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Abstract

This report describes the preparation and certification of the °*’Pu spike reference
material IRMM-049¢, applied for determination of plutonium content in nuclear materials
by isotope dilution mass spectrometry (IDMS) in nuclear safeguards, nuclear security
and in the industry. As the stock of IRMM-049d is close to exhaustion, it was decided to
produce about 90 ampoules of a new spike certified reference material (CRM) IRMM-
049e and, therefore to maintain the provision of the IRMM-049 series of spike CRMs.

IRMM-049e is the first of the IRMM-049 series produced in compliance with ISO
17034:2016.

The amount content of **?Pu in IRMM-049e was characterised on 10 randomly stratified
selected units by Isotope Dilution - Thermal Ionisation Mass Spectrometry (ID-TIMS)
using the IRMM-10270 CRM as a spike. The plutonium isotope amount ratios were
measured using the same 10 selected units by TIMS. The material was finally certified
for the amount content of ?*°Pu and the total Pu, the mass fractions of 2*?Pu and total
Pu, the Pu isotope amount ratios as well as the plutonium isotope abundances as
amount and mass fractions, and for the molar mass of Pu in IRMM-049e.

The certified values were confirmed by ID-TIMS using the IRMM-086 (**°Pu spike) and
verified against the reference value of the external certified test sample Pu EQRAIN-13
provided by CEA/CETAMA.

These verification studies were carried out in the frame of the on-going inter-calibration
campaign using state-of-the art measurement procedures linking together different JRC
plutonium spike reference materials and also external reference materials to underpin
the confidence in the use of JRC isotopic plutonium reference materials for safeguards
verification.

Between unit-homogeneity was quantified in accordance with ISO Guide 35:2006. No
stability study was performed for this reference material since the general behaviour of
this material is well known from past experience. However, a post-certification stability
monitoring will be done every two years to control its stability after issuance of the
certificate.

The uncertainties of the certified values were estimated in compliance with the Guide to
the Expression of Uncertainty in Measurement (GUM) and include uncertainties related to
characterisation and possible inhomogeneity.

The main purpose of this material is for use as a spike isotopic reference material for
quantification of plutonium in an unknown nuclear sample. IRMM-049e is supplied in a
screw-cap glass ampoule containing 10 mL nitric acid solution (¢ = 5 mol/L) with a
certified plutonium (total Pu) mass fraction of (91.52 + 0.12) ug/g and a certified 2**Pu
amount content of (0.35828 + 0.00045) umol/g.

Because the IRMM-049e material is a true solution and as such, can be regarded as
completely homogeneous, there is ho minimum sample intake to be taken into account
for the analysis.



The following values were assigned to IRMM-049e:

PLUTONIUM IN NITRIC ACID SOLUTION
Amount content
Certified value ¥ Uncertainty 2
[umol/g] [umol/g]
242py 0.35828 0.00045
Pu 0.37826 0.00047
Isotope amount ratio
Certified value Uncertainty
[mol/mol] [mol/mol]
n(*®Pu)/n(***Pu) 0.0050666 0.0000081
n(***Pu)/n(***Pu) 0.0022218 0.0000026
n(**°Pu)/n(***Pu) 0.046033 0.000046
n(***Pu)/n(***Pu) 0.0021930 0.0000023
n(***Pu)/n(***Pu) 0.00025766 0.00000059
Mass fraction
Certified value ¥ Uncertainty 2
[ng/g] [ng/9]
242py 3) 86.73 0.11
Pu ¥ 91.52 0.12
Molar mass
Certified value ¥ Uncertainty
[g/mol] [g/mol ]
Pu ¥ 241.94417 0.00011
1) The certified values are traceable to the International System of Units (SI) via the values
on the respective certificates of the IRMM-10270 and IRMM-290b/A3. The reference date
for the plutonium amounts and isotope amount ratios is January 1, 2017.
2) The uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding
to a level of confidence of about 95 % estimated in accordance with ISO/IEC Guide 98-3,
Guide to the Expression of Uncertainty in Measurement (GUM:1995), ISO, 2008.
3 Atomic mass: M. Wang et al: The AME2012 atomic mass evaluation (II). Tables, graphs
and references.
Half-lives: Monographie BIPM-5 Table of Radionuclides, Vol.5 and 2*'Pu half-life: Wellum R.
et al. 2009 (JAAS)




PLUTONIUM IN NITRIC ACID SOLUTION

Isotope amount fraction (x 100)
Certified value ¥ Uncertainty 2
[mol/mol] [mol/mol]
n(*®pu)/n(Pu) 0.47990 0.00074
n(**Pu)/n(Pu) 0.21044 0.00023
n(**°Pu)/n(Pu) 4.3601 0.0041
n(***Pu)/n(Pu) 0.20771 0.00021
n(**?Pu)/n(Pu) 94,7175 0.0050
n(***Pu)/n(Pu) 0.024405 0.000056
Isotope mass fraction (x 100)
Certified value ¥ Uncertainty 2
[9/9] [9/9]
m(*8Pu)/m(Pu) ® 0.47217 0.00073
m(*°Pu)/m(Pu) 0.20793 0.00023
m(**°Pu)/m(Pu) 4.3260 0.0041
m(***Pu)/m(Pu) 0.20695 0.00021
m(?**Pu)/m(Pu) 3 94.7623 0.0050
m(?**Pu)/m(Pu) ¥ 0.024618 0.000056

D The certified values are traceable to the International System of Units (SI) via the
values on the respective certificates of the IRMM-10270 and IRMM-290b/A3. The
reference date for the plutonium amounts and isotope amount ratios is January 1, 2017.

2) The uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding
to a level of confidence of about 95 % estimated in accordance with ISO/IEC Guide 98-3,
Guide to the Expression of Uncertainty in Measurement (GUM:1995), ISO, 2008.

3) Atomic mass: M. Wang et al: The AME2012 atomic mass evaluation (II). Tables, graphs
and references.

Half-lives: Monographie BIPM-5 Table of Radionuclides, Vol.5 and 2*'Pu half-life: Wellum
R. et al. 2009 (JAAS)




1 Introduction

1.1 Background

The JRC-Geel Directorate G - Nuclear Safety and Security, Unit G.2 Standards for
Nuclear Safety, Security and Safeguards (previously known as EC-JRC-IRMM) has been
providing solutions of enriched plutonium isotopes for the measurements of nuclear
materials using state-of-the-art analytical techniques for many years.

The International Target Values for Measurement Uncertainties in Safeguarding Nuclear
Materials (ITVs) are uncertainties to be considered in judging the reliability of the
measurement results of analytical techniques applied to industrial nuclear and fissile
materials, which are subject to safeguards verification. In 2010, the International Atomic
Energy Agency (IAEA) together with the European Safeguards Research and
Development Association (ESARDA), international standardisation organisations and
regional safeguards authorities, published a revised version of the ITVs [1]. The ITVs-
2010 are intended to be used by nuclear plant operators and safeguards organisations
as a reference of the quality of measurements necessary for nuclear material
accountancy.

In this context, the most accurate analytical technique mainly used for measuring the
plutonium content in nuclear materials is isotope dilution mass-spectrometry (IDMS). For
this purpose, the isotope %*?Pu is generally used as a spike since this isotope is usually
found only as a minor component in plutonium of the nuclear fuel cycle. For more than a
decade now, JRC-Geel has been providing a series of enriched 2*°Pu spikes, the so-called
IRMM-049 series. However, since the last certified spike CRM of the IRMM-049 series
(IRMM-049d) was approaching exhaustion, it was decided to replace it by preparing a
new batch called IRMM-049¢, to be certified for the first time, according to the ISO
17034:2016 [2] and ISO Guide 35:2006 [3], as part of the JRC programme to supply
spike CRMs.

1.2 Choice of the material

The IRMM-049e material was prepared by a dilution of an aliquot of a **Pu stock
solution in nitric acid solution and subsequent dispensing into screw-cap glass ampoules.
A mass fraction of ca. 0.1 mg Pu/g solution was chosen for IRMM-049e to suit various
types of plutonium measurements within the Nuclear Security and Safeguards
communities.

The original stock solution was prepared by dissolving a plutonium metal of French origin
with a relative mass fraction m(***Pu)/m(Pu) of ca. 94.6 % in nitric acid solution (c = 5
mol/L, p.a., Merck, Darmstadt), chemically purified (November 11, 2008) and kept
under weight control for future use [4].

1.3 Design of the project

About 90 units of IRMM-049e were produced and certified according to ISO 17034:2016
[2] and ISO Guide 35:2006 [3]. The material was characterised for the amount content
of **?Pu by ID-TIMS with the 2*°Pu spike CRM (IRMM-10270), while the plutonium isotope
ratios were measured by TIMS. Characterisation and homogeneity measurements were
combined and carried out on 10 randomly stratified selected units out of the whole batch
produced (89 units).

The certified value for the ?*°Pu amount content was additionally confirmed using the
239py spike CRM (IRMM-086) as part of the ongoing inter-calibration of Pu spike CRMs



[5],[6] and verified using the Pu EQRAIN-13 certified test sample (Q143, second
ampoule, with a total Pu concentration of 5.3375 £ 0.0064 g/kg) during the
CEA/CETAMA inter-laboratory comparison.

2 Participants

The entire project has been carried out at the European Commission, Joint Research
Centre, Geel, Directorate G — Nuclear Safety & Security, Unit G.2 - Standards for Nuclear
Safety, Security & Safeguards, Belgium.

This includes processing of the reference material, the chemical purification and isotope
ratio measurements for the homogeneity and characterisation studies, including data
evaluation and value assignment.

3 Material processing and process control

3.1 Origin and purity of starting material

The original material was prepared from a plutonium metal of French origin with a
relative mass fraction m(***Pu)/m(Pu) of ca. 94.6 %. This metal had been dissolved in
nitric acid solution (¢ = 5 mol/L, p.a., Merck, Darmstadt) to produce the stock solution
containing about 614 mg %*?Pu and then purified to remove the daughter decay products
[4]. This 2*?Pu mother solution with a mass fraction of ca. 10 mg Pu/g solution was used
for the preparation of the previous batch of **’Pu spike CRM, the IRMM-049d, and for the
plutonium fraction of the IRMM-046c (mixed *’Pu/?*3U spike), and as well as for the
preparation of IRMM-049e (Figure 1).

3.2 Processing

The IRMM-049e units were produced by diluting an aliquot of ca. 10 g of the mother
solution with 1 L nitric acid solution (¢ = 5 mol/L), resulting in a mass fraction of ca. 0.1
mg Pu/g solution. About 10 mL of this solution was dispensed into individual 89 screw-
cap glass ampoules. The amount of total plutonium per ampoule is about 1 mg and a bit
less than 1 mg for **?Pu. The processing steps are shown in Figure 1.



Figure 1 The processing of the IRMM-049e material
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3.3 Process Control and confirmation

Estimates of the **’Pu amount content of the mother solution were determined based on
the weighing of the stepwise dilutions of the mother solution used to prepare the IRMM-
049d, IRMM-046c and IRMM-049e units. The calculated ?*Pu amount contents in the
mother solution from these three
measurement uncertainties, hence confirming that there was no contamination or errors
taking place during the processing of the IRMM-049e units from the initial mother

solution (Figure 2).

Figure 2 Comparison of the ?*?Pu amount contents in mol/g as estimated from the three weighing
of the stepwise dilutions of the mother solution for IRMM-049e, IRMM-049d and IRMM-046¢
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4 Homogeneity

A key requirement for any reference material is the equivalence between the various
units. In this respect, it is relevant whether the variation between units is significant
compared to the uncertainty of the certified value. In contrast to that, it is not relevant if
the wvariation between units is significant compared to the analytical variation.
Consequently, ISO 17034 [2] requires Reference Material (RM) producers to quantify the
between unit variation. This aspect is covered in between-unit homogeneity studies.

The homogeneity study of IRMM-049e was combined with the characterisation
assessment, i.e. the same datasets of measurement results of the 2*?Pu amount content
by IDMS and of the plutonium isotope amount ratios by TIMS were used for both
assessments.

4.1 Between-unit homogeneity

The between-unit homogeneity was evaluated together with the characterisation
measurements of the material to ensure that the certified values of the CRM are valid for
all 89 units of the material, within the stated uncertainty.

For the between-unit homogeneity test, the number of selected units corresponds to
approximately the cube root of the produced number of units of IRMM-049e, but should
be at least 10. Consequently, 10 units of IRMM-049e were selected out of the 89 units
using a random stratified sampling scheme covering the whole batch.

4.1.1 **?Pu amount content

The characterisation of the plutonium amount content of IRMM-049e was established by
ID-TIMS using the spike IRMM-10270 (see Annex 1) on randomly selected units using a
random stratified sampling scheme (SNAP): a first series with units # 7, 17, 24, 28 and
37 and a second series with units # 53, 55, 66, 72 and 81.

Each of the 10 selected units was split in two aliquots gravimetrically: the one containing
ca. 60 % of the sample was used for IDMS, the other one containing ca. 40 % of the
sample was used to measure the isotopic composition or isotope abundance (IA) (Figure
3).

The IDMS blends were prepared with the Large-Sized Dried (LSD) spike IRMM-10270
(Annex 1), a **°Pu spike CRM for isotope dilution [7]. This spike CRM is suitable as tracer
for the IDMS measurement of IRMM-049e due to its low uncertainties of the certified
values, established by a gravimetrical preparation and confirmed by IDMS. Furthermore
using IRMM-10270, the certification of IRMM-049e contributes to the on-going inter-
calibration exercise of selected plutonium spikes produced by JRC-Geel on a metrological
basis applying state-of-the art measurement procedures [5,6].

The blends of the IRMM-049e solution with the IRMM-10270 spike were prepared by
accurate weighing using the substitution method. The following units of IRMM-10270
have been selected: 433, 444, 455, 466, 474 (first series) and 578, 599, 610, 615, 620
(second series) (see in Annex 2). Finally, 10 blends were prepared to have a
n(*°Pu)/n(***Pu) ratio (spike to sample ratio) of ca. 0.3. The scheme for characterisation
and homogeneity assessment of 2*°Pu amount content in IRMM-049e by IDMS is shown
in Figure 3.



Figure 3 Scheme of the IDMS analysis for the characterisation of the 2*?Pu amount content in the
IRMM-049e
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The oxidation state of the Pu of the sample blends was adjusted to obtain Pu(IV) in 8
mol/L nitric acid and the U and Pu were separated by anion exchange method (Bio Rad,
AG 1X4, 100-200 mesh) [6]. Due to the excess of uranium coming from the mixed U/Pu
spike IRMM-10270, extra purification steps were needed prior to the measurement of the
Pu isotope ratios and hence determination of the Pu amount content (Figure 4).
Therefore, two additional chemical separations for each blend were performed in order to
obtain purified Pu fractions and thereby avoid interferences of uranium and also
americium (due to ingrowth from %*'Pu in the starting material) with plutonium during
the mass spectrometric measurements.

The purified fractions of Pu were prepared in nitric acid solution (c = 1 mol/L) to obtain a
solution with a concentration of ca. 50 ng of Pu/uL. One pL of this solution was deposited
on an evaporation rhenium filament and dried down by passing an electrical current
through the filament.

Finally, two TIMS magazines were prepared with three filaments (replicates) for each
blend (so 30 measurement values in total). The six remaining positions on the
magazines were filled with the IRMM-290b/A3 plutonium isotopic reference material to
correct for possible mass fractionation effects in the ion source. The plutonium isotope
ratios n(***Pu)/n(***Pu) in the blends were measured on the Triton TIMS (Thermo Fisher



Scientific, Bremen, Germany) applying a total evaporation technique [8],[9],[10]. Thus,
the measurement was continued until the sample was completely exhausted in order to
minimise mass fractionation effects.

The two sample magazines were measured on 18/07/2016 and 08/08/2016, respectively
(see input values in Annex 2).

Figure 4 Anion exchange chromatography used to separate and purify the Pu fractions in the
selected units of IRMM-049e

4.1.2 Isotopic composition of plutonium (isotope abundance ratios)

The isotopic composition of plutonium in the IRMM-049e units was established by
measuring the n(?*®*Pu)/n(***Pu), n(**°Pu)/n(***Pu), n(**°Pu)/n(***Pu), n(***Pu)/n(***Pu)
and n(***Pu)/n(***Pu) isotope amount ratios (IA). The measurements were carried out
using the Triton TIMS on an aliquot (corresponding to ca. 40 % of the sample) of each
the 10 randomly selected units (Figure 3).

Prior to mass spectrometry measurements, a chemical separation was performed using
the same procedure as described in Section 4.1.1 to obtain the purified plutonium
fractions. It has been proven from past experience with samples of the IRMM-049 series
that have been purified twice prior to mass spectrometry measurements [6] that there
was no residual ***Am stemming from the decay of the **!Pu in the solution.

Three replicates were measured per sample by TIMS for each series following a similar
procedure as that described in Section 4.1.1 (so 30 measurement values in total for each
isotope ratio). The two series of measurements were carried out on different days and
the measurement results were then decay-corrected to a common date, 01/01/2017
(see in Annex 3).

4.1.3 Results for the between-unit homogeneity

For the homogeneity study, the amount content and the isotope amount ratios for the 10
units were determined. Measurements of the samples were performed in a randomised
analytical sequence in order to be able to separate a potential analytical drift from a
trend in the filling sequence. One data point (one value out of the 30 values) for the
242py amount content had to be discarded because the filament broke during heating.
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Since for the 2*Pu amount content, the 10 blends were measured on different
magazines and different dates (18/07/2016 and 08/08/2016), all the values for the ?*’Pu
amount content have been decay-corrected to a reference date, arbitrarily chosen as the
01/01/2017. These measurements were hence carried out under intermediate precision
conditions rather than under repeatability conditions, and in a randomised manner to be
able to separate a potential analytical drift from a trend in the filling sequence.

Regression analyses were performed to evaluate potential trends in the analytical
sequence as well as trends in the filling sequence. No trends could be observed in the
filling sequence or the analytical sequence for the %*Pu amount content and in the
isotope amount ratios (see Annex 4). Note that one replicate out of the three for unit
#17 was discarded since the filament broke during the measurement for the IDMS
determination of the *?Pu amount content.

The datasets were assessed for consistency using Grubbs outlier tests at a confidence
level of 99 % on the individual results and the unit means. The homogeneity study
showed no outlying unit means or trends in the filling sequence.

Quantification of between-unit inhomogeneity was accomplished by analysis of variance
(ANOVA), which can separate the between-unit variation (s,,) from the within-unit
variation (s.b). The latter is equivalent to the method repeatability if the individual
samples are representative for the whole unit [11]. Therefore, the data were checked for
any significant trends in the filling sequence and between the means using one way-
ANOVA on the samples in analytical sequence order. The data used for the homogeneity
study (measured amount contents and isotopic ratios for the 10 randomly stratified
selected units) are shown in Annex 4.

Evaluation by ANOVA requires that results for each unit follow unimodal distributions
with approximately the same standard deviations, and that unit means follow at least
unimodal distribution. Distribution of the unit means was visually tested using
histograms and normal probability plots. Minor deviations from unimodality of the
individual values do not significantly affect the estimate of between-unit standard
deviations.

Eventually, the results for the plutonium isotope amount ratios (see Annex 4) were not
taken into account for the homogeneity study. Indeed, the reference material being a
true solution and since contamination of the samples can be ruled out, there cannot be
any inhomogeneity in the plutonium isotope amount ratios.

Moreover, as seen in Annex 4, no heterogeneity was found in the isotope amount ratios
of all the samples. Therefore, according to ISO Guide 35:2006 [3], it is not necessary to
include the contribution of the homogeneity for the plutonium isotope amount ratios in
the certification.

The results of the statistical evaluations are given in Table 1.

Table 1 Results of the statistical evaluation of the homogeneity study for the 2*2Pu amount
content

Trends* Outliers** Distribution
Measurand Analytical | Filling Individual | Unit Individual | Unit

sequence | sequence | results means | results means
242p amount | no no none none normal/ normal/
content [umol/g] unimodal unimodal

* 95 9% confidence level

** 99 %% confidence level

11




One has to bear in mind that s,, and s,, are estimates of the true standard deviations
and therefore subject to random fluctuations. Therefore, the mean square between
groups (MSpetween) Can be smaller than the mean square within groups (MSyihin),
resulting in negative arguments under the square root used for the estimation of the
between-unit variation, whereas the true variation cannot be lower than zero. In this
case, U'p,, the maximum inhomogeneity that could be hidden by method repeatability,
was calculated as described in [11]. u"p, is comparable to the limit of detection of an
analytical method, yielding the maximum inhomogeneity that might be undetected by
the given study setup.

Method repeatability (Subre), between-unit standard deviation (Sppre) and u*bb,re| were
calculated as:

S _ I\/lswi’[hin
wb,rel — -
Equation 1
\/Msbetween B MSwithin
n
Spbyrel = —
y Equation 2
\/Mswithin‘{/ 2
* n VMswithin
Upprel = —
y Equation 3
MS ithin mean square within a unit from an ANOVA
MSpetween mean squares between-unit from an ANOVA
y mean of all results of the homogeneity study
n number of replicates per unit
Vswithin degrees of freedom of MS,itin

The resulting values from the above equations were converted into relative
uncertainties. The results of the evaluation of the between-unit variation are
summarised in Table 2.

Table 2 Results of the homogeneity study for the 2*2Pu amount content

Swb, rel Sbb,rel U*bb,rel Ubb,rell)
[%] [%] [%] [%]

Measurand

242py amount

content [pmol/g] 0.019 0.019 0.0062 0.019

1) standard uncertainty

For the 2*Pu amount content, s,, was found above u",,, the limit to detect
inhomogeneity. Therefore, sy, the between-unit standard deviation is used as estimate of

Upp.

12



4.2 Within-unit homogeneity and minimum sample intake

The within-unit inhomogeneity does not influence the uncertainty of the certified value
when the minimum sample intake is respected, but determines the minimum size of an
aliquot that is representative for the whole unit.

The within-unit homogeneity is closely correlated to the minimum sample intake. Due to
this correlation, individual aliquots of a material will not contain the same amount of
analyte. The minimum sample intake is the minimum amount of sample that is
representative for the whole unit and thus can be used in an analysis. Sample sizes
equal or above the minimum sample intake guarantee the certified value within its
stated uncertainty [3].

Quantification of within-unit inhomogeneity to determine the minimum sample intake
was not needed for IRMM-049¢e, because the material is a true solution and as such can
be regarded as completely homogeneous. Therefore, no minimum sample intake should
be taken into account for the analysis.

5 Stability

Stability testing is necessary to establish conditions for storage (long-term stability) as
well as conditions for dispatch to the customers (short-term stability).

Temperatures up to 60 °C could be reached for regular shipment of reference materials.
Therefore, stability under these conditions has to be demonstrated. The shipment of
nuclear material follows the legal requirements related to radioprotection measures for
transport of radioactive materials. The packing of radioactive material is divided into two
parts, the packing of the inner package (Type A container) and the packing of the outer
container according to regulations and respective procedures [12]. From the package
material specification and the fact that the transport of radioactive material does not
take longer than one week, the IRMM-049e units packed as described above are never
exposed to temperatures outside the range of 4 to 60 °C. No significant change in the
amount content of **’Pu due to evaporation is expected to occur during shipment. The
plutonium isotope amount ratios are independent on the temperature.

No dedicated long-term stability study was performed for this reference material since
the general behaviour is well known from past experience with the predecessors from
the IRMM-049 and IRMM-046 series. Nevertheless, this reference material will be
subjected to post-certification monitoring to control its stability. Stability measurements
will be done on 2 units every two years from the issuance of material certificate.

Based on the chosen approach no additional uncertainty for short-term and long-term
stability will be applied.

6 Characterisation

The material characterisation is the process of determining the property value(s) of a
reference material.

The material characterisation was based on the use of IDMS with IRMM-10270 as the
spike CRM that had been certified by gravimetry, confirmed by ID-TIMS and externally
verified by EC-JRC-Karlsruhe and the IAEA [7,13]. IDMS has the potential to be a
primary ratio method of measurement.

A primary method is "a method having the highest metrological qualities, whose
operation(s) can be completely described and understood and for which a complete
uncertainty statement can be written in terms of SI units. A primary ratio method
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measures the value of a ratio of an unknown to a standard of the same quantity; its
operation must be completely described by a measurement equation [3, 14]".

The characterisation of IRMM-049e was also verified as part of the on-going inter-
calibration campaign using state-of-the art measurement procedures linking JRC spike
reference materials (IRMM-086) and external plutonium quality control certified test
samples (CEA/CETAMA Pu EQRAIN-13).

6.1 Method used

The characterisation assessment was combined with the homogeneity assessment, i.e.
that the same dataset as the one presented in Section 4.1 was used for the
determination of the uncertainty for the characterisation of the material. Hence, the
method described in Section 4.1 applies to the characterisation as well. It is a validated
analytical method and routinely used in Unit G.2 at JRC-Geel.

6.2 2*2Pu amount content and Pu isotope amount ratios and their
uncertainties

The *?Pu amount content in IRMM-049e was determined by IDMS [15] using the #*°Pu
spike (IRMM-10270), through the measurement of the isotope ratio R(b) =
n(***Pu)/n(**°Pu) in a blend via the following equation:

c(z“Pu, x)= c(239Pu, y)~ rr:g; : I;Eg)) : 2((53 -R(X) Equation 4

where
c(**Pu, x): amount content of ***Pu in the IRMM-049¢

c(**Pu, y): amount content of *°Pu in the spike IRMM-10270

m(x): mass of the IRMM-049e

m(y): mass of the spike

R(b): isotope amount ratio n(**?Pu)/n(***Pu) of the blend

R(x): isotope amount ratio n(**?Pu)/n(**°Pu) of the unspiked IRMM-049e
R(y): isotope amount ratio n(**2Pu)/n(***Pu) of the spike IRMM-10270

The masses of the ten selected IRMM-049e (m,) and IRMM-10270 (my) units for IDMS,
as shown in Annex 2, were determined by substitution weighing. In substitution
weighing, the mass of a sample is determined through a series of mass determinations
of an unknown (U) and a reference weight (S). The so called "SUUS" method was
applied. The uncertainty contributions in substitution weighing of the samples are the
uncertainties associated with the calibrated weights (certificate), air buoyancy correction
and the variability of the balance used in "SUUS" method.

The results of these IDMS measurements for the 2*°Pu amount content are given in
Figure 5.

The certified value for the 2*>Pu amount content was calculated as the mean value of the
ten certification measurement results obtained by IDMS using the IRMM-10270 LSD
spike. A consistency check was carried out according to [16] for the evaluation of the
uncertainties of the ten individual sample measurements for the amount content of
242py, The detailed IDMS equations and calculations using the software GUM Workbench
[17] can be found in Annex 2.
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The certified values for the isotope amount ratios result from the mean of the measured
values for the ten randomly stratified selected units measured by mass spectrometry
TIMS. The detailed equations and calculations using the software GUM Workbench [17]
can be found in Annex 3.

For all the measurands, full uncertainty budgets were established in accordance with the
'Guide to the Expression of Uncertainty in Measurement' [18].

Figure 5 The 2*?Pu amount content in mol/g in the 10 units of IRMM-049e measured by IDMS
using IRMM-10270 as spike CRM (with associated expanded uncertainties k = 2)

3.5900E-07
3.5880E-07 -
3.5860E-07 -
3.5840E-07 -

3.5820E-07 - N

3.5800E-07 -

242py amount content in mol/g
]
]
i
]
]
L

3.5780E-07 -

3.5760E-07 T T T T T T 1

AR S SR NN R U SR
S
¢

. . >
Unit serial numbers @e?

The results of the evaluation of the characterisation study are summarised in Table 3.

Table 3 Standard uncertainties of characterisation for IRMM-049e

Measurand Ucrar V| Uchar, rel[ %"
242p; amount content 0.000214 0.060
[Hmol/g] ' '
n(*°Pu)/n(***Pu) 4.03-10° 0.080
[mol/mol] ' '
n(Pu)/n(**7Pu) 1.28:10°° 0.058
[mol/mol] ' '
n(***Pu)/n(***pPu) 23.0-10°° 0.050
[mol/mol] ' '
n(**Pu)/n(***Pu) 1.13-10° 0.052
[mol/mol] ) )
n(***Pu)/n(***Pu) 0.29-10°° 0.11
[mol/mol] ’ '

D Standard uncertainty
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6.3 Confirmation measurements

The ?*?Pu amount content in IRMM-049e was first verified in the framework of the
plutonium inter-laboratory comparison, EQRAIN-13, organised by the CEA/CETAMA [19].
The ampoule Q143 of EQRAIN-13, with a total Pu concentration of (5.3375 £ 0.0064)
g/kg, was gravimetrically mixed with IRMM-049e into four blends in order to determine
the total Pu mass content (in g/g) in the EQRAIN-13 ampoule using the ?*Pu in IRMM-
049e as spike for ID-TIMS. The IDMS results from these measurements were then
compared to the reference value provided by CEA/CETAMA. Full uncertainty budgets
were established in accordance with the 'Guide to the Expression of Uncertainty in
Measurement' [18]. Figure 6 shows the IDMS results for the total Pu mass content in the
four blends of EQRAIN-13 (Q143) with IRMM-049e as relative deviation from the
EQRAIN-13 reference value. Although there is an observed systematic slight deviation
(£ 0.1 %) from the given reference value, the IDMS results agree within the
uncertainties with the reference value, confirming the value for the 2*Pu amount content
and amount ratio n(**°Pu)/n(**?Pu) from the characterisation of IRMM-049e with IRMM-
10270. Furthermore, the normalized deviation applied on IDMS results on Pu EQRAIN-13
is 0.30 % [19] and therefore encompasses this observed deviation of 0.1 %.

Moreover, JRC-Geel's laboratory performance in EQRAIN-13 was satisfactory (see lab 19,
by IDMS technique in Annex 5), as expressed by means of z- and (- scores to the
reference value and the standard deviation for proficiency assessment derived from
participants' results reported with 7 different analytical techniques. This, and the fact
that the required relative standard uncertainty for plutonium element concentration
measurements (DA) carried out under glove box conditions using small size spikes in the
ITV-2010 [1] is 0.28 % (k = 1), provides an external verification for the characterisation
of IRMM-049e and demonstrates that this spike CRM is fit-for-purpose.

Figure 6 IDMS results for the total Pu mass fraction (in g/g) in EQRAIN-13 (second ampoule,
Q143) determined using IRMM-049e
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Moreover, the reference material values to be certified were confirmed by ID-TIMS using
another CRM, the 2*°Pu spike, IRMM-086. In September 2016, four units of IRMM-086
and two units of IRMM-049e were randomly selected and gravimetrically mixed into four
blends for Isotope Dilution. After the necessary chemical separations/purifications, the
four blends were loaded on a TIMS magazine, with three filaments (replicates) for each
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blend and measured using the total evaporation (TE) technique on the TRITON TIMS.
Figure 7 shows the IDMS results for the **Pu amount content in mol/g in the four blends
of IRMM-049e using IRMM-086 as spike CRM, their mean and the certified value of
IRMM-049e using IRMM-10270 as spike CRM, see also Table 4). This figure shows that
the results with IRMM-086 overlap and agree within the uncertainties with the final
certified value of the ***Pu amount content of IRMM-049e.

Figure 7 IDMS results for the 2*>Pu amount content [mol/g] in IRMM-049e determined using
IRMM-086 as spike CRM
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7 Value assignment

Certified values are values that fulfil the highest standards of accuracy. Procedures at
JRC-Geel require generally pooling of not less than 6 datasets to assign certified values.
Full uncertainty budgets in accordance with the 'Guide to the Expression of Uncertainty
in Measurement' [18] were established.

Finally, the assigned uncertainty consists of uncertainties related to characterisation ucnar
(Section 6.2) and potential between-unit inhomogeneity, uy, (Section 4.1)

These different contributions were combined to estimate the expanded uncertainty of the
certified value (Ucrm) with a coverage factor k as:

2 2 .
UCRM =kK- Uchar 1 Upp Equation 5

Uchar WaSs estimated as described in Section 6.2
- Upp, Was estimated as described in Section 4.1

Because of the sufficient numbers of the degrees of freedom of the different uncertainty
contributions, a coverage factor k of 2 was applied, to obtain the expanded
uncertainties. The certified values and their uncertainties are summarised in Table 4 and
Table 5.

The major component to the expanded uncertainties for the **Pu amount content and
isotope amount ratios comes from the standard IRMM-290b/A3 used for the mass bias
correction during the TIMS measurements, and for the 2*?Pu amount content, it stems as
well from the ?**Pu spike IRMM-10270 used for the Isotope Dilution. Figure 8 and Figure
9 show the relative contributions of the main uncertainty components to the overall
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uncertainties of the certified values for the 2*?Pu amount content and the 23°Pu/?*?pu
amount ratio in IRMM-049e respectively.

Therefore for the other certified values that are directly derived from the 2*?Pu amount
content such as the mass fractions, or from the amount ratios as the abundances in
mole and mass fractions, the major component to the expanded uncertainties comes as
well from the standard IRMM-290b/A3 (see as well budgets as reported in Annex 2 and
Annex 3).

Figure 8 Uncertainty budget of the major components (as standard uncertainties) on the certified
242py amount content [pmol/g] in IRMM-049e as on 01/01/2017 and calculated in GUM Workbench
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Where u_bb represents the uncertainty coming from the homogeneity assessment (i.e.
0.019 %, k = 1, of certified value), u_standard IRMM 290b/A3 is the uncertainty of the
IRMM-290/A3 standard (of 0.1 %, k = 2), u_external correction is 0.01 %, k = 1,
u_spike IRMM-10270 corresponds to the uncertainty of the spike (of 0.06 %, k = 2),
u_Rb the uncertainty of the ratio in the blend as measured by ID-TIMS and the sum of
the consistency check correction represents the uncertainty of the delta values [16],
which is here of 140-107'? (see also Annex 2).

Figure 9 Uncertainty budget of the major components (as standard uncertainties) on the certified
239py/242py amount ratio [mol/mol] in IRMM-049e as on 01/01/2017 and calculated in GUM
Workbench

3,0% 12,8% B u_standard IRMM-
290b/A3

®u_R242/239 ain
IRMM290b/A3
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M u_Runcorr_242/23%_a

W u_Runcorr_242/239_b

Where u_Runcorr_242/239 a or b are the uncertainties of the measured 2*>Pu/?*°Pu on
the TIMS turrets (F) and (E) respectively (see as well Annex 3).
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7.1 Certified values and their uncertainties

Table 4 Certified 2*?Pu and total Pu amount content values and the uncertainties in IRMM-049e

Certified value Ucrm ? Ucru")
[umol/g] [umol/g] [%]
242PU
amount 0.35828 0.00045 0.13
content
Pu amount 0.37826 0.00047 0.13
content

Y Expanded (k = 2) uncertainty

Table 5 Certified isotope amount ratio values and their uncertainties in IRMM-049e

1) 2) 1)2)
Certified value [mol/mol] [gw?lh;mol] UCR'E';,/;‘H
n(**®Pu)/n(***Pu) 0.0050666 0.0000081 0.16
n(*°Pu)/n(***Pu) 0.0022218 0.0000026 0.12
n(**°Pu)/n(***Pu) 0.046033 0.000046 0.10
n(***Pu)/n(***Pu) 0.0021930 0.0000023 0.10
n(***Pu)/n(***Pu) 0.00025766 0.00000059 0.23

1 Expanded (k = 2) uncertainty

2) Note that for the isotope amount ratios the contribution of the homogeneity has not
been taken into account

Using the certified values listed above for the ?*°Pu amount contents and the isotope
amount ratios, the uncertainty budgets for the mass fractions, and the abundance mole
and mass fractions of Pu isotopes were set up as for the certified values, according to
the 'Guide to the Expression of Uncertainty in Measurement' [18], and are listed in Table
6, Table 7 and Table 8 respectively.

Table 6 Certified mass fractions and their uncertainties in IRMM-049e

Certified value® [pg/g]

Ucrm [Mg/g]

UCRM, rel 2 [O/O]

242Pu

86.73

0.11

0.13

Pu

91.52

0.12

0.13

1 Expanded (k = 2) uncertainty
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The molar mass (g/mol) of plutonium was determined as well using GUM Workbench
(see Annex 3) and its certified value is (241.94417 £ 0.00011) g/mol, as reported as
well in the certificate of the IRMM-049e.

Table 7 Certified abundances as mole fractions and their uncertainties for IRMM-049e

Mole fraction Certified value Ucrm® Ucrm, rer™
(x100) [mol/mol] [mol/mol] [%]
n(**®Pu)/n(Pu) 0.47990 0.00074 0.16
n(**Pu)/n(Pu) 0.21044 0.00023 0.11
n(**°Pu)/n(Pu) 4.3601 0.0041 0.094
n(***Pu)/n(Pu) 0.20771 0.00021 0.10
n(***Pu)/n(Pu) 94,7175 0.0050 0.0053
n(***Pu)/n(Pu) 0.024405 0.000056 0.23

Y Expanded (k = 2) uncertainty

Table 8 Certified abundances as mass fractions and their uncertainties for IRMM-049e

Mass fraction | certified value Ucem” Ucam, rer”
(x100) [9/9] [9/9] [%]
m(?*¥Pu)/m(Pu) 0.47217 0.00073 0.16
m(*°Pu)/m(Pu) 0.20793 0.00023 0.11
m(**°Pu)/m(Pu) 4.3260 0.0041 0.10
m(***Pu)/m(Pu) 0.20695 0.00021 0.10

m(**?Pu)/m(Pu) 94.7623 0.0050 0.0052
m(***Pu)/m(Pu) 0.024618 0.000056 0.23

Y Expanded (k = 2) uncertainty

8 Metrological traceability and commutability

8.1 Metrological traceability

Traceability of the obtained results is based on the traceability of all relevant input
factors. Instruments were verified and calibrated with tools ensuring traceability to the
International System of units (SI).
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The Pu amount content value is traceable to the certified values of the certificate of the
IRMM-10270 LSD spike.

The Pu amount isotope ratio values are traceable to the certified values on the IRMM-
290b/A3 certificate.

Material used as second "calibrant" in the overall metrology pyramid.

8.2 Commutability

Many measurement procedures include one or more steps, which select specific -or
specific groups of- analytes from the sample for the subsequent whole measurement
process. Often the complete identity of these 'intermediate analytes' is not fully known
or taken into account. Therefore, it is difficult to mimic all analytically relevant properties
of real samples within a CRM. The degree of equivalence in the analytical behaviour of
real samples and a CRM with respect to various measurement procedures (methods) is
summarised in a concept called 'commutability of a reference material'. There are
various definitions that define this concept. For instance, the CLSI Guideline C53-A [20]
recommends the use of the following definition for the term commutability:

"The equivalence of the mathematical relationships among the results of
different measurement procedures for an RM and for representative samples of
the type intended to be measured."

The commutability of a CRM defines its fitness for use and is therefore a crucial
characteristic when applying different measurement methods. When the commutability
of a CRM is not established, the results from routinely used methods cannot be
legitimately compared with the certified value to determine whether a bias does not exist
in calibration, nor can the CRM be used as a calibrant.

This reference material is tailor-made and is for use as a spike isotopic reference
material for the IDMS analysis of a wide range of nuclear samples, mainly by the nuclear
and safeguards communities.

9 Instructions for use

9.1 Safety information

The usual laboratory safety measures apply for the handling of radioactive/nuclear
material.

9.2 Storage conditions
The vials should be stored at + 18°C £ 5 °C.
The user is reminded to close the vial(s) immediately after taking the sample.

Please note that the European Commission cannot be held responsible for changes that
happen during storage of the material at the customer's premises, especially of opened
vials.

21



9.3 Preparation and use of the material

This material is ready for use after ampoule opening. Users are cautioned that once the
ampoule is opened, the amount content of plutonium may be affected by evaporation
losses.

The IRMM-049e is intended for use as a spike isotopic reference material for IDMS
analysis of a wide range of nuclear samples.

9.4 Minimum sample intake

Because the IRMM-049e material is a true solution and as such, can be regarded as
completely homogeneous, there is no minimum sample intake to be taken into account
for the analysis.

9.5 Use of the certified value

The main purpose of this material is to assess method performance, i.e. for checking
accuracy of analytical results and calibration. As any reference material, it can also be
used for control charts or validation studies.

Use as a spike isotopic reference material

The uncertainty of the certified value shall be taken into account in the estimation of the
measurement uncertainty.

Comparing an analytical result with the certified value

A result can be considered as unbiased if the combined standard uncertainty of
measurement and certified value covers the difference between the certified value and
the measurement result (see also ERM Application Note 1, www.erm-crm.org [21]).

For assessing the method performance, the measured values of the CRMs are compared
with the certified values. The procedure is described here in brief:

- Calculate the absolute difference between mean measured value and the certified
value (Ameas)

-  Combine measurement uncertainty (Umeas) Wwith the wuncertainty of the

2

_ 2
- umeas + uCRM

certified value (Ucrm): Ua

- Calculate the expanded uncertainty (U,) from the combined uncertainty (u,)
using an appropriate coverage factor, corresponding to a level of confidence of
approximately 95 %

- If Ameas < U, no significant difference between the measurement result and the
certified value, at a confidence level of about 95 % exists

Use for quality control purpose

The certified values can be used for quality control charts. Different CRM-units will give
the same result, because inhomogeneity was included in the uncertainties of the certified
values.
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10 Conclusions

A new highly enriched ?**Pu isotopic reference material IRMM-049e has been prepared
and certified for the 2*?Pu plutonium isotope amount content and isotopic composition.
The IRMM-049e isotopic reference material is supplied in a glass ampoule with screw cap
seals containing about 10 mL of 5 mol/L nitric acid with plutonium. The content of each
vial is approximately 1 mg ?*’Pu. The certified values for amount content have been
established by isotope dilution mass spectrometry and confirmed as part of the Pu spike
inter-calibration campaign and verified via participation in the CEA/CETAMA Pu EQRAIN-
13 inter-laboratory comparison. The IRMM-049 series are Isotopic Reference Materials
applied in nuclear fuel cycle measurements and are part of a systematic JRC-Geel
programme to supply spike isotopic reference materials of various isotopes at different
concentrations.
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List of abbreviations and definitions

ANOVA Analysis of variance
c Amount of substance concentration
CEA Le Commissariat a I'énergie atomique et aux énergies alternatives, la

Direction de l|’énergie nucléaire (Alternative Energies and Atomic
Energy Commission)

CETAMA Commission d'Etablissement des Méthodes d'Analyse

CLSI Clinical and Laboratory Standards Institute

CRM Certified reference material

DA Destructive analysis

EC European Commission

ESARDA European Safeguards Research and Development Association

EQRAIN Quality Assessment of Analysis Results in Nuclear Industry

GUM Guide to the Expression of Uncertainty in Measurement

IAEA International Atomic Energy Agency

IDMS Isotope dilution mass spectrometry

ID-TIMS Isotope dilution thermal ionisation mass spectrometry

ISO International Organization for Standardization

ITVs International Target Values

JRC Joint Research Centre of the European Commission

k Coverage factor

LSD Large-Sized Dried

m Mass

M Molar mass

MS Mass spectrometry

MSpetween Mean of squares between-unit from an ANOVA

MSuithin Mean of squares within-unit from an ANOVA

n Amount of substance

N Mean number of replicates per unit

p.a. Pro analysis

rel Index denoting relative figures (uncertainties etc.)

RM Reference material

S Standard deviation

Sbb Between-unit standard deviation; an additional index "rel" is added
when appropriate

SI International System of Units

Swb Within-unit standard deviation; an additional index "rel" is added
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TIMS

ES
U bb

Ubp
Uchar
Ucrm
Ucrm
Ua

Umeas

y

V MSwithin

when appropriate

Thermal Ionisation Mass Spectrometry
Standard uncertainty

Expanded uncertainty

Standard uncertainty related to a maximum between-unit
inhomogeneity that could be hidden by method repeatability; an
additional index "rel" is added as appropriate

Standard uncertainty related to a possible between-unit
inhomogeneity; an additional index "rel" is added as appropriate

Standard uncertainty of the material characterisation; an additional
index "rel" is added as appropriate

Combined standard uncertainty of the certified value; an additional
index "rel" is added as appropriate

Expanded uncertainty of the certified value; an additional index "rel"
is added as appropriate

Combined standard uncertainty of measurement result and certified
value

Standard measurement uncertainty

Arithmetic mean

Degrees of freedom of MSithin
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Annex 1. Certificate of the IRMM-10270
EUROPEAN CONMMISSION =

JOINT RESEARCH CENTRE

Directorate G — Nuclear Safety and Security
G.2 — Standards for Nuclear Safety, Security and safeguards Unit

CERTIFIED REFERENCE MATERIAL
IRMM - 10270

CERTIFICATE OF ANALYSIS

Uranium and Plutonium in Cellulose Acetate Butyrate (CAB)

Isotope amount ratio

Certified value " Uncertainty @
[mol/mol] [mol/mol]
nZEU)n(**Bu) 0.24242 0.00005
A(**°Pu)/n(**Pu) 0.022422 0.000006
n(®*'Pu/n(**Pu) 0.0001793 0.0000024
n*?Pu)in(**Pu) 0.0000757 0.0000008

4 of this certificate.

The certified masses and uncertainties of 2°U, ?**U and **Pu per unit are listed in Annex 1 on pages 3 to

1) The certified values are traceable to the values on the respective metal certificates (EC NRM 101, NBL CAM-116
and CETAMA MP2). The reference date for the plutonium and uranium isotopa amount ratios is November 1, 2012

2) The certified uncertainty Is the expanded uncerainty with a coverage factor k = 2 corresponding to a level of
confidence of about 95 % estimated in accardance with ISO/NEC Guide 98-3, Guide to the Expression of Uncertainty
in Measurement (GUM:1995), 15O, 2008.

The ceriificate is valid for 3 years; the validity may be extended after further tests on the stability of

the spike material are carried out.

Geel, May 2013

Last revision January 2017

Signed:

—
=

s

o —

Dr. Willy Mondelaers A8 lo4 [1'4

European Commission

Joint Research Centre

Directorate G — Nuclear Safety and Security

G.2 - Standards for Nuclear Safety, Security and
Safeguards unit

Retieseweg 111

B-2440 Geel, Belgium
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DESCRIPTION OF THE MATERIAL

The IRMM-10270 series of Large-Sized Dried (LSD) spikes consists of 1215 units, each containing
approximately 50 mg of uranium and 1.8 mg of Pu in dried form. Units were prepared by aliguoting of
about 2.5 g of a gravimetrically prepared nitrate solution of uranium (EC NAM 101 and NBL CRM-
116) and plutonium (CETAMA MP2) into individual vials. The solution in each vial was dried down,
re-dissolved in cellulose acetate butyrate (CAB) and dried again to produce a stable layer at the
bottom of the vial. Each unit contains a unique quantity of uranium and plutonium and is assigned a
serial number for identification and reference.

ANALYTICAL METHODS USED FOR CERTIFICATION

The certified values are based on the gravimetric preparation of the mother solution taking into
account the isotopic composition and the purity of the starting materials, their masses and the mass
of the solution. The confirmatory measurements were performed by isotope dilution thermal
jonisation mass spectrometry (ID-TIMS) and thermal ionisation mass spectrometry (TIMS).

All the work related to the preparation and certification of this CRM has been performed at the
European Commission, Joint Research Centre, Directorate G — Nuclear Safety and Security, G.2-
Standards for Nuclear Safety, Security and Safeguards Unit in Geel, Belgium.

SAFETY INFORMATION

The IRMM-10270 series contains radioactive material. The vials should be handled with great care

and by experienced personnel in a laboratory suitably equipped for the safe handling of radioactive
materials.

INSTRUCTIONS FOR USE AND INTENDED USE

This Certified Reference Material (CRM) is used as a calibrant in the analysis of plutonium and
uranium materials by isotope dilution mass spectrometry. The spike has to be dissolved in the
approprioate amount of acid (e.g. nitric acid with an amount of substance concentration ¢ = 5 mol L")
or sample solution to ensure the isotopic equilibrium between the spike and the sample. The whole
amount of sample per unit should be used for analysis.

STORAGE

The vials should be stored at + 18 °C + 5 °C in an upright position.
However, the European Commission cannot be held responsible for changes that happen during
storage of the material at the customer's premises, especially of opened samples.

LEGAL NOTICE

Neither JRC, its subsidiaries, its contractors nor any person acting on their behalf,

(a) make any warranty or representation, express or implied that the use of any information, material,
apparatus, method or process disclosed in this document does not infringe any privately owned
intellectual property rights; or

(b) assume any liability with respect to, or for damages resulting from, the use of any information,
material, apparatus, method or process disclosed in this document save for loss or damage arising
solely and directly from the negligence of JRC or any of its subsidiaries.

NOTE

A technical report on the production of IRMM-10270 is available on the internet. A paper copy can be
obtained from JRC Directorate G — Nuclear Safety and Security, G.2 - Standards for Nuclear Safety,
Security and Safeguards Unit in Geel, Belgium on request.

Page 2 of 4
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Annex 1: The certified masses of >*U, *U and ?**Pu per unit of IRMM-10270.

7y =5y pu

VialNo ~Mass "[mg] Uncertainty? (mg] Mass " [mg] Uncertainty” [mg] Mass ’[mg] Uncertainty ” [mg]

0433 43.387 0.025 10.385 0.005 1.7694 0.0009
0434 43.413 0.025 10.391 0.005 1.7704 0.0009
0435 43.464 0.025 10.403 0.005 1.7725 0.0009
0436 43.298 0.025 10.364 0.005 1.7658 0.0009
0437 43.492 0.025 10.410 0.005 1.7737 0.0009
0438 43.301 0.025 10.364 0.005 1.7659 0.0009
0439 43.483 0.025 10.408 0.005 1.7733 0.0009
0440 43.308 0.025 10.366 0.005 1.7662 0.0009
0441 43.372 0.025 10.381 0.005 1.7688 0.0009
0442 43.420 0.025 10.393 0.005 17707 0.0009
0443 43.435 0.025 10.396 0.005 1.7714 0.0009
0444 43.499 0.025 10.412 0.005 1.773¢8 0.0009
0445 43.284 0.025 10.360 0.005 1.7652 0.0009
0448 43.398 0.025 10.388 0.005 1.7689 0.0009
0447 43.415 0.025 10.392 0.005 1.7705 0.0008
0450 43.480 0.025 10.407 0.005 1.7732 0.0009
0452 43.449 0.025 10.400 0.005 17719 0.0009
0454 43.377 0.025 10.383 0.005 1.7690 0.0009
0455 43.404 0.025 10.389 0.005 1.7701 0.0009
0456 43.415 0.025 10.392 0.005 1.7705 0.0008
0457 43.367 0.025 10.380 0.005 1.7686 0.0009
0458 43,397 0.025 10.387 0.005 1.7688 0.0008
0459 43,353 0.025 10.377 0.005 1.7680 0.0009
0460 42.636 0.025 10.205 0.005 1.7388 0.c009
0461 43.367 0.025 10.380 0.005 1.7686 0.c002
0462 43.355 0.025 10.377 0.005 1.7681 0.0009
0463 43.451 0.025 10.400 0.005 1.7720 0.0009
0464 43.351 0.025 10.376 0.005 1.7679 0.0009
0465 43,516 0.025 10.416 0.005 1.7746 0.0009
0466 43.264 0.025 10.355 0.005 1.7644 0.0008
0467 42.605 0.025 10.198 0.005 1.7375 0.0009
0468 43.346 0.025 10.375 0.005 1.7677 0.0009
0468 43.391 0.025 10.386 0.005 1.7695 0.0009
0470 43.385 0.025 10.385 0.005 1.7683 0.0009
0471 43428 0.025 10.395 0.005 1.7 0.0009
0473 43.391 0.025 10.386 0.005 1.7695 0.0009
0474 43.370 0.025 10.381 0.005 1.7687 0.0009
0475 42,624 0.025 10.202 0.005 1.7383 0.0009
0476 43.325 0.025 10.370 0.005 1.7669 0.0009
0477 43.360 0.025 10.378 0.005 1.7683 0.0003
0478 42.638 0.025 10.206 0.005 1.7388 0.0009
0479 43.406 0.025 10.390 0.005 1.7702 0.0009
0480 43.262 0.025 10.355 0.005 1.7643 0.0008
0577 42661 0.025 10.211 0.005 1.7398 0.0008
0578 43.262 0.025 10.355 0.005 1.7643 0.0008
0579 43.389 0.025 10.385 0.005 1.7695 0.0009
0580 43.379 0.025 10.383 0.005 1.7691 0.0009
0581 43358 0.025 10.378 0.005 1.7682 0.0009
0582 43.394 0.025 10.387 0.005 1.7697 0.0009
0583 43.298 0.025 10.384 0.005 1.7658 0.0009
Page30f4
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Annex 1: The certified masses of “*U, **U and ***Pu per unit of IRMM-10270.

T T py
VialNo ~Mass " [mg] Uncertainty ? [mg] Mass " [mg] Uncertainty 2 [mg] Mass " [mg] Uncertainty > [mg]
0584 43327 0.025 10.371 0.005 1.7670 0.0009
0585 43413 0.025 10.391 0.005 1.7705 0.0009
0586 43.360 0.025 10.378 0.005 1.7683 0.0009
0587 43.286 0.025 10.361 0.005 1.7653 0.0009
0588 42,609 0.025 10.199 0.005 1.7877 0.0009
0589 43312 0.025 10.367 0.005 1.7663 0.0009
0590 43.276 0.025 10.358 0.005 1.7649 0.0009
0591 43.413 0,025 10.391 0.005 1.7705 0.0009
0592 43.461 0.025 10.403 0.005 1.7724 0.0009
0593 43.255 0.025 10.353 0.005 1.7640 0.0009
0594 43.432 0.025 10.396 0.005 1.7712 0.0009
0595 43.286 0.025 10.361 0.005 1.7653 0.0009
0597 43.269 0.025 10.357 0.005 1.7646 0.0009
0598 43.333 0.025 10.372 0.005 1.7672 0.0009
0599 43.363 0.025 10.379 0.005 1.7684 0.0009
0600 42635 0.025 10.205 0.005 1.7387 0.0009
0601 43.264 0.025 10.356 0.005 1.7644 0.0008
0602 43.355 0.025 10.377 0.005 1.7681 0.0009
0603 43.420 0.025 10.393 0.005 1.7707 0.0009
0604 43.312 0.025 10.367 0.005 1.7663 0.0009
0605 43.384 0.025 10.384 0.005 1.7693 0.0008
0606 43.381 0.025 10.383 0.005 1.7691 0.0008
0607 43.381 0.025 10.383 0.005 1.7691 0.0009
0608 43,308 0.025 10.388 0.005 1.7698 0.0009
0610 43.415 0.025 10,392 0.005 1.7705 0.0009
0611 43519 0.025 10.417 0.005 1.7748 0.0009
0612 43.321 0.025 10.369 0.005 1.7667 0.0009
0613 43.208 0.025 10.364 0.005 1.7658 0.0009
0614 43.312 0.025 10.367 0.005 1.7663 00003
0615 43.374 0.025 10.382 0.005 1.7688 0.0009
0616 43.405 0.025 10.389 0.005 1.7701 0.0009
0617 43422 0.025 10.393 0.005 1.7708 0.0009
0618 43.245 0.025 10.351 0.005 1.7636 0.0009
0619 42.635 0.025 10.205 0.005 1.7387 0.0009
0620 43.321 0.025 10.369 0.005 1.7667 0.0009
0621 43.401 0.025 10.388 0.005 1.7700 0.0009
0623 43.324 0.025 10.370 0.005 1.7668 0.0009
0624 43 446 0.025 10.399 0.005 1.7718 0.0009
TThe certified values are traceable to the values on the respective metal certificates (EC NRM 101, NBL CRM-
116 and CETAMA MP2).

% The certified uncertainty is the expanded uncertainty with a coverage factor k = 2 corresponding to a level of
confidence of about 95 % estimated in accordance with ISO/IEC Guide 98-3, Guide to the Expression of
Uncertainty in Measurement (GUM:1995), ISO, 2008.

European Commission — Joint Research Centre
Directorate G — Nuclear Safety and Security
G.2 - Standards for Nuclear Safety, Security and Safeguards Unit
Retieseweg 111, B - 2440 Geel (Belgium)

Page 4 ul 4
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Annex 2.GUM file for 2*°Pu amount content determination with IDMS

Cerification IRMM-049e with IRMM-1027 o final

Certification IRMM-049e with IRMM-10270 final

Mote! that the |A input data in this file are coming from 1A GUM file without uncertainty for standard IRMM-
290A3 (Kegy) and external comection (K. (since these corections are both introduced here)! However
the ratios in the blends Rb are cormmected here for the uncertainty of the standard IRMM-2900/A3 (Koau)
and the (Kgy4).

ATTENTION! a comection factor Kj. has been introduced in formula for average of 10 C242Pu values in
order to take into account the uncertainty of the spike IRMM-10270

ATTENTION! Introduced a new parameter C242PuCRM to take into account the uncertainty from
homogeneity on 242Pu amount (parameter Cyoysaa)

Hote! In this file a consistency check was applied and the delta values were modified (taking into account
uncertainty for delta values of 140E-12, k = 2) according to "Consistency check" by Kessel et al. (2008)
Accred Qual Assur. DOI 10.1007/s00769-008-0382-x

Elements: Pu

Simplified IDMS equation for 2427238 ratio, sample (Pu-242), spike (Pu-239)
DATA FOLDER:

Sample IRMM-0459¢e to be certified content

Spike IRMM-10270 data from certificate, referencefinput valuss on 1/11/2012

IRMM-049e used: 7-17-24-28-37 (first series) (IDMS 18/07/2016), 53-55-66-T2-81 (second series){IDMS
08/08/2016) ATTENTIOMN! Certification 14 IRMM-049e, date of 1A analysis (1A data were measured on
117082016 and 24/08/2016 for 2358/242, all the other ratios were remeasured on 22-23/092016), all ratios
were decayed to a reference date 1 January 2017 and averaged

IRMM-10270 spikes used: 433-444-455-466-474 (first series), 5T8-599-610- 615-620 (second senes)
Date of measurements: July and August 2016

Date of reference: 1 January 2017

Mass metrology certificate : E3875

Report of analysis: E3593

Atomic mass: M. Wang et al: The AME2012 atomic mass evaluation (Il). Tables, graphs and references
Half-lives: Monographie BIPM-S Table of Radionuclides, Vol.5 and 241Pu hali-life; Wellum et al. 2009

(JAAS)

Maodel Equation:
e simplified IDMS equations for 242239 ratios 1
i concentration calculations for 1at series and 2nd =eries on IDMS analysis
dates 1

fezssputlmyn dec, Ry)=n,decim, *(Rydect-Keay Ko Ro) / (KoK ed Ry-Rydect)*(R,dect);
Cxr=fezagpur (Mys.Nygdec, Ry, );
o= fezagmp (Myz, Nysdec, Ry,
Cx5= fzzmun (Myz.Nyzdec, Ry,
Cxt=fezanoun My Nygdec, Ry, ),
Cxs=fezapur (Mys.Nysdec, Rys);
feassmulmyn dec, Ry)=n,decim, *(Rydec2-KeayKag Ro) | Koy Ked Ry-Rydec2)*(R,dec2);

Cxe=feazopuz(Myg.NyedeC, Rpg);

Date: D6/21/2017

Var: 2 File: Certification IRMM-048e with IRMM- 1027 o-for pdi062017 . smu Page 1 of 24

Generated win GLIM Workbanch Pro Vierslon 2.4.1.458
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Certification IRMM-049e with IRMM-1027o final

Cy7=fezzmpuaMy7. Nyrdec, Ry ),
= f cazmmuz Mys Ny dec, Ry,
O™ cazmmuz Myz. Nygdec, Reg);

Cx10= S cozapual{ My Ny pdec. Ryl

f R, decayed for 1st series and 2nd series fo the IDMS analysis dates
L

¥

Rydec1= Rdounag (€™(Aage- Aty Ve {haag- Aty ) Ko an™Ke;
Rydec2= Rdyumag -(8M(Aass Ao Ne™(Aaas Ay) K oK

I spike parameters (here IRMM-1027¢) on IDMS analysis
dates 1

Rydecl = Ry *(e™-Aoay Algpyeq ) W(E™(-haag- Algpgeq )12

Nydec = Ny * e-Aozg- Mgpye: WMazgpy:
nydec = N * €*(-Agzg Mgpyeq MMgagpy;
Myzdec = Ny * €"-Aozg- Mgpe: WMazapy:
Mydec = Ny, * & (-Aasg Mopyer Mazzpy;
Mysdec = Nye * & (-Aozg Mo WMazzpy;
Rydec2 = Ry *(&"-Aya Myppes) W8 (-Aaze Mepgan)l;
Nyedec = Ny * €*(-Aozg Agpyep ) Mpagpy;
nyrdec = N * €*(-Agzg AgpyepMpagpy;
Nygdec = Ny * €*(-Agzg AgpyepMpagpy;
Nygdec = Nyg * €*(-Agzg MgpyepMpagpy;
My1dEE = Nyyg * &M-Agag Mopuar)Mazznys

i concentration calculations to reference date
01/01/2017 }

FezammulCx)=Cy

Cauzpur=F caazoul Gt J* €M(-hpap- ALy 8y
25000~ casooul Gl €M(-Roep- Ay 1+
Cauzous=T couzpul Cxal® 8 (hpap ALy 1+5;
Coyomue =l cmzoyl Cpal* 8M-hoan Al 1+,
Cauzpus=F couzpul Cxs)® &M (hpap ALy 1+,

Cagzous=T coazoul Cxs)® €M (-hoap Alp)+ig;
Cazpur=F cagzoul Cxr)* €™ -Aaay- Aty )by,
Cayzous=T coszoul Cxal® €M (Ao Ay}
Cayzone=l caameu| Cxal” €M-haay Alg)+ig;
Caazputn=F caszpul Cxrn)” " (-Aogz Ay)+8yp;

i
L

Casomy =l (Casopy1* Cosopua* Cassmy* Casonpe Couopys HCasopus* Cosomyr + Casoous + Couznue Couopyspl 100,

concentration calculations }

Date: DG21/2017
WVer.: 2

File: Certification IRMM-048e with IRMM-1027o-for pdf-062017 . smu Page 2 of 24

Generabed wih GUM Workbench Pmo Vierslon 2.4.1.458
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Certification IRMM-049¢e with IRMM-1027o final

- |
Cagoopcrn™1{C2420u1+ Cosopnt Cosomya* Casapya® Cagonys* Cayapus Hezaapyr+ Cosopus * Cagooya+ Casooygg M 100 K+ Cpg
Cay=Caazpucam/Tdass;

", _ | -
f2azeu=Caazmucram Maszy:

Tou=Mdpy"Cay;

i operator- 1

€1 = Cagopy - Caopui:
E3 = Cagopy - Codopy:
€3 = Cagopy - Couopys:
€4 = Cagopy - Couopys:

Ex = Caqzou - Codzpus:

Eg = Cagzpy - Casopus:
£y = Cagapy - Cosopuy:
Eg = Cagqzou - Codzpus:
g = Cagopy - Couopu:
£1p = Cauapy - Cosopuin:
o e parameters for decay constants——————- 1
Ing = In{2};

Aazg =Nz Toge:

Agza = INg { Toza;

Azan = N2 § Taap;

hagr = Inz { Toay;

Aaaz = INg § Tayz;

Azaa = INg § Tays;

List of Quantities:

Quantity Unit Definition
Counpy molig amount content of =~ Pu in sample (here IRMM-049¢)
Cagapy molig amount content 242Pu in blend 1
Cogmouin molig amount content 242Pu in blend 10
Cogopya molig amount content 242Pu in blend 2
Coyapus malig amount content 242Pu in blend 3
Coaopys molig amount content 242Pu in blend 4
Coyapus malig amount content 242Pu in blend 5
Cogapus mal/g amount content 242Pu in blend &
Cognpyr molig amount content 242Pu in blend 7
Coazpus molig amount content 242Pu in blend 8
Coynpya molig amount content 242Pu in blend 9
Cogopucan malig amount content of ***Pu with full uncertainty
Cuoymeomy| Molg  |amount content of 2Pu homogeneity contribution

WM242Pu

Date: 06/21/2017
Var.: 2

File: Certification IRMM-045e with IRMM-1027o-for pdf-062017.5mu Fage 3 of 24

Generabed wih GUM Workbench Pro Verslon 2.4.1.458
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Certification IRMM-029e with IRMM-10270 final

Quantity Unit Definition

Cay miolig amount content of total Pu in sample (here IRMM-04%e)
Cyy mol'g amount content of **“Pu in blend 049 -10270-07
[ mol'g amount content of ***Pu in blend 049 -10270-81

Lo mollg  |amount content of “**Pu in blend 049e -10270-17

Cyz malig amount content of ***Pu in blend 049 -10270-24
Cyy mol'g amount content of *“Pu in blend 049 -10270-28
Cys maol'g amount content of *Pu in blend 049 -10270-37
Cyp malig amount content of “**Pu in blend 049e -10270-53
Cy7 mol'g amount content of 2**Pu in blend 049 -10270-55
Cyp mol'g amount content of **“Pu in blend 049 -10270-66
Cyn malig amount content of “~Pu in blend 049 -10270-72
= exponential

fdaas molimol | decayed mole fraction of *2py (on reference date)

Fcrm dummy factor of 1 but with uncertainty corresponding to IRMM290vA3
Kt dummy factor of 1 but with uncertainty corresponding to external correction Excel
Ky dummy factor of 1 but with uncertainty corresponding to the spike IRMM-10270
In, constant

Mazgny, g/mol atomic mass for = Pu

Mazm, g/mol atomic mass for 2*?Pu

Mdpg,, g/mol molar mass of Pu on reference date 01/01/2017
My q mass of sample 0492 in prepared blend 1

My g mass of sample 049e in prepared blend 10
Mg g mass of sample 049 in prepared blend 2
Mg g mass of sample 049 in prepared blend 3
Mgy g mass of sample 0492 in prepared blend 4
Miys g mass of sample 049e in prepared blend 5
Migs g mass of sample 049 in prepared blend &

My q mass of sample 0492 in prepared blend 7
Mgz g mass of sample 049e in prepared blend &
Mg g mass of sample 049 in prepared blend 9
Myt g amount content of 239Pu in spike IRMM-1027o aliquot1
Nyig g amount content of 239Pu in spike IRMM-1027o aliquot10
nr.ndec mol decayed amount in mol of 235Pu in spike IRMM-10270 aliquot10
nﬂdec mol decayed amount in mol of 239Pu in spike IRMM-10270 aliquoti
Mys q amount content of 239Pu in spike IRMM-1027o aliquot2
nﬁdec mol decayed amount in mol of 235Pu in spike IRMM-10270 aliquot2
Myz g amount content of 239Pu in spike IRMM-10270o aliquot3
nﬁdec maol decayed amount in mol of 239Pu in spike IRMM-10270 aliquot3

Date: 0G21/2017

Ver: 2 File: Certification IRMM-D48e with IRMM-1027o-for pdf-082017 . smu Page 4 of 24

Generated Wi GUM Workbench Pro Vierslon 2.4.1.458
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Cerification IRMM-049e with IRMM-1027o final

Quantity UInit Definition

My 4] amount content of 239Pu in spike IRMM-1027 o aliquotd

nﬂdec mal decayed amount in mol of 235Pu in spike IRMM-10270 aliquotd
Mys q amount content of 239Pu in spike IRMM-1027 o aliquots

nﬁdec mal decayed amount in mol of 235Pu in spike IRMM-10270 aliguots
Nyg g amount content of 239Pu in spike IRMM-1027 o aliquoté

nﬁdec maol decayed amount in mol of 235Pu in spike IRMM-10270 aliquotf
Nyr 4] amount content of 239Pu in spike IRMM-1027 o aliquot?

nwder:, mal decayed amount in mol of 235Pu in spike IRMM-10270 aliquot?
Mys g amount content of 239Pu in spike IRMM-1027 o aliquot8

nﬁdec ol decayed amount in maol of 235Pu in spike IRMM-10270 aliquots
Myg g amount content of 239Pu in spike IRMM-1027 o aliquotd

Nysdec mal decayed amount in mol of 235Pu in spike IRMM-10270 aliquotd
Ry molimol  |measured “**Pur~"Pu ratio in blend 1
Rpg molimel  |measured “*Pur " "Pu ratic in blend 10
Rz molimol  |measured 2*2Pu Py ratic in blend 2
Rps molimel  |measured 2*2Pur**Pu ratio in blend 3
R molmel  |measured ““Pur"Pu ratio in blend 4
Rps molimol | measured “**Pu"Pu ratio in blend 5
Ris molimol  |measured 2*2Pu Py ratic in blend 6
Rz molimol  |measured “**Pur*Pu ratio in blend 7
Rps molimel  |measured ““Pur"Pu ratio in blend 8
Rpg molimol | measured ““Pu/~"Pu ratio in blend 9

Rdayomag | molimel  |isotope amount ratio No./N.., after decay to reference date

R dect molimol  (decayed isotope amount ratio NagpfNaag as from the 1A measurements for
IRMM-049¢ (IA GUM FILE) 1st series

Rydec? molimol  |decayed isotope amount ratio nags/n-zg as from the 1A measurements for
IRMM-04%e (14 GUM FILE) 2nd series

Ry molimol  |isotope amount ratio Nos/Masg @3 given in the spike certificate (IRMM-10270)

Rdect molimel  (decayed isotope amount ratio Nay./Ns.y as given in the spike cerificate
(IFMM-10270) 1st series

Rydec2 molimeol |decayed isotope amount ratio naga/nzzg as given in the spike cerificate
(IEMM-10270) 2nd senes

O, parameter of consistency check
dqp parameter of consistency check
il parameter of consistency check
iy parameter of consistency check
iy parameter of consistency check
i parameter of consistency check
i parameter of consistency check

Date: 062152017
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Certification IRMM-049e with IRMM-1027 o final

Quantity Unit Definition
by parameter of consistency check
iig parameter of consistency check
iy parameter of consistency check
Aty a time difference measurement date 18 July 2016 1st IDMS seres and reference
date 1 January 2017
Aty a time difference measurement date 08 August 2016 2nd IDMS series and
reference date 1 January 2017
Alepiges a time difference between reference date of spike 011 1/2012 and measurement
date 18 July 2016 1st IDMS series
Aepigen a time difference between reference date of spike 01/11/2012 and measurement
date 08 August 2016 2nd IDMS series
£q see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-03852-x
£qg see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-0382-x
Eg see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-0352-x
E3 see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/=00769-008-0382-x
Ey see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/=00763-008-0382-x
Eg see in Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x
Eg see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-0382-x
£7 see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-03852-x
Eg see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/s00769-008-0352-x
Eg see in Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/=00769-008-0382-x
Yaszry gy mass content of 2**Pu in sample (here IRMM-0492)
Teu g/g mass content of total Pu in sample (hers IRMM-0492)
Raza a decay constant = Pu
. a decay constant - Pu
Raug gl decay constant 2*"Pu
. g’ decay constant = 'Pu
Aagn g’ decay constant ~-Pu
A a decay constant “““Pu
Tozs a half life ***Pu
Toss a half life **Pu
Tosp a half life ***Pu
Toss a half life 2*'Pu
Taez a half life *“Pu
Toss a half life Py
CHopzanmys Type B normal distribution

Value: 0 mol'g )
Expanded Uncertainty: 6 6326107 ! miolig
Coverage Factor: 1

Diate: DE2172017
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Cerification IRMM-049e with IRMM-1027o final

Expanded Uncertainty is the ABSOLUTE uncertainty of the homogeneity contribution, calcualted as
Cogopy Ubb rel, 6.6326E-11

H Constant
Value: 2. 71828182845904523536

fyyst Impaort

Filemame: Cerification 1& IRMM-049e final-vS-4-with uncertainty std. SMLU

Symbol: fou
amount abundance for 242 decayed to reference date 01/01/2017 with full uncerainty (including U-CRM)
Kot Type B normal distribution

Value: 1

Expanded Uncertainty: 0.1 %
Coverage Factor: 2

uncertainty of standard IRMM-290b/A3 (K-factor) introduced here instead of in the measurement file
(Excel) to take it into account, for 3 mass units

Ky Type B normal distribution
WValue: 1
Expanded Uncertainty: 0.01 %
Coverage Factor: 1

uncertainty of extemal correction (K-factor) introduced here instead of in the measurement file (Excel) to
take it into account, 0.01%, k=1

K,.: Type B normal distribution
WValue: 1
Expanded Uncertainty: 0.0006

Coverage Factor: 2

uncertainty of the spike (IRMM-10270) infroduced here to take it into account, should be the (typical)
relative uncertainty of ny, ne 0.06%

Mazam,: Type B normal distribution
Value: 239.0521636 g/mol
Expanded Uncertainty: 0_.0000035 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (II)

Moyom Type B normal distribution
Value: 242 0587428 g/mol
Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (I}
Mdg,: Impaort

Filename: Cerification 14 IRMM-049e final-vS-4-with uncertainty std. SMLU
Symbol: Mg,
total mass fraction of Pu decayed to reference date 01/01/2017 with full uncertainty (including Ugog,)
My Type B normal distribution
Value: 599902 g

Expanded Uncertainty: 0.00008 g
Coverage Factor: 2

Weighing certificate E3875 unii#7

Date: D6/21/2017
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Cerification IRMM-0492 with IRMM-10270 final

My Type B normal distribution
Value: 6.03342 g
Expanded Uncertainty: 0.00010 g
Coverage Factor: 2

Weighing certificate E3875 unit#g1

M, Type B normal distribution
Value: 593325 g

Expanded Uncertainty: 0.00008 g
Coverage Factor: 2

Weighing certificate E3875 unit#17

M5 Type B normal distribution
Value: 6.01834 g
Expanded Uncertainty: 000008 g
Coverage Factor: 2

Weighing certificate E3875 unit#24

m,,: Type B normal distribution
Valus: 597342 g

Expanded Uncertainty: 0.00012 g
Coverage Factor: 2

Weighing certificate E3875 unit28

m,:: Type B normal distribution
Value: 6.18060 g

Expanded Uncertainty: 000008 g
Coverage Factor: 2

Weighing certificate E3875 unit#37

M. Type B normal distribution
Value: 6.00926 g
Expanded Uncertainty: 0.00012 g
Coverage Factor: 2

Weighing certificate E3875 units3

My Type B normal distribution
Value: 595841 g

Expanded Uncertainty: 000008 g
Coverage Factor: 2

Weighing certificate E3875 unit#55

Myss Type B normal distribution
Value: 6.02214 g
Expanded Uncertainty: 0.00011 g
Coverage Factor: 2

Weighing certificate E3875 unittos
Mygs Type B normal distribution

Value: 593003 g

Expanded Unceriainty: 0.00010 g
Coverage Factor: 2

Weighing certificate E3875 unit#r2

Date: 0621/2017
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Certification IRMM-0492 with IRMM-1027o final

yi* Type B normal di%tril::utinn
Value: 17694107 g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 M433 comected mass = 2.5329 g

Nyigt Type B normal di%tribution
Value: 1.7667-10" g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 NE20 comected mass =2.5290 g

Nyt Type B normal di%tributiun
Value: 1.7739°10" g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 M444 comected mass = 2.5394 g

Ny Type B normal di%tribution
Value: 1.7701-10" g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 N455 comected mass = 2.5339 g

My, Type B normal distribution
Value: 1.7644-107 g
Expanded Uncertainty: 0 g

Coverage Factor: 2
IRMM-10270 M466 comected mass = 2.5257 g

N Type B normal di%tribution
Value: 1.7687-10" g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 M474 comected mass = 2.5319 g

Myt Type B normal di:.;Stribution
Value: 1.764310 g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 M578 comected mass = 2.5256 g

Myt Type B normal diitribution
Value: 1768410 g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 M599 commected mass = 2.5315 g9
Mygt Type B normal distribution

Value: 1.7705-107 g

Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-10270 NE1D comected mass =2.5345 g

Date: D6/21/2017
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Cerification IRMM-049& with IRMM-1027 o final

Nyt Type B normal di%tribution
Value: 1.768510 g
Expanded Uncertainty: 0 g
Coverage Factor: 2

IRMM-1027 0 NE15 comected mass =2.5321 g

Ryt Type B normal distribution
Value: 0.290342 molfmol
Expanded Uncertainty: 3.4-10 molimol
Coverage Factor: 2

unit¥7 P1607158 IRMM-04% with IRMM 10270 Turreta-2.xls

Ry Type B normal distribution
Value: 0292454 molimal
Expanded Uncertainty: 0.000093 mol/mol

Coverage Factor: 2
unit#s1 P160808 IRMM-049e with IRMM10270 TurmetB-2 xls

Rt Type B normal distribution
Value: 0.286430 molfmol
Expanded Uncertainty: 0.000083 molmol
Coverage Factor: 2

unit#1¥ P1607158 IRMM-049e with IRMM10270 Turretd-2 xls

Rzt Type B normal distribution
Value: 0.291188 molfmol
Expanded Uncertainty: 0.000039 molmol
Coverage Factor: 2

unitE24 P160718 IRMM-049e with IRMM10270 Turretd-2 xls

Ry Type B normal distribution
Value: 0.28988 mol/mol
Expanded Uncertainty: 0.00014 molfmol

Coverage Factor: 2
unitE28 P1607158 IRMM-0492 with IRMM10270 Turretd-2 xls

Rt Type B normial distribution
Value: 0.299083 mol/mol
Expanded Uncertainty: 0.000036 mol/mol
Coverage Factor: 2

unit#3¥ P160718 IRMM-0492 with IRMM10270 Tumeta-2 xls

Rips: Type B normal distribution
Value: 0.291692 molimol
Expanded Uncertainty: 0_000035 mol/mol
Coverage Factor: 2

unit#53 P160308 IRMM-049e with IRMM10270 TurretB-2 xis
Ryt Type B normal distribution
Value: 0.290460 molfmol

Expanded Uncertainty: 0.000072 mol/mol
Coverage Factor: 2

unit#5s P160808 IRMM-0492 with IRMM10270 Turret5-2 xls

Date: 06°21/2017
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Certification IRMM-049e with IRMM-1027 o final

R Type B normal distribution
Value: 0.291148 mol/mol
Expanded Uncertainty: 0.000036 molimaol
Coverage Factor: 2

unit#56 P160808 IRMM-049e with IRMM10270 TurretB-2 xls

R Type B normal distribution
Value: 0.287016 molimal
Expanded Uncertainty: 0.000029 molimaol
Coverage Factor: 2

unit#72 P160808 IRMM-049e with IRMM10270 TurretB-2.xls

R0 00 Import

Filemame: Certification 14 IRMM-049e final-vS-without uncertainty std SMU

Symbol: Rdsuamse
input data: Cerification 14 IRMM-049e final-vS-without uncertainty std. SMU ATTENTION! for these ratics
the values used are those from re-measurements on turrets Eand F

R&‘: Type B normal distribution
Value: 0.0000757 molimol
Expanded Uncertainty: 0.0000008 mol'mol
Coverage Factor: 2

Ratio 242/239Pu as given in the spike cerificate (IRMM-10270)

B Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107"
Coverage Factor: 2

Consistency check Kessel et al. {2008) Accred Qual Assur. DOI 10.1007/s00765-D08-0382-x

B, Type B normal distribution
Value: 0

Expanded Uncertainty: 140°107"%
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/s00769-008-0382-x

B Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107"%
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x

By Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x
8 Type B normal distribution
Value: 0

Expanded Uncertainty: 140-107"°
Coverage Factor: 2

Consistency check Kessel et al. {2008) Accred Qual Assur. DOl 10.1007/s00769-D08-0382-x

Date: DG/21/2017
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Certification IRMM-049e with IRMM-10270 final

8.: Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DO 10.1007/s00769-008-0382-x

8.: Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107'2
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/s00763-008-0382-x

8. Type B normal distribution
Value: 0
Expanded Uncertainty: 140-107=
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI1 10.1007/=00769-008-0382-x

8. Type B normal distribution
Value: 0

Expanded Uncertainty: 140107
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DO 10.1007/s00769-008-0382-x
8 Type B normal distribution
Value: 0

Expanded Uncertainty: 140-107'2
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/s00763-008-0382-x

Aty Constant

Value: 0457221081 a
time difference between IDMS analysis date and reference date is 0457221081 a
Ato: Constant

Value: 0399726215 a
time difference between IDMS analysis date and reference date iz of 0.399726215 a
At Constant

Value: 3.7098 a

time difference between reference date of spike 01/11/2012 and measurement date 18 July 2016 1st
IDMS series = 1355d

At gyant Constant

Value: 3. 7673 a
time difference between reference date of spike 01/11/2012 and measurement date 08 August 2016 1sat
IDMS series = 1376 d

Toazt Type B normal distribution
Value: 57.74 a
Expanded Uncertainty: 0.03 a
Coverage Factor: 1

Monographie BIPM-5 Tabkle of Radionuclides, Yol S5

Date: 06/21/2017
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Certification IRMM-049e with IRMM-1027o final

Toagh Type B normal distribution
Value: 24100 a
Expanded Uncertainty: 11 a
Coverage Factor: 1

Monographie BIPM-3 Table of Radionuclides, Vol 5

Tyt Type B normal distribution
Value: 6561 a
Expanded Uncertainty: 7 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, Vol 5
Togqn Type B normal distribution
Value: 14.325a

Expanded Uncertainty: 0.024 a
Coverage Factor: 2

Wellum et al. 2009 (JAAS)
Tyt Type B normal distribution
Value: 373000 a

Expanded Uncertainty: 3000 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, Vol 5
Togat Type B normal distribution
Value: 810" a

Expanded Uncertainty: 0.09* 107 a
Coverage Factor: 1

Monographie BIPM-3 Table of Radionuclides, Vol .5

Input Correlation:
flage | Mdg,
fdyo | 1 |0.9958
Mdg, [0.9956 [ 1

The abundance zet for Pu is assumed as uncomelated.

Date: 06/21/2017
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Cerification IRMM-D40e with IRMM-1027a final

Interim Results:

Guantity Value Stamndard
Uncertainty
nydec 7.380638461-10° mol 370-10"" maol
ndec 7 400942082-10° maol 365-10""" mal
nzdec 741876441710 mol 366-107" mal
n,zdec 7.403270001+10° mol 265-107"% mol
ndec 7.380028377-10° mol 364+107"% mal
nedec 7.388014164-10° mal 365-10" mol
nedec 7.370507809-10° mol 370-107" mal
n dec 7.306747109-10° mal 371-10" mol
n gdec 7.405530851-10° mol 371-107" mal
nyedec 7.308420202:10° mol 27110 mal
. 1.8583-10% & 14.8-107 3"

Da“ﬂff ':;'E”” Fie: Cenification IRMM-040e with IRMM-102To-for pdf-D82017. smu Page 14 of 24
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Certification IRMM-048e with IRMB-102To final

Uncertainty Budgets:
amount content of >~“Pu with full uncertainty

CodpuCRM-
Cuantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
A 0.0 malig 86.310° normal 1.0 66-10 mollg | 2.2%
miolig
e 2718281528450
Kcam 1.000000 500-10°° normal 360-10° | 180107 mollg | 4.2 %
Koo 1.000000 100-107° normal 360107 | 3810 " molig | 26%
K, 1.000000 300-10° normal 360-10° | 110-107° molig | 23.1 %
Mysep, | 230.05216380 1.80-10° normal 15107 [-2810" molig| 0.0 %
gfmol g/mol
m,, 5.0000200 g 450-10% g normal -8.0-107° 270107 0.0 %
miclg
M1 8.0334200 g 50.0-10° g normal 5.010° 200010 | 0.0%
micl/g
Mz 5.0332500 g 40.0-107% g normal -8.0-10 -240-107" 0.0 %
micl/g
My 5.0183400 g 40.0-10% g normal -8.0-107° 240107 0.0 %
miclg
My 5.6734200 g 60.0-10° g normal -8.0-10% -360-107 0.0 %
miclg
My B.1506000 g 40.0-10% g normal 58107 -230-107 0.0 %
miclig
M, 8.0082600 g B0.0-10° g normal -g.0-10% -380-107F 0.0 %
miclg
My 50084100 g 40.0-10° g normal 8.010" 24010 | 0.0%
miclig
M 8.0221400 g 55.0-10° g normal -5.@-10% -330-10°7 0.0 %
miclig
M 5.9300300 g 50.0-10% g normal -8.0-10" -300-107" 0.0 %
miclig
My 1.7604-107 a 0.0g mormal 0.0 0.0 maolfg 0.0 %
Mg 1.7667-107 a 0og mormal 0.0 0.0 molfg 0.0 3%
My 1.773g-107 a 0.0g mormal 0.0 0.0 molfg 0.0 %
My 1.7701-10° a 0og mormal 0.0 0.0 molig 0.0 %%
Mg 1.7644-107 a 0.0g mormal 0.0 0.0 maolfg 0.0 %
My 17887107 a 0og mormal 0.0 0.0 molfg 0.0 3%
My 17643107 a 0.0g mormal 0.0 0.0 molfg 0.0 %
Ny 1.7684-107 a 0.0g mormal 0.0 0.0 maolfg 0.0 %
Mg 17705107 a 0og mormal 0.0 0.0 molfg 0.0 3%
My 17688107 a 0.0g mormal 0.0 0.0 molfg 0.0 %
nate:$:;? VAT | Ege: Cerification IRMM-D40e with IRMM-10270-for pof-052017.smu Page 15 of 24
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Certification IRMM-049e with IRMM-10270 final
Cuantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Rp; | 0.2903420 molimel | 17.0-107 normal 1201100 | 2.4-107 " mollg | 0.0%
molmaol
Rpp | D.2924540 molimol | 46.5-10° normal 120110° | 5710 mollg | 0.0%
miolimaol
Ry, |0.2B64300 molimol [ 415107 normal 13010 | 5210 molig | 0.0%
miclimal
Ry; | 0.2911880 molimol | 19.5107° normal 12001107 | 2410 molig | 0.0%
molmaol
Rp: | 0.2898800 molimol | 70.0-10° normal 120110° | 8710 molig | 0.2 %
miolimaol
Rps | 0.2990830 molimol |  18.0-10° normal 120-10° | 2210 molig | 0.0 %
molimaol
Res | 0.2916920 molimol [ 17.5-10° normal 1200107 | 22410 molig | 0.0%
miolimaol
Ryy | 0.2904600 molimol | 36.0-107° normal 120110° | 4.4-10 molig | 0.0%
miclimal
Rys | 0.2911480 molimel | 1B.0-10° nomal 1200107 | 22410 molig | 0.0%
miclmal
Ry | 0.2870160 molimol | 14.5-107° normal 120110° | 1810 molig | 0.0%
miolimaol
Rdagzms | 450.085 molimol | 0.121 molimol 510010 | -62-10" molig | 0.0 %
Ry [75.700°10° momol| 400107 normal 124107 490107 | 0%
miclmal molfg
By 0.0 700107 normal 010 7010 molig | 0.0%
8yp 0.0 70.0-1072 normal 0.10 7.010 mollg | 0.0%
s 0.0 70.0:107" nomal 0.10 7.0410 molig | 0.0%
iy 0.0 70.0-1072 normal 0.10 7.0110% mollg | 0.0%
Gy 0.0 70.0-1072 normal 0.10 7.010 mollg | 0.0%
fic 0.0 70.0-107™ normal 0.10 7010 molig | 0.0%
B 0.0 700107 normal 0.10 7.010 molig | 0.0%
By 0.0 70.0-1072 normal 0.10 7.010 mollg | 0.0%
G 0.0 70.0-107™ normal 0.10 7010 molig | 0.0%
fig 0.0 70.0:107" narmal 0.10 7.0-10 molfg | 0.0%
At 0457221081 a
Aty 0.399726215 a
Mgt 37095 a
Mpez 37673 a
Tazg 24100.0 a 110a normal 1.6-107" 18'10" mollg | 0.0 %
Tosz 373.0010%a 3000 a normal 760107 | 2310 molig | 0.0 %
Coumpycr | 358.282:10° mollg | 224-1077
mel'g
Dat&:ﬁj:? EZE 7 File: Certification IRMM-048e with IRMM-1027o-for pdf-082017.smu Page 18 of 24
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Certification IRMM-045%9e with IRMM-1027o final
Cpye amount content of total Pu in sample (here IRMM-0459¢e)
Cluantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
[A—— 0.0 molig 663107 nomal 1.1 70-10 molig | B.8 %
miol'g
e 2.718281828459
fdyy, | 0.9471745 molimel | 25.0-107 400-10° [ -10-107" mollg | 0.2 %
micl/mol
Kem 1.000000 500-10° nomal 380-10° | 190-107° molig | 64.1 %
Kot 1.000000 10010 normal 380-10° | 3810 molig | 26%
Ky 1.000000 300-10° normal 380-10° [ 110-10™ molig | 23.1 %
M, | 239.05216360 1.90-10° nomail 46107 |-3010 molig | 0.0 %
g/mol g/mol
M, 59990200 g 450107 g normal 63107 2801107° | 0.0%
molfg
Mo 5.0334200 g 50.0-10° g normal 53107 31010 | 00%
molig
My 59332500 g 400-10%g nomal £.4-107° 260110 | 00%
molig
My 5.0183400 g 400107 g normal 53107 250-107° | 00%
maolig
Mg 5.9734200 g 50.0-10° g normal 53107 38010 | 0o0%
maolig
My 61806000 g 400107 g normal 6.1-107 24041077 | 0.0 %
maolig
M §.0092500 g §0.0-10° g normal 53107 38010 | 00%
maolig
My 5.9984100 g 400107 g normal 5.3-107 250110 | DO%
maolig
Mg £.0221400 g 550-10% g normal 63107 3504107 0.0 %
maolig
My 5.9300300 g 50.0-107 g normal 5.4-107 320107 0.0 %
molfg
Ny 17694107 g 00g nomal 0.0 0.0 melig 0.0 %
Myig 1.?56?'10"313 DDg normsal 0.0 0.0 melig 0.0 %
Nyz 17739-107 g DDg normsal 0.0 0.0 melig 0.0 %
Nyz 1.?’?01'10‘3:; 0D0g nomal 0.0 0.0 molig 0.0%
My 1.?544'10“313 00g nomal 0.0 0.0 melig 0.0 %
Mys 1.7687-107 g DDg normsal 0.0 0.0 melig 0.0 %
Myg 17643107 g DDg normsal 0.0 0.0 melig 0.0 %
Ny7 1.?’5-34'10‘3g 0D0g nomal 0.0 0.0 molig 0.0%
Nyz 17705107 g 00g nomal 0.0 0.0 melig 0.0 %
Myg 1.7688-107 g DDg normsal 0.0 0.0 melig 0.0 %
Date :ME:EE:?EEE 7 File: Certification |IRMM-D482 with IRMM-1027c-for pdf-0862017.smu Page 17 of 24
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Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Ry | 0.2903420 molimol | 17.0-107 nomal 13010 | 2210  mollg | 0.0 %
molmaol
Ryp | 0.2924540 molimol | 465107 nomal 1304107 | 6010 mollg | 0.0 %
miolimol
Ry, | 0.2864300 molimol | 415107 nomal 130-10° | 5510  mellg | 0.0 %
miolimol
Ry | 0.2811880 molimol |  19.5-10° nomal 130107 | 2510 mollg | 0.0 %
miolimol
Rpe | 0.2898800 melimel | 70.0-10° normal 13010° | 9.1+10 molig | 02%
molimol
Rys | 0.2990830 molimol | 18.0-10° normal 130-10®° | 2.3-10™ mollg | 0.0 %
miolimol
Res | 0.2916920 molimol | 175107 nomal 130410 | 2310  molig | 0.0 %
miolimol
R,y | 0.2904600 molimol |  36.0-10° nomal 130107 | 4710 melig | 00 %
molimol
Ry | 0.2911480 molimol |  18.0-10° nomal 130-107 | 2310 mellg | 0.0 %
molmaol
Reg | 0.2B70160 molimol | 145107 nomal 1204107 [ 1910 molig | 0.0 %
miolimol
Rdagzmas | 450.085 molimol | 0121 molimol 54010 | 8610 molig | 0.0 %
Ry |75.700:10° molmel| 400-10” nomal 3107 52010 | 00%
molmol molfg
By 0.0 70.0-107% normal 0.11 7410 molig | 00%
8o 0.0 70.0107 nomal 0.11 7410 mollg | 0.0%
B 0.0 70.0107 nomal 0.11 7410 " mollg | 0.0%
By 0.0 70.0110™ nomal 0.11 7410 molig | 0.0 %
By 0.0 7001072 nomal D.11 7410 mollg | 00 %
fie 0.0 70.0-1072 nomal D.11 7410 mollg | 00 %
fie 0.0 70.0107¢ normal 0.11 7410 molig | 0.0 %
By 0.0 70.0107 normal 0.11 7410 molig | 0.0 %
fig 0.0 70.0-107 nomal D11 7410 mollg | 00 %
fig 0.0 70.0107% nomal 0.11 7410 mollg | 0.0%
At, 0.457221081 a
Aty 0.399726215 a
Mg 37098 a
Mypgez 37673 a
Tozg 241000 a 110a normal 17107 1910 mollg | 0.0 %
Touz 373.00-10° a 3000 a normal 810107 | 2410 molig | 0.0 %
oy | 3TB26310° molig | 236-107
molig
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Cerification IRMM-049e with IRMM-1027 o final
Fogzoy mass content of ~“Pu in sample (here IRMM-049¢)
Cuantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
[ 0.0 molig 663107 nomal 240 16107glg | 88%
miclig
e 2 718281828450
Kcru 1.000000 500-107° nomal B7-107° 43107 glg | 642 %
Kt 1.000000 100-10° normal 87107 B710%glg | 26%
Ky 1.000000 300-10° nomal 710" 26:107glg | 231 %
1 F— 239.05216360 1.90-107° nomal 360107 | 690-10" glg | 0.0 %
g/mol gimiol
Moo, 24205874280 2.00-10" nomal 360-107° 72010 glg | 0D %
gimol g/mol
My, 5.9990200 g 450107 g normal 1.4-10° 6510 gfg | 0.0 %
Myin 6.0334200 g 50.0-107° g nomal 44107 TJ210%glg | 0.0 %
M 59332500 g 4001107 g normal 15107 5810 glg | 0.0%
My 6.0183400 g 400107 g nomal 1.4-10° 55107 olg | 00%
My 59734200 g 60.0-107 g normal 15107 710 glg | DD%
M §.1806000 g 40.0110° g nomai 1.4-10° 5610 glg | 0.0%
Mg 6.0092600 g 60.0-107 g nomal 14107 A7 107 oilg | 0.0%
My 59984100 g 4001107 g normal 1.4-10° 5810 glg | 0.0%
M 6.0221400 g 550-107 g nomal 14107 7910 glg | 00 %
M 59300300 g 50.0-107 g normal 15107 7310 gig | 00%
My 1.?594'10“39 ODg nomal 0.0 0.04g/g 0.0 %
Nyp 1.?56?'10"‘3;; O0g normal 0.0 0.0glg 0.0 %
Myz 1.??39'10“3;; 00g normal 0.0 0.0 gig 0.0 %
Mys 1.?’?01'10“3g ODg nomal 0.0 0.04g/g 0.0 %
Myy 1.?544'10“3g O0g normal 0.0 0.0glg 0.0 %
Mys 1.?58?'10“39 ODg nomal 0.0 0.0g/g 0.0 %
Nyg 1.?543'10“39 0.0g nomal 0.0 0.0glg 0.0 %
My 1.?554'10“3g 00g normal 0.0 0.0 gig 0.0 %
Myz 1.??05'10“39 0.0g nomal 0.0 0.04g/g 0.0 %
Myg 1.?588'10"‘3;; O0g normal 0.0 0.0glg 0.0 %
Ry | 0.2903420 molimol | 17.0-10° normal an-10” 51010 gig | 00 %
molimaol
Ryqg | 0.2924540 molimol | 46.5-10° normal an-10° 14107gig | 00%
miclimol
Ry | 0.2864300 molimel | 41.5-107° nomal 30-10° 1.310%g/ | 00 %
miclimol
Rps | 0.2911880 molimol |  19.5-10° nomal 30-107% 580-107%alg | 0.0 %
molimol
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Certification IRMM-049 with IRMM-10270 final

Cluantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Ry | 0.2B98800 molimel | 70.0-107 nommat 30107 21107 glg | 0.2%
malimaol
Rys | 0.2990830 molimel | 18.0-107 nomal 20-10° 520-107%glg | D0 %
miclmiol
Rys | 0.2916920 molimel | 17.5-107 nomal 30-10° 52010 glg | 0.0 %
mizlimol
Ry; | 0.2904600 molimol |  36.0-107 nomal 30-107" 1110%g/g | D0%
mizlimol
Rps | 0.2911480 molimol |  18.0-107° normal 30:10° 540-10'2gig | 0.0 %
mizlimol
Ry | 0.2870180 molimol [ 14.5-107° normal 30-10° 44010 gig | 00 %
molmol
Ragnpss | 450085 molimol | 0,121 molimal 2011077 | 4510 glg | 0.0 %
Ry |75.700-10° molmol [  400-107 nomal -30010° | 120010 gig | 00 %
molimol
B, 0.0 70.04107 nommat 24 17107 gig | D.0%
. 0.0 70.0-1072 normal 24 1710°glg | 00 %
B 0.0 700107 nomal 24 17-10%glg | D0%
By 0.0 70.0-10™ nomal 24 1710%g/g | 00%
8y 0.0 70.0-107% normal 24 1710%gly | D0%
fis 0.0 7001072 nomal 24 1710%g/a | DO %
fig 0.0 70.0-10™ nomal 24 1710%g/g | 00%
& 0.0 70.0-107 normal 24 1.7-107glg | 00%
B 0.0 70.0-107% normal 24 1.7'10%gig | 00%
fig 0.0 70.0-10™ nomal 24 1710%g/g | 00%
At 0.457221081 a
At, 0.399726215 a
Mgpger 3.7098 a
Moiez 37673 a
Tog 24100.0 a 110a nomal 390-107™° 4310 gg | 00%
Toso 373.00-10% a 3000 a normal 180-10°7° 550107 gig | D.0%
Yoz | BB.7252:10%gig | 54.1-10% gig
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Certification IRMM-049e with IRMM-1027 o final

Yo mass content of total Pu in sample (here IRMM-049¢)
Duantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
[ 0.0 molg 863107 nomal 260 17-107glg | 88%
miclig
e 2 718281828459
fdy, | 09471745 molimol | 250107 -97+10°™ 24107 glg | 02%
miolimol
Kery 1.000000 500-10° nomal 92-10° 46-107glg | 64.1 %
Keont 1.000000 100-10°° nomal g2-10°% 92-10%glg | 26%
Ky 1.000000 300-10° nomal 9210 27107 alg | 231 %
Moz, | 239.05216360 1.80-10° nomal 3800107 | 730107 gig | 00 %
g/mol gimaol
Md., |241.9441670g/mel | 572107 38010~ 2210 gig | 00 %
gimaol
My 5.9980200 g 450107 g normal 15107 6910 gig | 0.0%
My 6.0334200 g 500107 g nomal A5-10° 7610 alg | 00 %
My 58332500 g 400107 g normal 15107 6210 gig | 00%
My 6.0183400 g 40.0-10%g nomal 5108 B0 glg | 00%
My 59734200 g 80.0-10%° g nomal A510° o210 alg | 00 %
Mye 6.1806000 g 40.010° g nomal 45107 5910 glg | 00%
My 6.0092600 g 60.0-107 g nomal 45107 9110 alg | 00%
My 50984100 g 40.0-10% g normal A4.510% £110glg | 00%
My 5.0221400 g 550107 g nomal 45107 8410 gig | 0.0%
My 5.9300300 g 50.0-107° g normal 15107 7710 gig | 0.0%
My 1.?594'10“3g DDg nomal 0.0 0.0gfg 0.0 %
MNyig 1.?56?'10“313 00g nomal 0.0 0.0 g/g 0.0 %
My 1.??39'10“313 00g nomal 0.0 0.0 g/g 0.0 %
Myz 1.??01'10“313 00g nomal 0.0 0.0 g/g 0.0 %
Myy 1.?844'10“313 O0g nomal 0.0 0.0gfg 0.0 %
Nys 1.?88?'10“313 O0g nomal 0.0 0.0gfg 0.0 %
Nyg 1.?543'10“3g 0.0g nomal 0.0 0.0 gfg 0.0 %
Ny7 1.?554'10“3g 0.0g nomal 0.0 0.0 gfg 0.0 %
Myg 1.??05'10“3g DDg nomal 0.0 0.0 gfg 0.0 %
MNyg 1.?588'10“3g DDg nomal 0.0 0.0 gfg 0.0 %
Ry, | 0.2903420 molimol | 17.0-10° nomal 32-10° 540107 glg | 0D %
molimol
Ry | 02924540 molimol | 465-10° nomal 31-10° 15107g/g | 00%
mialimal
Ree | 0.2864300 molimol | 41510° nomal az10° 1310%glg | 00 %
miolimol
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Cerification IRMM-049e with IRMM-1027 o final

Quantity Value Standard Distribution | Sensitivity Uncertainty Index
Uncertainty Coefficient Contribution
Ry | 0.2911880 melimel | 19.5-107 nemal 31107 §10°107"alg | 0.0%
micl/mol
Ry, | 0.2898800 molimol | 70.0-10°° nomal 32-10° 2210°glg | 02%
micl/maol
Rps | 0.2990830 molimol | 18.0-10° nomal 31-10° 550-107%glg | 0.0%
molimol
Rys | 0.2916920 molimol | 17.5-10° normal 31107 550-107g/g | 0.0%
micl/mol
Rer | 0.2004600 molimel |  36.0-10° nomal 32+10° 1.110%g/0 | 00%
micl/maol
Rps | 0.2911480 molimol | 18.0-10° narmal 31-10%F 570107 glg | 00%
molimaol
Rps | 0.2870160 molimol | 145107 narmal 324107 46010 g/g | 00 %
molimol
Rilagnnae | 450.085 molimol | 0.121 melimot 1300 | -e 0ol | 00%
R, |[75.700°107 mol¥mol| 400-107 nomal 310107 | 130107 gig | 00 %
molimaol
B, 0.0 700107 nomal 26 18107g/0 | 00%
8yn 0.0 70.0-107" narmal 26 1810%g,y | Do
s 0.0 70.0-107" nomal 28 1510%glg | 00%
By 0.0 70.0-107 nemal 26 1810%g/g | 00%
By 0.0 700107 normal 26 18107glg | 00%
e 0.0 70.0+107" narmal 26 1810°gly | oo=%
fie 0.0 70.0-10°"° nomal 26 1.5-10°glg | 00%
5 0.0 70.0-107 nomal 26 18107g/0 | 00%
g 0.0 700107 nomal 26 15107glg | 00%
g 0.0 700107 nomal 26 18107g/0 | 00%
At, 0.457221081 a
At, 0.399726215 a
Mot 3.7093 a
Mgpinea 37673 a
Trsg 24100.0 a 110a nomal 410-107™° 4510 gig | 0D%
Toso 373.0010% a 3000 a normal 200010 | 50010 gig | DD%
Teu 91.518610%glg | 57.210% glg
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Cerification IRMM-049e with IRMM-10270 final
Results:
Cluantity Value Expanded Coverage Coverage
Uncertainty factor
Cogapy 358.28+10°° mol/g 010 % 2.00 manual
(relative)
Caoyt 358.33-10" mollg | 390-107~ malig 2.00 manual
[ S— 358.33-10  mollg | 410107 molig 2.00 manual
Cagmou 358.33-10  mollg | 410-107 molig 2.00 manual
Caumous 358 36-10° mollg | 390-107 malig 2.00 manual
Cagmons 358.26:10" mollg | 430-107 molig 2,00 manual
Cagmous 358.14-10" mollg | 390-107 malig 2.00 manual
. 358.35-10" mollg | 390-107 malig 2.00 95% (normal)
Cagmoum 358.31-10  mollg | 400-107 molig 2,00 5% (normal)
Cagmous 358.17-10° mollg | 390107 molig 2.00 95% (normal)
Courme 358.22-10° mollg | 380-107 malig 2.00 95% (normal)
[ 358.28-107 molig 012 % 2.00 95% (normal)
T42PUCRM
(relative)
oy 37826107 molig 012 % 2.00 manual
(relative)
C 358.33-10  mollg | 370:10™ molig 2.00 95% (normal)
[ 358.33-10  mollg | 380-107 molig 2,00 95% (normal)
€ 3583310 mollg | 380107 molig 2.00 95% (normal)
T 358.36-10  mollg | 370107 molig 2.00 95% (normal)
Cut 358.28-10" mollg | 400-107 malig 2.00 85% (normal)
Cye 358.14-10° mollg | 370107 malig 2.00 95% (normal)
Cys 358.35-10° mallg | 370-107 molig 2.00 95% (normal)
Ca 353.31-10°° molig 380107 molig 2.00 95% (normal)
Cys 358.17-10  mollg | 370107 malig 2.00 95% (normal)
Cys 358.22-10  mollg | 370-107 molig 2,00 95% (normal)
R dec 450.08 molimaol 0.52 mol/mol 2.00 95% (normal)
R,dec2 450.08 mol'mal 0.52 melimal 2.00 95% (normal)
Rdect | 7571107 molimol 800107 2.00 95% (normal)
molimaol
Rydec2 | 75.71-10° molimol 800107 2.00 95% (normal)
molimaol
£ 501072 140-10712 2.00 manual
E1p 501072 170-107™ 2.00 manual
£ 4010 160-107" 2.00 manual
£ 80107 140-107% 2,00 manual
s 0.0 210107 2.00 manusal
£ 140-107" 140-107" 2.00 manual
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Cerfification IRMM-049e with IRMM-1027 o final
Cuantity Value Expanded Coverage Coverage
Uncertainty factor
£ 70107 140-107" 2.00 manual
£ 301072 160107 2.00 manual
€5 110107 140-107" 2.00 manual
£q 60-107" 140-107 2.00 manual
Vosnmy 86.73-10° g/g 012 % 2.00 manual
{relative)
oy 91.52:10° aig 012 % 2.00 95% (normal)
(relative)
Rass 7.9000-107 a™ 54107 a" 2.00 95% (normal)
Agag 2B.761-107 & 26107 & | 2.00 95% (normal)
hnag 105.65'10% a™ 230107 a™* 2.00 95% (normal)
gy 0.048387 a 81107 & 2.00 95% (normal)
Aags BEE 107 a" 190-10 a™ 2.00 95% (normal)
358.6-107°
358.4-107°
+ 9 [ 1 -
2
- F 3
358.2-10°% 1
358.0-107°
357.8-10°
Coszpy Tosoput Toazpuz Caazpuz Caazmud Cagopus Caazpus Coaopur Caazpus CosopusCoaopuin
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Annex 3.GUM file for Pu isotopic ratios determination in IRMM-049e

Certified 1A for IRMM-049e- two series (after remeasurements)

Certified 1A for IRMM-04%9e- two series (after remeasurements)

FOR CERTIFICATE of amount ratios, moles and mass fractions

IRATIOS ARE CORRECTED FOR THE UNCERTAINTY FROM THE STANDARD IRMM-2900/A3 (Kol
AND FROM THE EXTERNAL CORRECTION (K4l

Il Note that for the final decayed ratios over 242, the uncertainty contribution from homogeneity is not
taken into accountl!

A consistency check was done, but no uncertainty for the delta values was applied (Consistency check
Kessel et al. (2008) Acered Qual Assur. DO 10.1007/=00769-008-0382-x)11

ATTENTIOMN! for the 238Pw/f239Pu ratics the ratios from the TIMS turret {Chis) were used since there was
some contamination issue in 238U during the chemistry of TIMS turret E (re-measurement data)

Elements: Pu

Conversions and decay corrections for LA Pu ratios: 2380242 2390242 2400242 2417242 2447242 for
IRMM-D459e

DATA FOLDER:

Sample IRMM-04%e to be cerified Isotope amount ratios /§ NOTE THAT Superscript a, b, ¢, d refer
respectively to different TIMS turrets: F, E, Chis and D {turrets F and Chis; E and D being associated for
the |A ratios)

Date of measurements of IRMM-049e units: 7-17-24-28-37 (IDMS 18/07/2016) and 53-55-66-T2-81
(IDMS 0B/08/2016) LA analysis were carried out on units: 24- 28-53-66-81 on 22092016 (first series) and
7-17-37-55-72 on 23/09/2016 (second series)

Date of reference: 1 January 2017

Mass metrology cerificate - E3875

Report of analysis: E3593 (for IDMS and 2387242 |A analysis) and 3691 (for part of |1A analysis)

Atomic mass: M. Wang et al: The AME2012 atomic mass evaluation (Il). Tables, graphs and references
Half-lives: Monographie BIPM-S Table of Radionuclides, Vol .5 and 24 1Pu half-life: Wellum et al. 2009
[JAAS)

Model Equation:

{in this GUMWE un-corrected ratios for 238Pu/239Pu, 240Pw239Pu, 241Pu/239Pu, 242Puw235Pu
and 244Pu239Py are entered for IRMM-290-A3 (for k-factor determination) and for IRMM-049e.
Those are measured in total evaporation (TE) without uncertainty on individual measuremenis.

Therefore they are type A, direct obheervation_}

{ ratios for IRMM-0459e (1st series, 1A analysis on

22/05/2016) 1

{decay cormection for IRMM-290-A3}

IRMM290A3certyygn3p=TIRMM290A3 cartagngs,

IRMM220A3cerdecy iy @=IRMM220A3 certy nnag (8% -hayr Maggaza e -Razg - Aoggazall;
IRMM220A3cerdecyma c=IRMM290A 3 certom man (8 -Aags MaoggazC e -Aagn Atoggestl);

{K-Factor calculations}

Kosnoa@=IRMM250A3 centdecs o na0@Fosnma0 muneonas
Kpsnoan=IRMM2Z90A3cerde cony n e bR man munmanas®
Ka3z2300=Kaap30C (- 113);
Kaanvaaed=Kagnmae@™ (13,
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Certified |A for IRMM-049e- two series (after remeasurements)

Kaa112308=Kagmz508™(23);

Ka22i2308=K 24212308"(5/3);

{Corrections}
RCOMaaem38=RUNCOMags 0520 Kagmagt;
ROy @=RUNCOMaynmand* Kaynm o8,
RCOMag2ma@8=RUNCOMa s ase8* Kaynmge8;
RCOMag08=RUNCOM.yq 2508" Koy 2308,
RCOMa g mag@=RUNCOMyy g m308* Ko yamaod;

i conversion ratios for IRMM-049e (15t series, 1A analysis on
220092018 ) —m e —1

RCOMag0428=RE0M2393:8/RE0Mom 0308,
RCOMaagmy@8=1/RC0Moynmagd;

RCOMay02428=RC0M 240358/ R E0Ms 055503,
REOMay12428=RE0M 2412358 RE0Mo0 0308,
ROy 4 B=RO0M s g8 R OOy g 030 E;

i decayed isotopic ratios in the sample (1st senes, |A analysis to reference
date) }

Rdozgmssd = REOMyagmand (8% -Aazs - Mpapet e -hage Agaeac i+

Rd2300408 = RCOMy300078 -(€M-Aazg MpageBNE™(-Apay Alpygea)) +85,

Rdauppe08 = RCOMpannar@ -(€M-hagp MpageBNE™(-Apap Alpygea))+85;

Rdps12e08= RCOMyygye08 (8 (-hgsy ApageBNE™ (-hpyn-Alpyged) )+

Rd2440408 = RCOMpaap078 ~(€M-Aagy MpageBNE™(-Apay Alpyged))+85;

i conversion decayed ratios for IRMM-049e (1=t series, |4 analysis to
reference date) }

Rdp380308=R 2250458/ Rd 300408

Rdzsp0308=Rdaynpe:8/Rd g8,

Rd3412308=R 02412428 R03302428,

Rdz42m308=1/Rd 500000,

Rdz240308=Rd244048/Rd 330048

{ ratios for IRMM-045e (2nd series, 1A analysis on
23/09/2016) }

{decay comection for IRMM-250-43}
IRMM290A3centdeto g b=IRMM230 A3 cemynma0 (8N -Rage Ataogaab WEM-Raag-Alogna 000
IRMM22043 cerdetammd=IRMM290A3 e s (B -hags Aapgazd B -Aaag - Alagpesdl);

{K-Factor calculations}
Kaanpaab=IRMM290A3certdecayymanbRassman mumeonaal;
Koamoagd=IRMM280A 3certdecoyzngd Rz runeacasd;
Kzzarzaat=Kaszzzad "{-1/3);

Kaenzaah=Kaazmaah™(1/3);
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Certified A for IRMM-D49e- two series (after remeasurements)

Ka411230P=Ka422350 ™ 2/3);

K 2441230P=Ka4212350™(5/3);

{Corrections}

RCOMa g magh=RUNcorr s m g d* Ko mged;
RCOM ypmagh=RUncort ymm g™ Ko e
RO 45 m 2= RUNC AT go m g™ Ko yn m e
RCOM412360=RUNCOM;y 4 7550" Kay 12350

Rmrrmgagb= Huncﬂrrmlﬁgb* Kmﬁl

{ conversion ratios for IRMM-D49e (2nd series, |A analysis on
23092016 )}————— —1

RCOMy 32042 0=R 00Ty 3R 0Oy magly;
RCOMyagmaab=1/RCOMaynmagh;

RCOMyypma =R 0 oW R 00 My s maaly;
REOMy412420=REOM 857300 /RE0Ma g5 050h;

{ decayed isotopic ratios in the sample (2nd series, |A analysis to reference
date) }

Rdzzamelt = ReOMyzgpelt -(8%-hozg- AlpagedNe™(-Ayuy-Algyged))+ig,

Rdzaamelt = REOMyagpelt -(8%-Aaag- AlpagebNe™{-Ayuy-Algygeb))+iy,

Rdzupmatt = REOMpappelt -(8%-Aagg AlpagebNe{-Aouy-Alpygeb )+,

Rdpssmeobt= REOMyyy el -(8M-hoey Alpageb Me™(-hgyg- Alpygdh))+ig;

Rdpssmebt = REOMyayme00 -(8%-hagy - Apageb e (-Aos- Alpygeh )+l

{ conversion decayed ratios for IRMM-049e (2nd senes, 1A analysis to
reference date}——mF———-}

Rd382360=Rd2350400 R 53004507
Rdspm3a0=Rda4n450R0 53004507
Rd2412360=Rd 241 2420R0 53004507
Rdzaam360= 1R300,

Rd3442360=Rd2445450Rd 53004507

{ ratios for IRMM-049e (average of the two series a and
b} }

{——-average of decayed ratios over 239 to reference date——}
Rdzsgras= ((Rdzmazesd +Rdzzazsb 2 F(Koan Ken) Y{-1/3);
Rdzspoae= ((Rdznesed +Rd2anpasb W2 MK oru Ket) " 1/3);
Rdzs1mae= ((Rday1z3e8 +Rd241236b W2 K oru Ket) (2/3);
Rdzazmie= ((Rdayzesed +Rdayzeaeb W2 M Koru Ket)"{(33);
Rdzayme= ((Rdzyyeied +Rdaagpaeb W2 P Korn Ket)"{313);

{——-decayed ratios over 242 to reference date (for certification }——}
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Certified |A for IRMM-04%9e- two series (after remeasurements)

Rdz324=((Rdazapa08 +Rdo3am450 N2 (KomyKex) "-43);
Rdz3nper=((Rdaza408 +Rdo30m0b N2 (KomyKex) "-3/3);
Rdzspnan=((Rdaynmend +Roaspnob N2 (Kemy Ken) (-203);
Rdzs124=((Rd2g1/2428 +Rdosginaab N2 (KempKen) "-1/3);
Rdza424=((Rdz4e2478 +Rdpa4m45b N2 (Kompy Ky ) (2/3);

FRoy=Rdegsmys R dogemys t Rdasnns st Riday g maat 14 Rdogam g0

i Consistency check (delta values)

et

£y = Rzzggn - Rogzamed
€3 = Ridoaprmsn - Rdozgmena;
€3 = Rdzapasz - Rdgugmed;
£q = Rzsq/40 - Rggy 008,

Es = Fltousngs - Rdguemend;

£g = Rz3a240 - Rdgzamel;

€7 = Rz3gr4z - ROgzgmel;

£g = Rzapmaz - Rdpygmeh;

£ = Rdagy242 - Rdpgyr200b;

E4p = Rdagemun - Rdaagngsb

| Mole (f) and mass {w) fracticns to reference date 01/01/2017———M—}
f235=RdozamenlRpy;

f230=Rdzag43ERpy;

four=RAoynmesERey

fo41=Rday 0 ERpy;

fpua=1/ERpy;

f0a=Rdo44245/ T Rpy;

Moy=Mazsoy foze* Mazoey Tasa* Masgpy faan* Mastoy fasi+Masopy foua+Masspy fass:
Wa35=Ta3z Mazap/Mpy;

Wa33=Ta35 Mazapy/Mpy;

Waug=tasn Masgp/Mpy,

Waa1=Ta41 Mag1p/Mpy;

Waa2=Ta42 Mayap/Mpy;

Wowa=Toga-Mayap Moy

{—————parameters——}
Ins = In{2};

Aasa = Ny | Tyzg:

Aasa = I3 / Tong;

houg = Mg Toug:

Aggr =Nz Tayy;

Aoz = Ny 1 Tsz:
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Certified |A for IRMM-049e- two series (after remeasurements)

Apag =Nz 1 Ty

List of Quantities:

Cuantity Umnit Definition
= exponential

fogs mokfmaol mole fraction of ~Pu on reference date

fzan molimol mole fraction of Z**Pu on reference date

foap mokimol mole fraction of “*’Pu on reference date

fous mokimaol mole fraction of “*'Pu on reference date

foun mokimaol mole fraction of 2**Pu on reference date

foaa makimol mole fraction of “*Pu on reference date
IRMM290A3cem50040 molimel | certified value for ““Pu™* Py for IRMM-290-A3 (1 July 1986

and revised value)

IRMM290A3certy 003, molimol | certified value for **Pur™Pu for IRMM-290-A3 (1 July 1986

and revised value)

IRMM290A3ceridecasnniaa| molimol  |decayed certified value for 22Pu™"Pu for IRMM-290-A3 (14
analysis, turret F)

IRMMZ290A3certdecsymgb| molimol  |decayed certified value for 22Pw®**Pu for IRMM-290-A3 (1A
analysis, turret E)

IRMMZ290A3cendet, mmt| molmol  [decayed certified value for = Pu/ Pu for IRMM-290-A3 (14
analysis, turret Chis)

IRMM290A3certdecsm0md| molimol  |decayed certified value for ““Pu™ Pu for IRMM-290-A3 (1A
analysis, turret )

KazammaC K-factor ““Pu/~Pu for turret Chis
Kaazmagd K-factor “*Pur~®Pu for turret D
o— K-factor 29Pu/s=Pu for turret F
Kagpmzah K-factor “**Pur™*Pu for turret E
Kaogqozad K-factor “*"Pur**Pu for turret F
Kagqmzal K-factor “*'Pu/™Pu for turret E
Kaogpmzd K-factor 2Pu/~*Pu for turret F
R
Ko gmmagh K-factor = Puf Pu for turret E
KipgnmaaC K-factor ““Pu/~"Pu for turret Chis
Foogmymagd K-factor ~~Pu/ Pu for turret D
a3
Kogymamad K-factor 2*Pu/™*Pu for turret F
Ko gamagh K-factor **Pur™*Pu for turret E
Keam correction factor for the uncertainty of the standard
IRMM-290b/A3 used for mass fractionation
correction factor for the uncertainty of the external comection
it
during TIMS measurements
In, constant
Maazmy gfmol atomic mass for = Pu
Maagmy gfmol atomic mass for = Pu
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Certified 1A for IRMM-049e- two series (after remeasurements)
Cluantity Unit Definition
Mzanoy gimol atomic mass for = Pu
Moy im0 afmal atomic mass for = Pu
Mag20y gimol atomic mass for = Pu
Maam afmal atomic mass for “**Pu
Mgy gimiol miclar mass of Pu on DATE (reference dats)
Flosoman mamzonasd molkmol  |measured values for ““Pu™ Py for IRMM-290-A3 turret F
Rasnma mauzana sl malimiol measured values for ““Pu/ Pu for IRMM-290-A3 turret E
T — molimol  |measured values for ***Puf*Pu for IRMM-290-A3 turret
Chis
Rasnsa30 mauzanasd malimol measured values for *~Pui Pu for IRMM-290-A3 turret D
Rcorraagmma molimol corrected value for “°Pu"Pu for IRMM-049e turret F
RCOMmaag g malimiol corrected value for " Pur Pu for IRMM-049e turrst E
RCorm,agm.-a molkimol
RCOMyag b malimiol
RCOMazymsa8 malimiol
RiCormag b molkimol
Reormpeasd malimol corrected value for = PurPu for IRMM-049e turret F
(S0 g p— molimol  |corrected value for 2*°Pu/**Pu for IRMM-049e turret E
Rcorm,pmssa molkimol
Reormpmsb malimol
ROy mz@ maolmol corrected value for = PulPu for IRMM-049e turrst F
Reorraymmh mokimeol corrected value for 2*'Pu"Pu for IRMM-049e turret E
ROy g8 malimol
RO,y maab malimiol
ROy pmazg@ malimol corrected value for ~Pur Pu for IRMM-049e turret F
Rcorragmmah molimol corrected value for 2*“Pur""Pu for IRMM-049e turret E
ROy mza8 malimiol corrected value for ““Pur™Pu for IRMM-0439¢ turrst F
Reorm, . magh molkimol  |corrected value for “*Pur Pu for IRMM-049e turret E
RO 48 malimiol
RO maab malimiol
Ridozgman molkimol  [average decayed ratios to reference date
Rdazzmmga malimol
Rdazgmadh maolmol
Ridozgmen molkimol  [average decayed ratios to reference date
Rdazzmaena malimol
Rdozgmanih maolmol
Rdozgmas mokimeol average decayed ratios to reference date
s malimol
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Certified |A for IRMM-049e- two series (after remeasurements)
Cruantity Unit Definition
R dszgmash rolimicl
s P molfmol  |average decayed ratios to reference date
Ridyypmaea molimol
Ridopmach molkimol
Fidgspman molkimeol  |average decayed ratios to reference date
Ridopmana molimol
Ridopmaa molimol
Ridogs om0 malfmol  |average decayed ratios to reference date
Ridoyqmacd molkimol
Ry qah malimol
Ridoygman maolfmol  |average decayed ratios to reference date
Rdsgqmaza molimol
Rdgyqpaab malimol
Rdasnmag malfmol  |average decayed ratios to reference date
Rdsyai0308 malfmol
Rdsynmach molimol
Ritdasgmag malfmol  |average decayed ratios to reference date
Rsysmz08 malfmol
Rdsgsmh malimol
Rdouyman malfmol  |average decayed ratios to reference date
Rdsysmsna malimol
Rty gman molimol
Runcomg -3t molimel  |measured value for 2*Pu/™*Pu for IRMM-049e turret Chis
Runcormyzgm.d mokimol | measured value for * Pu/ Py for IRMM-049e turret D
Runcormgygm.a mokimol | measured value for ““Pu/ Pu for IRMM-D4%e turret F
Runcormggmsdh mokmeol | measured value for = Pu/ Pu for IRMM-0439¢ turret E
Runcormsyymzgea mokimel measured value for 2*'Pu”*Pu for IRMM-D49e turret F
Runcormgy madh mokimeol | measured value for **'Pu/™ Py for IRMM-043¢ turret E
Runcormgyam3:a mokimol | measured value for ““Pu/"Pu for IRMM-049e turret F
RUnCorgsmygh molimol  |measured value for “**Pui**Pu for IRMM-D49e turret E
Runcomsysmssa molimol measured value for ~“Pu**Pu for IRMM-D49e turret F
RUNCOMgy 50300 molimel  |measured value for **“*Pur™"Pu for IRMM-D4%e turret E
Winas q/g mass fraction of “*Pu
Wazg alg mass fraction of Z°Pu
Woagn q/g mass fraction of “*Pu
Wagq alg mass fraction of **'Pu
Win g alg mass fraction of = Pu
Wagg /g mass fraction of ***Pu
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Certified 1A for IRMM-049e- two series (after remeasurements)

Cuantity Unmnit Definition
By delta values from the Consistency check Kessel et al. (2008)
Accred Qual Assur. DO 10.1007/200769-008-0382-x
Byp delta values from the Consistency check Kessel et al. {2008)
Accred Qual Assur. DOI 10.1007/=00769-008-0382-x
8y delta values from the Consistency check Kessel et al. (2008)
Accred Qual Assur. DO 10.1007/200769-008-0382-x
g delta values from the Consistency check Kessel et al. (2008)
Accred Qual Assur. DOI 10.1007/200769-008-0352-x
8y delta values from the Consistency check Kessel et al. (2008)
Accred Qual Assur. DOI 10.1007/=00769-008-0382-x
dg delta values from the Consistency check Kessel et al. {2008)
Accred Qual Assur. DOI 10.1007/200769-008-0352-x
dg delta values from the Consistency check Kessel et al. {2008)
Accred Qual Assur. DOI 10.1007/200769-008-0382-x
& delta values from the Consistency check Kessel et al. {2008)
Accred Qual Assur. DOI 10.1007/200769-008-0352-x
dg delta values from the Consistency check Kessel et al. {2008)
Accred Qual Assur. DOI 10.1007/=00769-008-0382-x
by delta values from the Consistency check Kessel et al. (2008)
Accred Qual Assur. DO 10.1007/200769-008-0382-x
Alpaged a time difference between the |A analysis (1st senes, 1A
analysis) and the reference date
Atpan a time difference between the 1A analysis (2nd series 1A
analysis) and the reference date
Alggzat a time difference between the 1A analysis (238/242 analysed on
turret Chis) and the reference date
Alpaged a time difference betwesn the |A analysis (238,242 analysed on
turret O} and the reference dats
Mtaogaad a time difference between 1A analysis date turret F and 1 July
1986 for IRMM-290-A3
Mtoonaah a time difference between 1A analysis date turret E and 1 July
1986 for IRMM-290-43
Afoogast a time difference between |A analysis date turret Chis and 1
July 1986 for IRMM-290-A3
Mtoggaad a time difference between A analysis date turret D and 1 July
1986 for IRMM-290-43
£ Consistency check Kessel et al. (2008) Accred Qual Assur.
DOl 10.1007/=00759-008-0382-x
£y Consistency check Kessel et al. (2008) Accred Qual Assur.
DOl 10.1007/s00769-008-0382-x
Ea Consistency check Kessel et al. (2008) Accred Qual Assur.
DOl 10.1007/=00769-008-0382-x
= Consistency check Kessel et al. (2008) Accred Qual Assur.

OOl 10.1007 f=00759-008-0382-x
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Certified A for IRMM-049e- two series (after remeasurements)

Quantity Unit Definition

£ Consistency check Kessel et al. (2008) Accred Qual Assur.
Ol 10,1007 /=00759-008-0382-x

£5 Consistency check Kessel et al. (2008) Accred Qual Assur.
OOl 10,1007 /=00759-008-0382-x

£5 Consistency check Kessel et al. (2008) Accred Qual Assur.
OOl 10,1007 /=007659-008-0382-x

£7 Consistency check Kessel et al. (2008) Accred Qual Assur.
DOl 10.1007/=00769-008-0382-x»

£ Consistency check Kessel et al. (2008) Accred Qual Assur.
OOl 10.1007/=007659-008-0382-x

£y Consistency check Kessel et al. (2008) Accred Qual Assur.

Ol 10,1007 /00769-008-0382-x

decay constant “Epy

}.23.3 a

Rasg a’ decay constant ~°Pu
R a’ decay constant “*"Pu
Ragt a’l decay constant 2'Pu
Ragz a’ decay constant *“Pu
Ragy a” decay constant ““*Pu
ERp, sum of the Pu amount ratios in IRMM-04%e
Tozg a half life Z*Pu

Toz a half life “**pu

Toag a half life **"Pu

Toay a half life = Pu

Tosn a half life *2Pu

Tos a half life *“*Pu

£ Constant

Value: 2.7182818284590

IRMM290A3cert, ; byge B normal distribution
Value: 1.000700 molfmal
Expanded Uncertainty: 0 molimol
Coverage Factor: 2

using NEW original certificate value for the IRMM-290b/4A3 standard

Koapt Type B normal distribution
Value: 1
Expanded Uncertainty: 0.1 %
Coverage Factor: 2

uncertainty from standard IRMM-250b/A3 (see Excel file from PUTON measurements)

[ Type B normal distribution
Value: 1
Expanded Uncertainty: 0.01 %
Coverage Factor: 1
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Certified 1A for IRMM-04%e- two series (after remeasurements)

uncertainty from external correction (gee Excel file from PUTON measurements), 0.01% with k=1

Maazn Type B normal distribution
Value: 238.0495601 g/mol
Expanded Uncertainty: 0.0000038 g/imol
Coverage Factor: 2

M. Wang &t al: The AME2012 atomic mass evaluation (Il}

[ P Type B normal distribution
Value: 239.0521636 g/mol
Expanded Uncertainty: 0.0000038 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (Il}

L Py Type B normal distribution
Value: 240.0538138 g/mol
Expanded Uncertainty: 0.0000038 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (Il}

| Py Type B normal distribution
Value: 241 0568517 g/mol

Expanded Uncertainty: 0.0000038 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (II}

| Py Type B normal distribution
Value: 242 0587428 g/mol
Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (Il}

Moyem: Type B normal distribution
Value: 244 064205 g/mol
Expanded Uncertainty: 0.000012 g/mal
Coverage Factor: 2

M. Wang et al: The AME2012 atomic mass evaluation (II}
Ras2230 Avmzoaazd: Type A

Method of observation: Direct
Mumber of observations: &

Mo COhservation

1.000349 molimol
1.000308 molimol
1.000255 molimol
1.000430 mokimol
1.000473 molimol

B 1.000085 moklimol
Arithmetic Mean: 10003168 maol/mol

Standard Deviation: 14010 molimol
Standard Uncertainty: 56.5-10™ molimol

| e | | R s
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Certified 1A for IRMM-049e- two series (after remeasurements)

Input data: P160922 Pu IRMM-049e turret F revizion 8-CW-2.xls and file 1A ratios IRMMO49e turret F_xlsx

Ragomasmumzonaz: Type A
Method of obeervation: Direct

Mumber of observations: 6

Mo. Observation

1 1.000505 molimol
2 1.000295 molmol
3 1.000346 molimol
4

5

1.0004 39 molimol
1.000405 molimol
& 1.000377 molmol

Arithmetic Mean: 1.0003945 mel/maol
Standard Deviation: 73107 molimel
Standard Uncertainty: 29.9+1 0° molimol

Input data; P160923 Pu IRMM-D49e turret E revision 8-CV-2.xls and file |A ratios IRMMO49e turret E. xlsx

Ragooasmumzonazt: Type A
Method of observation: Direct
Mumber of observations: 6

Mo. Observation

1 1.000258 molimol
2 1.000383 molimol
3 1.000252 mokmol
4

5

1.000274 molimol
1.000312 molimol
B 1.000282 molimol

Arthmetic Mean: 10002932 maol/mol
Standard Deviation: 49° ‘IU'E miclmiol
Standard Uncertainty: 20.0+1 0 molimol

P160811 IRMM-04%e |A TurretChis-CV-2 xls

Rasoas mumgogazdt Type A
Method of observation: Direct

Mumber of observations: &

MNo. Observation

1 1.000307 molimol
2 1.000264 molimol
3 1.000327 molmol
4

5

1.000328 molimol
1.000439 molimol
B 1.000354 molimol

Arthmetic Mean: 10003365 mol/maol
Standard Deviation: 58107 molimal
Standard Uncertainty: 23.9+1 0*® molimol
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Certified |A for IRMM-049e- two series (after remeasurements)

P160E24 IRMM-049e [A TurretD-CV-2 xls

Runcomygmagc:  Type A
Method of observation: Direct
Mumber of observations: 5

Mao. Ohservation
1 2289727 molmol
2 2.290%6 molfmol
3 2284311 molmol
4 2 2858598 mol'mol
5 2287628 molmol

Arthmetic Mean: 228770 molmol
Standard Deviation: 2.7-10" molimol
Standard Uncertainty: 1.21*10" molimot

P160811 IRMM-049e 1A TurretChis-CY-2.xls
Runcomygmagd:  Type A

Method of observation: Direct
MNumber of observations: 5

Mo Oservation
1 2284819 molimaol
2 2288480 molmaol
3 2285946 molmol
4 2284589 molmol
2 2287365 molmol

Arthmetic Mean: 2.286240 molimaol
Standard Deviation: 1.7-10 molimal
Standard Uncertainty: 745107 molimol

P160524 IRMM-0492 1A TurretD-CV-2 xls
RUnNcomy ymga:  Type A

Method of observation: Direct
Mumber of observations: 5

Mo. Ohservation

1 20.71925863 mol'mol
2 20. 70407178 molimol
3 20.72002153 molmol
4 207303091 molmol
5 20.73514257 mol'mol

Arithmetic Mean: 20.72178 molimol
Standard Deviation: 0.012 molfmaol
Standard Uncertainty: 5361 0™ molimol

P180922 Pu IRMM-049e turret F revision 8-CV-2 xls
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Certified |A for IRMM-049e- two series (after remeasurements)

Runcorm,,,...b:  Type A
Method of observation: Direct
MNumber of observations: 5

Mo. Chservation

1 207245114 molimol
2 20.69075853 molimaol
3 20.71028598 molimaol
4 20.73181049 molimaol
5 20.74110903 molimaol

Arthmetic Mean: 20.71970 mol/mol
Standard Deviation: 0.020 melimaol
Standard Uncertainty: 8.52:10™ molimol

FP160923 Pu IRMM-D49e turret E revision 8-CV-2_xls
Runcormg, mga: Type A

Method of observation: Direct
MNumber of observations: 5

Mo Cbservation

1 1.001645811 molimel
2 0.999552143 molimaol
K 1.001561518 molimel
4 0.999082693 molimaol
5 1.001299674 mol/meol

Arithmetic Mean: 1000628 mol/mol
Standard Deviation: 1.2*10™ molimol
Standard Uncertainty: 54310 molimol

160922 Pu IRMM-D49e turret F revision 8-CWV-2 xls

Runcormg mgh:  Type A

Method of observation: Direct
MNumber of observations: 5

Mo Ohservation

1 1.00232628 molimel
2 0.999556919 molimaol
3 0.998745215 molimol
4 1.00044554 molimol
5 0.999535753 molimaol

Arthmetic Mean: 1000132 mol/mol
Standard Deviation: 1.3-10° molimel
Standard Uncertainty: 80210 molimol

FP1605923 Pu IRMM-D49e turret E revision 8-CV-2_xls
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Certified 1A for IRMM-049e- two series (after remeasurements)

Runcorr,,....a: Type A
Method of observation: Direct
Mumber of cbservations: 5

Mo. Cirservation

1 4501325773 molimel
2 449 7138467 molmol
3 450.1294353 molimol
4 450 4538139 molfmol
5 450 59853363 molmel

Arnthmetic Mean: 450.206 mol'mol
Standard Deviation: 0.34 mol/maol
Standard Uncertainty: 0153 molfmaol

160922 Pu IRMM-049e turret F revision 8-CV-2 xls

Runcorm,gmgh:  Type A
Method of observation: Direct
Mumber of observations: 5

Mo. Cirservation

1 450.2995%413 molfmol
2 449 5581791 melimel
3 449 9827379 molfmol
4 4504130491 molfmol
5 4506240231 molimel

Arnthmetic Mean: 450176 mal'mol
Standard Deviation: 0.42 molimol
Standard Uncertainty: 0. 186 molfmol

P160923 Pu IRMM-049e turret E revision 8-CVW-2_ xls

RUNCOMaymsmd8  Type A
Method of observation: Direct
Mumber of observations: 5

MNo. Cirservation

1 0.116035883 molfmol
2 0.1153562967 mol/mol
3 0.115715251 molfmol
4 0.115801675 molfmol
5 0.116523615 molfmol

Arnthmetic Mean: 0115858 mol/mel
Standard Deviation: 430'10° molimal
Standard Uncertainty: 192 107 molimol

P160922 Pu IRMM-049¢e turret F revision 8-CV-2 xls
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Runcorr,,,...b:  Type &
Method of observation: Direct
Mumber of observations: 5

Mao. Cservation

1 0115395026 molimol
2 0.11589054 3 molimol
3 0116346344 molimol
4 0.11583%154 molimol
5 0116622325 molimol

Arnthmetic Mean: 0.116139 mol'mol
Standard Deviation: 34[]'11]'6 maolmaol
Standard Uncertainty: 15010 molimol

F160923 Pu IRMM-045e turret E revision 8-CV-2_xls

8 Type B normal distribution
Value: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Acered Qual Assur. DOI 10.1007/s00769-008-0382-x

8y Type B normal distribution
Value: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x

8 Type B normal distribution
Value: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x

8 Type B normal distribution
Valus: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-008-0382-x

b Type B normal distribution
Value: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DO 10.1007/=00769-008-0382-x
bz Type B normal distribution
Value: 0

Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/=00769-008-0382-x

Diate: 06/21/2017 | File: Certification 1A IRMB-049e final-with uncerainty-for pdf. SKMLU Page 15 of 21

Generated Wi GLUM Workbench P Verslon 2.4.1.458

73



Cerified |A for IRMM-04%9e- two series (after remeasurements)

8.: Type B normal distribution
Value: 0

Expanded Uncertainty: 0
Coverage Factor: 2

Congistency check Kessel et al. (2008) Accred Qual Assur. DOl 10.1007/20076%-008-0382-x

8.: Type B normal distribution
Value: 0

Expanded Uncertainty: O
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-0058-0382-x

8 Type B normal distribution
Value: 0
Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-0058-0382-x

8 Type B normal distribution
Value: 0

Expanded Uncertainty: 0
Coverage Factor: 2

Consistency check Kessel et al. (2008) Accred Qual Assur. DOI 10.1007/=00769-0058-0382-x

Aty oA Constant
Value: 0.27652293 a

time difference between |A analysis 22/09/2016 and reference date 01/012017 (101 days)

Atgynb: Constant
Value: 0.273785079 a

time difference between |A analysis 23/092016 and reference date 01/0122017 (100 days)

Alggac: Constant
Value: 0.3915 a

time difference between 11/08/2016 and 01/012017 = 03915 a

Algypad: Constant
Value: 0.3559 a

time difference between 24/08/2016 and 01/01/2017 = 0.3559 a

Abocpaaat Constant
Value: 30,2286 a

from P160922 Pu IRMM-045e turret F revision 8-CV xls

Alloppa b Constant
Value: 30.2313 a

from P160923 Pu IRMM-049 turret E revision 8-CV _xls

At .0t Constant
Value: 30,1136 a

as from P160811 IRMM-049e 1A TurmetChis-CV-2.xls
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Certified 1A for IRMM-049e- two series (after remeasurements)

Al ot Constant
Value: 30.1492 a

as from P1605824 IRMM-049e 1A TurretD-CW-2.xls

Tzt Type B normal distribution
Value: 87.74 a
Expanded Uncertainty: 0.03 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, Yol 5

Toagt Type B normal distribution
Value: 24100 a
Expanded Uncertainty: 11 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, Yol 5

Taags Type B normal distribution
Value: 6561 a
Expanded Uncertainty: 7 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, VYol .5

Tasis Type B normal distribution
Value: 14.325 a
Expanded Uncertainty: 0.024 a
Coverage Factor: 2

Wellum et al. (2009) JAAS

Togot Type B normal distribution
Value: 373000 a
Expanded Uncertainty: 3000 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, Vol .5
Togat Type B normal distribution
Value: 107 a

Expanded Uncertainty: 0.09 107 a
Coverage Factor: 1

Monographie BIPM-5 Table of Radionuclides, VYol .5
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Certified 1A for IRMM-049e- two series (after remeasurements)

Interim Results:

Quantity Value Standard
Uncertainty

[RMM290A3cendeca ymnzga| 1.0001134591 molimol 601107 molimel
IRMM2904A3ceridecaszmzb | 1.000113564 molimol §01-10" molimaol
IRMMZ90A3cendeta amaet | 1.000110397 molimol 59910 molimaol
IRMM290A5cerdecayqmagd| 1.000111355 molimol 00-10~ molimol

Fozamget 1.00006091 6.6710°F
Faagmsad 1.00007503 7.96:10°
Faapzsed® 0.9599322 18.8'10°
Faaposah 0.95990638 997107
Kaaq2308 D.9598645 377107
Kaaq23ab 0.9598128 19.9-10°
Fagomsad 0.9997967 56.5:107
Faszmsah 0.9987192 29.9-10°
Kaaarast 0.9598173 20.0-10°
Fasomsgd 0.9597749 239-10°
Kagsm3ad@ 0.9596612 94.2-10°
Fasgmsah 0.9985320 49.8-10°F
RCOMaagmaa 2.28784 molmaol 1.21-107 molimot
RCormag b 2.286411 molimaol 746-10° molimol
ROy pm:ga 20.72038 molimaol 53710 molimol
Reormpemgh 20.71778 molimaol 8.82-107 molimol

RCorms,mga

1.000493 molimaol

545-10°° molimol

ROy b

0.999995 molmaol

§03-10° molimaol

RCorm e, 4:350.114 molimol 0.155 molfmol
Rcorragamamh 450.049 malimol 0.186 molmol
RCorm,mma 0.115849 molimel 192-10°° molimal
RO mmgh 0116084 mol/maol 150-107 molimaol
Rdszamzed 2.28080 molimol 1.21-107 molimal
Rdazgm3cb 2.280010 mol'mel 744-10° molimol
Rdaypmsed 20.71992 molimaol 5.37-10° molfmol
Rdssgmach 20.71732 mol'mel 8.62-107 molimaol
Ry g8 0967203 mol/maol 53710 molimol
Rz 3k 0.98654 2 molimaol 58510 molimol
Rdyyamzea 450.118 molimol 0.155 molimaol
Rdayamh 4:350.052 molimaol 0.186 mol/maol
Rdyysmaea 0.115850 molimel 19210 molimel
Rdaysmh 01160583 mol/maol 150-10* molimal
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Certified |A for IRMM-049e- two series (after remeasurements)

Gluantity Value Standard
Uncertainty
Azs 7.90001-107 & 270-107 &
Rasg 28.7613-10% a™ 13.1-10% a™
Aaan 105.647-10% & 113107 a™
Raay 00483872 a” 405-10%a"
Aas 18583107 a" 149107 a"
Roas 86643107 a" a7.5107 a7

TRp, 1.0557717 27.9-107

Uncertainty Budgets:

Rdazgman: average decayed ratios to reference date
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
e 2718281828459
IRMM290A3certggn: | 1.0007 molimel | 0.0 molfmol | nomal 0.0 0.0 molimol | 0.0 %
Komm 1.000000 500107 normal 22107 A1107  (752%
molfmol
Koot 1.000000 100410° | nermal | -2240%° | 2201107 |30%
malimaol
S 1.0003168 56.510° | normal 1.1-10° 63107 |02%
molimaol malimaol malimaol
Renazmse mumzonash 1.0003945 299107 | normal 1.1-107 33107 | 00%
malfmol miclmaol molimol
Runcorrayzmma 450,206 mol/mol 0.153 nomal 2510°F -380-10° 8.7 %
malimaol malimaol
RUNCOMaypmagh 430.176 molimaol 0.186 normal -25-10% 460107 [128%
miclmaol molfmol
bty 0.0 0.0 normal 0.0 0.0 molimol | 0.0 %
Oy 0.0 0.0 normal 0.0 0.0 molimol | 0.0 %
At g 027852203 a
At ygeb 0.273785079 a
Alogpes3 302286 a
Alzagesh 0233 a
T 241000 a 110 a normal | 810 | s@0-0™ | 00%
malimaol
Tagn 373.00110° a 3000 a normal | -340-107° | -1010° |o0D%
molimol
Ridysgman 2221801073 1.28-10°%
molimal malimaol
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Certified 1A for IRMM-049e- two series (after remeasurements)
Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
fazs 4.7990-10° molimol 7.4:10% 2.00 95% (normal)
molimol
Fasg 2.1044-10™ mol/mol 23107 2.00 95% (normal)
molimaol
Taug 0.043601 molimaol 4110 molimol 2.00 95% (normal)
foss 2.0771-10” mol/mol 2.110° 2.00 95% (normal)
malimal
foun 0.947174 molimal 50-10° molimol 2.00 95% (normal)
fauq 244.05-10°° molimol 560-10°° 2.00 95% (normal)
molimol
Mgy 241.94417 gimaol 110-10™ gimal 2.00 mianual
RCOMozamend | 5.0828+10° molimol 5.4:10° 2.00 95% (normal)
molfmol
RCOMazamesb | 5.0804-10" molimol 5.4-10°® 2.00 95% (normal)
molimal
REOMaggned | 2.2217+10° molmol 1.510° 2.00 95% (normal)
miolimol
REOMyzaneb | 2.2220+10°7 molimol 1.810° 2.00 95% (normal)
molimal
RCOMyygmesd 0.046034 molimal 39-10° molimol 2.00 95% (normal)
RCOMyygmaab 0.046034 melimaol 5510 molimol 2.00 95% (normal)
RCOMyyped | 2.2228-10 molimol 2.8-10° 2.00 95% (normal)
molimal
REOMyymeb | 2.2220+10° molimel 324107 2.00 95% (normal)
miolimol
RCOMayamsnd | 257.38+107 molmol 870107 2.00 95% (normal)
molimal
REOMagemeb | 257.94-10° molimol 700107 2.00 95% (normal)
molimal
Ridazzrag 2.2804 molimel 16107 2.00 95% (normal)
molimol
Rosseaez | 506664107 molimol 5.1:10° 2.00 95% (normal)
molfmol
Rdygamed | 5.0671-107 molmol 6.4-10° 2.00 95% (normal)
molimal
Rgsgme | 5.0661-107 molmel 5.310" 2.00 95% (normal)
miolimol
Ry | 2.2218-107 molmol 26107 2.00 95% (normal)
molimal
Rdygemed | 2.2216-107° molimol 1.5-10° 2.00 95% (normal)
molimal
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Certified |A for IRMM-D49e- two series (after remeasuraments)
Cuantity Value Expanded Coverage Coverage
Uncertainty factor
Riggsmeb | 2.22200107 molmol 18107 2.00 95% (normal)
molimaol
Ridsspiaag 20.719 molfmaol 0.012 molfmol 2.00 95% (normal)
Rdoupmss 0.04E033 molimal 4610 molimal 2.00 95% (normal)
Rdsspmaza 0.046032 molimol 39-10°° molimot 2.00 95% (normal)
Ridosgmanbl 0.046033 molimol | 55°10° molimal 2.00 95% (normal)
Ridossraag 0.9570 molfmaol 1.0-107 2.00 95% (normal)
molfmaol
Rigyymen | 2.1930+10° molimal 23107 2.00 95% (normal)
molfmol
Ripsqmed | 2.1932-107° molimol 28107 2.00 95% (normal)
miclimol
Roosimab | 2.1927-107 molimol 3.2410% 2.00 95% (normal)
molfmol
Ridgssmag 450.09 molimaol 0.52 maolfmal 2.00 95% (normal)
T - 0.11597 molimol 310+107 2.00 95% (normal)
molfmol
Rdssyags | 257.66-10° molimol 590107 2.00 95% (normal)
miclimol
Rasymed | 257.38-10° molimol 870107 2.00 95% (normal)
molfmol
Riosgmeb | 257.94:107 molmol 700107 2.00 95% (normal)
miclimol
Woas 47217107 glg 7.3-10% gig 2.00 95% (normal)
Wosg 2079310 glg 2.310% glg 2.00 95% (normal)
Waag 0.043260 gig 41-10° glg 2.00 95% (normal)
Wogs 20695107 glg 2.110% gig 2.00 95% (normal)
Waya 0.947623 gig 50-10° gig 2.00 95% (normal)
Ways 24618107 gig SE0-107° gig 2.00 95% (normal)
£ 500-10° 8.1-10% 2.00 manual
£1p -280-107 590-10° 2.00 manual
£ 200-107 2610° 2.00 manual
£ 0.0 46-10°F 2.00 manual
£ _200-10°® 2.310° 2.00 manual
£s 280-107 590-10° 2.00 manual
£5 500+10™ 81107 2.00 manual
£ -200-10°® 26-10° 2.00 manual
£5 0.0 46:10° 2.00 manual
£q 200-107 2.310° 2.00 manual
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Annex 4. Input data for the ANOVA of the homogeneity assessment
(single values, means and standard deviations of the three replicates
in analytical sequence order) in analytical sequence order for the 2*?Pu

amount content and the Pu isotope amount ratios of IRMM-049e

*2p; amount content [mol/g]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

37 3.5822-10” 3.5816-10” 3.5818-10” 3.5819-10” 3.10-10™
17 3.5843-10” 3.5833-10” / 3.5838-10” 7.10-10™
28 3.5847-10” 3.5818-10” 3.5829-10” 3.5831-10” 1.46:10™°
7 3.5835-10” 3.5841-10” 3.5837-10” 3.5838-10” 3.10-10™
24 3.5844-10” 3.5837-10” 3.5842-10” 3.5841-10” 3.60-10™
66 3.5819-10” 3.5822-10” 3.5824-10” 3.5822-:10” 2.50-10™
81 3.5848-10” 3.5833-10” 3.5831-10” 3.5837-10” 9.30-10™
53 3.5838-10” 3.5838:10” 3.5842-10” 3.5839-10” 2.30-10
72 3.5829-10” 3.5828-10” 3.5826-10” 3.5828-10” 1.50-10™
55 3.5828-10” 3.5837-10” 3.5842-10” 3.5836-10” 7.10-10

n(***Pu)/n(***Pu) [mol/mol]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

37 5.0644-10° 5.0612-10° 5.0651-10° 5.0636-10° 2.1:10°
17 5.0676-10° 5.0652-10° 5.0687-10° 5.0672-10° 1.8-10°
28 5.0643-10° 5.0658-10° 5.0676-10° 5.0659-10° 1.7-10°
7 5.0636-10° 5.0629-10° 5.0699-10° 5.0655-10° 3.9:10°
24 5.0536-10° 5.0686-10° 5.0640-10° 5.0621-10° 7.7-10°®
66 5.0652-10° 5.0616-10° 5.0633-10° 5.0634-10° 1.8-10°
81 5.0619-10° 5.0650-10° 5.0668-10° 5.0646-10° 2.5:10°
53 5.0620-10° 5.0604-10° 5.0643-10° 5.0622-10° 2.0-10°®
72 5.0604-10° 5.0634-10° 5.0603-10° 5.0614-10° 1.8-10°
55 5.0644-10° 5.0620-10° 5.0581-10° 5.0615-10° 3.2:10°
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n(**°Pu)/n(***Pu) [mol/mol]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

28 2.214-10° 2.229-10° 2.223-10° 2.222-10° 7.533-10°°
53 2.222:10° 2.227-10° 2.224-10°3 2.224-10°3 2.363-10°°
81 2.216-10° 2.228-10° 2.222-10° 2.222-10° 6.165-10°
24 2.220-10° 2.220-10° 2.221-10° 2.220-10° 6.070-10”
66 2.221-10° 2.216-10° 2.223-10° 2.220-10° 3.360-10°®
17 2.220-10° 2.223-10° 2.222-10° 2.221-10° 1.457-10°
55 2.226:10° 2.223-10° 2.226-10° 2.225-10° 1.823-10°

7 2.220-10° 2.227-10° 2.222-10° 2.223-10° 3.353-10°°
72 2.218-10° 2.224-10°2 2.220-10° 2.221-10° 2.653-10°
37 2.218-10° 2.219-10° 2.222:10° 2.220-10° 2.126-10°®

n(***Pu)/n(***Pu) [mol/mol]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

28 4.6029-10™ 4.6030-10" 4.6043-10 4.6034-10" 8.00-10°°
53 4.6044-10™ 4.6039-10" 4.6046-10 4.6043-10 4.00-10°
81 4.6031-10" 4.6046-10™ 4.6031-10" 4.6036-10" 9.00-10°®
24 4.6031-10" 4.6029-10" 4.6018-10" 4.6026-10" 7.00-10°®
66 4.6015-10" 4.6010-10" 4.6040-10 4.6022-10" 1.60-10°
17 4.6037-10" 4.6033-10" 4.6023-10" 4.6031-10" 7.00-10°°
55 4.6029-10" 4.6037-10" 4.6030-10" 4.6032-10" 4.00-10°

7 4.6034-10" 4.6028-10™ 4.6034-107 4.6032-10" 3.00-10°
72 4.6044-10™ 4.6031-10" 4.6032-107 4.6036-107 7.00-10°®
37 4.6034-10" 4.6031-10" 4.6039-107 4.6035-107 4.00-10°
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n(***Pu)/n(***Pu) [mol/mol]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

28 2.1892-10° 2.1994-10° 2.1989-10° 2.1958-10° 5.80-10°
53 2.1954-10° 2.1905-10° 2.1939-10° 2.1932-10° 2.50-10°°
81 2.1902-10° 2.2038-10° 2.1929-10° 2.1956-10° 7.20-10°°
24 2.1844-10° 2.1920-10° 2.1894-10°3 2.1886-10° 3.90-10°
66 2.1902-10° 2.1930-10° 2.1952-10° 2.1928-10° 2.50-10°°
17 2.1958-10° 2.1970-10° 2.1976-10° 2.1968-10° 9.00-107
55 2.1955-10° 2.1916-10° 2.1980-10°3 2.1950-10°3 3.20-10°

7 2.1923-10° 2.1915-10° 2.1877-10°3 2.1905-10°3 2.40-10°
72 2.1965-10° 2.1915-10° 2.1884-10° 2.1921-10° 4.10-10°
37 2.1878-10° 2.1929-10° 2.1867-10° 2.1891-10° 3.30-10°

n(***Pu)/n(***Pu) [mol/mol]

Unit Replicate 1 Replicate 2 Replicate 3 Sample Mean s

28 2.5787-10™ 2.5717-10" 2.5820-10™ 2.5770-10™ 5.00-10”
53 2.5656-10™ 2.5680-10™ 2.5611-10" 2.5650-10™ 3.00-107
81 2.5610-10™ 2.5808-10™ 2.5694-10™ 2.5700-10™ 1.00-10°
24 2.5556-10™ 2.5662-10™ 2.5895-10™ 2.5700-10™ 1.70-10°
66 2.5915-10™ 2.5927-10™ 2.5726-10" 2.5860-10™ 1.10-10°
17 2.5729-10™ 2.5760-10" 2.5776-10" 2.5750-10™ 2.00-107
55 2.5842-10™ 2.5756-10™ 2.5725-10" 2.5770-10™ 6.00-10”

7 2.6036-10™ 2.5682-10™ 2.5835-10™ 2.5850-10™ 1.80-10°
72 2.5698-10™ 2.5699-10™ 2.5744-10" 2.5710-10" 3.00-107
37 2.5767-10" 2.6123-10™ 2.5736-10" 2.5880-10™ 2.20-10°®
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Evaluation of laboratory performances by means of z- and

C- scores during the plutonium EQRAIN-13 circuit

Annex 5.

Alojeroqe| Aq synsal ai0ds z
Zu 8jnoduly - ¢l,u nd NIV4D3
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EQRAIN Pu n”3 - Ampoule n2
zeta score results by laboratory

The laboratory performance of JRC.G.2-Geel (laboratory 19) was evaluated against the
EQRAIN-13 reference value established at CEA/CETAMA and was found satisfactory, as

expressed by means of the respective z- and (- scores.
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