III




LABORATORY CODE:

| RESULTS OF THE ALPHA SPECTRA EVALUATION..

-.70_

_\S\\\ PEAK _ |
AREA Pu-238 Pu~239 + Pu=240
SAMPLE L counts T L counts J
I 49_662 12528
Al 11 . _.-50185.__ _.--12889__
I 50337 2%l _
I (48156) . o {11591)
A2 11 heB80 | o 10616 _
- IIX o hlaes o} . 10399 __
I 104380 49417
B 1 1 104940 | 49305
| 111 _1o29%0 . f 49239 __
1 A1 e BB786 .
B2 I 17331 36994
11X (104Q70). o (47242)
I 46555 84222
cl IT ___ATT54 e B565%
1 47201 | 84690__
I I N A= 22407
C2 1T _..19849 - 35341
111 19842 35265




LABORATORY CODE:

RESULTS OF THE ALPHA FPECTRA EVALUATION,

=T 1=

PEAK
AREA - pu-238 Pu~239 +  Pu=240
SAMPLE L counts 7 Lcounts. 7
I 46112 12246
'S _Aesuel 12534
o 42998 12635
I {40972} (12242)
A2 I1 - 5 41037 10630
L II ; 41620 10379
I _.loo899 . hQtlh
B1  II _Lo2003 _39558
o 100056 __ 59315
1. L1574 26804 __
B2 . ;. | __ e 37002
111 __{79064) (49578)
I 45044 84602
c1t. 11 45256 84216
iR ‘ 45854 84069
I 4i9854 25541
c2 11 19907 35407
111 35347




LABORATORY CODE:

RESULTS OF THE ALPHA SPECTRA EVALUATION,

_72_.

PEAK
AREA © Pu-238 Pu~239. +  Pu=~240
SAMPLE . L counts_T [Tcounts .7
I 40984 20245
Al IT L A1386 L0437 ___
111 ~Ak2os toldl
I _{41586) _(Lo436) _
A2 11 40849 10435
111 41311 10259
L — N -
B 1 - 11 e e e e e ————ra e o
i R -
I AL T 36524 ___
B2 1 _rr4s o L 21181 .
m | - =
I __miﬁﬁsz__ 79859
¢l = VLY S e T9FER e
III _ 44849 70844
1 19720 35492
c2' . 1II 19846 35455
I11 19833 35195




'LABORATORY CODE:

RESULTS OF THE ALPHA SPECTRA EVALUATION,

3

lo

PEAK .
AREA Pu-238 Pu~239 +  Pu-240
SAMPLE L counts 7 L counts 7 |

I 23338 __ 1822
Al om 33806 __ 8038
o XA R 1143
I - (40359) {20660)

A2 11 __Ao2dT 10329
III e AQRBS __ _1olds
I _...80816__ 37503
B 1 - II 18075 36858 ____

11X ____"_7_'_7__5_1_1____ 36682
I 12953 __36005 ___
B2 - II w_16lo0 _ _.26242
111 __(75216) (35343)___
I 40840 _ o 7A31Qe

c1 I 40976 73341
IiI 41002 _ 73093 -

1 19335 34454

c 2 11 19298 34378

111 19294 34355
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APPENDIX III:

Descriptions of the Evaluation Methods

Used by the Laboratories
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LABORATORY CODE: i

¥ : TYPE OF SPECTRA: Digital and
) R T E ORI Paper Tape

Short description of evaluation method qsed:

A).Determination~of Peak Boundaries

1, For Pu-238

'a) Higher energy Slde‘:‘
The ‘First channel after the top of the peak hav1ng a content of 0 or 1

was defined as boundary.

b) Lower energy side:
I, For ‘well resolved spectra.
W1th1n the range of channels hav1ng a content between 5 and 15 %
of the content at the peak top, that channel was used,as peak boundary
which had a content significantly smaller than the arithmetic mean

of the contents of the two adjacent channels,

11, FdrABad resolved spectra:
Asvdeacribed in I., however the range was shifted to 15 to 25 %
bf the content at the peak top in order to obtain a clear delimita-
tion from the Pu=239/240 peak. .

2. For Pu=239/240

a) Higher energy side:
I. For well resolved spectra:
The first channel after the peak top having a content of O or I

was defined as boundary.

II. For bad resolved spectra: ,
The first channel after thelpeak top with a content smaller than

the arithmetic mean of the adjacent channels was used as boundary.
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b) Lower energy side:
I. For well resolved spectra:

As described for Pu-238, section I,

II. For bad resolved spectra:

As described for Pu-238, section II.

B) Calculation of Peak Area

a) The contents of all channels in between the boundaries defined in
section A) were summed up, The contents of the limiting channels

were taken into consideration.

b) In order to obtain the peak area, from this sum the product of the
arithmetic mean of the contents of the peak boundary channels with
the number of channels was subtracted.
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LABORATORY CODE: 2

TYPE OF SPECTRA:  Digital

. Short description of evaluation method used:

i, We prepare 'oﬁr.targats‘principally by electrodeposition on platinum,
‘ The spectra of the evaporated samples and of sample B 2 III are so bad,

that we would not evaluate them in routine operation.

2, for spectra evaluation we used the following formulae:
Pu-238 = I channels 210 to 329 + U
Pu—(239+240) m, T channels 100 to 209 - U
v .= balanced value of channel 210 tlmes 50

3. The evaluation is only directed to the determination of the ratio Pu-238/
Pu-(239+240), It is assumed that the counts of the channels 1 to 100 have
 to be attributed in the ratio of the two groups.



LABORATORY CODE: 3

TYPE OF SPECTRA: Digital

Short description of evaluation method used:

1. Direct Evaporated Sources

Least squares fitting was done assuming the degraded portion to

be exponentiél in nature. The contribution of Pu-238 peak undef~
(Pu~239 + Pu-240) peak was determined by extrapolating the ex-—
ponential curve obtained by least squafes fitting of the degraded

portion of the Pu-238 peak.

Electrodeposited Sources

a) For the electrodeposited sources, the peak areas were

calculated by summing up the counts under the peaks,

b) In the case of sample A 2, the counting statistics is
not good. The sample should have been counted for a

longer time.

c) Samples A 2(I) and B 2(III) had more degradation though
the alpha spectra were taken on the same electrodepo-
sited sources. As the reason for this is not known, the

values from these two spectra are not reported.
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LABORATORY CODE:

TYPE OF SPECTRA:

Sample No.: Az) peskarea
)

Bz) peakarea
)
c,)
27.
)

Sample No.: C, peakarea

1

peakarea

Digital
Short description of evaluation method used:
Pu-238 ¢ L 82 channels=from 251 to 332
Pu-(239+240) : £ 82 channels—from 131 to 212
Pu-238  : Z111 channels-from 220 to 330
Pu~(239+240) £ £111 channels—~from 102 to 212
Pu-238 - ¢ 124 channels-from 209 to 332

Sample No.: Al-)peakarea

)
Bl:)peakarea

Pu-(239+240) { Z124

Pu-~238 background of channels

channels-ffom 85 to

120 to 208 subtfacted

208
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B TR L N TS AWT, $ A 80 . Fur

| .. Data-Sheet -~ ~ Plutoniwm - Iséfopic Ap&lysiéig

Code 4

1

SN P8 A Ve A ST Lag § T TR S ST ESIG 4 hIITG

T

o ; T b e
| Date: t No. 3 EKT; !‘ Operator -~ ;
i, Pu 228 :".'T’;/z s 87,7 a spec. acty = 17,7 Ci/g :
‘ Pa 239 T = 24400 a " = 0,062 C%/g
| Pu 240 T%/e = 6600 a " = 0,226 ol(g
LPu 241 {]_1,\‘. = 14,8 & noo() . = 0,0025 Ci/g
; ' /2
i .
Pu ~ Isotopes %
g . Alpha Spe?t?ometry ~ .é ‘yass Spec;?pmetry‘
é +«Impuls Rate; L | ﬁﬂéii-EEEEEQ -
 Imp. Pu 238: = P 4 Pu 240/2%9: =CM
- mp. Pu 2%9: w P2 Pu 241/239: =EM
4 Pu0 Pu 242/2%9 =FM
+oam KM = 1 + CM + EM + TM
i
:P /i 4
= A '
P2 x 17,1 -
: T
_ . oM EM _
| ——— x 0,062 4+ ____ X% 0,226 + ____x 0,0025 = B
! ‘ ’ - atom % mass: ] we, o %
A x B x 100 -/ ] I
| ' = % Pu 238 = 28 OF o
14 (hxB)y- T 228.05 |
100 % - % Pu 238 Y ' , :
= % Pu 239 = 229.05 = ;
K1 ’ 5
. '. ' . s
% Pu 239 x CM = % Pu 240 = 240,05 = a
% Pu 239 x EM = % Pu 249 = 241.06 = F‘
% Pu 239 x FM = % Pu 242 = 242.06 =
sum ,‘a
Pu 239 + 241 = Pu fiss = :
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LABORATORY CODE : 5

TYPE OF SPECTRA: Digital

Short description of evaluation method used:

1. The evalﬁation method should be separated to two cases as follows;
case 1; two peak areas required to separate are clearly separated,
case 2; the peak area of the higher énergy side tails to the other

peak area of the lower energy side.

2. In case of the case |}, each total counts should be calculated in
each peak azea..
(A=2, B-2, and C-2 samples were determined with this method.)

3. In case of the case 2, the determinations should be carried out
by the following prodecure}

3.1 General base of the determinations

The calculation is carried out omn the‘assumption‘that the tailing
of any single peak to the lower energy region is caused only by
the sample thickness. The differential count N(E)dE is able to

described on as the following equations:

Eo> E> Eo - (dE/dx)Eo. t N(E)dE = A ‘ n

Bg = (E/dx)p < £ > E N(E)E = AC(dE/dn)y - 02/ E, B2 (2)

He= V2 e (dE/dx)E e t , where H is HWFM,
o .
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The total counts, Nij’ between the energy (or the channel) Ei and
E, are as follows

i
N.. = N(E)dE
y J\Z (&)
’ J __%1‘#
'
I

Accordingly, Nij on the tail region is stated as follows:
Nij = K(EimEj)/(Ei—Eo)(Ej~EO) (3) FﬂT
SR
: |
o
n

where KEAH2/2.

N 3 El’ EZ’ and E3 are given ///

3.2 When le, )
by the experimental work, N[‘5 can be

calculated with the following equation

derived from the equation (3):

é;g B é} . &

Nys = NygNpaWiptNpy) (B By (ETEG+ D) /(N ) (B =B+ 1)-
Ny (B4, 1)) (N, 5 (B =B +1) =N, (B, +1)) ”

however the following condition should be satisfied;

El“E2 = E2-E3.
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3.3 Tﬁe method of evaluation of the activity ratio of Pu-238 to
Pu-239(+Pu~240 +Pu-241 +Pu-242)

Step 1. E. and E_, should be chosen as the channels which give
Step 1. By 3

the best value Nascompared with the actual valueyp

!
by the use of the equation (4). - : f°q3q j ; Rs-238

l Al

!

|

fST?gil___:

(A-1-Irr---F =290, E,=270, and ‘ ' - N Ny
the calculated value N, . was o Vﬂ6§%/ %
7359 counts between the chan- BorH i

& &bEE& &

nels 270 and 210. The actual
value Qas 7387.)

Steg 2. Then, the total counts

N,. by the tail of the Pu-238 d
45 7 Step2)

between E4 and E5 of the ener- ( <p

gy region of the Pu-239
should be calculated by the . o :

same manner of the step 1. 4==n==z=:f:ﬁ£:‘
(A-1-I--==-N, . was 4443 Be IV4§

counts between the channels
210 and 21.)

Step 3. Finally, the acivity
ratio of Pu-238 (total counts
P8) to Pu-239 (total counts P9)

can be. -determined as follows:

Pg = MisNys

P8 = T = Pg, where Masis the total counts between E4 and E5 at
the step 2, and T is the total counts of the energy regions of
Pu-238 and Pu-239, (A-1-I-----17341 for M45 and 58051 for T were

counted. Accordingly, P9 and P8 were determined 12898 and 45153,

respectively.)
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LABORATORY CODE: 6

TYPE OF SPECTRA: Paper Tape

Short description of evaluation method used:

Using a Digital Equipment Corp. PDP-15 computer paper tape reader,
the low energy (plutonium 239,40) and high energy plutonium 238)

peak areas, between predetermined channels, were read in and integra-
ted. At the same time areas of 10 channels above and below the low
energy peak were read and used to calculate the ”toe“ correction |

resulting from low energy scatter from the high energy peak,

Normaliy, when analyzing plutonium for isotope 238, our sample plates
do not contain nearly as much solid material and we do not contain
nearly as much solid material and we do not require a "toe" correc-
tion as was done above. Thus the above procedure was devised just to
analyze these spectra. In addition, we were not able to read the
paper>tape reader and thus were required to use the reader on our

computer.
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LABORATORY CODE: 7

TYPE OF SPECTRA: Digital and
Paper Tape

Short description of evaluation method used:

1, FittingﬁModel‘

According to M.P, Trivedi (Progress Report 196941970, NYO-844-81)
the assumption is made that to each a~ray decay energy there cor-
responds a single peak spectrum (SPS) which can be described by the

function
2
(E A3i)

i
A2(T+A5, (E-A3,) f]

(N

N N s N
kS

(
= C

( |
This model has the peak height Ali, resolution parameter A2, peak
energy A3i’ skewing parameter A4 and tailing parameter A5.,. For the
238 | .. 239 240 -t
Pu group 1 is 1,2 whereas for the Put+”™ " "Pu group 1 is 3,4,5,6,7.
All SPS are presumed to have equal shape parameters A2, A4;'A5i. The
high energy part of the single peaks is presumed to be of Gaussian
shape hence A5i=0 for E2A3i' The set of parameters A4, A5 which
applies to the tail (that is below d for the 238Pu'group and below

b for the 239Pu+240Pu group) is different from that for the peak re-
gions (d,f) and (b,c).

2. Method of evaluation

230 R




The parameters of the»238Pu group are obtained from an iterative
procedure of nonlinear least squares fits of a sum of two functions
Eq (1) to the data in the region (d,f). From this the energy offset
is also found,

238

The contribution of the Pu group to the experimental data in the

region (a,b) is found by iteration as follows!: With an assumed frac-
tional contribution of 238Pu in (a,b), the tail (a,d) of the 238Pu
group is fitted and gives the parameters A4 A5 in that region. Using

b{
239Pu and 2‘OPu

these parameters and assuming that the heights of the
subgroups are both B/2, the fractional contribution of 238Pu in (a,b)

is calculated.

The area under the 238Pu group is obtained by integrating the tail in
the region (0,c) and by summing up all data in (c,f), For the 239Pu+240Pu
group the same procedure is carried out for the regions (0,a) and (a,c)

respectively,

Remark

This evaluation method has been applied to all 18 gpecﬁra. The shape

of the spectra A2.1 and B2,.3 in the :egion (a,b) was found to cause a
high value for the area under the tail, Here it would have been possible
to make some corrections to the areas but we prefered to apply no such

corrections.



LABORATORY CODE: 8

TYPE OF SPECTRA:  Digital

Short description of evaluation method used:

The evaluation of thégalpha spectra data-is performed on the basis of
an empirical algorithm which allows to calculate the surface of peaks
‘taking into account the overlapping'of the tails of adjacent peaks.

Thiz is achieved considering the hight of the minimum Ca’ C Cc (zee

b.!
fig.) between two peaks and his projections at the beginning (C

‘ ‘ a1’ ‘b1’
Ccl) and at the end (C

2,‘Cc3) of the spectrum,

a2’
More in detail, the surface S of the four main peaks of the spectrum

represented in the figure, is ‘given by the following relations:

S, = ZCa + ( ZCe —;,Caz)‘-vﬁ C;l

= - ' ( - Y - - - B0 .+ O
S ( ZCb b Ca) + ( XCe L Cb2) ( ZCe z CaZ) C,, +4&

B bl al

So % (36, =L C) + (EC, = IC,) = (EC_ =L C,) =L C_, +L €,
= ’ - : z - - Y

sy = (I =IC) +IcC_ (Zc, - IC,)

1

in which zca,x c;l,z Ca2’ eroayl Cc2 represent the sum of thg content

of the channels up to the channel Ca, Cal’ Ca2"""’ C_, respectively

: . c2
and Ce is the analogous sum up to the last channel used to analyse the

spectrum.

For spectra containing two or three peaks, more simple relations are

used.

The precedent relations, after reduction and generalization, are used
in & FORTRAN_cOmputer program which automaticaly evaluate the surface

of any.number of peaks:
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_LABORATORY CODE: 9

TYPE OF SPECTRA: Digital and
Paper Tape

Short description of evaluation method used:

- 120 channels were summed for éach:pea%. Background under the 238Pu

‘peak was estimated graphically.
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LABORATORY CODE: 10

TYPE OF SPECTRA:  Digital

Shbrt description of evaluation method used:

To determine the alpha peak areas, the sum of the channel contents was
performed taking as limits the channels corresponding to the following

.energies:

Pu 239 + Pu 240 4.960 - 5,210 MeV (250 KeV energy range)
Pu 238 5,290 - 5.540 MeV (" " " "oy

The background to be subtracted from the considered peak area has been

calculated as follows:

- In oxder to reduce the statistical errors, the activity at the selec-
ted limits has been calculated taking in account together with the
single channel chosen ag limit, also the channels immediately before
and after this limit (usually 4 channels before and 4 after). An ave-
rage of the counts accumulated in each of the nine considered channels

has been taken as the value of the activity at the selected limit.

~= The variation of the background between the limits was assumed to be

1inearo

The above mentioned procedure is usually applied in our laboratory to
calculate the alpha activity ratios, being the alpha spectra obtained

from good quality sources (electrodeposed).

In fact the ratios between ‘the alpha peak areas and not the single peak

areas, are the values mainly required by the practical applications.
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The agreement between the ratios of the alpha peak areas calculated for
B 1 and B 2 sources as well as for C | and C 2 sources (see table), in-
dicates our procedure can be used with good accuracy also for sources

prepared by evaporation.

However, the disagreement between the alpha peak ratios of the A 1 and

A 2 sources (see table) indicates the procedure fails when the background
to be subtracted is an important fraction of the total area as in the
case of sources with a high content of Pu 238 and/or prepared by evapo—

ration.

In fact the background to be subtracted in the case of the source A | is

about 50 % of the total area.

Table: Calculated Pu 238/(Pu 239 + Pu 240) Activity Ratios

Counting Mean 1 Activity at
I II I1I value selected limits
Samples
Al 4,262 4,206 4,336 4,268 Calculated from
A2 4,012 3,901 4,011 3,974 the average of
9 points
B 1 2.155 2.118 2.113 2,129 Calculated from the
B 2 2.109 2,100 2,128 2,112 average of 5 points
for B | and 9 points
for B 2
c1 0.5570 0.5587 0.5610 0,5589 Calculated from the
c2 0.5612 | 0.5613 | 0.5616 | 0,5612 | 2verage of 9 points
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APPENDIX IV:

Definitions of the Statistical Terms

and Other Formulae



1. Alpha Activity Ratios

Basic elements for the statistical conslderatlons are the alpha acti-
vity ratios Pu 238/(Pu 239+Pu 240) calculated from the data reported
for the Pu 238 and (Pu 239+Pu 240) peak areas / App. II /.

The ratio A.jkl is the result obtained on the 1 - th repetition spec-

trum evaluated by laboratory k and ‘taken from target j with sample i.

It is
i=1...r °  withr = 3 corresponding to the three
' : ' : séﬁplé“s'liAl'l’ "B" and "C"
j=1 ... 8 with § = 2 corresponding to the two
' :types of targats prepared‘by evaporation

("1") or electrodeposition (''2")

k=1...¢t with t #]0 corresponding to the number of
laboratories in consideration

l=1.,,. n with n = 3 corresponding to the three

repetition spectra '"I", "II" and "III",
As the evaluation of the spectra "A2I"
12k1) and B2III

Ywere not taken into consi-

G o (these are the ratios A
i A

(ratios 22Kk3

deration, there is n = 2 in these cases.

2. Laboratory Mean and Associated Terms

The mean value of the activity ratio obtalned by laboratory k for
sample i, target j, is defined by ‘
| B

Ak, = ;f,,mu ALY
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Therefore, the standard deviation (SD) of a single spectrum evaluation

is given for this laboratory by

1 n 2
Gisk ={a=T e A1 = Arje.) 1 2)

and the corresponding relative standard deviation (RSD) by

6 ;
8iik 'aAl .
] ijk.

. 100 . (3)
For some considerations, mean values of these SD's and RSD's were cal-
culated for specific groups G of laboratories., If t is the number of

laboratories belonging to the group G, these means are given by

t n ) 1
. @) =Ji—1 £ @ - A )? (4)
iy © =yt I L Gigia T A,
oY
} &y (© ' |
555 (6) = —=l— ., 100 o (5)
ije

(for Aij see Par. 3(8).)

The SD and RSD of the laboratory mean value itself are expressed by

Gﬂ.

n

and 8
i " . o

Target Mean and Associated Terms

The mean value of the activity ratio for target j (sample i) is given

by

A, "T L A (8)



‘..,9 E‘m

ag - for each target ~ the aumber n of evaluated repetirion spectra is
alway the sawe for all laboratories in this experxment (orthngﬁnai

case )) SPD and RSD of a single laboratory mean value are given by

65 =|eT. B Pigee T Ay '
k1
and
o |
§,, = b | 100 (10)
1] A
EA TR

: o B :
6an, , E_Jé’l , (1
t
and
8 '
t

1)

The more general expression is

1 ijkl
In

k=1¥

with n, = number of repetition spectra evaluated by laboratory k.
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L. Semple Mean

Calculation of this term is complicated by the fact that in the case

of samples A and B the number n of evaluated repetition spectra is
different for target 1 and target 2 (n1 = 3; n, = 2)1) and, furthermore,
that in the case of sample B also the number t of laboratory mean values

)

sample 1 in this particular non orthogonal case is given by

per target is different2 . The most simple expression for the mean of

t t
A. &= (L A. +n. A, ) (13)
looe n1t1+n2t2 1 k= 11k, 2 - 12k.

5. Correlation between Alpha ‘Activity Ratio and Isotopic Composition

If the isotopic composition of the plutonium is known, the alpha activity
ratio a(238/(239 + 240))can be calculated by

_ At(238) x Sp(238)
a(238/(239+240)) = At(239) x 3p(23;) EiAt(ZhO)x Sp(240) (1)

At(...) is the relative sbundance and

Sple..) the specific activity of the in-

dicated isotope.

") This is caused by the rejection of spectra A2I and B2III, see

Section 4.

2)

This is caused since laboratory 9 reported for sample B no data

on the evaluation of spectra from target 1.
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On the other side, the isotopic ratio R(238/239) can be obtained from the
alpha activity ratio «(238/(239+240) by

R(238/239) = T(238) x o(238/(239+240)) x (1/v(239) + R(240/239), (.o
: 1(240)

T(ee0) | is the half life of the indicated

isotope,

R(240/239) the isotopic ratio Pu 240/Pu 239,

6. Analysis of Variances

A scheme of the variance analysis is given in Fig. IV-1. It was per-

formed for each group of single evaluation results Aij of the alpha

kl
activity ratio belonging to the same target and sample; i.e., for all

data used in one analysis, the indices i and j remain unchanged.

It is assumed that two error components bijk and p, contribute to

ijkl
each value Ai'

5kl go that it can be written as

Ajr " i Y Pigk * Pija (16)
In this equation, “ij is the true value of the alpha activity ratio of

the target j loaded with sample i.

As indicated in the figure, in this specific layout the error component
pijkl consists of two parts cijkl and eijkl' As all laboratories ob-

tained identical spectra, the error components cijkl are independent
from k.
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The estimates for the variances Gij(p)2 = 6}5(c)2 + Glj(e)z and
2 k4 - ’
GEj(b) are given by

t n

2 2 2 1 2
613 =67 + 6 @) = ARRACTRRE TS
and
2 1 ¢ 2 2
613. b)) = :——1— kz] (Aijk. = A0 - G (p) (18)

From these variances, the RSD's are obtained as

G s (D)
5@ = o35 + o 5@)H ! = Hom oo (19)
ij..
and
65 5 (b)
s,,(b) = —l— , 100 ©0)
1] A, .
ijes

Please note that the formulae given are only correct for the orthogonal
case as in this specific application. For the more general expressions,
reference is made to R, Avenhaus: "Analysis of Variances", pp. 7-130 of
KFK 1100, EUR 4576e (1971).





