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Disclaimer

Certain commercial equipment, instruments, and materials are identified in this paper to
specify adequately the experimental procedure. In no case does such identification imply
recommendation or endorsement by the European Commission, nor does it imply that the
material or equipment is necessarily the best available for the purpose.



Summary

IRMM Large-Sized Dried (LSD) Spikes are widely used as a fundamental part of the fissile
material control of irradiated nuclear fuel and have been provided on a regular basis to
safeguards authorities and industry for more than 10 years. This report describes the
preparation and certification of a new batch of LSD Spikes. IRMM-1027p is a dried nitrate
material in cellulose acetate butyrate (CAB), certified for the mass of uranium and plutonium
and isotope amount ratios per unit. The material was produced following ISO Guide 34:2009
[1].

The certified reference materials uranium metal EC NRM 101, enriched uranium metal NBL
CRM-116 and plutonium metal CETAMA MP2 were used as starting materials to prepare the
mother solution. This solution was dispensed by means of an automated robot system into
individual units and dried down. A solution of an organic substance, cellulose acetate
butyrate (CAB), was dried on the spike material as a stabiliser to retain the dried material at
the bottom of the vial.

Between unit-homogeneity was quantified and stability during dispatch and storage were
assessed in accordance with ISO Guide 35:2006 [2].

The certified values were obtained from the gravimetric preparation of the mother solution,
taking into account the mass, purity and isotopic abundances of the starting materials, the
mass of the mother solution, and the mass of an aliquot in each individual unit. The certified
values were confirmed by isotope dilution thermal ionisation mass spectrometry (ID-TIMS)
and thermal ionisation mass spectrometry (TIMS) as independent confirmation methods.

Uncertainties of the certified values were estimated in compliance with the Guide to the
Expression of Uncertainty in Measurement (GUM) [3] and include uncertainties related to
possible inhomogeneity and to characterisation.

This spike CRM is applied as a calibrant to measure the uranium and plutonium amount
content of dissolved spent nuclear fuel solutions using isotope dilution mass spectrometry
(IDMS). Each unit contains about 50 mg of uranium with a relative mass fraction
m(**°U)/m(U) of 17.4 % and 1.8 mg of plutonium with a relative mass fraction m(**Pu)/m(Pu)
of 97.8 % as dried nitrates in CAB. The whole amount of sample per unit has to be used for
analysis.

The following values were assigned:

Isotope amount ratios
Certified value ¥ Uncertainty 2

[mol/mol] [mol/mol]
n(**U)n(**v) 0.0022637 0.0000018

n(***U)/n(**v) 0.21390 0.00008
n(*°Pu)/n(**°*Pu) 0.022421 0.000009
nC**Pu)/n(**°Pu) 0.0001709 0.0000025
n(**Pu)/n(**°*Pu) 0.0000757 0.0000011

The certified masses and the uncertainties of **U, ?*®U and ***Pu per unit are listed on pages 3 to 26

of the certificate in Annex 1.

Y The certified values are traceable to the values on the respective metal certificates and report of analysis
(Annexes 2 - 7). The reference date for the plutonium and uranium isotope amount ratios is November 1, 2013.

2 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.
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1 Introduction

1.1 Background

The International Target Values for Measurement Uncertainties in Safeguarding Nuclear
Materials (ITVs) are uncertainties to be considered in judging the reliability of analytical
techniques applied to industrial nuclear and fissile material, which are subject to safeguards
verification. ITVs should be achievable under the conditions normally encountered in typical
industrial laboratories or during actual safeguards inspections. 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 [4]. 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. The
series of IRMM-1027 Large-Sized Dried (LSD) spikes are prepared by IRMM to meet the
existing requirement for reliable isotope reference materials for the accountancy
measurements of uranium and plutonium by IDMS in compliance with the ITVs-2010 in spent
nuclear fuel. These spikes contain relatively large amounts of uranium and plutonium (50 mg
U and 1.8 mg Pu), isotopically different to the uranium and plutonium in the test sample and
are in dried nitrate form. About 1200 units of IRMM-1027 LSD spikes are prepared annually
to fulfil the demands for fissile material control from European Safeguards Authorities and
industry [5].

1.2 Choice of the material

The IRMM-1027p batch of LSD spikes was prepared from certified reference metals (EC
NRM 101, NBL CRM-116 and CETAMA MP2). Each unit contains about 50 mg of uranium
with a relative mass fraction m(***U)/m(U) of 17.4 % and 1.8 mg of plutonium with a relative
mass fraction m(**Pu)/m(Pu) of 97.8 %. The relative mass fraction m(**U)/m(U) is below 20
%, so that for accountability purposes the uranium is classified as "low enriched". Individual
units are certified for the mass of plutonium and uranium and for the isotope amount ratios.
The uranium and plutonium amount content in a single IRMM-1027 LSD spike is such that no
dilution of a typical sample of dissolved fuel is heeded before measurement by IDMS. As the
dried nitrates could flake off the vial surface over time or during transport, an organic polymer
in the form of cellulose acetate butyrate (CAB) is added to retain the material at the bottom of
the vial.

1.3 Design of the project

The individual units of IRMM-1027p LSD spikes were prepared by dispensing aliquots of the
mother solution into vials and dried down. This solution was prepared gravimetrically by
dissolving uranium and plutonium certified reference metals in nitric acid. Finally, the dried
nitrate was treated with CAB for preservation during storage and transport. The certified
masses and the isotope amount ratios are based on the data given by the weighing
certificates and the certificate of the starting materials. Confirmation measurements,
homogeneity and stability assessment were combined using IDMS analysis on selected
vials.



2 Participants

Project management and evaluation, processing, homogeneity study, stability study and
characterisation have been performed at the European Commission, Joint Research Centre,
Institute for Reference Materials and Measurements (IRMM), Geel, Belgium.

3 Material processing and process control

3.1 Origin and purity of the starting materials

CRMs of high purity uranium (EC NRM 101, Geel, Belgium and NBL CRM-116, Argonne,
USA) and plutonium (CETAMA MP2, Marcoule, France) metals were used as starting
materials for the preparation of the IRMM-1027p LSD spikes. The isotopic composition and
the purity of the metals are given in Annexes 2 - 7.

3.2 Processing

The respective units of plutonium MP2 metal for the preparation of the IRMM-1027p mother
solution were weighed and transferred into a pre-cleaned 3 L borosilicate flask. The metal
was dissolved by addition of a solution prepared from concentrated nitric acid (p.a., Merck,
Darmstadt, Germany), a few drops of concentrated hydrofluoric acid (p.a., Merck, Darmstadt,
Germany) and deionised water. After heating on a hot plate at 90 °C for several days, the
addition of the solution and the heating step were repeated until the plutonium metal
dissolved completely. The dissolution of plutonium metal was controlled by visual inspection.
Subsequently the respective units of enriched uranium metal (NBL CRM-116) and of natural
uranium metal (EC NRM 101) were weighed and added into the above solution. Prior to
weighing, the units of NBL CRM-116 metal were etched with 1 M HNO; to remove surface
oxides, and subsequently rinsed with deionised water and acetone (p.a., Merck, Darmstadt,
Germany) and dried down. Finally, a solution prepared from concentrated nitric acid and
deionised water was added to adjust the concentration of the solution to 5 M HNO;. The
solution was left to homogenise for a few days with occasionally swirling by hand, and
weighed to determine the final concentrations of the uranium and plutonium in the solution,
taking into account the necessary corrections for air buoyancy effects.

Prior to dispensing the mother solution into individual vials four aliquots were analysed by ID-
TIMS to confirm the concentration of plutonium and uranium from gravimetric preparation
(see Section 3.3).

Dispensing and weighing of the solution into individual vials were performed by a validated
automated system, which was installed at IRMM in collaboration with Nucomat (Lokeren,
Belgium) [6]. The major components of the system are a robot, two balances and a
dispenser. The robot is software driven and designed to control all movements inside the
glove box, such as identifying the vial with a barcode reader, dispensing and weighing of an
aliquot of the solution (2.5 g) into the vials. The weighing component is equipped with an
analytical balance (Sartorius TE124S, Goéttingen, Germany) and a 5 kg balance (Sartorius
TE6101, Gottingen, Germany) to monitor the mass of the mother solution during dispensing.
The whole solution (about 3 kg) was dispensed into 1186 units in five consecutive working
days.

The drying of the dispensed solution contained in the units was carried out on a hot plate
equipped with a sensor for controlling the surface temperature. This temperature was
increased to a maximum of 60 °C and the units were kept at this temperature for several



days (typically 4-5 days continuous heating) to evaporate the solution completely. After the
solution had dried, about 0.7 mL of 10 wt% CAB solution in acetone (35-39 wt% butyryl
content, Acros, New Jersey, USA) was added. This solution was evaporated at room
temperature and then heated to about 45 °C to dry completely. CAB was added to retain the
dried material at the bottom of the vial so that it can resist physical shocks that might be
encountered during transport and to avoid flaking of the material during long-term storage.
This cellulose matrix dissolves readily in warm nitric acid solution and has no significant
effect on the subsequent IDMS analysis. This has been demonstrated by measurements
performed both on the vials (containing CAB) and on the mother solution (without CAB). Two
separate glove boxes were used for drying and CAB application, allowing the preparation of
up to 48 units per week. The vials were closed with an iso-versilic stopper and an aluminium
cap, sealed in PVC package and labelled. The processing steps are shown in Figure 1.

CETAMA MP2 EC NRM 101 NBL CRM-116
Etching
v
>  Weighing
v
Dissolution
(HNO3/HF)

" i Confirmation by ID-TIMS
Mother solution — (IRMM-046b)

l

Dispensing by an
automated system

Addition of CAB in
acetone and drying

v

Units of IRMM- —» Confirmation by ID-TIMS
1027p (IRMM-046b) and TIMS

Fig. 1 Preparation of IRMM-1027p LSD spikes



3.3 Process control

This section describes the confirmation measurements performed on the mother solution
prior to dispensing into individual vials.

Four aliquots (about 2.5 g each) were individually spiked with a mixed U/Pu spike CRM
(IRMM-046b) for ID-TIMS analysis to confirm the concentration of uranium and plutonium in
the solution from gravimetric preparation. The IRMM-046b certificate can be found in
Annex 8. One unspiked aliquot was analysed to determine the isotopic composition (e.g.
uranium and plutonium amount ratios) by thermal ionisation mass spectrometry (TIMS).

The spiked and unspiked solutions were evaporated to dryness and dissolved in 200 pL nitric
acid (¢ = 2 mol L, p.a., Merck, Darmstadt, Germany). To achieve isotopic equilibrium
between the spike and the sample, first 50 pL iron(ll) chloride solution (c = 1.25 mol L™, p.a.,
Merck, Darmstadt, Germany) was added to reduce plutonium to Pu(lll) and then 100 pL
hydroxyl ammonium chloride solution (c = 1 mol L?, p.a., Merck, Darmstadt, Germany) and
100 pL sodium nitrite (c = 1 mol L™, p.a., Merck, Darmstadt, Germany) to oxidise Pu(lll) to
Pu(IV). Finally 430 pL concentrated nitric acid were added to obtain Pu(IV) in nitric acid with
an amount of substance concentration of 8 mol L. The U/Pu separation was performed
using anion-exchange columns (Bio-Rad AG1-X4, 100-200 mesh, Bio-Rad, Hercules, USA).
Uranium was eluted with nitric acid (c = 8 mol L™) and plutonium with nitric acid (c = 0.35 mol
L™). The separation was repeated once for uranium and twice for plutonium to avoid isobaric
interference in the TIMS measurement. Both purified fractions were evaporated and re-
dissolved in nitric acid (c = 1 mol L) to give concentrations of 1 mg PumL™* and 5 mg U mL™
for loading the rhenium filaments. The isotopic measurements of the uranium and plutonium
were performed on a Triton TIMS (Thermo Fischer Scientific, Bremen, Germany) [7].

The results of the confirmation measurements for *°Pu and ?*U amount contents in the
mother solution of IRMM-1027p agreed within the uncertainties with the values from the
gravimetrical preparation and are shown in Annex 9.

A unit of IRMM-1027p LSD spike can be seen in Figure 2.

-

& A

Fig. 2 Unit of IRMM-1027p LSD spike

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 this variation between
units is significant compared to the analytical variation. Consequently, 1ISO Guide 34 [1]
requires RM producers to quantify the between unit variation. This aspect is covered in



between-unit homogeneity studies. The homogeneity study was combined together with the
measurements to confirm the gravimetric preparation of the IRMM-1027p LSD spikes.

4.1 Between-unit homogeneity

The between-unit homogeneity was evaluated to ensure that the certified values of the CRM
are valid for all 1186 units of the material, within the stated uncertainty.

The number of selected units corresponds to approximately the cubic root of the total number
of the produced units (1186). Ten units were selected to assess the homogeneity for the
amount content and ten units for the isotope amount ratios using a random stratified
sampling scheme covering the whole batch for the between-unit homogeneity test. The batch
was divided into ten groups (with a similar number of units) and one unit was selected
randomly from each group. The whole amount of sample per unit (equals minimum sample
intake) was taken, chemically separated and the isotopic measurements were performed on
a fraction of the purified sample. Each sample was measured in three replicates together
with the isotopic standards to correct for instrumental mass fractionation. This enabled five
independent samples to be measured on the same TIMS sample carrousel on the same day.
Therefore, the measurements for all twenty units of IRMM-1027p were performed under
intermediate precision conditions rather than repeatability conditions. The respective
fractions of the samples were measured in a randomised manner to be able to separate a
potential analytical drift from a trend in the filling sequence. Some of the measured data had
to be excluded from the evaluation due to technical reasons, such as e.g. loss of sample
prior to total evaporation measurement, high background from the filament due to unusually
high filament temperatures, very low signal intensity. The results of the homogeneity study
are shown in Annex 10 and Annex 11.

Regression analyses were performed to evaluate potential trends in the analytical sequence
as well as trends in the filling sequence. No trends in the filling sequence or the analytical
sequence were visible.

Quantification of between-unit inhomogeneity was accomplished by analysis of variance
(ANOVA), which can separate the between-unit variation (sp,) from the within-unit variation
(swp)- The latter is equivalent to the method repeatability if the individual samples are
representative for the whole unit.

Evaluation by ANOVA requires unit means that follow at least a unimodal distribution and
results for each unit that follow unimodal distributions with approximately the same standard
deviations. 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. The results of all
statistical evaluations are given in Table 1 and Table 2.

Table 1: Results of the statistical evaluation of the homogeneity studies of the amount
content at 99 % confidence level

Amount content | Trends Outliers Distribution
(ID-TIMS)
Analytical Filling Individual Unit Individual Unit
seqguence | sequence results means results means
B35y no no none none unimodal unimodal
238 . .
U no no none none unimodal unimodal
29py, no no none none unimodal unimodal

10



Table 2: Results of the statistical evaluation of the homogeneity studies of the isotope
amount ratios at 99 % confidence level

Amount  ratios | Trends Outliers Distribution
(TIMS)
Analytical Filling Individual Unit Individual Unit
sequence | sequence results means results means
n**U)n(**®u) no no none none unimodal | unimodal
n**uU)n(*®u) no no none none unimodal | unimodal
nC*°Pu)/n(**Pu) no no one none unimodal unimodal
nC*Pu)/n(**Pu) no no none none unimodal unimodal
nC*Pu)/n(**Pu) no no none none unimodal unimodal

One outlying individual result was found for the n(***Pu)/n(**Pu) amount ratio (Grubbs single
and double test at a = 0.01). Since no technical reason was identified for the outlying results,
the data was retained for statistical analysis.

One has to bear in mind that spy el @and Syp e @re estimates of the true standard deviations
and therefore subject to random fluctuations. Therefore, the mean square between groups
(MSpemeen) Can be smaller than the mean squares within groups (MSyinin), 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, Uy, the
maximum inhomogeneity that could be hidden by method repeatability, was calculated as
described by Linsinger et al. [8]. u',, 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 (Swore), between—unit standard deviation (Spnr) and u*bb,rd were
calculated as:

A\ M%Nithiﬂ

Swbre = Equation 1
y
\/Msbetween B MSWithin
Sopre = _N Equation 2
y
\/Mswithin i/ 2
N Vs
T 1 MSwthin Equation 3
y
MS.ithin mean square within a unit from an ANOVA

MSetween mean squares between-unit from an ANOVA

y mean of all results of the homogeneity study
N mean number of replicates per unit
V\swithin degrees of freedom of MSin

11



The uncertainty contribution for homogeneity was determined under intermediate precision
conditions because the isotopic measurements for all selected units of IRMM-1027p could
not be carried out on the same day. Consequently, day-to-day effects can occur that could
mask the between-unit variation. Therefore, the data were first checked using one way-
ANOVA for any significant difference in between-day means. A significant day-to-day
difference was observed for the **U and #*®U amount contents, and for n(**U)/n(*®U) and
n(**°Pu)/n(**°Pu) amount ratios. For that reason, the data were first normalised by the
respective day mean and the resulting data were evaluated using one way-ANOVA. The
results of the evaluation of the between-unit variation are summarised in Table 3 and Table
4. The resulting values from the above equations were converted into relative uncertainties.

Table 3: Results of the homogeneity studies of the amount content

Swh,rel Y Shbb rel Y U*bb,rel Y

[%0] [%] [%0]
%y content 0.01844 0.01864 0.00599
28y content 0.04425 0.01559 0.01437
*py content 0.02021 0.02227 0.00698

D Rounding rules not applicable to the intermediate results

Table 4: Results of the homogeneity studies of the isotope amount ratios

Swbyrel Sbbyrel U'bbyrel

(%] (%] (%]
n(234U)/n(238U) 0.10841 n.c. 0.03628
n(235u)/n(23gu) 0.02879 n.c. 0.00964
n(**°*Pu)/n(**Pu) 0.02155 0.00218 0.00744
n**Pu)/n(**Pu) 0.94821 0.11914 0.32754
n(***Pu)/n(**Pu) 3.31707 n.c. 1.14580

Y Rounding rules not applicable to the intermediate results

n.c. cannot be calculated, MSpetween < MShithin

The homogeneity study showed no outlying unit means and no trends in the filling sequence.
Therefore, the between-unit standard deviation can be used as estimate of Uy,. AS U, Sets
the limits of the study to detect inhomogeneity, the larger value of s, and u’y, is adopted as
uncertainty contribution to account for potential inhomogeneity.

4.2  Within-unit homogeneity and minimum sample inta ke

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. Sample sizes equal to or above the minimum sample
intake guarantee the certified value within its stated uncertainty. The uranium and plutonium
amount content in a single IRMM-1027 LSD spike is such that no dilution of a typical sample
of dissolved fuel is needed. The only quantitative step needed at the reprocessing plant
laboratory is to weigh as accurately as possible an aliquot of the dissolved fuel solution onto

12



the spike and ensure complete mixing of spike and sample. The whole amount of sample per
unit has to be used for analysis and thus equals the minimum sample intake. Quantification
of within-unit inhomogeneity to determine the minimum sample intake for IRMM-1027p is
therefore not necessary.

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). The IRMM-1027p is a mixed
U/Pu reference material, consisting of U and Pu radionuclides. Therefore, the certified
isotope amount ratios and amount contents of this reference material are unstable by nature
following the law of radioactive decay, depending on the respective half-lives [9, 10].

Temperatures up to 40 °C could be reached for regular shipment of reference materials.
Therefore, stability under these conditions had 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 and the packing of the container according to regulations and
respective procedures [11]. Units of IRMM-1027p LSD spikes are sealed in plastic bags, put
in a plastic Type A container for radioactive materials and are transported finally in large
sealed containers. From the package material specification and the fact that the transport of
radioactive material does not take longer than one week, the IRMM-1027p units packed as
described above are never exposed to temperatures outside the range of 4 to 40 °C.

Taking into account that

1) Certified values of IRMM-1027p are valid for a specific reference date given on the
certificate only;

2) The dried uranyl and plutonium nitrates are embedded in an organic substance
providing a stable layer at the bottom of the vial to preserve the integrity during
transport;

3) Preparation time of a batch of the IRMM-1027 series from dispensing of the mother
solution until confirmation measurements on the completed LSD spikes in CAB takes
about 6-10 months;

4) The packing of IRMM-1027p is such that the units are never exposed to
temperatures outside the range of 4 to 40 °C;

5) Transport of IRMM-1027p does not exceed one week;

6) IRMM has provided IRMM-1027 series of LSD spikes for more than 10 years to
customers

the short-term and long-term stability for the IRMM-1027 series are demonstrated in
combination with confirmation measurements of the gravimetrically certified values and from
experience in preparing the same kind of reference material over years, as described in
detail in the certification report of IRMM-10270 by JakopicC et al. [7].

5.1  Short-term stability study

In the scope of the certification and preparation of IRMM-10270 a thorough short-term
stability study of the CAB applied was demonstrated using a modified isochronous design
[12]. To assess the short-term stability of the CAB with 35-39 wt% butyryl content used in the
preparation of IRMM-10270, samples were stored at 4 °C and 40 °C for one week at each
temperature. The reference temperature was set to 18 °C. The test samples contained only
CAB with 35-39 wt% butyryl content without plutonium and uranyl nitrate. This short-term

13



stability study demonstrated that IRMM-10270 LSD spikes show no sign of deterioration
during transport period [7]. The same vials and the same CAB preparation procedure were
used for IRMM-1027p. Therefore the IRMM-1027p LSD spikes can be shipped to customers
under normal temperature conditions.

5.2 Long-term stability study

The long-term stability for IRMM-1027p is demonstrated in combination with confirmation
measurements of the gravimetrically certified values and in addition underpinned by
measurement results carried out using IRMM-1027m LSD spikes over a period of 4 years
[13]. The applied approach for IRMM-1027p of combining confirmation and homogeneity
IDMS measurements already demonstrated the stability for the IRMM-1027 LSD series from
the time of starting the dispensing until the time of performing confirmation measurements on
randomly selected units. This time span is for each of the LSD batches about 6-10 months.
Furthermore, long-term stability of the certified properties of IRMM-1027p is underpinned by
confirmation measurements from previous IRMM-1027 batches, which have the same
characteristics as IRMM-1027p. Particularly, the compatibility study carried out using IRMM-
1027m proves the long-term stability of the IRMM-1027 series LSD spikes [14, 15].

Furthermore, IRMM, ITU and the IAEA are engaged in mutual verification measurements of
mixed uranium plutonium spike reference materials via an EC support task to the IAEA. In
the frame of this support task verification measurements of randomly selected IRMM-1027
LSD spikes from different batches are performed sometimes up to two years after the
certificate was issued, which is not only an external verification of the certified values but also
a demonstration of the long-term stability of the IRMM-1027 series of LSD spikes. As a
further proof of the long-term stability of the IRMM-1027 series, selected units of IRMM-
1027m were set aside and stored under room temperature conditions for already almost five
years. Regular visual inspection confirmed that the CAB in these units is still intact and does
not show any sign of deterioration.

5.3 Estimation of uncertainties

Due to the chosen approach of demonstrating the stability by combining confirmation and
homogeneity assessment and taking into account points 1) — 6) as listed in section 5, no
additional contribution from the stability study to the expanded uncertainty of the certified
values of IRMM-1027p is taken into account.

Underpinned by internal confirmation, external verification and long-term monitoring of the
IRMM-1027 series of LSD spikes in CAB, short- and long-term stability have been
demonstrated. The IRMM-1027p certificate is valid for three years from the date of signature.
The validity may be extended after further tests on the stability of the spike material are
carried out. The material has to be transported according to the legal requirements related to
radioprotection measures for the transport of radioactive materials. It is recommended to
store the units of IRMM-1027p at + 18 °C £ 5 °C in an upright position.

After the certification campaign, the material will be subjected to IRMM's regular stability
monitoring programme to control its stability. At least two units per year will be analysed in
the IRMM nuclear laboratories to confirm the certified values.

6 Characterisation

The material characterisation is the process of determining the property values of a reference
material.
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The material characterisation was based on gravimetric preparation confirmed by
independent analysis. The IRMM-1027p series of LSD spikes was prepared by dispensing
an aliquot (about 2.5 g) of the mother solution into individual units by an automated robot
system and subsequent drying. The masses of dispensed aliquots per unit before drying are
given in Annex 14. The mother solution was prepared by gravimetric mixing of uranium and
plutonium metals (see Section 3.2 and Annexes 15 - 17). Each individual unit of IRMM-
1027p LSD spike is certified for the mass of ***Pu, ?**U and #*®U and the n(***U)/n(**®v),
n(**U)/n(**U), n(**°Pu)/n(*°Pu), n(***Pu)/n(*°Pu), and n(***Pu)/n(**Pu) amount ratios.

6.1 Purity of the starting materials

The purity of the starting materials (metals) was taken from the corresponding certificates
(see Annexes 2 - 4). The purity of Pu MP2 metal was calculated for November 1, 2013 from
the original purity of the CETAMA certificate (see Annex 16).

6.2 Masses of *°Pu, %°U and #*®U, Pu and U amount ratios and their
uncertainties

The mass of ?*Pu, ?**U and ***U and the Pu and U isotope amount ratios in each individual
unit of IRMM-1027p are calculated from the mass fraction of uranium and plutonium in the
mother solution, taking into account the mass of the metals and the solution, their purity and
isotopic composition (e.g. isotope amount ratios), and the mass of an aliquot dispensed into
each vial.

In Table 5 the data supporting the calculation of the masses of ?*°Pu, ?**U and #*®U and Pu
and U amount ratios per unit of IRMM-1027p are summarised.

Table 5: Gravimetric mixing to prepare the mother solution of IRMM-1027p

MP2 ECNRM 101 | NBL CRM-116 | Mother
solution
Mass Y [0] 2.2443 53.324 11.747 3070.76
Purity 2 [9/g] 0.9990 0.99985 0.999672
rgstggg)e[grglcl)#gl] n(238Pu)/n(239Pu) n(234U)/n(238U) n(234U)/n(235U)
0.00003083 0.00005548 0.0106853
n(240Pu)/n(239Pu) n(ZSSU)/n(238U) n(ZSSU)/n(235U)
0.0224324 0.0072593 0.057975
n(241Pu)/n(239Pu) n(236U)/n(238U) n(236U)/n(235U)
0.0002378 0.000000151 0.00448811
nC**Pu)/n(***Pu)
0.00007570

' The masses of the metals are obtained from the weighing certificate, see Annex 15.
2 The purity of the metals is obtained from the certificates, see Annexes 2 - 4.

9 Amount ratios are obtained from the certificates, see Annexes 5 - 6, and the report of analysis, see
Annex 7.

The uncertainties on the certified mass (Uchar) Of 2°Pu, °U and ?**U in the vial are composed
of several contributions (Table 6), i.e. the uncertainty on the mass determination (Uchar 1, Uchar,.2
and Uchar3), the uncertainty on the purity of the metals (Ugnars), @and the uncertainties on the
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amount ratios (Uchars ). The complete and detailed calculations of the mass fractions, amount
ratios and their uncertainty budgets are given in Annex 16 and Annex 17.

Table 6: Uncertainty budgets for the masses of **°Pu, ?°U and ***U in the vials of IRMM-
1027p

Standard uncertainty contribution Combined relative
uncertainty
uchar,l Y Uchar,z 2 Uchar,s 3 uchar,4 K Uchar,s % Uchar. rel
(] [9] [9] [o/g] [mol/mol] [%]
Z%py 0.0001 0.045 0.0003 0.00020 0.00000255 0.02372
B3y 0.001 0.045 0.0003 | 0.0000345 0.0000085 0.01488
B8y 0.003 0.045 0.0003 | 0.000025 0.0000018 0.01338

Y Standard uncertainty of the mass determination of the metals, see Annex 15.

2 standard uncertainty of the mass determination of the mother solution, see Annex 15.

¥ Standard uncertainty of the mass determination of an aliquot, see Annex 14.

* Standard uncertainty of the purity of the metals, see Annexes 2 - 4.

% Standard uncertainty of the largest amount ratio, for other amount ratios see Annexes 5 - 7.

6 Rounding rules not applicable to the intermediate results

6.3 Weighing and associated uncertainties

Masses of dispensed aliquots of the mother solution per unit used for the calculation of the
certified values can be found in Annex 14. The dispensed masses were corrected for air
buoyancy, taking into account the density of the air and the sample, the ambient humidity,
temperature and pressure inside the glove box, and for the evaporation losses. Traceability
to the Sl is ensured by weighing a reference weight before and after dispensing a series of
96 units. The uncertainties on the dispensed mass are composed of several contributions,
i.e. the uncertainty on the mass determination by an automated system, the uncertainty on
the buoyancy correction, the uncertainty due to evaporation correction, and the uncertainty
associated with the variability of the balance [6].

For the determination of the mass of the starting materials (metals) and the mother solution
substitution weighing was used. In the 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 metals are the uncertainties associated with the calibrated
weights (certificate), air buoyancy correction and the variability of the balance used in
"SUUS" method.

6.4 Confirmation measurements

Ten units of IRMM-1027p were randomly selected from the whole batch and analysed by ID-
TIMS to confirm the uranium and plutonium amount contents and from gravimetric
preparation. To each of these vials, about 5 g of IRMM-046b mixed U/Pu spike in 5 M HNO;
was weighed in and evaporated to dryness. In addition, ten units of IRMM-1027p were
randomly selected for the confirmation of the uranium and plutonium isotope amount ratios.
To each of these vials about, 5 mL of nitric acid (c = 8 mol L™) was added and evaporated to
dryness. Subsequently, the isotopic equilibrium, chemical separation and isotopic
measurements on Triton TIMS were carried out [7].
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The results of the confirmation measurements of the uranium and plutonium amount
contents and isotope amount ratios agreed well with the values from the gravimetrical
preparation except for the n(**Pu)/n(*°Pu) and n(***U)/n(**U) amount ratios. These two
amount ratios were therefore not certified and are given only as additional information in the
certification report. All the results are shown as graphs in Annex 12 and Annex 13

7 Value Assignment

Certified values are values that fulfil the highest standards of accuracy. Certified values for
IRMM-1027p were assigned on the basis of gravimetric preparation as a primary method of
measurement. Full uncertainty budgets in accordance with the 'Guide to the Expression of
Uncertainty in Measurement' [4] were established.

7.1 Certified values and their uncertainties

The certified values (masses of ?°Pu, **U and #*®U and Pu and U isotope amount ratios) are
based on the masses of the metals, their purity and isotopic composition, the mass of the
mother solution and the mass of an aliquot dispensed into the vials. All weighings were
carried out with a set of calibrated weights, directly traceable to the kg prototype at BIPM,
Paris, with the necessary corrections for air buoyancy effects.

The assigned uncertainty consists of uncertainties related to characterisation, Uc.,er (Section
6), potential between-unit inhomogeneity, sy, (Section 4.1) and potential degradation during
transport (ugs) and long-term storage, uys (Section 5). As described in Section 5 the
uncertainty related to degradation during transport and long-term storage was found to be
negligible. These different contributions were combined to estimate the expanded, relative
uncertainty of the certified value (Ucrwm re) With @ coverage factor k as:

— 2 2
UCRM,reI =k QI uchar,rel +Sbb,rel

- Uchar Was estimated as described in Section 6

Equation 4

- Spp, Was estimated as described in Section 4.1.

Because of sufficient degrees of freedom of the different uncertainty contributions, a
coverage factor k of 2 was applied to obtain the expanded uncertainties. The certified
masses and their uncertainties for unit No. 1 are summarised in Table 7. The certified values
of all 1186 units are given in Annex 1.

Table 7: Certified masses and their uncertainties for unit No.1 of IRMM-1027p

iy

Mass | Certified value |  Ughar, rel S, rel Uckm, rel Ucrm 2
[mg] [%0] [%0] [%0] [mg]
*py 1.8088 0.02372 0.02227 0.065 0.0012
25y 9.341 0.01488 0.01864 0.047 0.005
=8y 44.230 0.01338 0.01559 0.041 0.018

Y Rounding rules not applicable to the intermediate results

2 Expanded (k = 2) and rounded uncertainty.

The certified plutonium and uranium isotope amount ratios are summarised in Table 8.
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Table 8: Certified isotope amount ratios and their uncertainties for IRMM-1027p LSD

spikes

Isotope amount Certified value Uchar, rel 2 u*bb, rel 2 Ucrm, rel Ucrm 3
ratios [mol/mol] [%] [%] [%0] [mol/mol]
n(***U)/in(**®U) 0.0022637 0.01748 0.03628 0.08054 0.0000018

n*U)in(*U) 0.21390 0.01605 0.00964 0.03744 0.00008
n“°Pu)/n(>°Pu) 0.022421 0.01653 0.00744 0.03625 0.000009
n(**Pu)n(®*Pu) |  0.0001709 0.6613 | 032754 | 14760 | 0.0000025
nC?Puyn(**Pu) | 0.0000757 05153 | 1.14580 | 25127 | 0.0000011

Y The reference date for the plutonium and uranium isotope amount ratios is November 1, 2013.
2 Rounding rules not applicable to the intermediate results
2 Expanded (k = 2) and rounded uncertainty.

7.2  Additional material information

As additional information, the values for the plutonium and uranium amount contents, mass
fractions and isotopic composition of the mother solution from gravimetric preparation are
summarised in Table 9 and Table 10.

Table 9: Plutonium and uranium isotopic mass fractions (expressed as **U/“'U and
“*pufPu) in the mother solution used for IRMM-1027p.

Isotopic mass fraction
Value ¥ [%0] Uncertainty 2 [%0]
m(***U)/m(U)x100 0.18328 0.00005
m(***U)/m(U)x100 17.392 0.003
m(**°U)/m(U)x100 0.075772 0.000021
m(***U)/m(U)x100 82.349 0.004
m(**®Pu)/m(Pu)x100 0.002844 0.000027
m(**°*Pu)/m(Pu)x100 97.7715 0.0006
m(**°Pu)/m(Pu)x100 2.2013 0.0005
m(**Pu)/m(Pu)x100 0.01685 0.00022
m(***Pu)/m(Pu)x100 0.00750 0.00008
Isotope amount ratios
value ¥ Uncertainty ?
[mol/mol] [mol/mol]
n(***Pu)/n(**Pu) 0.00002922 0.00000028
n(**®u)/n(**v) 0.00092794 0.00000028

" The reference date for the plutonium and uranium isotopic mass fractions and amount ratios is November
1, 2013.

2 Expanded (k = 2) and rounded uncertainty.
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Table 10: Plutonium and uranium amount contents and mass fractions in the mother
solution (sol) used for IRMM-1027p.

Amount content Mass fraction
IRMM-1027p Value Uncertainty V Value Uncertainty
[umol/g sol] [umol/g sol] [mg/g sol] [mg/g sol]
2y 15.6767 0.0028 3.6847 0.0007
“u 73.291 0.010 17.4471 0.0022
U 89.202 0.010 21.1867 0.0023
“Pu 2.9846 0.0012 0.71348 0.00029
Pu 3.0524 0.0013 0.72974 0.00030

Y Expanded (k = 2) and rounded uncertainty.

8 Metrological traceability and commutability

8.1 Metrological traceability
Quantity value

The certified values are traceable to the values on the respective metal certificate (EC NRM
101, CETAMA MP2 and NBL CRM-116).

8.2 Commutability

Many measurement procedures include one or more steps, which are selecting specific (or
specific groups) of analytes from the sample for the subsequent steps of the 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 the 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 expressing this concept. For instance, the CSLI Guideline C-53A
[16] 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 fithess for use and, thus, is a crucial characteristic in
case of the application of different measurement methods. When commutability of a CRM is
not established in such cases, 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.

The IRMM-1027p is a dried nitrate in CAB certified for uranium and plutonium isotope
amount ratios and masses of 2°U, #*®U and ?**Pu per unit. This CRM is tailor-made by IRMM
for its intended use and serves as calibrant for uranium and plutonium IDMS measurements
of samples from input solutions at reprocessing plants and is not intended to be used for
other measurement methods.
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9 Instructions for use

9.1 Safety information

The IRMM-1027p 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.

9.2  Storage conditions
The vials should be stored at + 18 °C £ 5 °C in an upright position.

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.

9.3 Preparation and use of the material

The spike CRM has to be dissolved in the appropriate 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.

9.4  Minimum sample intake

The whole amount of sample per unit has to be used for analysis.

9.5 Use of the certified value

This spike CRM is applied as a calibrant to measure the uranium and plutonium amount
content in an unknown sample of dissolved nuclear fuel solution using isotope dilution mass
spectrometry (IDMS). The amount of plutonium or uranium can be calculated using the
following IDMS equation:

C,=C ﬂmw , Equation 5
"m R -R Z(R),

where C, is the element content of the spike, m, and m, are the masses of sample and spike,
respectively, R,, Ry and R, are the isotope amount ratios of the sample, the spike and the

blend, respectively, 2(R), and Z(R), are the sums of all isotope amount ratios in sample
and in spike, respectively.

10 Acknowledgments

The authors would like to thank A. Bernreuther and D. Vanleeuw (IRMM) for the reviewing of
the certification report, as well as the experts of the Certification Advisory Panel "Elements
and Inorganic lons", S. D. Balsley (International Atomic Energy Agency, Vienna, Austria), P.
Vermaercke (Belgium Nuclear Research Centre, Mol, Belgium) and T. Prohaska (University
of Natural Resources and Life Sciences, Vienna, Austria).

20



11 References

10
11

12

13

14

15

ISO Guide 34, General requirements for the competence of reference materials
producers, International Organization for Standardization, Geneva, Switzerland, 2009

ISO Guide 35, Reference materials — General and statistical principles for certification,
International Organization for Standardization, Geneva, Switzerland, 2006

ISO/IEC Guide 98-3, Guide to the Expression of Uncertainty in Measurement (GUM,
1995), International Organization for Standardization, Geneva, Switzerland, 2008

International Target Values 2010 for Measurement Uncertainties in Safeguarding
Nuclear Materials, IAEA-STR-368, Vienna, November 2010

K. Casteleyn, L. Duinslaeger, M. Boella, P. Chare, F. Lipcsei, P. Schwalbach, S.
Synetos, T. Enright, A. Le Terrier, K. Luetzenkirchen, P. Van Belle, E. Zuleger, Y.
Aregbe, On-site Laboratories of Euratom: Ten Years of Excellent Results and Time to
Renew, 52" Annual Meeting of the Institute of Nuclear Materials Management (INMM),
Palm Springs, USA, 2011

A. Verbruggen, J. Bauwens, N. van De Steene, U. Jacobsson, R. Eykens, R. Wellum,
Y. Aregbe, An automated system for the preparation of Large Size Dried (LSD) spikes,
ATALANTE, Montpellier, France 2008

R. Jakopi¢, J. Bauwens, R. Bujak, R. Eykens, C, Hennessy, F. Kehoe, S. Mialle, C.
Venchiarutti, S. Richter, Y. Aregbe, Preparation and certification of Large-Sized Dried
(LSD) spike IRMM-10270, EUR 25857 EN, 2013

T.P.J. Linsinger, J. Pauwels, A.M.H. van der Veen, H. Schimmel, A. Lamberty,
Homogeneity and stability of reference materials, Accred. Qual. Assur., 6, 20-25, 2001

R. Wellum, A. Verbruggen, R. Kessel, A new evaluation of the half-life of **'Pu, J. Anal.
At. Spectrom., 24, 801-807, 2009

http://www.nucleide.org/DDEP_WG/DDEPdata.htm

IAEA Regulations for the Safe Transport of Radioactive Material, 1996 Edition,
“Requirements”, IAEA Safety Standards Series No. TS-R-1 (ST-1, Revised), IAEA,
Vienna, 2000

A. Lamberty, H. Schimmel, J. Pauwels, The study of the stability of reference materials
by isochronous measurements, Fres. J. Anal. Chem., 360, 359-361, 1998

A. Verbruggen, J. Bauwens, R. Eykens, U. Jacobsson, R. Jakopi¢, F. Kehoe, H. Kiihn,
Y. Kushigeta, S. Richter, Y. Aregbe, Preparation and certification of IRMM-1027m,
Large-sized Dried (LSD) spike, EUR 24119 EN, 2009

R. Jakopi¢, J. Bauwens, S. Richter, M. Sturm, A. Verbruggen, R. Wellum, R. Eykens,
F. Kehoe, H. Kihn, Y. Aregbe, Preparation and development of new Pu spike isotopic
reference materials at IRMM, ESARDA Bulletin, No. 46, 2011

R. Jakopi¢, A. Verbruggen, R. Eykens, F. Kehoe, H. Kihn, Y. Kushigeta, U.
Jacobsson, J. Bauwens, S. Richter, R. Wellum, Y. Aregbe, An inter-calibration
campaign using various selected Pu spike isotopic reference materials, J. Radioanal.
Nucl. Chem., 286, 449-454, 2010

21



16 H. Vesper, H. Emons, M. Gnezda, C. P. Jain, W. G. Miller, R. Rej, G. Schumann, J.
Tate, L. Thienpont, J. E. Vaks, Characterization and Qualification of Commutable
Reference Materials for Laboratory Medicine; Approved Guideline, CLSI document
C53-A, Clinical and Laboratory Standards Institute, Wayne, PA, USA, 2010

22



Annex 1: The certificate of analysis of IRMM-1027p

EUROPEAN COMMISSION
JOINT RESEARCH CENTRE

Institute for Reference Materials and Measurements (Geel)

CERTIFIED REFERENCE MATERIAL
IRMM - 1027p

CERTIFICATE OF ANALYSIS

Uranium and Plutonium in Cellulose Acetate Butyrate (CAB)

Isotope amount ratio
Certified value " Uncertainty ?

[mol/mol] [mol/mol]
n(Z*Uyn(**®U) 0.0022637 0.0000018

n(**Uyn(**u) 0.21390 0.00008
n(***Pu)/n(***Pu) 0.022421 0.000009
n(**'"Pu)n(*Pu) 0.0001709 0.0000025
n(***Pu)in(**Pu) 0.0000757 0.0000011

The certified masses and uncertainties of 2°U, ***U and ***Pu per unit are listed in Annex 1 on
pages 3 to 26 of this certificate.

1) The certified values are traceable to the values on the respective metal certificates (EC NRM 101, NBEL CRM-116
and CETAMA MP2). The reference date for the plutonium and uranium isctope amount ratios is November 1, 2013.
2) The certified uncertainty is the expanded uncertainty with a coverage factor £ = 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), 1ISQ, 2008.

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

the spike material are carried out.

Prof. Dr. Hendrik Emons

European Commission

Joint Research Centre

Institute for Reference Materials and Measurements
Retieseweg 111

B-2440 Geel, Belgium

Geel, January 2014

Signed:

All following pages are an integral part of the certificate.
Page 1 0f 26
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DESCRIPTION OF THE MATERIAL

The IRMM-1027p series of Large-Sized Dried (LSD) spikes consists of 1186 units, each containing
approximately 50 mg of uranium and 1.8 mg of Pu in dried form. Units were prepared by aliquoting of
about 2.5 g of a gravimetrically prepared nitrate solution of uranium (EC NRM 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
ionisation 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, Institute for Reference Materials and Measurement
(IRMM) in Geel, Belgium.

SAFETY INFORMATION

The IRMM-1027p series contains radioactive material. The vials should be handled with great care
and by experienced persennel 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 has to 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 IRMM, 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 IRMM or any of its subsidiaries.

NOTE

A technical report on the production of IRMM-1027p is available on the internet (www.irmm.jrc.be).
A paper copy can be obtained from IRMM on request.

Page 2 of 26
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Annex 1: The certified masses of “*U, U and **Pu per unit of IRMM-1027p.

ZSE-U ZSSU mpu
) Mass Uncertainty Mass Uncertainty ™ Mass " Uncertainty 7
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0001 44 230 0.018 9341 0.005 1.8088 0.0012
0ooz2 44 941 0.018 9.491 0.005 1.8378 0.0012
0003 44 T21 0.018 9.445 0.005 1.8288 0.0012
0004 44 581 0.018 9.415 0.005 1.8231 0.0012
0005 44613 0.018 9.422 0.005 1.8244 0.0012
0006 44 600 0.018 9.419 0.005 1.8239 0.0012
0oo7 44 609 0.018 9.421 0.005 1.8243 0.0012
0oo0s 44 514 0.018 9422 0.005 1.8245 0.0012
0009 44 509 0.018 9.4 0.005 1.8243 0.0012
0010 44 618 0.018 9.423 0.005 1.8246 0.0012
0011 44 613 0.018 9.422 0.005 1.8244 0.0012
0012 44 616 0.018 9.423 0.005 1.8245 0.0012
0013 44 611 0.018 9422 0.005 1.8243 0.0012
0014 44613 0.018 9.422 0.005 1.8244 0.0012
0015 44 613 0.018 9.422 0.005 1.8244 0.0012
0016 44 618 0.018 9.423 0.005 1.8246 0.0012
0017 44 611 0.018 9.422 0.005 1.8243 0.0012
0018 44 613 0.018 9422 0.005 1.8244 0.0012
0019 44613 0.018 9.422 0.005 1.8244 0.0012
0020 44 595 0.018 9.418 0.005 1.8237 0.0012
0021 44 616 0.018 9.423 0.005 1.8245 0.0012
0022 44 602 0.018 9.420 0.005 1.8240 0.0012
0023 44 600 0.018 9.419 0.005 1.8239 0.0012
0024 44 604 0.018 9.420 0.005 1.8240 0.0012
0025 44 585 0.018 9.416 0.005 1.8233 0.0012
0026 44 597 0.018 9.419 0.005 1.8238 0.0012
0027 44 56T 0.018 9.412 0.005 1.8225 0.0012
0028 44 611 0.018 9.422 0.005 1.8243 0.0012
0029 44 576 0.018 9.414 0.005 1.8229 0.0012
0030 44 576 0.018 9.414 0.005 1.8229 0.0012
0031 44 590 0.018 9417 0.005 1.8235 0.0012
0032 44 571 0.018 9.413 0.005 1.8227 0.0012
0033 44 576 0.018 9.414 0.005 1.8229 0.0012
0034 44 580 0.018 9.415 0.005 1.8230 0.0012
0035 44 560 0.018 9.411 0.005 1.8223 0.0012
0036 44 611 0.018 9422 0.005 1.8243 0.0012
0037 44 B4R 0.018 9.408 0.005 1.8216 0.0012
0038 44 580 0.018 9.415 0.005 1.8230 0.0012
0039 44 562 0.018 9411 0.005 1.8223 0.0012
0040 44 567 0.018 9.412 0.005 1.8225 0.0012
0041 44 5RE 0.018 9.410 0.005 1.8220 0.0012
0042 44 578 0.018 94158 0.005 1.8230 0.0012
0043 44 541 0.018 9.407 0.005 1.8215 0.0012
0044 44 569 0.018 9.413 0.005 1.8226 0.0012
0045 44 536 0.018 9.406 0.005 1.8213 0.0012
0046 44 56T 0.018 9.412 0.005 1.8225 0.0012
0047 44 543 0.018 9.407 0.005 1.8215 0.0012
0048 44 555 0.018 9.410 0.005 1.8220 0.0012
0049 44 548 0.018 9.408 0.005 1.8218 0.0012
0050 44 548 0.018 9.408 0.005 1.8218 0.0012
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Annex 1: The certified masses of U, ““U and “*Pu per unit of IRMM-1027p.

ZSBU zasu mpu
. Mass ! Uncertainty & Mass 7 Uncertainty & Mass 7 Uncertainty =
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0051 44 513 0.018 9.401 0.005 1.8203 0.0012
0052 44 576 0.018 9414 0.005 1.8229 0.0012
0053 44 524 0.018 9.403 0.005 1.5208 0.0012
0054 44 559 0.018 9.410 0.005 1.8222 0.0012
0055 44 6524 0.018 9.403 0.005 1.5208 0.0012
0056 44 553 0.018 9.409 0.005 1.8220 0.0012
00&7 44 525 0.018 9.403 0.005 1.5208 0.0012
0058 44 548 0.018 9.408 0.005 1.8218 0.0012
0059 44 515 0.018 9.401 0.005 1.5204 0.0012
0060 44 548 0.018 9.408 0.005 1.8218 0.0012
0061 44 531 0.018 9.405 0.005 1.8210 0.0012
0062 44 517 0.018 9.402 0.005 1.8205 0.0012
0063 44 545 0.018 9.408 0.005 1.8216 0.0012
0064 44 525 0.018 9.403 0.005 1.5208 0.0012
0065 44 520 0.018 9.402 0.005 1.8206 0.0012
006& 44 541 0.018 9.407 0.005 1.821% 0.0012
0067 44 536 0.018 9.406 0.005 1.8213 0.0012
0068 44 508 0.018 9.400 0.005 1.8201 0.0012
0069 44 517 0.018 9.402 0.005 1.8205 0.0012
0070 44 536 0.018 9.406 0.005 1.8213 0.0012
0071 44 511 0.018 9.400 0.005 1.8203 0.0012
0072 44 529 0.018 9.404 0.005 1.8210 0.0012
0073 44 534 0.018 9.405 0.005 1.8212 0.0012
0074 44 515 0.018 9.401 0.005 1.85204 0.0012
0075 44 524 0.018 9.403 0.005 1.5208 0.0012
0076E 44 094 0.018 9.312 0.005 1.8032 0.0012
0o7T 44 826 0.018 9467 0.005 1.8331 0.0012
0o7s 44 660 0.018 9432 0.005 1.8263 0.0012
0079 44 098 0.018 9313 0.005 1.8033 0.0012
0080 44 805 0.018 9.462 0.005 1.8322 0.0012
0oa1 44 655 0.018 9431 0.005 1.8261 0.0012
0oa2 44 096 0.018 9313 0.005 1.8033 0.0012
0083 44 765 0.018 9454 0.005 1.8306 0.0012
0084 44 T35 0.018 9.448 0.005 1.8294 0.0012
0085 44 112 0.018 9316 0.005 1.8039 0.0012
0086 44 82T 0.018 9467 0.005 1.8332 0.0012
ooaT 44 623 0.018 9424 0.005 1.8248 0.0012
0oas 44 085 0.018 9311 0.005 1.8028 0.0012
0089 44 801 0.018 9.462 0.005 1.8321 0.0012
0090 44 716 0.018 9.444 0.005 1.8286 0.0012
0091 44 073 0.018 9.308 0.005 1.8023 0.0012
0og2 44 805 0.018 9.462 0.005 1.8322 0.0012
0093 44 686 0.018 9437 0.005 1.8274 0.0012
0094 44 105 0.018 9315 0.005 1.8036 0.0012
0095 44 803 0.018 9.462 0.005 1.8322 0.0012
0096 44 618 0.018 9423 0.005 1.8246 0.0012
0097 44 159 0.018 9.326 0.005 1.8058 0.0012
0098 44 826 0.018 9.467 0.005 1.8331 0.0012
0099 44 593 0.018 9.418 0.005 1.8236 0.0012
0100 44 160 0.018 9.326 0.005 1.8059 0.0012
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Annex 1: The certified masses of “*U, **U and **Pu per unit of IRMM-1027p.

ZH-U msu mpu
) Mass Uncertainty 7 Mass T Uncertainty Mass ! Uncertainty
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0101 44 854 0.018 9473 0.005 1.8342 0.0012
0102 441711 0.018 9.329 0.005 1.8063 0.002
0103 44 8438 0.018 9472 0.005 1.8340 0.0012
0104 44 157 0.018 9.326 0.005 1.8058 0.002
0105 44 866 0.018 9475 0.005 1.8347 0.0012
0106 44 160 0.018 9.326 0.005 1.8059 0.0012
0107 44 8438 0.018 9472 0.005 1.8340 0.0012
0108 44 201 0.018 9.335 0.005 1.8075 0.0012
0109 44174 0.018 9.329 0.005 1.8065 0.0012
0110 44 665 0.018 9433 0.005 1.8265 0.0Mm2
0111 44 576 0.018 9414 0.005 1.8229 0.0012
0112 44 574 0.018 9414 0.005 1.8228 0.0012
0113 44 545 0.018 9.407 0.005 1.8216 0.0012
0114 44 300 0.018 9.356 0.005 1.8116 0.0012
0115 44 756 0.018 9.452 0.005 1.8302 0.0012
0116 44 249 0.018 9.345 0.005 1.8095 0.0012
0117 44782 0.018 9.458 0.005 1.8313 0.002
0118 44 283 0.018 9.353 0.005 1.8111 0.0012
0119 44 698 0.018 9.440 0.005 1.8279 0.0012
0120 44 279 0.018 9.351 0.005 1.8108 0.0012
0121 44770 0.018 9 455 0.005 1.8308 0.0012
0122 44 270 0.018 9.350 0.005 1.8104 0.0012
0123 44744 0.018 9.450 0.005 1.8297 0.0012
0124 44 262 0.018 9.348 0.005 1.8100 0.002
0125 44 752 0.018 9.451 0.005 1.8301 0.0012
0126 44 260 0.01a 9.347 0.005 1.8100 0.0012
0127 44 761 0.018 9453 0.005 1.8305 0.0012
0128 44 260 0.018 9.347 0.005 1.8100 0.0012
0129 44 752 0.018 9.451 0.005 1.8301 0.0012
0130 44 260 0.018 9.347 0.005 1.8100 0.0012
0131 44 766 0.018 9.454 0.005 1.8307 0.0012
0132 44 263 0.018 9.348 0.005 1.8101 0.0012
0133 44 745 0.018 9.450 0.005 1.8298 0.0Mm2
0134 44 270 0.01a 9.350 0.005 1.8104 0.0012
0135 44 765 0.018 9454 0.005 1.8306 0.0012
0136 44 248 0.018 9.345 0.005 1.8095 0.0012
0137 44 810 0.018 9.464 0.005 1.8325 0.0012
0138 44 244 0.018 9.344 0.005 1.8093 0.0012
0139 44 789 0.018 9.459 0.005 1.8316 0.0012
0140 44 256 0.018 9.347 0.005 1.8098 0.0Mm2
0141 44 787 0.018 9.459 0.005 1.8315 0.0012
0142 44 274 0.018 9.350 0.005 1.8105 0.0012
0143 44779 0.018 9 457 0.005 1.8312 0.0012
0144 44 244 0.018 9.344 0.005 1.8093 0.0012
0145 44 826 0.018 9.467 0.005 1.8331 0.0012
0146 44 262 0.018 9.348 0.005 1.8100 0.0012
0147 44772 0.018 9.455 0.005 1.8309 0.0Mm2
0148 44 267 0.018 9.349 0.005 1.8103 0.0012
0149 44 813 0.018 9 464 0.005 1.8326 0.0012
0150 44 263 0.018 9.348 0.005 1.8101 0.0012
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Annex 1: The certified masses of U, *°U and “"Pu per unit of IRMM-1027p.

Z',H-U HSU mpu
) Mass " Uncertainty 7 Mass " Uncertainty = Mass " Uncertainty
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0151 44 780 0.018 9457 0.005 1.8312 0.0012
0152 44300 0.018 9.356 0.005 18116 0.0012
0153 44 731 0.018 9.447 0.005 1.8292 0.0012
0154 44 276 0.018 9.351 0.005 1.8106 0.0012
0155 44 805 0.018 9.462 0.005 1.8322 0.0012
0156 44 290 0.018 9.354 0.005 18112 0.0012
0157 44 747 0.018 9.450 0.005 1.8299 0.0012
0158 44 267 0.018 9.349 0.005 1.8103 0.0012
0159 44 8156 0.018 9 465 0.005 1.8327 0.0012
0160 44 272 0.018 9.350 0.005 1.86105 0.0012
0161 44 761 0.018 9.453 0.005 1.8305 0.0012
0162 44 290 0.018 9.354 0.005 1.8112 0.0012
0163 44724 0.018 9.445 0.005 1.8290 0.0012
0164 44 316 0.018 9.359 0.005 1.8123 0.0012
0165 44 786 0.018 9.458 0.005 1.8315 0.0012
016/ 44 346 0.018 9.365 0.005 1.8135 0.0012
0167 44 276 0.018 9.351 0.005 1.8106 0.0012
0168 44 995 0.018 9.503 0.005 1.8400 0.0012
0169 44 366 0.018 9.370 0.005 1.8143 0.0012
0170 44 351 0.018 9.367 0.005 1.8137 0.0012
0171 44 817 0.018 9.465 0.005 1.8327 0.0012
0172 44 347 0.018 9.366 0.005 18135 0.0012
0173 44318 0.018 9.360 0.005 1.8123 0.0012
0174 44 951 0.018 9.493 0.005 1.8382 0.0012
0175 44 349 0.018 9.366 0.005 1.8136 0.0012
0176 44 387 0.018 9.374 0.005 1.8152 0.0012
0177 44 623 0.018 9.424 0.005 1.8248 0.0012
0178 44 674 0.018 9.435 0.005 1.8269 0.0012
0179 44 627 0.018 9425 0.005 1.8250 0.0012
0180 44 503 0.018 9.399 0.005 1.8199 0.0012
0181 44 541 0.018 9.407 0.005 18215 0.0012
0182 44 517 0.018 9.402 0.005 1.8205 0.0012
0183 44 536 0.018 9.406 0.005 18213 0.0012
0184 44 529 0.018 9.404 0.005 1.8210 0.0012
0185 44 539 0.018 9.406 0.005 18214 0.0012
0186 44 527 0.018 9.404 0.005 1.8209 0.0012
0187 44 527 0.018 9.404 0.005 1.8209 0.0012
0188 44 525 0.018 9.403 0.005 1.8208 0.0012
0189 44 525 0.018 9.403 0.005 1.8208 0.0012
0190 44 531 0.018 9.405 0.005 1.8210 0.0012
0191 44 518 0.018 9.402 0.005 1.8205 0.0012
0192 44 531 0.018 9.405 0.005 1.8210 0.0012
0193 44 566 0.018 9.412 0.005 1.8225 0.0012
0194 44 518 0.018 9.402 0.005 1.8205 0.0012
0195 44 515 0.018 9.401 0.005 1.8204 0.0012
0196 44 532 0.018 9.405 0.005 1.8211 0.0012
0197 44 520 0.018 9.402 0.005 1.8206 0.0012
0198 44 525 0.018 9.403 0.005 1.8208 0.0012
0199 44 518 0.018 9.402 0.005 1.8205 0.0012
0200 44 531 0.018 9.405 0.005 1.8210 0.0012
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Annex 1: The certified masses of “°U, “*U and “Pu per unit of IRMM-1027p.

BBU HSU mPu
. Mass 7 Uncertainty 7 Mass Uncertainty 7 Mass Uncertainty ¥
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0201 44 522 0.018 9.403 0.005 1.8207 0.0012
0202 44 525 0.018 9.403 0.005 1.8208 0.0012
0203 44 525 0.018 9.403 0.005 1.8208 0.0012
0204 44 524 0.018 9.403 0.005 1.8208 0.0012
0205 44 517 0.018 9.402 0.005 1.8205 0.0012
0206 44 529 0.018 9.404 0.005 1.8210 0.0012
0207 44 532 0.018 9.405 0.005 1.8211 0.0012
0208 44 518 0.018 9.402 0.005 1.8205 0.0012
0209 44 529 0.018 9.404 0.005 1.8210 0.0012
0210 44 515 0.018 9.401 0.005 1.8204 0.0012
0211 44 525 0.018 9.403 0.005 1.8208 0.0012
0212 44 524 0.018 9.403 0.005 1.8208 0.0012
0213 44 525 0.018 9.403 0.005 1.8208 0.0012
0214 44 531 0.018 9.405 0.005 1.8210 0.0012
0215 44 527 0.018 9.404 0.005 1.8209 0.0012
0216 44 529 0.018 9.404 0.005 1.8210 0.0012
0217 44 517 0.018 9.402 0.005 1.8205 0.0012
0218 44 529 0.018 9.404 0.005 1.8210 0.0012
0219 44 524 0.018 9.403 0.005 1.8208 0.0012
0220 44 522 0.018 9.403 0.005 1.8207 0.0012
0221 44 531 0.018 9.405 0.005 1.8210 0.0012
0222 44 524 0.018 9.403 0.005 1.8208 0.0012
0223 44 525 0.018 9.403 0.005 1.8208 0.0012
0224 44 562 0.018 9411 0.005 1.8223 0.0012
0225 44 518 0.018 9.402 0.005 1.8205 0.0012
0226 44 522 0.018 9.403 0.005 1.8207 0.0012
0227 44 531 0.018 9.405 0.005 1.8210 0.0012
0228 44 539 0.018 9.406 0.005 1.8214 0.0012
0229 44 524 0.018 9.403 0.005 1.8208 0.0012
0230 44 541 0.018 9.407 0.005 1.8215 0.0012
0231 44 525 0.018 9.403 0.005 1.8208 0.0012
0232 44 527 0.018 9.404 0.005 1.8209 0.0012
0233 44 532 0.018 9.405 0.005 1.8211 0.0012
0234 44 525 0.018 9.403 0.005 1.8208 0.0012
0235 44 518 0.018 9.402 0.005 1.8205 0.0012
0236 44 541 0.018 9.407 0.005 1.8215 0.0012
0237 44 520 0.018 9.402 0.005 1.8206 0.0012
0238 44 576 0.018 9.414 0.005 1.8229 0.0012
0239 44 518 0.018 9.402 0.005 1.8205 0.0012
0240 44 517 0.018 9.402 0.005 1.8205 0.0012
0241 44 525 0.018 9.403 0.005 1.8208 0.0012
0242 44 511 0.018 9.400 0.005 1.8203 0.0012
0243 44 538 0.018 9.406 0.005 1.8213 0.0012
0244 44 532 0.018 9.405 0.005 1.8211 0.0012
0245 44 527 0.018 9.404 0.005 1.8209 0.0012
0246 44 524 0.018 9.403 0.005 1.8208 0.0012
0247 44 532 0.018 9.405 0.005 1.8211 0.0012
0248 44 527 0.018 9.404 0.005 1.8209 0.0012
0249 44 538 0.018 9.406 0.005 1.8213 0.0012
0250 44 525 0.018 9.403 0.005 1.8208 0.0012
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Annex 1: The certified masses of 2H'EU, **U and Py per unit of IRMM-1027p.

BEU HSU mPu
. Mass " Uncertainty ~ Mass Uncertainty 7 Mass ! Uncertainty ~
Vial No
[ma] [mg] [ma] [mal [mg] [ma]
0251 44 522 0.018 9.403 0.005 1.8207 0.0012
0252 44539 0.01a 9.406 0.005 1.8214 0.0012
0253 44522 0.01a 9.403 0.005 1.8207 0.0012
0254 44 534 0.018 9.405 0.005 1.8212 0.0012
0255 44 517 0.01a 9.402 0.005 1.8205 0.0012
0256 44 529 0.018 9.404 0.005 1.6210 0.0012
0257 44532 0.01a 9.405 0.005 1.8211 0.0012
02538 44 515 0.018 9.401 0.005 1.6204 0.0012
0259 44525 0.01a 9.403 0.005 1.8208 0.0012
0260 44.499 0.018 9.298 0.005 1.8198 0.0012
0261 44 573 0.01a 9413 0.005 1.8228 0.0012
0262 44.099 0.018 9313 0.005 1.8034 0.0012
0263 44 841 0.018 9470 0.005 1.8337 0.0012
0264 NIA N/A NIA NIA NIA NIA
0265 44145 0.018 9323 0.005 1.8053 0.0012
0266 44 847 0.018 947 0.005 1.8340 0.0012
0267 44 346 0.018 9.365 0.005 1.8135 0.0012
0268 44241 0.01a 9.343 0.005 1.8092 0.0012
0269 44 885 0.018 9479 0.005 1.8355 0.0012
0270 44202 0.018 9.335 0.005 1.8076 0.0012
0271 44 854 0.01a 9473 0.005 1.8342 0.0012
0272 44,195 0.018 9.334 0.005 1.8073 0.0012
0273 44 861 0.018 9474 0.005 1.8345 0.0012
0274 44,194 0.018 9333 0.005 1.8073 0.0012
0275 44 864 0.018 9475 0.005 1.8347 0.0012
0276 44242 0.018 9.344 0.005 1.8093 0.0012
0277 44784 0.018 9.453 0.005 1.8314 0.0012
0278 44 253 0.018 9.346 0.005 1.8097 0.0012
0279 44 812 0.018 9.464 0.005 1.8325 0.0012
0280 44248 0.01a 9.345 0.005 1.8095 0.0012
0281 44 819 0.018 9.465 0.005 1.8328 0.0012
0282 44276 0.01a 9.351 0.005 1.8106 0.0012
0283 44751 0.018 9.451 0.005 1.8300 0.0012
0284 44 255 0.01a 9.346 0.005 1.8098 0.0012
0285 44 833 0.018 9.463 0.005 1.8334 0.0012
0286 44 267 0.01a 9.349 0.005 1.8103 0.0012
0287 44.063 0.018 9.206 0.005 1.86019 0.0012
0288 44943 0.01a 9.492 0.005 1.8379 0.0012
0289 44 314 0.018 9.359 0.005 1.8122 0.0012
0290 44308 0.01a 9.358 0.005 1.8120 0.0012
0291 44 965 0.018 9.496 0.005 1.8388 0.0012
0292 44262 0.01a 9352 0.005 1.8109 0.0012
0293 44 322 0.018 9.361 0.005 1.8125 0.0012
0254 44 970 0.018 9.497 0.005 1.8390 0.0012
0295 44291 0.018 9.354 0.005 1.8112 0.0012
0296 44312 0.01a 9.358 0.005 1.8121 0.0012
0297 44 981 0.018 9.500 0.005 1.6394 0.0012
0298 44201 0.01a 9354 0.005 1.8112 0.0012
0299 44 315 0.018 9.359 0.005 1.8122 0.0012
0300 44969 0.01a 9.497 0.005 1.8389 0.0012
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Annex 1: The certified masses of “-U, “*U and “*Pu per unit of IRMM-1027p.

ZSBU Zasu mPu
. Mass 1 Uncertainty © Mass Uncertainty 7 Mass ! Uncertainty 2
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0301 44298 0.018 9355 0.005 1.8115 0.0012
0302 44 329 0.018 9.362 0.005 1.8128 0.0012
0303 44 951 0.018 9493 0.005 1.8382 0.0012
0304 44272 0.018 9.350 0.005 1.8105 0.0012
0305 44729 0.018 9447 0.005 1.8292 0.0012
0306 44 310 0.018 9358 0.005 1.8120 0.0012
0307 44745 0.018 9.450 0.005 1.8298 0.0012
0308 44 293 0.018 9.354 0.005 1.86113 0.0012
0309 44711 0.018 9 455 0.005 1.8309 0.0012
0310 44 289 0.018 9.354 0.005 1.8112 0.0012
0311 44785 0.018 9453 0.005 1.8314 0.0012
0312 44302 0.018 9.356 0.005 18117 0.0012
0313 44 736 0.018 9.443 0.005 1.8294 0.0012
0314 44 322 0.018 9.361 0.005 1.8125 0.0012
0315 44 899 0.018 9482 0.005 1.8361 0.0012
0316 44 031 0.018 9.299 0.005 1.8006 0.0012
0317 44714 0.018 9443 0.005 1.8285 0.0012
0318 44 626 0.018 9425 0.005 1.8250 0.0012
0319 44 354 0.018 9367 0.005 1.8138 0.0012
0320 44 602 0.018 9420 0.005 1.8240 0.0012
0321 44 570 0.018 9413 0.005 1.822T7 0.0012
0322 44 544 0.018 9.407 0.005 1.8216 0.0012
0323 44 534 0.018 9.405 0.005 1.8212 0.0012
0324 44 546 0.018 9.408 0.005 1.8217 0.0012
0325 44 537 0.018 9.406 0.005 1.8213 0.0012
0326 44 542 0.018 9407 0.005 1.8215 0.0012
0327 44 537 0.018 9.406 0.005 1.8213 0.0012
0328 44 527 0.018 9.404 0.005 1.8209 0.0012
0329 44 522 0.018 9.403 0.005 1.8207 0.0012
0330 44 525 0.018 9.403 0.005 1.8208 0.0012
0331 44 513 0.018 9.401 0.005 1.8203 0.0012
0332 44 .488 0.018 9.396 0.005 1.8193 0.0012
0333 44 473 0.018 9392 0.005 1.8187 0.0012
0334 44 .483 0.018 9395 0.005 1.8191 0.0012
0335 44 448 0.018 9387 0.005 18177 0.0012
0336 44 427 0.018 9383 0.005 1.8168 0.0012
0337 44 960 0.018 9 495 0.005 1.8386 0.0012
0338 44 438 0.018 9385 0.005 1.8172 0.0012
0339 44 405 0.018 9373 0.005 1.8159 0.0012
0340 44 757 0.018 9452 0.005 1.8303 0.0012
0341 44 212 0.018 9.337 0.005 1.8080 0.0012
0342 44 897 0.018 9482 0.005 1.8360 0.0012
0343 44192 0.018 9.333 0.005 1.8072 0.0012
0344 44 885 0.018 9479 0.005 1.8355 0.0012
0345 44193 0.018 9333 0.005 1.8072 0.0012
0346 44 883 0.018 9479 0.005 1.8354 0.0012
0347 44 202 0.018 9335 0.005 1.8076 0.0012
0348 44 885 0.018 9479 0.005 1.8355 0.0012
0349 44 207 0.018 9.336 0.005 1.8078 0.0012
0350 44 853 0.018 9473 0.005 1.8342 0.0012
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Annex 1: The certified masses of U, U and “*Pu per unit of IRMM-1027p.

ﬂﬂ-u ZSSU mpu
VialNo  Mass 1 Uncertainty Mass Uncertainty Mass " Uncertainty
[mg] [mg] [mg] [mg] [mg] [mg]
0351 44192 0.018 9.333 0.005 1.8072 0.0012
0352 44 881 0.018 9.479 0.005 1.8354 0.0012
0353 44 169 0.018 9.328 0.005 1.8062 0.0012
0354 N/A NIA NIA NIA N/A WY
0355 44 900 0.018 9.483 0.005 1.8362 0.0012
0356 44 169 0.018 9.328 0.005 1.8062 0.0012
0357 44 879 0.018 9478 0.005 1.8353 0.0012
0358 44 167 0.018 9.328 0.005 1.8062 0.0012
0359 44 879 0.018 0478 0.005 1.8353 0.0012
0360 44 136 0.018 9.3 0.005 1.8049 0.0012
0361 44 867 0.018 9476 0.005 1.8348 0.0012
0362 44 642 0.018 9.428 0.005 1.8256 0.0012
0363 44 123 0.018 9319 0.005 1.8044 0.0012
0364 44 862 0.018 9475 0.005 1.8346 0.0012
0365 44 637 0.018 9427 0.005 1.8254 0.0012
0366 44104 0.018 9.314 0.005 1.8036 0.0012
0367 44 907 0.018 9.484 0.005 1.8364 0.0012
0368 44 586 0.018 9416 0.005 1.8233 0.0012
0369 44123 0.018 9.319 0.005 1.8044 0.0012
0370 44 852 0.018 9472 0.005 1.8342 0.0012
0371 44 696 0.018 9.440 0.005 1.8278 0.0012
0372 44 102 0.018 9314 0.005 1.8035 0.0012
0373 44 824 0.018 9.466 0.005 1.8330 0.0012
0374 44 693 0.018 9.439 0.005 1.8277 0.0012
0375 44 102 0.018 9.314 0.005 1.8035 0.0012
0376 44 817 0.018 9. 465 0.005 1.8327 0.0012
0377 44 700 0.018 9.440 0.005 1.8279 0.0012
0378 44108 0.018 9.315 0.005 1.8037 0.0012
0379 44 813 0.018 9.464 0.005 1.8326 0.0012
0380 44 /98 0.018 9.440 0.005 1.8279 0.0012
0381 44 071 0.018 9.307 0.005 1.8022 0.0012
0382 44 850 0.018 9472 0.005 1.8341 0.0012
0383 44 689 0.018 9.438 0.005 1.8275 0.0012
0384 44 088 0.018 9311 0.005 1.8030 0.0012
0385 44 896 0.018 9.482 0.005 1.8360 0.0012
0386 44 621 0.018 9.424 0.005 1.8248 0.0012
03a7 44 146 0.018 9.323 0.005 1.8053 0.0012
0388 44 833 0.018 9. 468 0.005 1.8334 0.0012
0389 44 637 0.018 0427 0.005 1.8254 0.0012
0390 44 105 0.018 9.315 0.005 1.8036 0.0012
0391 44 850 0.018 9472 0.005 1.8341 0.0012
0392 44703 0.018 9.441 0.005 1.8281 0.0012
0393 44 126 0.018 9319 0.005 1.8045 0.0012
0394 44 920 0.018 9.487 0.005 1.8370 0.0012
0395 44 150 0.018 9.324 0.005 1.8055 0.0012
0396 44 880 0.018 9.478 0.005 1.8353 0.0012
0397 44 173 0.018 9329 0.005 1.8064 0.0012
0398 44 903 0.018 9.483 0.005 1.8362 0.0012
0399 44 579 0.018 9415 0.005 1.8230 0.0012
0400 44 171 0.018 9.329 0.005 1.8063 0.0012
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Annex 1: The certified masses of “*U, **U and **Pu per unit of IRMM-1027p.

ESH-U Zasu mPu
. Mass 1 Uncertainty & Mass | Uncertainty & Mass || Uncertainty 2
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0401 44 897 0.018 9.482 0.005 1.8360 0.0012
0402 44 581 0.018 9.415 0.005 1.8231 0.0012
0403 44 181 0.018 9.3 0.005 1.8068 0.0012
0404 44 941 0.018 9.491 0.005 1.8378 0.0012
0405 44173 0.018 9.329 0.005 1.8064 0.0012
0406 44 916 0.018 9.486 0.005 1.8368 0.0012
0407 44 197 0.018 9.334 0.005 1.8074 0.0012
0408 44 911 0.018 9.485 0.005 1.8366 0.0012
0409 44 201 0.018 9.335 0.005 1.8075 0.0012
0410 44 887 0.018 9.480 0.005 1.8356 0.0012
0411 44 300 0.018 9.356 0.005 1.8116 0.0012
0412 44373 0.018 9.371 0.005 1.8146 0.0012
0413 44 976 0.018 9.499 0.005 1.8392 0.0012
0414 44 265 0.018 9.348 0.005 1.8102 0.0012
0415 44 803 0.018 9.462 0.005 1.8322 0.0012
0416 44199 0.018 9.334 0.005 1.8075 0.0012
0417 44 906 0.018 9.484 0.005 1.8364 0.0012
0418 44 211 0.018 9.337 0.005 1.8080 0.0012
0419 44 889 0.018 9.480 0.005 1.86357 0.0012
0420 44 249 0.018 9.345 0.005 1.8095 0.0012
0421 44768 0.018 9.455 0.005 1.8307 0.0012
0422 44 258 0.018 9.347 0.005 1.8099 0.0012
0423 44 883 0.018 9.479 0.005 1.8355 0.0012
0424 44 527 0.018 9.404 0.005 1.8209 0.0012
0425 44 559 0.018 9.410 0.005 1.8222 0.0012
0426 44 552 0.018 9.409 0.005 1.8219 0.0012
0427 44 506 0.018 9.399 0.005 1.8200 0.0012
0428 44 564 0.018 9412 0.005 1.8224 0.0012
0429 44 564 0.018 9412 0.005 1.8224 0.0012
0430 44 541 0.018 9.407 0.005 1.8215 0.0012
0431 44 543 0.018 9.407 0.005 1.8215 0.0012
0432 44 555 0.018 9.410 0.005 1.8220 0.0012
0433 44 525 0.018 9.403 0.005 1.8208 0.0012
0434 44 531 0.018 9.405 0.005 1.8210 0.0012
0435 44 569 0.018 9413 0.005 1.8226 0.0012
0436 44 510 0.018 9.400 0.005 1.8202 0.0012
0437 44 593 0.018 9.418 0.005 1.6236 0.0012
0438 44 511 0.018 9.400 0.005 1.8203 0.0012
0439 44 579 0.018 9415 0.005 1.8230 0.0012
0440 44 499 0.018 9.3938 0.005 1.8198 0.0012
0441 44 599 0.018 9.419 0.005 1.8238 0.0012
0442 44 501 0.018 9.3938 0.005 1.8198 0.0012
0443 44 590 0.018 9417 0.005 1.8235 0.0012
0444 44 510 0.018 9.400 0.005 1.8202 0.0012
0445 44 586 0.018 9416 0.005 1.8233 0.0012
0446 44 520 0.018 9.402 0.005 1.8206 0.0012
0447 44 578 0.018 9.415 0.005 1.8230 0.0012
0448 44 494 0.018 9.397 0.005 1.8195 0.0012
0449 44 590 0.018 9417 0.005 1.8235 0.0012
0450 44 510 0.018 9.400 0.005 1.8202 0.0012
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Annex 1: The certified masses of U, U and “*Pu per unit of IRMM-1027p.

BBU HSU mPu
Vi Mass " Uncertainty 7 Mass Uncertainty Mass ! Uncertainty &
ial No
[ma] [mg] [mg] [ma] [mg] [mg]
0451 44 578 0.018 9415 0.005 1.8230 0.0012
0452 44 508 0.018 9.400 0.005 1.8201 0.0012
0453 44 581 0.018 9415 0.005 1.8231 0.0012
0454 44 524 0.018 9.403 0.005 1.8208 0.0012
0455 44 578 0.018 9415 0.005 1.8230 0.0012
0456 44 511 0.018 9.400 0.005 1.8203 0.0012
0457 44 583 0.018 9416 0.005 1.8232 0.0012
0458 44 504 0.018 9.399 0.005 1.8200 0.0012
0459 44 566 0.018 9412 0.005 1.8225 0.0012
0460 44 557 0.018 9410 0.005 1.8221 0.0012
0461 44 522 0.018 9.403 0.005 1.8207 0.0012
0462 44 574 0.018 9414 0.005 1.8228 0.0012
0463 44 510 0.018 9.400 0.005 1.8202 0.0012
0464 44 573 0.018 9413 0.005 1.8228 0.0012
0465 44 499 0.018 9.398 0.005 1.8198 0.0012
0466 44 576 0.018 9414 0.005 1.8229 0.0012
0467 44 504 0.018 9.399 0.005 1.8200 0.0012
0468 44 578 0.018 9415 0.005 1.8230 0.0012
0469 44 529 0.018 9.404 0.005 1.8210 0.0012
0470 44 553 0.018 9.409 0.005 1.8220 0.0012
0471 44 506 0.018 9.399 0.005 1.8200 0.0012
0472 44 557 0.018 9410 0.005 1.8221 0.0012
0473 44 506 0.018 9.399 0.005 1.8200 0.0012
0474 44 595 0.018 9.418 0.005 1.8237 0.0012
0475 44 497 0.018 9.398 0.005 1.8197 0.0012
0476 44 597 0.018 9.419 0.005 1.8238 0.0012
0477 44 503 0.018 9.399 0.005 1.8199 0.0012
0478 44 592 0.018 9417 0.005 1.8235 0.0012
0479 44 497 0.018 9.398 0.005 1.8197 0.0012
0480 44 583 0.018 9416 0.005 1.8232 0.0012
0481 44 511 0.018 9.400 0.005 1.8202 0.0012
0482 44 562 0.018 9411 0.005 1.8223 0.0012
0483 44 506 0.018 9.399 0.005 1.8200 0.0012
0484 44 562 0.018 9411 0.005 1.8223 0.0012
0485 44 541 0.018 9.407 0.005 1.8215 0.0012
0486 44 550 0.018 9.409 0.005 1.8218 0.0012
0487 44 545 0.018 9.407 0.005 1.8216 0.0012
0488 44 543 0.018 9.407 0.005 1.8215 0.0012
0489 44 536 0.018 9.406 0.005 1.8212 0.0012
0490 44 524 0.018 9.403 0.005 1.8207 0.0012
0491 44 534 0.018 9.405 0.005 1.8212 0.0012
0492 44 578 0.018 9414 0.005 1.8230 0.0012
0493 44 532 0.018 9.405 0.005 1.8211 0.0012
0494 44 567 0.018 9412 0.005 1.8225 0.0012
0495 44 529 0.018 9.404 0.005 1.8210 0.0012
0496 44 550 0.018 9.409 0.005 1.8218 0.0012
0497 44 513 0.018 9.401 0.005 1.8203 0.0012
0498 44 548 0.018 9.408 0.005 1.8217 0.0012
0499 44 550 0.018 9.409 0.005 1.8218 0.0012
0500 44148 0.018 9324 0.005 1.8054 0.0012
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Annex 1: The certified masses of ““U, *U and “*Pu per unit of IRMM-1027p.

ISBU ZSSU mpu
) Mass Uncertainty Mass " Uncertainty ¥ Mass " Uncertainty
Vial No
[mg] [mig] [mig] [mg] [mg] [mg]
0501 44 868 0.018 9.476 0.005 1.8348 0.0012
0502 44 244 0.018 9.344 0.005 1.8093 0.0012
0503 44 920 0.018 9487 0.005 1.8370 0.0012
0504 44 213 0.018 9.337 0.005 1.8080 0.0012
0505 44943 0.018 9.492 0.005 1.8379 0.0012
0506 44218 0.018 9.339 0.005 1.8083 0.0012
0807 44 871 0.018 9476 0.005 1.8350 0.0012
0RD8 44 220 0.018 9.339 0.005 1.8083 0.0012
0509 44 862 0.018 9.479 0.005 1.8354 0.0012
0510 44 194 0.018 9.333 0.005 1.8073 0.0012
0511 44 8688 0.018 9.480 0.005 1.8357 0.0012
0512 44 146 0.018 9323 0.005 1.8063 0.0012
0513 44 883 0.018 9.479 0.005 1.8385 0.0012
0514 44 136 0.018 9.321 0.005 1.8049 0.0012
0515 44 876 0.018 9478 0.005 1.8352 0.0012
0516 44 239 0.018 9.343 0.005 1.8091 0.0012
0817 44 911 0.018 9485 0.005 1.8366 0.0012
0518 44 274 0.018 9.350 0.005 1.8105 0.0012
0519 44 490 0.018 9.396 0.005 1.8194 0.0012
0520 44 576 0.018 9414 0.005 1.8229 0.0012
0521 44 534 0.018 9.405 0.005 1.8212 0.0012
0R22 44 548 0.01a8 9.408 0.005 1.8217 0.0012
0523 44 550 0.018 9.409 0.005 1.8218 0.0012
0524 44 546 0.018 9.408 0.005 1.8217 0.0012
0525 44 541 0.018 9.407 0.005 1.8215 0.0012
0526 44 541 0.018 9.407 0.005 1.8215 0.0012
0527 44 522 0.018 9.403 0.005 1.8207 0.0012
0528 44 510 0.018 9.400 0.005 1.8202 0.0012
0529 44 503 0.018 9.399 0.005 1.8199 0.0012
0530 44 971 0.018 9.497 0.005 1.8390 0.0012
0531 44 497 0.018 9.398 0.005 1.8197 0.0012
0532 44 504 0.018 9.399 0.005 1.8200 0.0012
0533 44 497 0.018 9.393 0.005 1.8197 0.0012
0534 44 478 0.018 9.393 0.005 1.8189 0.0012
0535 44 497 0.018 9.398 0.005 1.8197 0.0012
0536 44 419 0.018 9.381 0.005 1.8165 0.0012
0537 44 916 0.018 9.486 0.005 1.8368 0.0012
0538 44 452 0.018 9.388 0.005 1.8178 0.0012
0539 44 441 0.018 9386 0.005 1.8174 0.0012
0540 44 438 0.018 9385 0.005 1.8173 0.0012
0541 44 820 0.018 9.466 0.005 1.8329 0.0012
0542 44 176 0.018 9.330 0.005 1.8065 0.0012
0543 44 576 0.018 9414 0.005 1.8229 0.0012
0544 44 545 0.018 9.407 0.005 1.8216 0.0012
0R45 44 548 0.018 9.408 0.005 1.8217 0.0012
0546 44 569 0.018 9.413 0.005 1.8226 0.0012
0547 44 543 0.018 9.407 0.005 1.8215 0.0012
0548 44 480 0.018 9.394 0.005 1.8190 0.0012
0549 44 ABT 0.018 9.395 0.005 1.8192 0.0012
0550 44 462 0.018 9.390 0.005 1.8182 0.0012
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Annex 1: The certified masses of “*U, “*U and “*Pu per unit of IRMM-1027p.

Z&BU ZSSU mpu
) Mass ! Uncertainty @ Mass Uncertainty 2 Mass 7 Uncertainty &
Vial No
[mg] [mg] [mag] [mg] [mg] [mag]
0551 44 433 0.018 9.384 0.005 1.8170 0.0012
0552 44 8h2 0.018 9472 0.005 1.8342 0.0012
0553 44 408 0.018 9379 0.005 1.8160 0.0012
0554 44 386 0.018 9374 0.005 1.8151 0.0012
0555 44 §22 0.018 9.466 0.005 1.8330 0.0012
0556 44 377 0.018 9372 0.005 1.8148 0.0012
0557 44 412 0.018 §9.379 0.005 1.8162 0.0012
0558 44 845 0.018 9.471 0.005 1.8339 0.0012
0559 44 438 0.018 9.385 0.005 1.8173 0.0012
0560 44 503 0.018 §.399 0.005 1.8199 0.0012
0561 44.494 0.018 9.397 0.005 1.8195 0.0012
0562 44 .443 0.018 9.386 0.005 1.8175 0.0012
0563 44 478 0.018 5393 0.005 1.8189 0.0012
0564 44 469 0.018 9.392 0.005 1.8185 0.0012
0565 44 985 0.018 9.500 0.005 1.8396 0.0012
0566 44 445 0.018 §.386 0.005 1.8175 0.0012
0567 44 478 0.018 9.393 0.005 1.86189 0.0012
0568 44 414 0.018 9.380 0.005 1.8163 0.0012
0569 44 483 0.018 §.395 0.005 1.8191 0.0012
0570 44 462 0.018 9.390 0.005 1.8182 0.0012
0571 44 901 0.018 9.483 0.005 1.8362 0.0012
0572 44 485 0.018 9.395 0.005 1.8192 0.0012
0573 44 504 0.018 §.399 0.005 1.8200 0.0012
0574 44 536 0.018 9.406 0.005 1.8212 0.0012
0575 44 551 0.018 9.409 0.005 1.8219 0.0012
0576 44 286 0.018 §.353 0.005 1.8110 0.0012
0577 44 585 0.018 9.416 0.005 1.8233 0.0012
0578 44 562 0.018 9411 0.005 1.8223 0.0012
0579 44 513 0.018 9.401 0.005 1.8203 0.0012
0580 44.423 0.018 §.382 0.005 1.8166 0.0012
0581 44 599 0.018 9.419 0.005 1.86238 0.0012
0582 44 545 0.018 9.408 0.005 1.8216 0.0012
0583 44 548 0.018 9.408 0.005 1.8218 0.0012
0584 44 541 0.018 9.407 0.005 1.8215 0.0012
0585 44 543 0.018 9.407 0.005 1.8215 0.0012
0586 44 541 0.018 9. 407 0.005 1.8215 0.0012
0587 44 548 0.018 9.408 0.005 1.86218 0.0012
0588 44 533 0.018 9.405 0.005 1.8211 0.0012
0589 44 524 0.018 9.403 0.005 1.8208 0.0012
0590 44 526 0.018 9.403 0.005 1.6208 0.0012
0591 44 534 0.018 9.405 0.005 1.8212 0.0012
0592 44 524 0.018 9.403 0.005 1.8208 0.0012
0593 44 520 0.018 9.402 0.005 1.86206 0.0012
0594 44 526 0.018 9.403 0.005 1.8208 0.0012
0595 44 522 0.018 5.403 0.005 1.8207 0.0012
0596 44 512 0.018 9.401 0.005 1.8203 0.0012
0597 44.493 0.018 9.398 0.005 1.8197 0.0012
0593 44 505 0.018 9.399 0.005 1.8200 0.0012
0599 44 491 0.018 §.396 0.005 1.8194 0.0012
0600 44 464 0.018 9.39 0.005 1.8183 0.0012
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Annex 1: The certified masses of U, “U and “*Pu per unit of IRMM-1027p.

ZSH-U ZSSU mpu
) Mass Uncertainty = Mass T Uncertainty & Mass " Uncertainty 9
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0601 44 875 0.018 9477 0.005 1.8351 0.0012
0602 44 410 0.018 9.379 0.005 1.8161 0.0012
0603 44 431 0.018 9.384 0.005 1.8170 0.0012
0604 44 421 0.018 9.381 0.005 1.8165 0.0012
0605 44 931 0.018 9.489 0.005 1.8374 0.0012
0606 44 386 0.018 9374 0.005 1.8151 0.0012
0607 44 426 0.018 9.382 0.005 1.8168 0.0012
0608 44.430 0.018 9.383 0.005 1.8169 0.0012
0609 44 553 0.018 9.409 0.005 1.8220 0.0012
0610 44.492 0.018 9.396 0.005 1.8195 0.0012
0611 44 478 0.018 9.394 0.005 1.8189 0.0012
0612 44.938 0.018 9.491 0.005 1.8377 0.0012
0613 44.381 0.018 9.373 0.005 1.8149 0.0012
0614 44.400 0.018 9377 0.005 1.8157 0.0012
0615 44.388 0.018 9.374 0.005 1.8152 0.0012
0616 45 046 0.018 9513 0.005 1.8421 0.0012
0617 44344 0.018 9.365 0.005 1.8134 0.0012
0618 44 367 0.018 9.370 0.005 1.8143 0.0012
0619 44 910 0.018 9.485 0.005 1.8365 0.0012
0620 44318 0.018 9.360 0.005 1.8123 0.0012
0621 44.368 0.018 9.370 0.005 1.8144 0.0012
0622 44 966 0.018 9.496 0.005 1.8388 0.0012
0623 44.300 0.018 9.356 0.005 18116 0.0012
0624 44351 0.018 9.367 0.005 1.8137 0.0012
0625 44 987 0.018 9501 0.005 1.8397 0.0012
0626 44285 0.018 9.353 0.005 1.8110 0.0012
0627 44323 0.018 9.361 0.005 1.8125 0.0012
0628 45.020 0.018 9508 0.005 1.8410 0.0012
0629 44 265 0.018 9.349 0.005 1.8102 0.0012
0630 44 786 0.018 9.458 0.005 1.8315 0.0012
0631 44 239 0.018 9.343 0.005 1.8091 0.0012
0632 44.903 0.018 9.483 0.005 1.8363 0.0012
0633 44 255 0.018 9.346 0.005 1.8098 0.0012
0634 44793 0.018 9.460 0.005 18318 0.0012
0635 44 243 0.018 9.344 0.005 1.8093 0.0012
0636 44 88k 0.018 9.479 0.005 1.8355 0.0012
0637 44230 0.018 9.3 0.005 1.8088 0.0012
0638 44 852 0.018 9472 0.005 1.8342 0.0012
0639 44 215 0.018 9338 0.005 1.8081 0.0012
0640 44 884 0.018 9.479 0.005 1.8355 0.0012
0641 44 363 0.018 9.369 0.005 1.8142 0.0012
0642 44 76h 0.018 9.454 0.005 1.8306 0.0012
0643 44203 0.018 9.335 0.005 1.8076 0.0012
0644 44924 0.018 9.488 0.005 1.8371 0.0012
0645 44 169 0.018 9.328 0.005 1.8063 0.0012
0646 44.920 0.018 9.487 0.005 1.8370 0.0012
0647 44161 0.018 9.326 0.005 1.8059 0.0012
0648 44 906 0.018 9.484 0.005 1.8364 0.0012
0649 44 164 0.018 9.327 0.005 1.8061 0.0012
0650 44 892 0.018 9.481 0.005 1.8358 0.0012
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Annex 1: The certified masses of U, “U and “*Pu per unit of IRMM-1027p.

ISEU Zasu mPu
vi Mass " Uncertainty ~ Mass " Uncertainty 7 Mass Uncertainty ~
ial No
[ma] [mg] [mg] [mg] [mg] [mg]
0651 44 140 0.018 9.322 0.005 1.8051 0.0012
0652 44 904 0.018 9.484 0.005 1.8363 0.0012
0653 44 159 0.018 9.326 0.005 1.8058 0.0012
0654 44 910 0.018 9.485 0.005 1.8365 0.0012
0655 44 573 0.018 9413 0.005 1.8228 0.0012
0656 44 150 0.018 9.324 0.005 1.8055 0.0012
0657 44 890 0.018 9.481 0.005 1.8358 0.0012
0658 44 613 0.018 9422 0.005 1.8244 0.0012
0659 44 117 0.018 9.317 0.005 1.8041 0.0012
0660 44 878 0.018 9478 0.005 1.8353 0.0012
0661 44 655 0.018 943 0.005 1.8261 0.0012
0662 44.093 0.018 9.312 0.005 1.8031 0.0012
0663 44 866 0.018 9475 0.005 1.8348 0.0012
0664 44 679 0.018 9.436 0.005 1.8271 0.0012
0665 44.089 0.018 9.3 0.005 1.8030 0.0012
0666 44 850 0.018 9472 0.005 1.8341 0.0012
0667 44 593 0.018 9.440 0.005 1.8279 0.0012
06638 44 079 0.018 9.309 0.005 1.8026 0.0012
0669 44 843 0.018 9471 0.005 1.8338 0.0012
0670 44 709 0.018 9.442 0.005 1.8283 0.0012
0671 44.489 0.018 9.396 0.005 1.8193 0.0012
0672 44 536 0.018 9.406 0.005 1.8213 0.0012
0673 44 594 0.018 9418 0.005 1.8236 0.0012
0674 44 517 0.018 9.402 0.005 1.8205 0.0012
0&75 44 538 0.018 9.406 0.005 1.8213 0.0012
0676 44 519 0.018 9.402 0.005 1.8205 0.0012
0677 44 567 0.018 9412 0.005 1.8225 0.0012
0678 44 520 0.018 9.402 0.005 1.8206 0.0012
0679 44 540 0.018 9.406 0.005 1.8214 0.0012
0680 44 524 0.018 9.403 0.005 1.8208 0.0012
0681 44 554 0.018 9.409 0.005 1.8220 0.0012
0gg2 44 541 0.018 9.407 0.005 1.8215 0.0012
0683 44 547 0.018 9.408 0.005 1.8217 0.0012
0684 44 550 0.018 9.409 0.005 1.8218 0.0012
0685 44 375 0.018 9372 0.005 1.8147 0.0012
0g86 44 576 0.018 9414 0.005 1.8229 0.0012
0687 44 513 0.018 9.401 0.005 1.8203 0.0012
0688 44 587 0.018 9416 0.005 1.8233 0.0012
0689 44 533 0.018 9.405 0.005 1.8211 0.0012
0690 44 550 0.018 9.409 0.005 1.8218 0.0012
0691 44 540 0.018 9.406 0.005 1.8214 0.0012
0692 44 541 0.018 9.407 0.005 1.8215 0.0012
0693 44 545 0.018 9.408 0.005 1.8216 0.0012
0694 44 541 0.018 9.407 0.005 1.8215 0.0012
0695 44 531 0.018 9.405 0.005 1.8210 0.0012
0696 44 540 0.018 9.406 0.005 1.8214 0.0012
0697 44 543 0.018 9.407 0.005 1.8215 0.0012
0698 44 547 0.018 9.408 0.005 1.8217 0.0012
0699 44 547 0.018 9.408 0.005 1.8217 0.0012
0700 44 540 0.018 9.406 0.005 1.8214 0.0012
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Annex 1: The certified masses of U, “*U and “*Pu per unit of IRMM-1027p.

238,

233

u u Pu
) Mass 1 Uncertainty 7 Mass | Uncertainty = Mass 1 Uncertainty 7
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0701 44 540 0.018 9.406 0.005 1.8214 0.0012
0702 44 &AT 0.018 9.408 0.005 1.8217 0.0012
0yo3 44 540 0.018 9.406 0.005 1.8214 0.0012
0704 44 547 0.018 9.408 0.005 1.8217 0.0012
0705 44 543 0.018 9.407 0.005 1.821%5 0.0012
0706 44 548 0.018 9.408 0.005 1.8218 0.0012
oror 44 543 0.018 9.407 0.005 1.821%5 0.0012
0708 44 538 0.018 9.406 0.005 1.8213 0.0012
0709 44 &AT 0.018 9.408 0.005 1.8217 0.0012
0710 44 &AT 0.018 9.408 0.005 1.8217 0.0012
o7 44 540 0.018 9.406 0.005 1.85214 0.0012
0712 44 &AT 0.018 9.408 0.005 1.8217 0.0012
0713 44 536 0.018 9.406 0.005 1.8213 0.0012
0714 44 RE5 0.018 9.410 0.005 1.8220 0.0012
0715 44 543 0.018 9.407 0.005 1.821%5 0.0012
0716 44 543 0.018 9.407 0.005 1.821%5 0.0012
or7 44 &AT 0.018 9.408 0.005 1.8217 0.0012
0718 44 &AT 0.018 9.408 0.005 1.8217 0.0012
0719 44 550 0.018 9.409 0.005 1.8218 0.0012
0720 44 543 0.018 9.407 0.005 1.821%5 0.0012
0721 44 541 0.018 9.407 0.005 1.821% 0.0012
0722 44 K55 0.018 9.410 0.005 1.8220 0.0012
0723 44 538 0.018 9.406 0.005 1.8213 0.0012
0724 44 548 0.018 9.408 0.005 1.8218 0.0012
0725 44 547 0.018 9.408 0.005 1.8217 0.0012
0726 44 550 0.018 9.409 0.005 1.8218 0.0012
or27 44 547 0.018 9.408 0.005 1.8217 0.0012
0728 44 543 0.018 9.407 0.005 1.821% 0.0012
0729 44 543 0.018 9.407 0.005 1.821% 0.0012
0730 44 541 0.018 9.407 0.005 1.821% 0.0012
073 44 548 0.018 9.408 0.005 1.8218 0.0012
0732 44 564 0.018 9.409 0.005 1.8220 0.0012
0733 44 548 0.018 9.408 0.005 1.8218 0.0012
0734 44 550 0.018 9.409 0.005 1.8218 0.0012
0735 44 557 0.018 9.410 0.005 1.8221 0.0012
0736 44 541 0.018 9.407 0.005 1.821% 0.0012
0737 44 466 0.018 9.39 0.005 1.5184 0.0012
0738 44 557 0.018 9.410 0.005 1.8221 0.0012
0739 44 531 0.018 9.405 0.005 1.8210 0.0012
0740 44 569 0.018 9413 0.005 1.8226 0.0012
0741 44 543 0.018 9.407 0.005 1.821% 0.0012
0742 44 548 0.018 9.408 0.005 1.8218 0.0012
0743 44 379 0.018 9.373 0.005 1.8148 0.0012
0744 44 615 0.018 9.422 0.005 1.8245 0.0012
0745 44 52T 0.018 9.404 0.005 1.8209 0.0012
0746 44 559 0.018 9.410 0.005 1.8222 0.0012
0747 44 547 0.018 9.408 0.005 1.8217 0.0012
0748 44 548 0.018 9.408 0.005 1.8218 0.0012
0749 44 559 0.018 9.410 0.005 1.8222 0.0012
0750 44 550 0.018 9.409 0.005 1.8218 0.0012
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Annex 1: The certified masses ofmu, U and **Pu per unit of IRMM-1027p.

BEU Zﬂﬁu mpu
) Mass Uncertainty Mass " Uncertainty & Mass " Uncertainty @
Vial No

[mg] [mg] [mg] [mg] [mg] [mg]
0751 44 547 0.018 9.408 0.005 1.8217 0.0012
0752 44 550 0.018 9.409 0.005 1.8218 0.0012
07&3 44 FR4 0.018 9.409 0.005 1.8220 0.0012
0754 44 552 0.018 9.409 0.005 1.8219 0.0012
0755 44 545 0.018 9.408 0.005 1.8216 0.0012
0756 44 550 0.018 9.409 0.005 1.8218 0.0012
07&7 44 548 0.018 9.408 0.005 1.8218 0.0012
0758 44 548 0.018 9.408 0.005 1.8218 0.0012
0759 44 552 0.018 9.409 0.005 1.8219 0.0012
0760 44 550 0.018 9.409 0.005 1.8218 0.0012
0761 44 552 0.018 9.409 0.005 1.8219 0.0012
0762 44 RRE 0.018 9.410 0.005 1.8220 0.0012
0763 44 545 0.018 9.408 0.005 1.8216 0.0012
0764 44 5h4 0.018 9.409 0.005 1.8220 0.0012
0765 44 545 0.018 9.408 0.005 1.8216 0.0012
0766 44 554 0.018 9.409 0.005 1.8220 0.0012
0767y 44 RRE 0.018 9.410 0.005 1.8220 0.0012
0768 44 552 0.018 9.409 0.005 1.8219 0.0012
0769 44 567 0.018 9.412 0.005 1.8225 0.0012
0770 44 540 0.018 9.406 0.005 1.8214 0.0012
0771 44 545 0.018 9.408 0.005 1.8216 0.0012
0rrz2 44 K45 0.018 9.408 0.005 1.8216 0.0012
0773 44 548 0.018 9.408 0.005 1.8218 0.0012
0774 44 546 0.018 9.408 0.005 1.8217 0.0012
0775 44 559 0.018 9.410 0.005 1.8222 0.0012
0776 44 540 0.018 9.406 0.005 1.8214 0.0012
oriy 44 566 0.018 9.412 0.005 1.8225 0.0012
0y7a 44 545 0.018 9.408 0.005 1.8216 0.0012
0y79 44 555 0.018 9.410 0.005 1.8220 0.0012
0vao 44 555 0.018 9.410 0.005 1.8220 0.0012
0781 44 BRT 0.018 9.410 0.005 1.8221 0.0012
0raz2 44 552 0.018 9.409 0.005 1.8219 0.0012
0ra3 44 517 0.018 9.402 0.005 1.8205 0.0012
07a4 44 567 0.018 9.412 0.005 1.8225 0.0012
0ras 44 541 0.018 9.407 0.005 1.821% 0.0012
0786 44 5RG 0.018 9.410 0.005 1.8222 0.0012
orar 44 546 0.018 9.408 0.005 1.8217 0.0012
0vas 44 562 0.018 9.411 0.005 1.8223 0.0012
0vag 44 550 0.018 9.409 0.005 1.8218 0.0012
0790 44 K52 0.018 9.409 0.005 1.8219 0.0012
0791 44 548 0.018 9.408 0.005 1.8218 0.0012
0792 44 559 0.018 9.410 0.005 1.8222 0.0012
0793 44 546 0.018 9.408 0.005 1.8217 0.0012
0794 44 559 0.018 9.410 0.005 1.8222 0.0012
0795 44 BRT 0.018 9.410 0.005 1.8221 0.0012
0796 44 548 0.018 9.408 0.005 1.8218 0.0012
rEr 44 550 0.018 9.409 0.005 1.8218 0.0012
0798 44 526 0.018 9.403 0.005 1.8208 0.0012
0799 44 567 0.018 9412 0.005 1.8225 0.0012
0800 44 526 0.018 9.403 0.005 1.8208 0.0012
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Annex 1: The certified masses of “~U, “*U and Py per unit of IRMM-1027p.

ZSH-U ZSSU mpu
) Mass 1 Uncertainty Mass Uncertainty 7 Mass 7 Uncertainty
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0801 44 522 0.018 9.403 0.005 1.8207 0.0012
0802 44 492 0.018 9.396 0.005 1.8195 0.0012
0803 44 501 0.018 9.393 0.005 1.8198 0.0012
0804 44 508 0.018 9.400 0.005 1.8201 0.0012
0805 44 526 0.018 9.403 0.005 1.8208 0.0012
0806 44 531 0.018 9.405 0.005 1.8210 0.0012
0807 44 513 0.018 9.401 0.005 1.8203 0.0012
0s08 44 492 0.018 9396 0.005 1.8195 0.0012
0809 44 445 0.018 9387 0.005 1.8175 0.0012
0810 44 913 0.018 9.485 0.005 1.8367 0.0012
0811 44 A56 0.018 9.389 0.005 1.8180 0.0012
0g12 44 470 0.018 9392 0.005 1.8185 0.0012
0813 44 485 0.018 9.395 0.005 1.8192 0.0012
0814 44 449 0.018 9387 0.005 1.8177 0.0012
0815 44 885 0.018 9479 0.005 1.8355 0.0012
0816 44 450 0.018 9.388 0.005 1.8178 0.0012
0817 44 4TS 0.018 9.393 0.005 1.8188 0.0012
0818 44 295 0.018 9. 355 0.005 1.8114 0.0012
0819 44 494 0.018 9.397 0.005 1.8195 0.0012
0820 44 456 0.018 9389 0.005 1.8180 0.0012
0821 44 471 0.018 9.392 0.005 1.8186 0.0012
0g22 44 464 0.018 9.3M 0.005 1.8183 0.0012
0823 44 887 0.018 9.480 0.005 1.8356 0.0012
0824 44 430 0.018 9383 0.005 1.8169 0.0012
0825 44 463 0.018 9.390 0.005 1.8183 0.0012
0826 44 463 0.018 9.390 0.005 1.8183 0.0012
0827 44 897 0.018 9.482 0.005 1.8360 0.0012
0828 44 445 0.018 9.387 0.005 1.8175 0.0012
0829 44 438 0.018 9.385 0.005 1.8173 0.0012
0830 44 445 0.018 9.387 0.005 1.8175 0.0012
0831 44 859 0.018 9474 0.005 1.8345 0.0012
0832 44 405 0.018 9.378 0.005 1.8159 0.0012
0833 44 454 0.018 9388 0.005 1.8179 0.0012
0834 44 438 0.018 9.385 0.005 1.8173 0.0012
0835 44 932 0.018 9.489 0.005 1.8375 0.0012
0836 44 431 0.018 9.384 0.005 1.8170 0.0012
0837 44 452 0.018 9388 0.005 1.8178 0.0012
0838 44 AT 0.018 9.389 0.005 1.8180 0.0012
0839 44 37T 0.018 9372 0.005 1.8148 0.0012
0840 44 880 0.018 9473 0.005 1.8353 0.0012
0841 44 423 0.018 9382 0.005 1.8166 0.0012
0842 44 438 0.018 9.385 0.005 1.8173 0.0012
0843 44 461 0.018 9390 0.005 1.8182 0.0012
0844 44 890 0.018 9.481 0.005 1.8358 0.0012
0845 44 452 0.018 9.388 0.005 1.8178 0.0012
0846 44 447 0.018 9.387 0.005 1.8176 0.0012
0847 44 456 0.018 9389 0.005 1.8180 0.0012
0848 44 440 0.018 9.385 0.005 1.8173 0.0012
0849 45016 0.018 9507 0.005 1.8409 0.0012
0850 44 454 0.018 9.383 0.005 1.8179 0.0012
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Annex 1: The certified masses of “*U, “*U and “*Pu per unit of IRMM-1027p.

ZSBU zusu mpu
) Mass " Uncertainty & Mass Uncertainty © Mass Uncertainty &
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
0851 44.450 0.018 9.388 0.005 1.8178 0.0012
0852 44 463 0.018 9.390 0.005 1.8183 0.0012
0853 44 457 0.018 9.389 0.005 1.8180 0.0012
0854 44 885 0.018 9479 0.005 1.8355 0.0012
0855 44 421 0.018 9.381 0.005 1.8165 0.0012
0856 44.443 0.018 9.386 0.005 1.8175 0.0012
0857 44 442 0.018 9.386 0.005 1.8174 0.0012
0858 44 941 0.018 949 0.005 1.8378 0.0012
0859 44.445 0.018 9.387 0.005 1.8175 0.0012
0860 44 436 0.018 9.385 0.005 1.8172 0.0012
0861 44.445 0.018 9.387 0.005 1.8175 0.0012
082 44.910 0.018 9.485 0.005 1.8365 0.0012
0863 44 452 0.018 9.388 0.005 1.8178 0.0012
0864 44 471 0.018 9.392 0.005 1.8186 0.0012
0865 44 487 0.018 9.395 0.005 1.8193 0.0012
0866 44.475 0.018 9.393 0.005 1.8188 0.0012
0867 44 436 0.018 9.385 0.005 1.8172 0.0012
0868 44 955 0.018 9.494 0.005 1.8384 0.0012
0869 44 447 0.018 9.387 0.005 1.8176 0.0012
0870 44 461 0.018 9.390 0.005 1.8182 0.0012
0871 44 487 0.018 9.395 0.005 1.8193 0.0012
0avz 44.482 0.018 9.394 0.005 1.8190 0.0012
0873 44 431 0.018 9.384 0.005 1.8170 0.0012
0874 44 983 0.018 9.500 0.005 1.8395 0.0012
0875 44 464 0.018 9.39 0.005 1.8183 0.0012
0876 44 457 0.018 9.389 0.005 1.8180 0.0012
0877 44 436 0.018 9.385 0.005 1.8172 0.0012
0avs 44.440 0.018 9.385 0.005 1.8173 0.0012
0879 44.920 0.018 9.487 0.005 1.8370 0.0012
0880 44 424 0.018 9.382 0.005 1.8167 0.0012
0881 44 459 0.018 9.389 0.005 1.8181 0.0012
0ag2 44 .49 0.018 9.396 0.005 1.8194 0.0012
0883 44 464 0.018 9.3 0.005 1.8183 0.0012
0884 44 915 0.018 9.486 0.005 1.8368 0.0012
0885 44 436 0.018 9.385 0.005 1.8172 0.0012
0886 44.463 0.018 9.390 0.005 1.8183 0.0012
0887 44.409 0.018 9.379 0.005 1.8160 0.0012
0888 44 906 0.018 9.484 0.005 1.8364 0.0012
0889 44.379 0.018 9.372 0.005 1.8148 0.0012
0890 44 501 0.018 9.398 0.005 1.8198 0.0012
0891 44 365 0.018 9.370 0.005 1.8143 0.0012
0892 44 992 0.018 9502 0.005 1.8399 0.0012
0893 44.428 0.018 9.383 0.005 1.8168 0.0012
0894 44 670 0.018 9434 0.005 1.8268 0.0012
0895 44 532 0.018 9.405 0.005 1.8211 0.0012
0896 44 559 0.018 9410 0.005 1.8222 0.0012
0897 44 532 0.018 9.405 0.005 1.8211 0.0012
0898 44 571 0.018 9413 0.005 1.8227 0.0012
0899 44 513 0.018 9.401 0.005 1.8203 0.0012
0900 44 602 0.018 9.420 0.005 1.8240 0.0012
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Annex 1: The certified masses of U, “*U and “*Pu per unit of IRMM-1027p.

BEU HSU Zﬂﬁpu
) Mass " Uncertainty 7 Mass 7 Uncertainty ™ Mass 7 Uncertainty =
Vial No
[mag] [mg] [mg] [mg] [mg] [mg]
0901 44 538 0.018 9.406 0.005 1.8213 0.0012
0902 44 557 0.018 9.410 0.005 1.8221 0.0012
0403 44 548 0.018 9.408 0.005 1.8218 0.0012
0an4d 44 BRT 0.018 9.410 0.005 1.8221 0.0012
0905 44 553 0.018 9.409 0.005 1.8220 0.0012
0406 44 BRT 0.018 9.410 0.005 1.8221 0.0012
0ao7 44 5R0 0.018 9.409 0.005 1.8218 0.0012
0408 44 5R0 0.018 9.409 0.005 1.8218 0.0012
0909 44 552 0.018 9.409 0.005 1.8219 0.0012
0910 44 562 0.018 9.411 0.005 1.8223 0.0012
0911 44 546 0.018 9.408 0.005 1.8217 0.0012
0912 44 560 0.018 9.411 0.005 1.8223 0.0012
0913 44 552 0.018 9.409 0.005 1.8219 0.0012
0914 44 555 0.018 9.410 0.005 1.8220 0.0012
0915 44 BRR 0.018 9.410 0.005 1.8220 0.0012
0916 44 557 0.018 9.410 0.005 1.8221 0.0012
0917 44 550 0.018 9.409 0.005 1.8218 0.0012
0918 44 154 0.018 9.3258 0.005 1.8056 0.0012
0919 44 461 0.018 9.390 0.005 1.8182 0.0012
0920 44 883 0.018 9.479 0.005 1.8355 0.0012
0921 44 583 0.018 9.416 0.005 1.8232 0.0012
0az22 44 539 0.018 9.406 0.005 1.8214 0.0012
0923 44 BR3 0.018 9.409 0.005 1.8220 0.0012
0924 44 562 0.018 9411 0.005 1.8223 0.0012
0925 44 550 0.018 9.409 0.005 1.8218 0.0012
04926 44 541 0.018 9.407 0.005 1.8215 0.0012
0az27 44 562 0.018 9.411 0.005 1.8223 0.0012
0928 44 555 0.018 9.410 0.005 1.8220 0.0012
0929 44 557 0.018 9.410 0.005 1.8221 0.0012
0930 44 5RO 0.018 9.409 0.005 1.8218 0.0012
0931 44 BR2 0.018 9.409 0.005 1.8219 0.0012
0932 44 562 0.018 9411 0.005 1.8223 0.0012
0933 44 553 0.018 9.409 0.005 1.8220 0.0012
0934 44 560 0.018 9.411 0.005 1.8223 0.0012
0935 44 546 0.018 9.408 0.005 1.8217 0.0012
0936 44 651 0.018 9.430 0.005 1.8260 0.0012
0937 44 555 0.018 9.410 0.005 1.8220 0.0012
0938 44 510 0.018 9.400 0.005 1.8202 0.0012
0939 44 581 0.018 9.41% 0.005 1.8231 0.0012
0940 44 559 0.018 9.410 0.005 1.8222 0.0012
0941 44 567 0.018 9.412 0.005 1.8225 0.0012
0a42 44 BR9 0.018 9.410 0.005 1.8222 0.0012
0943 44 541 0.018 9.407 0.005 1.8215 0.0012
0944 44 562 0.018 9411 0.005 1.8223 0.0012
0945 44 552 0.018 9.409 0.005 1.8219 0.0012
0a46 44 5RO 0.018 9.409 0.005 1.8218 0.0012
0a47 44 BRT 0.018 9.410 0.005 1.8221 0.0012
0948 44 534 0.018 9.405 0.005 1.8212 0.0012
0949 44 550 0.018 9.409 0.005 1.8218 0.0012
09580 44 541 0.018 9.407 0.005 1.8215 0.0012
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Annex 1: The certified masses of “°U, “*U and “*Pu per unit of IRMM-1027p.

ISIU 235U mpu
) Mass Uncertainty & Mass " Uncertainty = Mass Uncertainty &
Vial No
[mg] [mg] [ma] [mg] [mg] [mg]
0951 44 543 0.018 9.407 0.005 1.8215 0.0012
0952 44 536 0.018 9.406 0.005 1.8213 0.0012
0953 44 520 0.018 9.402 0.005 1.8206 0.0012
0954 44 532 0.018 9 405 0.005 1.8211 0.0012
0955 44 541 0.018 9.407 0.005 1.8215 0.0012
0956 44 529 0.018 9.404 0.005 1.8210 0.0012
0957 44 538 0.018 9.406 0.005 1.8213 0.0012
0958 44 534 0.018 9.405 0.005 1.8212 0.0012
0959 44 449 0.018 9387 0.005 1.8177 0.0012
0960 44 510 0.018 9.400 0.005 1.8202 0.0012
0961 44 543 0.018 9.407 0.005 1.8215 0.0012
0962 44 508 0.018 9.400 0.005 1.8201 0.0012
0963 44 496 0.018 9.397 0.005 1.8196 0.0012
0964 44 512 0.018 9.401 0.005 1.8203 0.0012
0965 44 503 0.018 9.399 0.005 1.8199 0.0012
0966 44 .494 0.018 9.397 0.005 1.8195 0.0012
0967 44 484 0.018 9.395 0.005 1.8191 0.0012
0968 44 484 0.018 9.395 0.005 1.8191 0.0012
0969 44 946 0.018 9.492 0.005 1.8380 0.0012
0970 44 499 0.018 9.398 0.005 1.8198 0.0012
0971 44 519 0.018 9.402 0.005 1.8206 0.0012
0972 44 475 0.018 9.393 0.005 1.8188 0.0012
0973 44 375 0.018 9.372 0.005 1.8147 0.0012
0974 44 946 0.018 9.492 0.005 1.8380 0.0012
0975 44 .403 0.018 9.378 0.005 1.8158 0.0012
0976 44 405 0.018 9.378 0.005 1.8159 0.0012
0977 44 856 0.018 9.473 0.005 1.8343 0.0012
0978 44 393 0.018 9.375 0.005 1.8154 0.0012
0979 44 384 0.018 9374 0.005 1.8150 0.0012
0980 44 840 0.018 9.470 0.005 1.8337 0.0012
0981 44 391 0.018 9.375 0.005 1.8153 0.0012
0982 44 374 0.018 9.371 0.005 1.8146 0.0012
0983 44 88T 0.018 9.480 0.005 1.8356 0.0012
0984 44 382 0.018 9.373 0.005 1.8150 0.0012
0985 44 370 0.018 9.371 0.005 1.8145 0.0012
0986 44 901 0.018 9.483 0.005 1.8362 0.0012
09ary 44 396 0.018 9.376 0.005 1.8155 0.0012
0988 44 368 0.018 9.370 0.005 1.8144 0.0012
0989 44 890 0.018 9.481 0.005 1.8358 0.0012
0990 44379 0.018 9.372 0.005 1.8148 0.0012
0991 44 374 0.018 9.371 0.005 1.8146 0.0012
0992 44 904 0.018 9.483 0.005 1.8363 0.0012
0993 44 365 0.018 9.370 0.005 1.8143 0.0012
0994 44 344 0.018 9365 0.005 1.8134 0.0012
0995 44 966 0.018 9.496 0.005 1.8388 0.0012
0996 44 326 0.018 9.361 0.005 1.8127 0.0012
0997 44 353 0.018 9. 367 0.005 1.8138 0.0012
0998 44 967 0.018 9.497 0.005 1.8389 0.0012
0999 44 358 0.018 9.368 0.005 1.8140 0.0012
1000 44 361 0.018 9.369 0.005 1.8141 0.0012
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Annex 1: The certified masses of “*U, ***U and **Pu per unit of IRMM-1027p.

Z‘,ﬁﬂ-u HSU mpu
) Mass 1 Uncertainty < Mass ! Uncertainty & Mass ! Uncertainty -
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
1001 44 918 0.018 9.486 0.005 1.8369 0.0012
1002 44 356 0.018 9.368 0.005 1.8139 0.0012
1003 44 339 0.018 9.364 0.005 1.8132 0.0012
1004 44 967 0.018 9.497 0.005 1.8389 0.0012
1005 44 354 0.018 9.367 0.005 1.8138 0.0012
1006 44 330 0.018 9.362 0.005 1.8128 0.0012
1007 44 971 0.018 9.4938 0.005 1.8390 0.0012
1008 44 326 0.018 9.361 0.005 1.8127 0.0012
1009 44 328 0.018 9.362 0.005 1.8128 0.0012
1010 45.007 0.018 9.505 0.005 1.8405 0.0012
1011 44 328 0.018 9.362 0.005 1.8128 0.0012
1012 44 330 0.018 9.362 0.005 1.8128 0.0012
1013 44 993 0.018 9.6502 0.005 1.8400 0.0012
1014 44 312 0.018 9.358 0.005 1.8121 0.0012
101% 44 440 0.018 9.385 0.005 1.8173 0.0012
1016 44 386 0.018 9.374 0.005 1.8151 0.0012
1017 44742 0.018 9.449 0.005 1.8297 0.0012
1018 44 316 0.018 9.359 0.005 1.8123 0.0012
1019 44 829 0.018 9.468 0.005 1.8333 0.0012
1020 44 286 0.018 9.353 0.005 1.8110 0.0012
1021 44 821 0.018 9.466 0.005 1.8329 0.0012
1022 44 281 0.018 9.352 0.005 1.8108 0.0012
1023 44 843 0.018 9.471 0.005 1.8338 0.0012
1024 44 295 0.018 9.355 0.005 1.8114 0.0012
1025 44 793 0.018 9.460 0.005 1.8318 0.0012
1026 44 271 0.018 9.350 0.005 1.8104 0.0012
1027 44 B66 0.018 9.475 0.005 1.8348 0.0012
1028 44 290 0.018 9.354 0.005 1.8112 0.0012
1029 44 B15 0.018 9.465 0.005 1.8327 0.0012
1030 44 281 0.018 9352 0.005 1.8108 0.0012
1031 44 843 0.018 9.471 0.005 1.8338 0.0012
1032 44 265 0.018 9.349 0.005 1.8102 0.0012
1033 44 843 0.018 9.471 0.005 1.8338 0.0012
1034 44 293 0.018 9.354 0.005 1.8113 0.0012
1035 44 803 0.018 9.462 0.005 1.8322 0.0012
1036 44 269 0.018 9.349 0.005 1.8103 0.0012
1037 44 842 0.018 9.470 0.005 1.8338 0.0012
1038 44 269 0.018 9.349 0.005 1.8103 0.0012
1039 44 833 0.018 9.468 0.005 1.8334 0.0012
1040 44 248 0.018 9.345 0.005 1.8095 0.0012
1041 44 856 0.018 9473 0.005 1.8343 0.0012
1042 44 246 0.018 9.344 0.005 1.8094 0.0012
1043 44 BRT 0.018 9.474 0.005 1.8344 0.0012
1044 44 269 0.018 9.349 0.005 1.8103 0.0012
1045 44 829 0.018 9.468 0.005 1.8333 0.0012
1046 44 271 0.018 9.350 0.005 1.8104 0.0012
1047 44 850 0.018 9472 0.005 1.8341 0.0012
1048 44 264 0.018 9.348 0.005 1.8101 0.0012
1049 44 850 0.018 9.472 0.005 1.8341 0.0012
1060 44 246 0.018 9.344 0.005 1.8094 0.0012
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Annex 1: The certified masses of “*U, U and “*Pu per unit of IRMM-1027p.

ﬂﬂ-u Zﬂsu mpu
. Mass 1 Uncertainty 2 Mass Uncertainty = Mass | Uncertainty 2
Vial No
[mg] [mg] [mg] [mg] [mg] [mg]
1051 44 850 0.018 9472 0.005 1.8341 0.0012
1052 44 251 0.018 9.346 0.005 1.8096 0.0012
1053 44 667 0.018 9433 0.005 1.8266 0.0012
1054 44 229 0.018 9.3 0.005 1.8087 0.0012
1055 44 925 0.018 9.488 0.005 1.8372 0.0012
1056 44248 0.018 9.345 0.005 1.8095 0.0012
1057 44 859 0.018 9474 0.005 1.8345 0.0012
1058 44213 0.018 9.337 0.005 1.8080 0.0012
1059 44 873 0.018 9477 0.005 1.8350 0.0012
1060 44 246 0.018 9.344 0.005 1.8094 0.0012
1061 44 824 0.018 9.467 0.005 1.8330 0.0012
1062 44 243 0.018 9.344 0.005 1.8093 0.0012
1063 44 855 0.018 9473 0.005 1.8343 0.0012
1064 44 222 0.018 9.339 0.005 1.8084 0.0012
1065 44 880 0.018 9478 0.005 1.8353 0.0012
1066 44 236 0.018 9.342 0.005 1.8090 0.0012
1067 44 875 0.018 9477 0.005 1.8351 0.0012
1068 44 236 0.018 9.342 0.005 1.8090 0.0012
1069 44 878 0.018 9478 0.005 1.8352 0.0012
1070 44 234 0.018 9.342 0.005 1.8089 0.0012
1071 44 876 0.018 9478 0.005 1.8352 0.0012
1072 44 232 0.018 9.342 0.005 1.8088 0.0012
1073 44 878 0.018 9478 0.005 1.8352 0.0012
1074 44 227 0.018 9.340 0.005 1.8086 0.0012
1075 44 876 0.018 9478 0.005 1.8352 0.0012
1076 44 236 0.018 9.342 0.005 1.8090 0.0012
1077 44 887 0.018 9.480 0.005 1.8356 0.0012
1078 44 236 0.018 9.342 0.005 1.8090 0.0012
1079 44 871 0.018 9476 0.005 1.8350 0.0012
1080 44 241 0.018 9.343 0.005 1.8092 0.0012
1081 44 880 0.018 9478 0.005 1.8353 0.0012
1082 44 215 0.018 9.338 0.005 1.8081 0.0012
1083 44 897 0.018 9482 0.005 1.8360 0.0012
1084 44 215 0.018 9.338 0.005 1.8081 0.0012
1085 44 903 0.018 9483 0.005 1.8362 0.0012
1086 44 201 0.018 9.335 0.005 1.8075 0.0012
1087 44913 0.018 9.485 0.005 1.8367 0.0012
1088 44 192 0.018 9.333 0.005 1.8072 0.0012
1089 44920 0.018 9.487 0.005 1.8370 0.0012
1090 44178 0.018 9.330 0.005 1.8066 0.0012
1091 44925 0.018 9.488 0.005 1.8372 0.0012
1092 44192 0.018 9.333 0.005 1.8072 0.0012
1093 44918 0.018 9.486 0.005 1.8369 0.0012
1094 44 204 0.018 9.336 0.005 1.807T 0.0012
1095 44 843 0.018 9.471 0.005 1.8338 0.0012
1096 44 211 0.018 9.337 0.005 1.8080 0.0012
1097 44 904 0.018 9483 0.005 1.8363 0.0012
1098 44 208 0.018 9.336 0.005 1.8078 0.0012
1099 44904 0.018 9483 0.005 1.8363 0.0012
1100 44 204 0.018 9.336 0.005 1.8077 0.0012
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Annex 1: The certified masses of U, U and “*Pu per unit of IRMM-1027p.

ISBU ZSSU mpu
) Mass || Uncertainty & Mass Uncertainty ¥ Mass Uncertainty 7
Vial No
[ma] [mg] [ma] [mg] [mg] [mg]
1101 44 901 0.018 9483 0.005 1.8362 0.0012
1102 44 215 0.018 9.338 0.005 1.8081 0.0012
1103 44 88T 0.018 9.480 0.005 1.8356 0.0012
1104 44 208 0.018 9.336 0.005 1.8078 0.0012
1105 44 890 0.018 9.481 0.005 1.8357 0.0012
1106 44190 0.018 9333 0.005 1.8071 0.0012
1107 44 908 0.018 9.484 0.005 1.8365 0.0012
1108 44 201 0.018 9.335 0.005 1.8075 0.0012
1109 44 920 0.018 9.487 0.005 1.8370 0.0012
1110 44199 0.018 9334 0.005 1.8075 0.0012
1111 44 897 0.018 9.482 0.005 1.8360 0.0012
1112 44 181 0.018 933 0.005 1.8068 0.0012
1113 44 786 0.018 9.453 0.005 1.8315 0.0012
1114 44 202 0.018 9.335 0.005 1.8076 0.0012
1115 44 890 0.018 9.481 0.005 1.8357 0.0012
1116 44 183 0.018 933 0.005 1.8068 0.0012
1117 44 894 0.018 9.481 0.005 1.8359 0.0012
1118 44183 0.018 933 0.005 1.8068 0.0012
1119 44 897 0.018 9.482 0.005 1.8360 0.0012
1120 44 601 0.018 9419 0.005 1.8239 0.0012
1121 44 171 0.018 9.329 0.005 1.8063 0.0012
1122 44 889 0.018 9.480 0.005 1.8357 0.0012
1123 44 601 0.018 9.419 0.005 1.8239 0.0012
1124 44 155 0.018 9.325 0.005 1.8057 0.0012
1125 44 897 0.018 9.462 0.005 1.8360 0.0012
1126 44 637 0.018 9427 0.005 1.8264 0.0012
1127 44159 0.018 9.326 0.005 1.8058 0.0012
1128 44 885 0.018 9479 0.005 1.8355 0.0012
1129 44 639 0.018 9427 0.005 1.8255 0.0012
1130 44173 0.018 9.329 0.005 1.8064 0.0012
1131 44 880 0.018 9478 0.005 1.8363 0.0012
1132 44 532 0.018 9426 0.005 1.8252 0.0012
1133 44 148 0.018 9.324 0.005 1.8054 0.0012
1134 44 859 0.018 9474 0.005 1.8345 0.0012
11356 44 667 0.018 9433 0.005 1.8266 0.0012
1136 44126 0.018 9.319 0.005 1.8045 0.0012
1137 44 873 0.018 Q47T 0.005 1.8350 0.0012
1138 44 674 0.018 9.435 0.005 1.8269 0.0012
1139 44 150 0.018 9324 0.005 1.8055 0.0012
1140 44 861 0.018 9474 0.005 1.8345 0.0012
1141 44 676 0.018 9435 0.005 1.8270 0.0012
1142 44 120 0.018 9.318 0.005 1.8043 0.0012
1143 44 868 0.018 9476 0.005 1.8348 0.0012
1144 44 697 0.018 9.440 0.005 1.8278 0.0012
1145 44 113 0.018 9.316 0.005 1.8040 0.0012
1146 44 861 0.018 9474 0.005 1.8345 0.0012
1147 44 711 0.018 9.443 0.005 1.8284 0.0012
1148 44 115 0.018 9.317 0.005 1.8040 0.0012
1149 44 869 0.018 9476 0.005 1.8349 0.0012
1150 44 691 0.018 9.438 0.005 1.8276 0.0012
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Annex 1: The certified masses of “°U, **U and “*Pu per unit of IRMM-1027p.

ZSE-U HSU mpu
) Mass Uncertainty Mass Uncertainty =/ Mass ! Ly
VialNo gy [ma] [mg] mg] [mg) Uncertamty”imal
1151 44 571 0018 9413 0.005 1.8227 0.0012
1152 44 119 0.018 9.318 0.005 1.8042 0.0012
1153 44 855 0.018 9473 0.005 1.8343 0.0012
1154 44 555 0.018 9.410 0.005 1.8220 0.0012
1155 44 567 0.018 9412 0.005 1.8225 0.0012
1156 44 572 0.018 9413 0.005 1.8227 0.0012
1157 44 572 0.018 9413 0.005 1.8227 0.0012
1158 44 560 D018 9.411 0.005 1.8222 0.0012
1159 44 570 D018 9413 0.005 1.8227 0.0012
1160 44 574 0.018 95414 0.005 1.8228 0.0012
1161 44 579 0.018 9415 0.005 1.8230 0.0012
1162 44 542 0.018 9.407 0.005 1.8215 0.0012
1163 44 567 0018 9412 0.005 1.8225 0.0012
1164 44 569 D018 9413 0.005 1.8226 0.0012
1165 44 567 0.018 9412 0.005 1.8225 0.0012
1166 44 562 0.018 9411 0.005 1.8223 0.0012
1167 44 572 0.018 9413 0.005 1.8227 0.0012
1168 44 560 0.018 9411 0.005 1.8222 0.0012
1169 44 560 0018 9411 0.005 1.8222 0.0012
1170 44 565 0.018 9412 0.005 1.8224 0.0012
1171 44 565 0.018 9412 0.005 1.8224 0.0012
1172 44 558 0.018 9410 0.005 1.8222 0.0012
1173 44 563 0.018 9411 0.005 1.8224 0.0012
1174 44 556 0018 9.410 0.005 1.8221 0.0012
1175 44 558 0.018 9.410 0.005 1.8222 0.0012
1176 44 555 0.018 9.410 0.005 1.8220 0.0012
1177 44 553 0.018 9.409 0.005 1.8219 0.0012
1178 44 551 0.018 9409 0.005 1.8219 0.0012
1179 44 551 0018 9.409 0.005 1.8219 0.0012
1180 44 551 0.018 9.409 0.005 1.8219 0.0012
1181 44 551 0.018 9.409 0.005 1.8219 0.0012
1182 44 551 0.018 9.409 0.005 1.8219 0.0012
1183 44 551 0.018 9.409 0.005 1.8219 0.0012
1184 44 560 0018 9411 0.005 1.8222 0.0012
1185 44 612 D018 9422 0.005 1.8244 0.0012
1186 43720 0.018 9.233 0.005 1.7879 0.0012

"'The certified values are traceable to the values on the respective metal certificates (EC NRM 101, NBEL 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 ISOfIEC Guide 98-3, Guide to the Expression of
Uncertainty in Measurement (GUM:1995), IS0, 2008.

European Commission — Joint Research Centre
Institute for Reference Materials and Measurements (IRMM)
Retiesewesg 111, B - 2440 Geel (Belgium)
Telephone: +32{0)14-571.722 - Telefax: +32-(0)14-550.406
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Annex 2: The certificate of EC NRM 101 uranium metal

) Certified Nuclear
Reference Material

Certificate of Analysis

EC NUCLEAR REFERENCE MATERIAL NO. 101
MATERIAL : URANIUM METAL

URANIUM MASS FRACTION : (999.85 -+ 0.05) g-kg-t

The uncertainty has been calculated by multiplying the estimated
overall standard deviation by a factor of two. This corresponds to a

confidence level of about 95 percent.

Commission of the European Communities
Joint Research Centre
Geel Establishment (CBNM)
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Annex 3: The certificate of NBL CRM-116 uranium metal

%) U. S. Department of Energy
New Brunswick Laboratory

New Brunswick Laboratory
@ertified Reference Materials
@ertificate of Analysis

CRM 116

Uranium (Enriched) Metal
(Uranium and Uranium-235 Standard)

Uranium (etched metal basis) 99.967, £ 0.()069 Wt. %
(=0.05,n=6)
Uranium-235 93.121, £ 0.004, Wt.%
(@=0.05,n=6)

93.183, £ 0.004, At.%

Relative atomic weight 235.201

Metal must be etchedin 1 + 1 HNO,, rinsed in distilled-deionized water and acetone, and dried prior to use.

REFERENCE METHODS OF ANALYSIS: Titrimetry (high precision NBL method) verified with NBL. CRM
112-A Uranium Metal Standard and thermal ionization mass spectrometry verified with NBL. CRM U930 Uranium

Isotopic Standard. -

Carleton D. Bingham

June 1978
Director

Argonne, Illinois
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Annex 4: The certificate of CETAMA MP2 plutonium metal

COMMISSARIAT A L'ENERGIE ATOMIQUE (m
{TA"A COMMISSION D'ETABLISSEMENT DES METHODES D'ANALYSE
REFERENCE MATERIAL CERTIFICATE

PLUTONIUM METAL
I|MP2|I

Samplen® Xxxx ~ Mass: O.xxxxxx * 0.000012 g

(For X and x values see list page 4)

The reference material to which this certificate relates is intended for the calibration of
chemical composition measurement. The overall chemical content of plutonium is
certified. The confidence interval associated with the certified value for a single sample,
takes into account uncertainties associated to with analysis and heteregenity of metal.
This content, expressed as a percentage of mass, was the following on 12 march 2001 for

a single sample with a probability level of 0.95.

99.90 + 0.04 %

THE TRUE MASS OF THE SAMPLE A + 12 pg, RELATED TO A VACUUM, IS THAT
INDICATED IN THIS CERTIFICATE AND ON THE AMPOULE.

The possibility of surface oxidation makes it impossible to envisage weighing at the time of use

Isotopique composition is certified on 12 march 2001 : see certificate IRMM page3

The preparation, analysis and certification of the plutonium to which this certificate relates was carried out by
different units of the CEA group under the supervision of the Committee for Establishing Analysis Methods
(CETAMA).

CETAMA CRM manager

N A

5
) /\( .
A P ___L..f-:.”)

CETAMA
CEA VALRHO Marcoule
30207 BAGNOLS SUR CEZE CEDEX
Téléphone 04.66.79.69.88 - Télécopie 04.66.79.69.89 Cartifieation
-1- Version ; 10.2007
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On 12/03/2001, the metal contained around:

- Dby weight, 489 mg.kg'l of uranium,
- by weight, 438 mgkg1 of américium..

UTILISATION

The sample, which consists of a piece of metal, is supplied in a double glass ampoule filled with pure
nitrogen at a pressure of around 0.1 Pascal.

The ampoule must be opened with care inside a glove box. All the sample must be transferred to the
dissolver.

Cover with 0.1 mol.I1 hydrochloric acid. The ampoule must be thoroughly washed with the same acid to
recover any parlicles of metal which may have become separated. In 2 ml fractions, add the necessary
quantity of 12 moLl1 hydrochloric acid of guaranteed purity to obtain a 4 mol.l" hydrochloric acid
solution. Allow dissolving to proceed without heating for 10 to 15 minutes, then heat to boiling point. If
there are still particles of plutonium at the bottom of the dissolver after heating for two hours, add 2 m1 of
12 mol.1* hydrochloric acid and 2 drops of 1 mol.I? hydrofluoric acid and continue heating for another
two hours. Repeat the operation if necessary until the material is totally dissolved.

If plutonium fluoride precipitates out, add a few drops of aluminium nitrate (approximately one

mollT)..
Allow to cool and adjust to the required volume.

ADDITIONAL INFORMATION

The certified plutonium content has been deduced from analysis of impurities carried out by five
laboratories and checked by chemical assay of the plutonium in two different laboratories using three
different methods of analysis.

Spark Source Mass Spectrometry has given a full analysis of the impurities and, where concentration
levels allowed, inductively-coupled plasma atomic emission spectrometry has been used to establish the
concentrations of some of them.

The uranium was determined by laser spectrofluorimetry and the americium by gamma
spectrometry.Carbon was determined by coulometry, after transformation into gaseous form by
combustion in oxygen.

The gases were analysed by chromatography in the aqueous phase:

- for nitrogen and oxygen after extraction by high temperature stream under an inert gas,

— for hydrogen after diffusion in a vacuum.

CETAMA
CEA VALRHO Marcoule
30207 BAGNOLS SUR CEZE CEDEX
Téléphone 04.66.79.69.88 - Télécopie 04.66.79.69.89 Certification
-2- Version : 10.2007
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IRMM

Institute for Reference Materials and Measurements
CERTIFICATE OF ISOTOPIC COMPOSITION
Geel, 30 May 2001

1. aApplicant: Mr G. Lamarque
Président de la Cetamn

2. Sample Llentification: MP2 (Pu metal)

3. Isowpic composition:

isotope amount ratio(s)

aC*puy w1y 0.000 032 15(41)

a(*pwy n(Pu) 0.022 437 4(99)

2 Puy 1P 0.000 298 0(17)

n(** ey 1 Pu) 0.000 670 87(71)

amount fraction {+100) mass fraciion {-100)

A(3EPWin(Pu) 0.003 241(40) m(PPuym(Pu) (.003 227(40)
n(*pu)n(Pu) 97.757 U3(9%) mCPpuyim(Puy 97757 76(99)
n(**Pu)/n(Pu) 2.193 6494) mCOPm(Pyy 2202 62(95)
A Puiin(Pw) 0.029 14(17) m*' Puym(Pu) 0.028 38(17)
n(*Padin(Pu) 0.005 929(6%) w (P Pu)m(Pu) 0.007 015(70)

molsr wass: 239,074 B8(1 1) gmol!
4, Reference number: 1VMN 10631

5. Remarks:

The sbove values are vali@ for 12 March 2001, AW uncertaintiss indicated are expanded
uncertaintios 1/ = ku. where . is the combined standard uncertainty caiculated according to the
ISO/BIPM guide. The uncertaintics are given in parentheses and inchide a coverage iactor i=Z.
They apply to the last two digits of the value. The values certified are traceable 1o the 81

The primary certified values are the isniope amount ratios; other values are derived from thern.
Reproducing the derived values way result in difivrences due to rounding errors,

Mass spectrometric measurements were pecformzd by A Verbruggen and ¥ ehos by TIMVS on
samples chemically prepared by F Kehoe, A Verbruggen was vegponsible for the prepatation and
issuance of the certificate. H

A VerbruBgen
fsotope Measurements Unit
Copy: R Wellum

T Kehoe
82440 GEEL {Beigium) #uropean Comaiission - JRG
el #37-14.574 608 - Fax +32-14-571 882
30207 BAGNOLS SUR CEZE CEDEX i | :
Téléphone 04.66.79.69.88 - Télécopie 04.66.79.69.89 ot kgl
T onlgal

-3- Version : 10.2007
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Packaging list for IRMM

The numbers of the ingots and the associated masses are as follows:

Ingot number Mass (g)
A934 0.587859
A949 0.430987
A952 0.567216
A968 0.434526
A975 0.510770
C321 0.640299
C569 0.592943
581 0.632827
A123 0.414082
Al74 0.602206
A307 0.434852
A314 0.561821
A345 0.514834
A451 0.436194
A518 0.624022
AB62 0.469822
A035 0.479086
A453 0.598728
A455 0.563210

CETAMA CRM manager

P

TN (../\(_'-:;_:"_-'7

CETAMA
CEA VALRHO Marcoule
30207 BAGNOLS SUR CEZE CEDEX
Téléphone 04.66.79.69.88 - Télécopie 04.66.79.69.89

4.
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Annex 5: The certificate of isotopic abundances of CETAMA MP2 by IRMM

EUROPEAN COMMISSION
DIRECTORATE GEMERAL JRC

JOINT RESEARCH CENTRE
IRMM
Institute for Reference Materials and Measurements

CERTIFICATE of a reference measurement

IMiMeal/07/116

11 April 2007
SUBJECT : Recertification of CEA CETAMA MP2

1. Applicant: A Verbruggen

2. Sample ldentification:
- CEA/CETAMA/MP2
- Chemical form: Pu metal provided by CEA/ICETAMA

3. Measurands:
- |Isotopic composition

isotope amount ratiols)
e (™ Pu)
HIpuy n(**Pu)
a(* ' Puy n(*Pru)
A2 Pul n(*Pu)

n 0.000 030 83(29)
0.022 432 4(51)
0.000 237 8(31)

0.000 075 70(78)

(
i
(
{

amount fraction (-100) rmass fraction {-100)

n(**Puin(Pu)

m**Puym(Pu)

0.003 015{29) 0.003 DO2{28)
n(ZPu)in(Pu) 97.773 05(58) m{™ Pu)im(Pu) 97.763 80(59)
n(Pu)in(Pu) 2,193 28(49) m{* Puym(Pu) 2.202 27(49)

(> 'Pu)in(Pu)

mi* Pu)miPu)

0.023 25(30) 0.023 44(31)
n(**Pulin(Pu) 0.007 402(78) m(=*Pu)im(Pu) 0.007 484({77)
molar mass: 239.074 790 8(81) gmol’

4, Date of sample receipt : n.a.
Date of completion of measurement : 7 November 2008

5. All uncertainties indicated are expanded uncertainties U = kwu. where u, is the combined
standard uncertainty estimated following the ISO/BIPM guide'. They are given in parentheses
and include a coverage factor k=2. They apply to ihe last two digits of the value. The values
certified are traceable to the SI. The primary certified values are the isotope amount ratio ; other
values are derived from them, Reproducing the derived values may result in difference due to
rounding errors.

" International Organisation for Standardisation, Guide to the expression of Uncertainty in Measurement, @ISO,
ISBN 92-67-10188-8, Geneva, Switseriand, 1993

Retieseweg, B-2440 Gesl, Belgium; Tel.! +32-(0)14-211 « Fax: +32(0)14-571 97 8e N fwimow i e, be paget of 2
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Uncertainty budget :

Quantity Value Uit:enrf:l:::y Index
Atomic mass " Pu 239.05215760 g/mal 5.1-107° gimal 59.6 %
Measurement ratio 240/239 | 0.02243535 mal/mol 3.8110% malimol | 14.9 %
Measurement ratio 241/239 240-10™ molimol 450:10° molimal 0.9 %
Measurement ratio 242/239 75:10™ molfmol 175:10™ molimal 0.4 %
variabilitysay s 0.0 mol/mel 2.6510° melimol | 21.0 %
variabilitysssna 0.0 mol/mol 650-10° molfmol 30%

l Mey 239.07478500 g/mol | 6.46-10° g/mol

6. The traceability to S is estabiished through standards from IRMM-290.

7. Analytical measurement procedure

- Mass specirometric measurments were performed by HKihn an F Kehoe for the
CEPPUYACERW, [ Pun(*Pu)), In(* Pulin(**Pu)] and [n(***Pu)in(®**Pu)] using the
MAT282 TIMS, sample sclutions were prepared for TIMS analysis by F Kehoe. A
Verbruggen was responsible for preparation and issuance of the certificate.

- The atomic masses, used in the calculation are from G. Audi and A H. Wapstra.®

- Reference numbers of the measurement data: measurements number T26629, T26A03,
T26B07, logged in S\D0O4-IM\Secure Data\Project Data\MP2 (based on 081a and
LSD10271\MP2 |A Summary MAT262 measurements.

- Full details of the preparation and the certification procedure can be found in
certification report EUR™™*,

8. These samples will be stored for a minimum peried of six months from the date of this certificate

S SN

o N

André Verbruggen Stephan Richter
Group leader Nuclear Chemistry Group leader Nuclear Mass Spectrometry
Coples

P Taylor, IM unit head

Y Aregbe, Action leader Nuclear Safeguards
F Kehoe

H Kihn

23, Audiand AH, Wapstra, The 2003 atomic mass evaluation, Nucl Phys AT28 (2003) 337-676

Refiesewsg, B-2440 Geel, Belgium, Tel: +32-(0)14-211 » Fax: +32:{0)14-571 878 hito wesw i fio be pagez of 2
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Annex 6: The certificate of isotopic composition of EC NRM 101 by IRMM

European Commission

JOINT Institute for Reference Matesrials and Measurements
RESEARCH Steenwag op Retie , 2448 Geel ,B2lpium
CENTRE Tal.(Q14)571.211-Telex 33589 EURAT B
Telefax @14/58.42 .73
CERTIFICATE OF ISOTOPIC COMPOSITION
EERRENRER L F R FEERXA R LR RS RS TR RS
1. Applicant : Or.K.Maver

Stable Isotope Measuraments

IRMM

r

Sample idsntification : EC 101

3. Results : " Amount Mass Unceriainty
Ratio(s) Ratio(s) (computed on a 2s basis
for each eslement)

n(234U)/n(238U) ?.80005548 +/- 0.00000022
n{235U}/n{238U) @.0072593 +/- ©.9900038
n(236U})/n(238U) 0.980020i51 +/- 2.000000040

4, Raference numbar @ SMS 7315

5. Remarks i This sample will be stored for a minimum period

of six months from the date of this certificate.

Request received at laboratory
Sample received at laboratory

Measurement achieved
Telephone or felex communication

19595.0E.23
1985.06.23
1995.068.23

fizs5 spectromatric measurements wera parformed by U.0e Bolle (n(235U)/n(238U)
rziio by UFE) end A.Alonso (THMS) on samples chemicezlly prepared by A.Alonso.

Tks values certified are traceable to the SI sysiem and its unit for amount of

subztance: tha mole.

c. F.De Bievra / A.Alonso
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Annex 7: Report of analysis for NBL CRM-116

EUROPEAN COMMISSION
JOINT RESEARGH GENTRE

Institute for Reference Materials and Measurements (Geel)

INTERNAL TEST REPORT # 2731 - NBL CRM-116

Requested by: R. Jakopic, SN3S Unit

Samples
Sample ID Applicant sample identification
19732 NBL CRM-116

Sample ID Analyte Result (+ expanded Unit Method?
uncertainty')
19732 / CRM116 | n(**U)in(**U) | 0.057975(17) mol / mol | RM W1/0348
19732/ CRM116 | n(**U)/n(*>*U) | 0.0106853(11) mol / mol | RM WI/0348
19732 / CRM116 | n(**U)/in(*°U) | 0.00448811(46) mol / mol | RM W1/0348
Notes:
Notes (to be deleted if not applicable, also the logo!)
1 Uncertainties are given as (e.g. expanded (k=2) uncertainties according to the_lSO Gyide to the
Expression of Uncertainty (GUM), corresponding to an approximate 95% confidence interval)

L

Files name(s) of raw data:

Data are stored in:
"$:\D02-RM\Nuclear Safeguards\Nuclea\TRITON DATA - SHARED\WMTE for EC101
CRM116 SLD 10270", MTE measurement file: "T130418 EC101 CRM116.xIs"..............

IZ& i 200 Clie

Date Signature Signature
Analyst Laboratory Responsible

This report may only be reproduced in full and with the written consent of the Requestor.
No feedback within 4 weeks constitutes acceptance of the report. Potential sample rests may be destroyed after this period.

Page 1 of 1
F-1015rev. 1

58



Annex 8: The certificate of IRMM-046b

CERTIFICATE
SPIKE ISOTOPIC REFERENCE MATERIAL IRMM-046b

4.650 4(18) - 107 mol (***Pu) - g”' (solution)
4.115 38(85) * 10 mol (**U) - g (solution)

The Splke Isotoplc Reference Material is supplied with an isotope amount content of
233y and **?Pu as certified above.

The amount of other uranium and plutonium isotopes present are related to the By

and #**Pu content through the following certified amount ratios:
n(zsaPu)/n(z“zPu) 0.005 332(20)
n(C**Puyn(***pu) 0.002 212(16)
n(24°Pu)/n(2“2Pu) 0.046 066(63)

n(2 Pu)/n(***Pu)
n(***Puyn(***Pu)

0.002 9998(86)
0.000 237(31)

n(234U)/n(233U)
n( SUYn(*u)
n( 35U)/n(233U)
n( SBU)/n(233U)

0.009 396(12)
0.002 252 0(60)
0.000 280 0(40)
0.008 186(11)

amount fraction (-100)

This corresponds to an isotopic composition with the following abundances:

mass fraction (-100)

n(3®Pu)in(Pu) 0.504 5(18) m(***Pu)m(Pu) 0.496 4(18)
n(®*Pu)/n(Pu) 0.209 3(15) m(***Puym(Pu) 0.206 8(15)
n(**°Pu)/n(Pu) 4.358 9(57) m(**Pu)m(Pu) 4,324 8(57)
n(*'Pu)/n(Pu) 0.283 85(81) m(**"Pu)/m(Pu) 0.282 81(81)
n(®**Pu)/n(Pu) 94.621 0(67) m(**Pu)/m(Pu) 94.666 5(67)
n(***Puyn(Pu) 0.022 4(29) m(***Pu)/m(Pu) 0.022 6(30)

The molar mass of the plutonium in this sample is 241.942 44(15) g-mol’’
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Certificate IRMM-046b

amount fraction {-100) mass fraction (-100)
n(***V)/n(U) 98.028 3(17) m(*>*U)m(U) 98.005 3(17)
n(**U)/n(V) 0.921 1(12) m(***U)/m(U) 0.924 8(12)
n(*°U)/n(U) 0.220 76(59)  m(**U)m(U) 0.222 61(59)
n(***U)/n(V) 0.027 45(39)  m(***U)/im(U) 0.027 80(40)
n(**U)/n(V) 0.802 5(11) m(***U)/m(U) 0.819 5(11)

The molar mass of the uranium in this sample is 233.094 320(57) g-mol'1

From the certified values, the following amount and mass contents are derived:

4.9147(19)- 107 mol (Pu)- g ssolution)
1.12567(43) - 10* g (® 2Pu) (solution)
1.189 09(46) - 10* g (Pu) - g (solutlon)

and
4.198 16(87) - 10°  mol (U) - g ' (solution)
0.959 05(20) - 10° g (**U) g (solutlon)
0.978 57(20) - 107 g (U) - g (solution)
NOTES
1. All uncertainties indicated are expanded uncertainties U = k-u; where u; is the

combined standard uncertainty estimated according to the 1ISO/BIPM Guide to the
Expression of Uncertainty in Measurement. They are given in parentheses and
include a coverage factor k = 2. They apply to the last two digits of the value.

Values for isotope ratios, isotopic compositions and for concentrations are valid
for 1 June 2010. This certificate is valid untit June 2013; the validity may be
extended after further tests on the stability of the spike material are carried out.

Due to radloactlve decay, the Pu element concentration decreases by
0.035 % -

The half lives used in the calculations are
28py: 8.77 (03) - 10"aM
29py: 2.411 (03) - 10%a™
#0py: 6.563 (07) - 10°al”
21py: 1,432 5(24) - 10" a®?
“2py: 3.735 (11) - 10° a™"
2¥py: 8.00 (09)-10"a"

) |AEA, Decay data of the Transactinium Nuclides, Technical Reports Series No. 261, 1986
@R Wellum, A. Verbruggen, R. Kessel, J. Anal. At. Spectrom., 2009, 24, 801 - 807

06/2010

60



5.

6.

Certificate {IRMM-046b

The atomic masses, used in the calculations, are™®
23y :233.039 635 2 (58) g'mol”
B4y 1 234.040 952 1 (40) g'mol™”
25y :235.043 929 9 (40) g'mol™
236y . 236.045 568 0 (40) g'mol™”
238 . 238.050 788 2 (40) g-mol™

#Bpy : 238.049 559 9 (40) g-mol™
#9py : 239.052 163 4 (40) g'mol™
24%py; + 240.053 813 5 (40) g'mol™
2Py 241.056 851 5 (40) g-mol™
242Dy 242.058 742 6 (40) g'mol™
244py ;244,064 204  (10) g'mol™’

A unit of IRMM-046b consists of a flame-sealed glass ampoule containing a
chemically stable solution of uranium and plutonium in nitric acid. The solution
volume is about 10 mL; the molarity is about 5 M.

The ampoule should be handled with great care and by experienced personnel in
a laboratory environment suitably equipped for the safe handling of radioactive
materials.

Using this Spike Isotopic Reference Material, **°Pu concentrations in unknown
samples can be determined by Isotope Dilution Mass Spectrometry, through a
measurement of the isotope dilution ratio R,= n(**°Pu)/n(***Pu) in the blend.
They should be computed with the aid of the following formula which allows an
easy identification and quantification of the sources of the uncertainties in the
procedure :

‘RY_RB my

c(mPu)X = m ‘R, m—x (mPu]y

WR:ere = amount ratio n(***Pu)/n(***Pu) in the unknown sample material
R, = amount ratio n(***Pu)/n(***Pu) in the spike material

my = mass of the unknown sample

my = mass of the sample of spike solution used

c(mPu)X = number of moles ***Py - kg™ sample material

o pu), =  number of moles *’Pu - kg™ spike solution

oPu), = number of moles Pu - kg™ sample material

APu), = number of moles Pu - kg™ spike solution.

®) G. Audi and A.H. Wapstra, The 2003 atomic mass evaluation, Nucl Phys A729 (2003) 337-676.
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10.

11.

Certificate IRMM-046b

Using this Spike Isotopic Reference Material, *°U concentrations in unknown

samples can be determined by Isotope Dilution Mass S?ectrometry, through a
measurement of the isotope dilution ratio R,= n(***u)/n(***U) in the blend. They
should be computed with the aid of the following formula which allows an easy
identification and quantification of the sources of the uncertainties in the
procedure :

C(zssU)X B R = .L.—-c(mU)y

Ry—R, XR. my
U = Y B . Xi __f' . U
. )X Ry —R, XRy my “ )Y

where

R, = amount ratio n(***U)/n(***U) in the unknown sample material
R, = amount ratio n(***U)/n(***V) in the spike material

my = mass of the unknown sample

my = mass of the sample of spike solution used

(*U), = number of moles **U - kg™ sample material

o(™U), = number of moles ***U - kg spike solution

c(U), = number of moles U - kg™ sample material

dU), = number of moles U - kg™ spike solution.

The certified values of this Spike Isotopic Reference Material are metrologically
traceable to the SI. Measurements calibrated with this Isotopic Reference
Materials can therefore provide Sl-traceable results.

The isotopic measurements by Thermal lonisation Mass Spectrometry were
performed by H. Kihn, F. Kehoe and S. Richter for uranium and for plutonium.
Isotopic measurements were calibrated against synthetic plutonium isotope
mixtures prepared by J. Broothaerts. Chemical preparation of the samples for
isotope measurements was performed by F. Kehoe and R. Jakopié.

Metrological weighings for the preparation and certification were performed by
U. Jacobsson and R. Eykens. The ampoulation of this Spike Isotopic Reference
Material was accomplished by G. Van Baelen and A. Verbruggen.

The overall co-ordination leading to the establishment, certification and issuance of
this Spike Isotopic Reference Material was performed by A. Verbruggen.

Geel, June 2010 H. Emons

Reference Materials Unit
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Annex 9: Results of the IDMS confirmation measurements (N = 4) for %y and #*°Pu amount contents
in the mother solution of IRMM-1027p.

1.569E-05

1.568E-05

1.567E-05

1.566E-05

2354 [mol/g solution]

1.565E-05

¢ IDMS

— gravimetric preparation

= = = = gravimetric preparation + U (k = 2)

= = = = gravimetric preparation - U (k = 2)

1 2 3 4

Aliquots of IRMM-1027p

Fig 3. The amount content of **°U in the solution of IRMM-1027p prepared by gravimetric mixing
compared with the measured values by IDMS (with expanded uncertainties, coverage factor k =

2).
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Fig 4. The amount content of **Pu in the solution of IRMM-1027p prepared by gravimetric mixing
compared with the measured values by IDMS (with expanded uncertainties, coverage factor k =

2).
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Annex 10: Results of the homogeneity assessment (single value, mean and standard deviation) of the

29py, #*®U and #*>U amount contents in the selected vials of IRMM-1027p.
Unit 238y [umol/g]
Rep.1 Rep.2 Rep.3 Mean + s
112 73.313 73.255 73.308 73.292 £ 0.032
464 73.178 73.293 73.186 73.219 £0.064
299 73.244 73.235 73.292 73.257 £0.031
553 73.301 73.265 73.248 73.271 £0.027
206 73.218 73.281 73.220 73.240 £ 0.036
651 73.303 73.284 73.322 73.303 £0.019
943 73.359 73.331 73.346 73.345 £0.014
1140 73.365 73.297 73.334 73.332 £0.034
801 73.344 73.305 73.298 73.316 £ 0.025
1023 73.347 73.334 73.331 73.337 £0.009
Unit 235U [umol/g]
Rep.1 Rep.2 Rep.3 Mean + s
112 15.6859 15.6808 15.6855 15.6841 + 0.0028
464 15.6716 15.6818 15.6730 15.6755 + 0.0055
299 15.6765 15.6755 15.6810 15.6777 £ 0.0029
553 15.6814 15.6783 15.6773 15.6790 £ 0.0021
206 15.6706 15.6764 15.6712 15.6728 £ 0.0032
651 15.6816 15.6802 15.6835 15.6817 +0.0017
943 15.6873 15.6849 15.6872 15.6865 + 0.0014
1140 15.6901 15.6836 15.6867 15.6868 + 0.0033
801 15.6839 15.6807 15.6805 15.6817 + 0.0019
1023 15.6873 15.6878 15.6857 15.6869 + 0.0011
Unit #%py [umol/g]
Rep.1 Rep.2 Rep.3 Mean + s
112 2.98650 2.98631 2.98608 2.98630 £ 0.00021
464 2.98497 2.98589 2.98596 2.98561 + 0.00055
299 2.98546 2.98460 / 2.98503 +£0.00061
553 2.98639 2.98584 2.98612 2.98612 £ 0.00027
206 2.98392 2.98344 / 2.98368 = 0.00034
651 2.98568 2.98554 2.98542 2.98555 +0.00013
943 2.98512 2.98558 2.98633 2.98568 = 0.00061
1140 2.98607 2.98770 2.98575 2.98651 +0.00104
801 2.98564 2.98459 2.98546 2.98523 £ 0.00056
1023 2.98562 2.98593 2.98731 2.98629 + 0.00090
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Annex 11: Results of the homogeneity assessment of the uranium and plutonium isotope amount
ratios in the selected vials of IRMM-1027p.

Unit n(***U)n(**u)
Rep.1 Rep.2 Rep.3 Mean + s

131 0.0022681 0.0022674 0.0022639 0.0022665 + 0.0000023

562 0.0022654 0.0022681 0.0022661 0.0022666 + 0.0000014

312 0.0022670 0.0022670 0.0022686 0.0022675 + 0.0000010

790 0.0022607 0.0022671 0.0022653 0.0022644 + 0.0000033
415 0.0022662 0.0022648 / 0.0022655 + 0.0000010

44 0.0022606 0.0022661 0.0022656 0.0022658 + 0.0000004

948 0.0022611 0.0022681 0.0022651 0.0022666 + 0.0000021

595 0.00022614 0.0022664 0.0022665 0.0022665 + 0.0000001
1035 0.0022672 0.0022628 0.0022648 0.0022638 £ 0.0000014
1163 0.0022639 0.0022616 0.0022652 0.0022634 + 0.0000026

Unit n(**U)/n(*8u)

Rep.1 Rep.2 Rep.3 Mean + s

131 0.214033 0.214161 0.214069 0.214088 + 0.000066

562 0.214154 0.214052 0.214054 0.214087 £ 0.000058

312 0.214127 0.213994 0.214027 0.214049 = 0.000070

790 0.214004 0.214041 0.214046 0.214031 = 0.000023

415 0.214038 0.214032 / 0.214035 = 0.000004

44 0.213918 0.213944 0.213970 0.213957 +0.000018

948 0.213902 0.214083 0.213987 0.214035 + 0.000068

595 0.2133983 0.214062 0.214081 0.214071 £ 0.000013

1035 0.214039 0.214016 0.214019 0.214018 + 0.000002

1163 0.213971 0.213922 0.214124 0.214023 +£0.000143
Unit n(**°Pu)/n(**Pu)

Rep.1 Rep.2 Rep.3 Mean + s

131 0.0224164 0.0224243 0.0224213 0.0224207 + 0.0000040
562 0.0224165 0.0224186 0.0224176 0.0224176 + 0.0000010
312 0.0224155 0.0224102 0.0224201 0.0224153 + 0.0000050
790 0.0224351 0.0224232 0.0224176 0.0224253 + 0.0000090
415 0.0224170 0.0224205 / 0.0224187 + 0.0000025
44 0.0224106 0.0224113 0.0224068 0.0224096 £+ 0.0000024
948 0.0224061 0.0224092 0.0224078 0.0224077 £ 0.0000016
595 0.0224088 0.0224203 0.0224080 0.0224124 + 0.0000069
1035 0.0224083 0.0224162 0.00224127 0.0224124 + 0.0000040
1163 0.0224133 0.0224058 / 0.0224096 + 0.0000053
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Unit n(***Pu)/n(**Pu)
Rep.1 Rep.2 Rep.3 Mean + s
131 0.0001717 0.0001731 0.0001711 0.0001720 + 0.0000010
562 0.0001725 0.0001710 0.0001722 0.0001719 +0.0000008
312 0.0001703 0.0001708 0.0001713 0.0001708 + 0.0000005
790 0.0001720 0.0001721 0.0001698 0.0001713 + 0.0000013
415 0.0001695 0.0001746 / 0.0001721 +0.0000036
44 0.0001765 0.0001720 0.0001709 0.0001732 £ 0.0000029
948 0.0001720 0.0001728 0.0001735 0.0001728 £ 0.0000008
595 0.0001742 0.0001739 0.0001727 0.0001736 + 0.0000008
1035 0.0001704 0.0001717 0.0001697 0.0001706 + 0.0000010
1163 0.0001739 0.0001705 / 0.001722 +0.0000024
Unit n(***Pu)/n(**Pu)
Rep. 1 Rep.2 Rep.3 Mean + s

131 0.0000758 0.0000771 0.0000759 0.0000763 £ 0.0000008
562 0.0000771 0.0000805 0.0000728 0.0000768 + 0.0000039
312 0.0000759 0.0000803 0.0000745 0.0000769 £ 0.0000030
790 0.0000806 0.0000772 0.0000743 0.0000774 +0.0000032
415 0.0000748 0.0000750 / 0.0000749 + 0.0000001

44 0.0000728 0.0000781 0.0000757 0.0000755 + 0.0000027
948 0.0000789 0.0000784 0.0000752 0.0000775 + 0.0000020
595 0.0000737 0.0000739 0.0000740 0.0000739 £ 0.0000001
1035 0.0000759 0.0000787 0.0000733 0.0000760 £ 0.0000027
1163 0.0000780 0.0000741 / 0.0000761 + 0.0000028
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Annex 12: Results of the confirmation measurements (N = 3) of %y, U and ***Pu amount contents
in the selected vials of IRMM-1027p.
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Fig 5. The certified amount content of U in the selected vials of IRMM-1027p prepared by
gravimetric mixing compared with the measured values by IDMS (with expanded uncertainties,

coverage factor k = 2).
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Annex 13: Results of the confirmation measurements (N = 3) of the uranium and plutonium isotope
amount ratios in the selected vials of IRMM-1027p.
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Fig 8. The certified n(234U)/n(238U) amount ratio in the selected vials of IRMM-1027p prepared by
gravimetric mixing compared with the measured values by TIMS (with expanded uncertainties,
coverage factor k = 2).
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Fig 9. The certified n(**U)/n(**®U) amount ratio in the selected vials of IRMM-1027p prepared by
gravimetric mixing compared with the measured values by TIMS (with expanded uncertainties,
coverage factor k = 2).
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Fig 10. The certified n(**°Pu)/n(***Pu) amount ratio in the selected vials of IRMM-1027p prepared by
gravimetric mixing compared with the measured values by TIMS (with expanded uncertainties,

coverage factor k = 2).
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Fig 11. The certified n(241Pu)/n(239Pu) amount ratio in the selected vials of IRMM-1027p prepared by
gravimetric mixing compared with the measured values by TIMS (with expanded uncertainties,

coverage factor k = 2).
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Annex 14 : The weighing certificate of the aliquots of dispensed solution per unit before drying.

it Certificate ’ZW

of weighing
Eur s it Institute for Reference Materials
Juropean Commission
and Measurements
E.3846 Issued date: 29 October 2013 Page 1 of 7
Applicant: R. Jakopi¢ Unit/group: SN3S/Metro
Project: Preparation and certification of IRMM-1027p

Description:  Dispensing of IRMM-1027p mother solution into single vials

Weighing date: 22-26 April 2013

The certified masses of an aliquot of the nitrate solution per unit of IRMM-1027p before drying are
shown in Annex.

Observations:

The dispensing and weighing were performed according to working instruction RM-WI-0368 "LSD
automated system equipment manual” on balance Sartorius TE124 installed in the dispensing robot
box with IRMM inventory No. 2006 00290 17.

Traceability:

The certified masses are traceable to the International Kilogram Prototype via regular calibrations of
the IRMM principal mass standards. The mass standard identified as H208 (cylinder + vial certificate
IRMM E3162) was used to verify the balance performance in the mass determinations.

Uncertainty:

The uncertainty on the mass determinations has a value of + 0.0006 g .The reported uncertainties is
expanded uncertainties U = ke, where #, is the combined standard uncertainty calculated according to
the ISO/IEC Guide to the expression of Uncertainty in Measurement. The coverage factor k = 2
corresponds to a coverage probability of about 95%.

N osp Lt
/ /.J('% 35 / s / 2 -__ ...... TR

P /
Nuclear Chemistry Laboratory Analyst

Retieseweg, B-2440 Geel, Belgium; Tel.: +32-(0)14-571 211 « Fax: +32-(0)14-571 978+ http:/www.irmm.jre.be
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Certificate -fim/l

of weighing
| An nex Institute for Reference Materials and

Measurements

2087 VaiNe,  Mass[g] VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass [q]

0001 2.5351 0051 2.5513 0101 2.5708 0151 2.5666
0002 2.5758 0052 2.5549 0102 2.5317 0152 2.5391
0003 2.5632 0053 2.5519 0103 2.5705 0153 2.5638
0004 2.5552 0054 2.5539 0104 2.5309 0154 2.5377
0005 2.5570 0055 2.5519 0105 2.5715 0155 2.5680
0006 2.5563 0056 2.5536 0106 2.5311 0156 2.5385
0007 2.5568 0057 2.5520 0107 2.5705 0157 2.5647
0008 2.5571 0058 2.5533 0108 2.5334 0158 2.5372
0009 2.5568 0059 2.5514 0109 2.5319 0159 2.5686
0010 2.5573 0080 2.5533 0110 2.5600 0160 2.5375
0011 2.5570 0061 2.5523 0111 2.5549 0161 2.5655
0012 2.5572 0062 2.5515 0112 2.5548 0162 2.5385
0013 2.5569 0063 2.5531 0113 25531 0163 2.5634
0014 2.5570 0064 2.5520 0114 2.5391 0164 2.5400
0015 2.5570 0065 25517 0115 2.5652 0165 2.5669
0016 2.5573 0066 2.5529 0116 2.5362 0166 2.5417
0017 2.5569 0067 25526 0117 2.5667 0167 2 5377
0018 2.5570 0068 2.5510 0118 25384 0168 2.5789
0019 2.5570 0069 2.5515 0119 2.6619 0169 2.5429
0020 2.5560 0070 2.5526 0120 25379 0170 2.5420
0021 2.5572 0071 2.56512 0121 2.5660 0171 2.5687
0022 2.5564 0072 2.5522 0122 2.5374 0172 2.5418
0023 2.5563 0073 2.56525 0123 2.5645 0173 2.5401
0024 2.5565 0074 2.5514 0124 2.5369 0174 2.5764
0025 2.5554 0075 2.5519 0125 2.5650 0175 2.5419
0028 2.5561 0076 2.5273 0126 2.5368 0176 2.5441
0027 2.5544 0077 2.5692 0127 2.5655 0177 2.5576
0028 2.5569 0078 2.5597 0128 2.5368 0178 2.5605
0028 2.5549 0079 25275 0129 2.5650 0179 2.5578
0030 2.5549 0080 2.5680 0130 2.5368 0180 2.5507
0031 2.5557 0081 2.5504 0131 2.5658 0181 2.5529
0032 2.5546 0082 2.5274 0132 2.5370 0182 2.5616
0033 2.5549 0083 2.6657 0133 2.5646 0183 2.5526
0034 2.5551 0084 2.5640 0134 2.5374 0184 2.5522
0035 2.5540 0085 2.5283 0135 2.5657 0185 2.5528
0036 2.5569 0086 2.5693 0136 2.5361 0186 2.5521
0037 2.5531 0087 2.5576 0137 2.5683 0187 2.5521
0038 2.5551 0088 2.5268 0138 2.5359 0188 2.5520
0039 2.5541 0089 2.5678 0139 2.5671 0189 2.5520
0040 2.5544 0090 2.5629 0140 2.5366 0190 2.5523
0041 2.5537 0091 2.5261 0141 2.5670 0191 2.5516
0042 2.5550 0092 2.5680 0142 2.5376 0192 2.5523
0043 2.5529 0093 25612 0143 2.5665 0193 2.5543
0044 2.5545 0094 2.5279 0144 2.5359 0194 2.5516
0045 25526 0095 2.5679 0145 2.5692 0195 2.5514
0046 2.5544 0096 2.5573 0146 2.5369 0196 25524
0047 2.5530 0097 2.56310 0147 2.5661 0197 25517
0048 2.5537 0098 2.5692 0148 2.5372 0198 2.5520
0049 2.5533 0099 2.5559 0149 2.5685 0199 25516
0050 2.5533 0100 2.5311 0150 2 5370 0200 2.5523
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Certificate /l; lfl
of weighing
An nex Institute for Reference Materials and
Measurements

3of 7| VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass[g]
0201 2.5518 0251 2.5518 0301 2.5390 0351 2.5329

0202 2.5520 0252 2.5528 0302 2.5408 0352 2.5724
0203 2.5620 0253 2.6518 0303 25764 0353 2.6316
0204 2.5519 0254 2.5525 0304 2.5375 0354 N/A

0205 2.5515 0255 2.5515 0305 2.6637 0355 2.5735
0206 2.5522 0256 2.5522 0306 2.5397 0356 2.5316
0207 2.5524 0257 2.5524 0307 2.56486 0357 2.5723
0208 2.5516 0258 2.5614 0308 2.5387 0358 2.5315
0209 2.55622 0259 2.5520 0309 2.5661 0359 2.5723
0210 2.5514 0260 2.5505 0310 2.5385 0360 2.5297
0211 2.5520 0261 2.5547 0311 2.5669 0361 25716
0212 25519 0262 2.5276 0312 2.6392 0362 2.6587
0213 2.5520 0263 2.5701 0313 2.5641 0363 2.5290
0214 2.5523 0264 N/A 0314 2.5404 0364 2.5713
0215 2.5521 0265 2.5302 0315 2.5734 0365 2.5584
0216 2.5522 0266 2.5704 0316 2.6237 0366 2.5279
0217 25515 0267 2.5417 0317 2.5628 0367 2.5739
0218 25522 0268 2.5357 0318 2.56578 0368 2.5555
0219 2.6519 0269 2.5726 0319 2.5422 0369 2.5290
0220 25518 0270 2.5335 0320 2.5564 0370 2.5707
0221 2.5523 0271 25708 0321 2.5546 0371 2.5618
0222 2.5519 0272 25331 0322 2.5531 0372 2.5278
0223 2.5520 0273 2.5712 0323 2.5525 0373 2.5691
0224 2.5541 0274 2.5714 0324 2.5532 0374 2.5616
0225 2.5516 0275 2.5330 0325 25527 0375 2.5278
0228 2.5518 0276 2.5358 0326 2.5530 0376 2.5687
0227 2.5523 0277 2.56668 0327 2.5527 0377 2.5620
0228 2.5528 0278 2.5364 0328 2.5521 0378 2.5281

0229 2.5519 0279 2.5684 0329 2.5518 0379 2.5685
0230 2.5529 0280 2.56861 0330 2.5520 0380 2.5619
0231 2.56520 0281 2.5688 0331 2.5513 0381 2.5260

0232 2.5521 0282 2.5377 0332 2.5499 0382 2.5706
0233 2.6524 0283 2.5649 0333 2.5490 0383 2.5614
0234 2.5520 0284 25365 0334 2.5496 0384 2.5270
0235 2.5516 0285 2.6696 0335 2.5476 0385 2.5732
0236 2.5629 0286 2.6372 0336 2.5464 0386 2.5575
0237 2.5517 0287 2.5255 0337 2.5769 0387 2.5303
0238 2.5549 0288 2.56759 0338 2.56470 0388 2.5696
0239 2.5516 0289 2.5399 0339 2.5451 0389 2.5584
0240 2.5515 0290 2.5396 0340 2.5653 0390 2.6279
0241 2.5520 0291 2.5772 0341 2.5341 0391 2.5706
0242 2.5512 0292 2.5381 0342 2.5733 0392 2.5622
0243 265627 0293 2.5404 0343 25329 0393 2.5291
0244 2.5524 0294 2.5775 0344 25726 0394 2.5746
0245 2.6521 0295 2.5386 0345 25330 0395 2.5305
0246 2.5519 0296 2.5398 0346 2.5725 0396 2.5723
0247 2.5524 0297 2.5781 0347 2.5335 0397 2.6318
0248 2.5521 0298 2.5386 0348 2.5726 0398 2.5736
0249 25527 0299 2.5400 0349 2.5338 0399 26661
0250 2.5520 0300 2.5774 0350 2.5708 0400 2.5317
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| An nex Institute for Reference Materials and

Measurements

40of 7| VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass([g] Vial No. Mass [q]

0401 2.5733 0451 2.5550 0501 2.5716 0551 2.5467
0402 2.5552 0452 2.5510 0502 2.56359 0552 2.5707
0403 2.6323 0453 2.6562 0503 2.5746 0553 2.5453
0404 2.5758 0454 2.5519 0504 2.5341 0554 2.5440
0405 2.6318 0455 2.5550 0505 2.5759 0555 2.56690
04086 2.5744 0456 2.5512 0506 2.56344 0556 2.5435
0407 2.56332 0457 2.5553 0507 2.5718 0557 2.5455
0408 2.5741 0458 2.5508 0508 2.5345 0558 2.56703
0409 2.5334 0459 2.56543 0509 2.5724 0559 2.5470
0410 2.5727 0460 2.5538 0510 2.5330 Q560 2.5507
0411 2.5391 0461 2.5518 0511 2.5728 0561 2.56502
0412 2.5433 0462 2.5548 0512 2,5303 0562 2.5473
0413 2.6778 04863 2.5511 0513 2.5725 0563 2.5493
0414 2.6371 0464 2.5547 0514 2.5297 0564 2.5488

0415 2.5679 0465 2.56505 0515 2.5721 0565 2.5783
0416 2.,6333 0466 2.56549 0516 2.5356 0566 2.56474
0417 2.5738 0467 2.5508 0517 2.5741 0567 2.5493
0418 2.56340 0468 2.5550 0518 2.5376 0568 2.6456
0419 2.5728 0469 2.5522 0519 2.5500 0569 2.5496
0420 2.5362 0470 2.5536 0520 2.56549 0570 2.5484
0421 2.5659 0471 2.5509 0521 2.5525 0571 2.5735
0422 2.5367 0472 2.5538 0622 2.5633 0572 2.5497
0423 25725 0473 2.5509 0523 2,6534 0573 2.6508
0424 2.5521 0474 2.5560 0524 2.6532 0574 2.5526
0425 2.5539 0475 2.5504 0525 2.6529 0575 2.5535
0426 2.5535 0476 2.5561 0526 2.5529 0576 2.5383
0427 2.5509 0477 2.5507 0527 2.5518 0577 2.6554
0428 2.5542 0478 2.5558 0528 2.56511 0578 2.5541
0429 2.5542 0479 2.5504 0529 2.5507 0579 2.6613
0430 2.5529 0480 2.6553 0530 2.5775 0580 2.5461

0431 2,5530 0481 2.6512 0631 2.5504 0581 2.5662
0432 2.6537 0482 2.5541 0532 2.5508 0582 2.6531
0433 2.5520 0483 2.5509 0533 2.5504 0583 2.5533

0434 2.6623 0484 2.5541 0634 2.5493 0584 2.56529
0435 2.5545 0485 2.56629 0535 2.5504 0585 2.5530
0436 2.8511 0486 2.5634 0536 2.5459 0586 2.5529
0437 2.5559 0487 2.5531 0537 2.5744 0687 2.6533
0438 2.5612 0488 2.5530 0538 2.5478 0588 2.56524

0439 2.5551 0489 2.56526 0539 2.56472 0589 2.55619
0440 2.5505 0490 2.5519 0540 2.5470 0590 2.56520
0441 2.56562 0491 2.5625 0541 2.5689 0591 2.5525
0442 2.5506 0492 2.5550 0542 2.5320 0592 2.5519

0443 26557 0493 2.6524 0543 2.5549 0593 2.5517
0444 2.5511 0494 2.5544 0544 2.6531 0594 2.5520
0445 2.6566 0495 2.6622 0545 2.5533 0595 2.5518
0448 2.5517 0496 2.5534 0646 2.56545 0596 2.5512
0447 2.5550 0497 2.5513 0547 2.5530 0597 2.5504
0448 2.6502 0498 2.5533 0548 2.5494 0598 2.5508
0449 2.5557 0499 2.5634 0549 2.5498 0599 2.5500
0450 2.5511 0500 2.5304 0550 2.5484 0600 2.5485
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Certificate ; Z]l
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5of 7| VialNo. Mass [g] VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass [g]
0601 28721 0651 2.5299 0701 2.5528 0751 2.5532
0602 2.5454 0652 2.5738 0702 25532 0752 25534
0603 2.5466 06563 2.5310 0703 2.5528 0753 2.5536
0604 2.5460 0654 2.5741 0704 2.56632 0754 2.5535
0605 2.5753 0655 2.5547 0705 2.5530 0755 2.5531
0606 2.5440 0656 2.5305 0706 215533 0756 2.5534
0807 2.5463 0857 25730 0707 2.6530 0757 2.5533
0608 2.5465 0658 2.5570 0708 2.5527 0758 2.5833
0609 2.5536 0659 2.5286 0709 2.5532 0759 2.6535
0610 2.5501 0660 2.5723 0710 2.5532 0760 2.5534
0811 2.5493 0661 2.5594 0711 2.5528 0761 2.6536
0s12 25757 0662 2.5272 0712 2.5532 0762 2.5537
0613 2.5437 0663 2.5716 0713 2.5526 0763 2.5531
0614 2.5448 0664 2.5608 0714 255637 0764 25536
0615 2.5441 0665 2.5270 0715 255630 0765 2.5531
0616 2.5819 (8151515 2.5708 0718 2.6530 0766 2.5536
0617 2.5416 0667 2.5619 0717 2.5532 0767 2.5537
0618 2.5429 0668 25264 0718 2.6532 0768 2.5535
0619 2.5741 0669 2.5702 0719 2.5534 0769 2.5544
0620 2.5401 0670 2.56625 0720 2.5530 0770 2.5528
0621 2.5430 0671 2.5499 0721 2.5529 0771 2.5531
0622 29773 0672 2.5526 0722 2.5537 0772 2.5531
0823 2.56391 0673 2.6559 0723 2.6527 0773 2.6533
0624 2.5420 0674 2.5515 0724 2.5533 0774 28832
0625 2.5785 0675 2.6627 0725 255832 0775 2.56539
0626 2.6382 0676 2.56516 0726 2.5534 0776 2.5528
0627 2.5404 0677 2.6544 0727 2.6632 0777 2.5543
0628 2.5804 0878 2.85817 0728 25830 0778 2.5531
0629 26371 0679 2.5528 0729 2.5530 0779 2.6537
0630 2.56669 0680 2.56519 0730 2.5529 0780 2.5837
0631 2.5356 0681 2.5536 0731 25533 0781 2.5538
0832 2.5737 0682 2.6529 0732 2.5538 0782 2.6535
0633 2.5365 0683 2.65632 0733 2.55633 0783 25515
0634 2.5673 0684 2.5534 0734 26534 0784 2 5544
0635 2.6358 0685 2.5434 0735 2.5538 0785 2.5529
0636 2.5727 0686 2.5549 0736 2.5529 0786 2.5539
0637 2.5351 0687 25613 0737 2.5486 0787 2.5532
0638 2.5707 0688 2.5555 0738 2.5538 0788 2.5541
0839 2.5342 0689 2.5524 0739 2.5523 0789 256534
0840 2.5726 0680 2.5534 0740 2.5545 0790 2.65085
0641 2.5427 0691 2.5528 0741 2.5530 0791 25833
0642 2.5657 0682 2.5529 0742 2.5533 0792 2.56539
0843 2.5335 0693 2.5531 0743 2.5436 0793 256532
0644 2.5749 0694 2.5529 0744 2.6571 0794 2.6539
0645 2.5316 0695 2.5523 0745 2.5521 0795 2.5538
0646 2.5747 0696 2.5528 0746 2.5539 0796 25533
0647 2.5311 0697 2.6530 0747 2.6532 0797 2.56534
0648 2.5739 0698 2.5532 0748 2.5833 0798 2.56520
0649 25818 0699 2.5532 0749 2.5539 0799 2.5544
0650 25731 0700 2.5528 0750 25534 0800 25620
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6 of 7| VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass [g]

0801 2.5518 0851 2.5477 0901 2.6527 0951 2.5530
0802 2.5501 0852 2.5484 0902 2.5538 0952 2.5526
0803 2.5506 0853 2.5481 0903 25533 0953 2.5517
0804 2.5510 0854 2.5727 0904 2.5538 0954 2.5624
0805 2.6520 0855 2.5460 0905 2.5536 0955 2.5629
0806 2.5523 0856 2.6473 0906 2.5538 0956 2.5522
0807 2.56513 0857 25472 0907 2.5534 0957 2.5527
0808 2.5501 0858 2.5759 0908 2.5534 0958 2.56525
0809 2.5474 0859 2.56474 0909 2.5535 0959 2.5476
0810 2.5743 0860 2.5469 0910 2.5541 0960 2.5511

0811 2.5480 0861 2.5474 0911 2.5532 0981 2.5530
0812 2.5488 0862 2.5741 0912 2.5540 0962 2.5510
0813 2.5497 0863 2.5478 0913 2.5535 0963 2.5503

0814 2.5476 0864 2.5489 0914 2.5537 0964 2.5512
0815 2.5727 0865 2.5498 0915 2.5537 0965 2.5507
0816 2.5477 0866 2.5491 0916 2.5538 0966 2.56502
0817 2.5491 0867 2.5469 0917 2.5534 0867 2.5496
0818 2.5388 0868 2.5767 0918 2.5307 0968 2.5496
0819 2.5502 0869 2.5475 0919 2.5483 0869 2.5762
0820 2.5480 0870 2.5483 0920 2.5725 0970 2.5505
0821 2.5489 0871 2.5498 0821 2.5553 0971 2.5516
0822 2.5485 0872 2.5495 0922 2.5528 0872 2.5491
0823 2.5728 0873 2.5466 0923 2.56536 0973 2.56434
0824 2.5465 0874 2.5783 0924 2.5541 0974 2.5762
0825 2.5484 0875 2.5485 0925 2.5534 0975 2.5450
0826 2.5484 0876 2.5481 0926 2.56629 0976 2.5451
0827 2.5734 0877 2.5469 0927 2.5541 0877 2.56709
0828 2.56474 0878 2.5471 0928 2.6637 0978 2.5444
0829 2.56470 0879 2.5746 0929 2.5538 0879 2.5439
0830 2.5474 0880 2.5462 0930 2.5534 0980 2.5700
0831 2.5711 0881 2.56482 0931 2.5535 0981 2.5443
0832 2.5451 0882 2.5500 0932 2.5541 0982 2.5433
0833 2.5479 0883 2.5485 0933 2.5536 0983 25727
0834 2.5470 0884 2.5743 0834 2.5540 0984 2.5438
0835 2.5754 0885 2.5469 0935 2.5532 0985 2.5431
0836 2.5466 0886 2.5484 0936 2.55692 0986 2.5735
0837 2.5478 0887 2.5453 0937 2.5537 0987 2.5446
0838 2.5481 0888 25738 0938 2.55611 0988 2.5430
0839 2.5435 0889 2.5436 0939 2.5552 0989 2.5729
0840 25724 0890 2.5506 0940 2.5539 0990 2.5436
0841 2.5461 0891 2.5428 0941 2.5544 0981 2.5433
0842 2.5470 0892 2.5788 0942 2.5539 0992 25737
0843 2.5483 0893 2.5464 0943 2.56529 0993 2.5428
0844 2.5730 0894 2,5603 0944 25541 0094 25416
0845 2.5478 0895 2.6524 0945 2.5535 0995 2.5773
0846 2.5475 0896 2.56539 0946 2.5534 0996 2.5406
0847 2.5480 0897 2.6524 0947 2.5538 0997 2.5421
0848 2.5471 0898 2.5546 0948 26525 0998 2.5774
0849 2.5802 0899 2.5513 0949 2.5534 0999 2.5424
0850 2.5479 0900 2.5564 0950 2.5529 1000 2.5426
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Vial No. Mass [g] VialNo. Mass[g] VialNo. Mass[g] VialNo. Mass[g]

7o0f7
1001 2.5745 1051 2.5706 1101 2.5735 1151 2.5546
1002 2.5423 1052 2.5363 1102 25342 1152 2.5287
1003 2.5413 1053 2.5601 1103 25727 1153 2.5709

1004 2.5774 1054 2.5350 1104 2.5338 1154 2.5537
1005 2.5422 1055 2.5749 1105 25729 1155 2.5544
1008 2.5408 1056 2.5361 1106 2.6328 1156 2.5547
1007 2.5776 1057 2.5711 1107 25739 1157 2.5547
1008 2.5406 1058 2.5341 1108 2.5334 1158 2.5540
1009 2.5407 1059 2.6719 1109 2.5746 1159 2.5546

1010 2.5797 1080 2.5360 1110 2.5333 1160 2.5548
1011 2.5407 1061 2.5691 1111 2.5733 1161 2.5551
1012 2.5408 1062 2.6358 1112 2.5323 1162 2.5530
1013 2.5789 1083 2.5709 1113 2.5669 1163 2.5544

1014 2.5398 1064 2.5346 1114 2.56335 1164 2.5545
1015 2.5471 1065 25723 11156 2.5729 1165 2.5544
1016 2.5440 1066 2.5354 1116 2.5324 1166 2.5541
1017 2.5644 1067 25720 1117 25731 1167 2.5547
1018 2.5400 1068 2.5354 1118 2.5324 1168 2.5540
1019 2.5694 1069 26722 1118 2.6733 1169 2.5540
1020 2.5383 1070 2.6353 1120 2.5563 1170 2.6543
1021 2.5689 1071 2.5721 1121 2.5317 1171 2.6543
1022 2.5380 1072 2.6352 1122 2.6728 1172 2.5539
1023 2.5702 1073 2.6722 1123 2.5563 1173 2.5542
1024 2.5388 1074 2.5349 1124 2.5308 1174 2.5538
1025 2.5673 1075 2.5721 1125 2.6733 1175 2.5539
1026 2.5374 1076 2.5354 1126 2.5584 1176 2.6537
1027 2.5715 1077 25727 1127 2.56310 1177 2.5536
1028 2.5385 1078 2.5354 1128 2.5726 1178 2.5535
1029 25686 1079 2.5718 1129 2.5585 1179 25535
1030 2.5380 1080 2.5357 1130 2.5318 1180 2.5535

1031 2.6702 1081 2,5723 1131 2.6723 1181 2.5535
1032 2.56371 1082 2.5342 1132 2.5581 1182 25535
1033 2.6702 1083 2.5733 1133 2.5304 1183 2.5535
1034 2.5387 1084 2.5342 1134 2.5711 1184 2.5540

1035 2.5679 1085 2.5736 1135 2.5601 1185 2.5570
1036 2.5373 1086 2.5334 1136 2.5291 1186 2.5059
1037 2.5701 1087 2.5742 1137 2.5719
1038 2.5373 1088 2.5329 1138 2.5605
1038 2.5696 1089 26746 1139 2.5305
1040 2.5361 1080 2.5321 1140 2.5712
1041 2.5709 1091 2.5749 1141 256086
1042 2.5360 1092 2.5329 1142 2.5288
1043 2.5710 1093 2.5745 1143 2.57186
1044 2.6373 1094 2.5336 1144 2.5618
1045 2.5694 1085 2.5702 1145 2.5284
1046 2.5374 1096 2.5340 1146 25712
1047 2.5706 1097 2.5737 1147 2.5626
1048 2.5370 1008 2.5338 1148 2.56285
1049 2.5706 1099 2.5737 1149 2.5717
1050 2.5360 1100 2.5336 1150 2.5615
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Annex 15: The weighing certificate of the metals and the mother solution for the preparation of IRMM-
1027p

Certificate ’lW
“ of weighing
m:g;ﬁ mf;'tsReference Materials and

E. 3789 Issued date: 25 October 2013 Page 1 of 1
Applicant: R. Jakopié¢ Unit/group: SN3S/Metro
Project: Preparation and certification of IRMM-1027p

Description:  Mother solution IRMM-1027p
Date of request: 12 May 2011

Weighing date: 15 June 2011 and 02 November 2012

The reported results apply only to the objects / samples described in this certificate.

Mass Uncertainty
lg] [l

Mass of Pu metal (MP2) 2.2443 0.0002
Mass of U metal (CRM-116) 11.747 0.002
Mass of U metal (EC-NRM-101) 53.324 0.006
Mass of IRMM-1027p 3070.76 0.09

Observations:
Masses were determined by substitution weighing on balances AT 261 and At 201 with IRMM
inventory No 1999 00337 27 and 1996 00547 73 and balance PR 5002 with inventory No. 9800298.

Traceability:

The certified mass values are traceable to the International Kilogram Prototype via regular calibrations
of the IRMM principal kilogram. The sets of working mass standards M 3 and M 10 were used as
reference in the mass determination.

Uncertainty:

All reported uncertainties are expanded uncertainties U/ = keu, where u, is the combined standard
uncertainty calculated according to the ISO/IEC Guide to the expression of Uncertainty in
Measurement. The coverage factor £ = 2 corresponds to a coverage probability of about 95 %.

s N )
< / ( —
B e 2 8
Nuclear Chemistry Laboratory Mass Metrology Service
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Annex 16: Uncertainty budget for the plutonium gravimetric mixture of IRMM-1027p.

Plutonium gravimetric mixture for IRMM-1027p

Plutonium gravimetric mixture for IRMM-1027p

Author: Rozle Jakopic

A plutonium gravimetric mixture was prepared by dissolving plutonium MP2 metal
(CEA/CETAMA) in nitric acid.

Input parameters:

a) Mass of plutonium metal and the nitrate solution (weighing certificate E3789) b) Purity of
plutonium metal (metal certificate) ¢) Plutonium isotope amount ratios (IRMM certificate, issued
11 April 2007) d) Atomic masses for plutonium isotopes from G. Audi et al. Nuclear Physics
AT29, 337-676, 2003 &) Half-lives from Laboratorie National Henri Becquerel,

http:/fmww . nucleide.org/DDEPywo/DDEPdata.htm

Purity of MP2 metal on 1 Nov 2013 was calculated from the the purity on 1 Jan 2007 (99 875
+/-0.040), which was derived from the original CETAMA certificate (99.90 +/- 0.04).

All the data are decayed to 1 November 2013 (reference date)

Model Equation:
{Molar mass of plutonium in MP2, 1 Jan 2007}

Mpy = Ma3gpy T238pu + Mazgpu f230pu * Mosopu T240pu + MasipuT2a1pu + Masopu Taa2py
{Isotope amount fraction in MP2, 1 Jan 2007}

fa38Pu = Ra3spurzzgpu/ZRpy;

f239Pu = 1/ZRpy;

fa40pu = Rogopu23spuZRpy;

faa1pu = Rog1pu23spuZRpy;

fa40py = Rogopw23opuZRpy;

ERpy = Rosgpupigpy + 1+ Ragopwziopu + Roa1puwzigpu + Raopur2iopu:

{Isotope mass fractios in MP2, 1 Jan 2007}

W23gpy = f23spu Ma3spu/Mpy;

Wo3gpy = f23gpu Mazspy/Mpy;

Woaopy = f240pu"Ma24ory/Mpy:

W241py = f241puM241pu/Mpy;

Wa42py = fag2py Mag2pu/Mpy;

{Decayed isotope amount ratios in gravimetric mixture, IRMM-1027p, 1 November 2013}
Rdy3gpu23spu = Ro3spuzzapy -(€"(-Aa3g-At)e (-Ap3g-At));

Rd40pw239Pu = Rodopuz3epy -(8*(-Aosp-At)e™(-hp3g-Al));

Rdos1punagry = Roatpuzagpy -(84(-Aoaq-At)e(-Aoag-Al));

Date: 12/10/2013 File: IRMM-1027p Plutonium gravimetric mixture_1Nov2013 Page 1 of 12

Generated with GUM Workbench Pro Version 2.3.6.124
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Plutonium gravimetric mixture for IRMM-1027p

Rdagapyiaaspy = Raazpuzagpy -(€M(-Aogz- At)e-kaag-At));
ZRdp, = Rdasapupagey + 1 + Rdasgpwaigry + Rd241pwzagpu + Rd242pu23gpu;

{Decayed and normalised isotope amount fractios in gravimetric mixture, IRMM-1027p, 1
November 2013}

fdnormyagpy = Rda3gpunsgpy/ZRdpy;
fdnormaagp, = 1/ZRdp,;

fdnorma4ppy = Rda4ppunagpy/ZRdpy;

fdnormoypy = Rdyy1pyosepy/ ZRApy,
fdnormgz4zpy = Rda42puagpy/ZRdpy;

{Decayed molar mass of plutonium in gravimetric mixtures, IRMM-1027p, 1 November
2013}

Mdpy, = Maagpy, fdnormasgpy, + Mozgpy fdnormosgp,, + Maggpy, fdnormasgp, +

Ma41py fdNOrmog py + Maogopy fdnormogop,;

{Decayed and normalised isotope mass fractios in gravimetric mixture, IRMM-1027p, 1
Naovember 2013}

deornggpu = fdnOFm23ng'r'«1238pu."lMdpu;

wdnorn123gpu = fdﬂorm23gpu'M239pu.-'ll\-"[dpu,'

wdnormaggpy = fdnormaggpy-Magopy/Mdpy;

wdnormyypy = fdnormyyp,-Magip,/Mdpy;

wdnormagopy = fdnormagopy-Magop/Mdpy;

{Decayed amount ratios for purity calculation, 1 November 2013}
fdo3spy=Tazspy e (-Ao3s"Al);

fda3gpy=Ta3apu"e"(-A39" At);

fdos0pu=2a0pu"e"(-A240" At);

fdagipy=Taa1pye(-Aaq" At);

fdasopy=faaopy e (-Aog2" At);

{Decayed isotope masses for purity calculation, 1 November 2013}
mdaagpy=Fdaaap, " Mazgpy Mpy/Mpy:

Md30py=Td230py "Ma3gpy "Mpy/Mpy,

mda40pu=Fd240py " Masgpy Mpy/Mpy;

mda41py=fd2g1py" Mag1py" Mpy/Mpy;

mda4opy=Fd242p, " Magopy " Mpy/Mpy:

Imdp,= Mdaagp,+Mda3gpy tMdoagpy* Mdoa1pytMdasopy;
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Plutonium gravimetric mixture for IRMM-1027p

Npufinal=NpPump2 EMdp,/Mpy;

{Decay constants}

Ny = In(2);

Ao3g = Nz / Tozg;

Aa39 = Ing / Ta3g;

Aoap = Ing / Toyq;

Aaa1 = Ing / Togq;

Aoz = Ing / Tagy;

{Plutonium mass fraction in gravimetric mixture, IRMM-1027p, 1 November 2013}

Yrumixture=(MpumP2 M Pufinal) Msolution1027p:
YPumixture239= YPumixture WANOIM3gpy;

M239pPuvial = YPumixture239 Myialt:
{Plutonium amount content in gravimetric mixture, IRMM-1027p, 1 November 2013}

Cpumixture™ YPumixture/ Mdpy;

CPumixture239 = CPumixture’ TANOTM239py;

List of Quantities:
Quantity Unit Definition

At a time difference between certification date MP2 (1 Jan 2007) and
reference date (1 Nov 2013)

Rdyagpynaopy| Molimol  |decayed 2°Pur®®Pu amount ratio in IRMM-1027p, 1 Nov 2013

Rdasgpynzopy| molimol  |decayed 20py?¥py amount ratio in IRMM-1 027p, 1 Nov 2013

Rdyy1puniopy| molimol |decayed 2*'Pu/Z°Pu amount ratio in IRMM-1027p, 1 Nov 2013

Rdosopypigpy| molimol  |decayed 2*Pu/°Pu amount ratio in IRMM-1027p, 1 Nov 2013
Rao3spuz3gpy | mol/mol 2*8p4/2*py amount ratio in MP2, 1 Jan 2007
Rosopuizzgpy | molimol 20py/23%py amount ratio in MP2, 1 Jan 2007

Ra41pua3gpy | molimol 21py23¥py amount ratio in MP2, 1 Jan 2007

Roazpyaagpy | mMol/mol 22p42%py amount ratio in MP2, 1 Jan 2007

Mpy g/mol  |molar mass of Puin MP2, 1 Jan 2007

fo3mPy mol/mol |?*®*Pu amount fraction in MP2, 1 Jan 2007
fasapy mol/mol |?**Pu amount fraction in MP2, 1 Jan 2007
To40Py mol/mol | %*°Pu amount fraction in MP2, 1 Jan 2007
f241py mol/mol | **'Pu amount fraction in MP2, 1 Jan 2007
faaopy mol/mol  |%*’Pu amount fraction in MP2, 1 Jan 2007

e
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Plutonium gravimetric mixture for IRMM-1027p

Quantity Unit Definition
ZRpy mol/mel | Sum of amount ratios in MP2, 1 Jan 2007
A3 ! Decay constant 2Bpy
Aoag al Decay constant 2%pu
Aaag a Decay constant 2*’Pu
Aoai a’l Decay constant 2*'Pu
Aoa a’l Decay constant 22py
Maagpy, /mol | Atomic mass of 22Pu
Maagpy /mol | Atomic mass of 2°Pu
Moagpy g/mol  |Atomic mass of 240py
Ma41py g/mol  |Atomic mass of #1py,
Moopy g/mol  |Atomic mass of 242py,
XRdp, mol/mol  [Sum of decayed amount ratios in gravimetric mixture, IRMM-1027p,
1 November 2013
fdnormsagp, | mol/mal  |Decayed and normalised 2¥py amount fraction in gravimedric
mixture, IRMM-1027p, 1 November 2013
fdnormsyagp, | mol/mol  |Decayed and normalised 239pu amount fraction in gravimetric
mixture, IRMM-1027p, 1 November 2013
fdnormoggpy | mol/mol  |Decayed and normalised 2Ppy amount fraction in gravimedric
mixture, IRMM-1027p, 1 November 2013
fdnormygyp, | mol/mol |Decayed and normalised 2'pu amount fraction in gravimetric
mixture, IRMM-1027p, 1 November 2013
fdnormagzp, | mol/mol  |Decayed and normalised “2py amount fraction in gravimedric
mixture, IRMM-1027p, 1 November 2013
Mdp, /mol Decayed molar mass of Pu in gravimetric mixture, IRMM-1027p, 1
November 2013
wdnormosgpy g/g Decayed and normalised 23¥py mass fraction in gravimetric mixture,
IRMM-1027p, 1 November 2013
wdnormosgp, g/g Decayed and normalised 2%py mass fraction in gravimetric mixture,
IRMM-1027p, 1 November 2013
wdnormoggpey a/g Decayed and normalised “py mass fraction in gravimetric mixture,
IRMM-1027p, 1 November 2013
wdnormogpy g/g Decayed and normalised 2Y'py mass fraction in gravimetric mixture,
IRMM-1027p, 1 November 2013
wdnormoyop, a/g Decayed and normalised 2#2Pu mass fraction in gravimetric mixture,
IRMM-1027p, 1 November 2013
NPufinal a/g Purity of MP2 metal, 1 November 2013
|ﬂ2
T3 a Half-life 2>°Pu
e 239
T939 a Half-life =~Pu

Date: 12/10/2013

File: IRMM-1027p Plutonium gravimetric mixture_1Nov2013

Page 4 of 12

Generated with GUM Workbench Pro Version 2.3.6.124

83




Plutonium gravimetric mixture for IRMM-1027p

Quantity Unit Definition
240 a Half-life 2*°Pu
Toa1 a Half-life 2*'Pu
Tos a Half-life %*2Pu
Yeumixture alg Pu mass fraction in IRMM-1027p
MpyvpP2 g Mass of plutonium MP2 metal
Maolution1027p g Mass of gravimetric mixture, IRMM-1027p
YPumisture239 alg 2Py mass fraction in IRMM-1027p
CPyumixture maolig Pu amount content in IRMM-1027p
CPumixture239 mol/g 23%py amount content in IRMM-1 027p
Mpy d
mMdsagpy g Decayed mass of 238py, from 1 Jan 2007 to 1 November 2013
mdsagpy g Decayed mass of “9py, from 1 Jan 2007 to 1 November 2013
md-agpy g Decayed mass of szu, from 1 Jan 2007 to 1 November 2013
mdsaqpy g Decayed mass of 24"Pu, from 1 Jan 2007 to 1 November 2013
md-4op, g Decayed mass of 242F’u, from 1 Jan 2007 to 1 November 2013
Imdp, g Sum of decayed Pu masses
MPuMP2 a/g Purity of MP2 metal, 1 Jan 2007
W23apy a/g 2Py mass fraction in MP2, 1 Jan 2007
W23gPy alg 29y mass fraction in MP2, 1 Jan 2007
W240Py a/g 20py mass fraction in MP2, 1 Jan 2007
W241Py alg 21py mass fraction in MP2, 1 Jan 2007
Wa42pPy a/g 22py mass fraction in MP2, 1 Jan 2007
fda3spy mol/mal |[Decayed 28py amount fraction in MP2, from 1 Jan 2007 to 1
November 2013
fda3gpy mol/mol |Decayed 23py amount fraction in MP2, from 1 Jan 2007 to 1
November 2013
fd240py mol/mal |[Decayed #Dpy amount fraction in MP2, from 1 Jan 2007 to 1
November 2013
fdaa1py mol/mol |Decayed by amount fraction in MP2, from 1 Jan 2007 to 1
November 2013
fd242py mol/mal |[Decayed %2y amount fraction in MP2, from 1 Jan 2007 to 1
November 2013
M23gPuvialt
Myialt
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Plutonium gravimetric mixture for IRMM-1027p

At: Type B rectangular distribution
Value: 6.833676 a
Halfwidth of Limits: 0.038 a

01/01/2007, 01/11/2013, delta t= 2496 days / 365.25 = 6.833676 a

Ro3gpum3gpy: Type B normal distribution
Value: 0.00003083 mol/mol
Expanded Uncertainty: 0.00000029 mol/mol
Coverage Factor: 2

IRMM MP2 certificate 2007

Rog0puz3gpu Type B normal distribution
Value: 0.0224324 mol/mol
Expanded Uncertainty: 0.0000051 mol/mol
Coverage Factor: 2

IRMM MP2 certificate 2007

Raa1purzagpy: Type B normal distribution
Value: 0.0002378 mol/mol
Expanded Uncertainty: 0.0000031 mol/mal
Coverage Factor: 2

IRMM MP2 certificate 2007

Roszpuz3gpy: Type B normal distribution
Value: 0.00007570 mol/mol
Expanded Uncertainty: 0.00000078 mol/mol
Coverage Factor: 2

IRMM MP2 certificate 2007

e Constant
Value: 2.71828182845904523536

Mo3gpy,: Type B normal distribution
Value: 238.0495599 g/mal
Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

G. Audi et al., The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

M3gpy: Type B normal distribution
Value: 239.0521634 g/mol
Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

G. Audi et al., The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003
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Plutonium gravimetric mixture for IRMM-1027p

Ma4opy:

G. Audi et al., The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Mogipy:

G. Audi et al., The AMEZ2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Maosapy:

G. Audi et al., The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Toag:

Laboratorie National Henri Becquerel, hitp://'www nucleide.org/DDEPy/DDEPdata.htm

To39

Laboratorie National Henri Becquerel, hitp://www nucleide.org/DDEPyc/DDEPdata.htm

T240¢

Laboratorie National Henri Becquerel, http://www.nucleide.org/DDEPyo/DDEPdata.htm

Toa1:

Wellum et al_, J. Anal_ At. Spectrom_, 2009, 24, 801-807

Type B normal distribution

Value: 240.0538135 g/mol

Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

Type B normal distribution

Value: 241.0568515 g/mol

Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

Type B normal distribution

Value: 242 0587426 g/mol

Expanded Uncertainty: 0.0000040 g/mol
Coverage Factor: 2

Type B normal distribution
Value: 87.74 a

Expanded Uncertainty: 0.03 a
Coverage Factor: 1

Type B normal distribution
Value: 24100 a

Expanded Uncertainty: 11 a
Coverage Factor: 1

Type B normal distribution
Value: 6561 a

Expanded Uncertainty: 7 a
Coverage Factor: 1

Type B normal distribution
Value: 14 325 a

Expanded Uncertainty: 0.024 a
Coverage Factor: 2
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Plutonium gravimetric mixture for IRMM-1027p

To42:

Type B normal distribution
Value: 373000 a

Expanded Uncertainty: 3000 a
Coverage Factor: 1

Laboratorie National Henri Becquerel, http://www.nucleide. org/DDEPyo/DDEPdata.htm

Mpump2-

Type B normal distribution
Value: 22443 g

Expanded Uncertainty: 0.0002 g
Coverage Factor: 2

weighing certificate E3789

M golution1027p:

Type B normal distribution
Value: 307076 g

Expanded Uncertainty: 0.09 g
Coverage Factor: 2

weighing certificate E3789

mpy,:

MPuMP2-

Myig)1-

Type B normal distribution
Value: 1.00 g

Expanded Uncertainty: 0 g
Coverage Factor: 1

Import
Filename: Decay MP2 from 12-03-2001 to 01-01-2007 .smu
Symbol: Npyfinal

Type B normal distribution
Value: 2.5351

Expanded Uncertainty: 0.0006
Coverage Factor: 2

mass of Vial No. 1

Input Correlation:
The abundance set for Pu is assumed as uncorrelated.
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Plutonium gravimetric mixture for IRMM-1027p

Interim Results:

Quantity Value Standard
Uncertainty
Mp, | 239.07479084 g/mol | 4.49-10 g/mol
fosapy | 30.143-10° mol/mol | 142-10° mol/mol
foagpy | 0.97773050 mol/mol | 2.88-1 0® mol/mol
foappy | 0.02193284 mol/mol | 2.44-1 0"® mol/mol
fostpy | 232.50-10° mol/mol | 1.52-10° mol/mol
fouopy | 74.014-10° molimol | 381-10° mol/mol
ZRpy 1.02277673 mol/mol | 3.01-10°° mol/mol
Aaag 7.90001-107 &' 2.70-10%a™
Ao3g 28.7613-10% a™ 13.1-10%a"
A0 105.647-10°a™ 113-107a"
A4t 0.0483872a" 40.5-10%a™
Aoso 1.8583-10%a"" 14.9-10%a"
ZRdp, | 1.02269643 mol/mol | 2.82-1 0"® mol/mol
Mdxgpy 28.437-10° g 134-107 g
Mda39py 0.97744583 g 2.96-10° g
mda40py 0.02200676 g 2.45-10% g
Mdog1py 168.43-10% g 1.11-10% g
Mda4apy 74.937-10° g 386-107 g
Tmdp, 0.999724392 g 959-107 g
W238Pu 30.014-10° g/g 141-107 glg
Waopy | 0.97763796 g/g 2.90-10° g/g
Wagopy | 0.02202266 g/g 2.4510° g/g
W241Py 234.43-10%° g/g 1.53-10° g/g
Wogpy | 74.938-10° g/g 38610 glg
fdpsapy | 28.559-10°° mol/mol | 134-10™ mol/mol
fdoagp, | 0.97753835 mol/mol | 2.95-1 08 mol/mol
fdaggpy | 0.02191701 mol/mal | 2.44-1 0° mol/mol
fdygqpy | 167.04-10°° mol/mol | 1.10-10 mol/mol
fdosop, | 74.013-10° molimol | 381-10" mol/mol
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Plutonium gravimetric mixture for IRMM-1027p

Uncertainty Budgets:

Rdysgpumssru:  decayed 2*°Pui?>’Pu amount ratio in IRMM-1027p, 1 Nov 2013
Quantity Value Standard |Distributio| Sensitivity | Uncertainty | Index
Uncertainty n Coefficient | Contribution
Rasgpu3opy 0.02243240 255-10° normal 10 25-10° 100.0
mol/mol mal/mol mol/mol %
Rdosagpyaag 0.02242062 25510
Pu mol/mol mol/mol
Rdogipyo3spy:  decayed 2*'Pui?®®Pu amount ratio in IRMM-1027p, 1 Nov 2013
Quantity Value Standard |Distributio| Sensitivity | Uncertainty | Index
Uncertainty n Coefficient | Contribution
At 6.8337 a 0.0219a [rectangular| -8.3-10° | -180-107 |26%
mol/mol
Rogipumspy|  237.80-10° 1.55-10% | normal 0.72 1.110° |972%
mol/mol mal/mol mol/mol
Toa1 14.3250 a 0.0120a | normal 3.9-10° 47107 | 02%
mal/mol
Rdygipuz3g | 170.88-10°° 1.13-10°
Pu mol/mol mal/mol
Rdsopyniseyt  decayed 2*2Pui**Pu amount ratio in IRMM-1027p, 1 Nov 2013
Quantity Value Standard |Distributio| Sensitivity | Uncertainty | Index
Uncertainty n Coefficient | Contribution
Rogopumispy|  75.700-10°° 390107 | normal 1.0 300-10° | 100.0
mol/mol mol/mol mol/mol %
Rdygpyz3g | 75.714-10° 390-107
Pu mol/mol mal/mol
YPumixture239- 239Pu mass fraction in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
MpuMP2 2.244300 g 100-10%g | normal 320-10° | 32-107qg/g | 47 %
Msolution1027p| 3070.7600 g 0.0450 g normal 0.0 -10-107 al/g | 0.5 %
NPUMP2 0.998746 g/g | 200-107° g/g 710-10° | 140-10° g/g |94.8 %
G ]
VYpumixture239 | 7 13.482-107 g/g | 147-10™ g/g
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Plutonium gravimetric mixture for IRMM-1027p

CPumixture239- #°py amount content in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Mpye2 2244300g | 100-10%g | normal 13-10® 130107 |47 %
mol/g
Msoluionto27p| 3070.7600 g 0.0450g | normal 0.0 4410 | 05 %
mol/g
NPuMP2 0998746 g/g | 200-10° g/g 3.0-10° 600-10"% |94.8 %
mol/g
CPumixture23a | 2.984627-10° | 614-107"%
mol/g mollg
M339pyviali*
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
MpyyP2 2244300g | 100-10%g | normal | 810-10° 81107 | 35%
Msolution1027p| 3070.7600 g 0.0450 g normail 0.0 27107 0.4 %
NPuMP2 0.998746 g/g | 200-10° g/g 1.8-1072 360-107 |712 %
Myia 2535100 300-10° | normal | 710-10° 210-10° (249 %
Mosgpuvialt | 1.808747-10° | 429107
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Plutonium gravimetric mixture for IRMM-1027p

Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
Rdysgpunispy| 29.22-10°° mol/mol 280-10 2.00 manual
mol/mol
Rdsagpymagpy| 0.0224206 mol/mol 5.1-10° 2.00 manual
maol/mol
Rdsg1pynispy| 170.9-10°° mol/mol 2310 2.00 manual
mol/mol
Rdosopynigpy| 75.71-10°° molimol 780-107 2.00 manual
maol/mol
fdnormaage, | 28.57-10° molimol 270107 2.00 manual
mol/mol
fdnormsyagp, | 0.9778073 mol/mol 54-10° 2.00 manual
mol/mol
fdnormoygp, | 0.0219230 mol/mol 49-10° 2.00 manual
maol/mol
fdnormaap, | 167.1-10 molimol 2210 2.00 manual
mol/mol
fdnormagop, | 74.03-10°° mol/mol 760-107 2.00 manual
maol/mol
Mdp, 239.0746515 g/mol | 8.0-1 0® a/mol 2.00 manual
wdnormasge, | 28.44-10° g/g 270-10” g/g 2.00 manual
wdnormsagpy 09777153 g/g 54-10° a/g 2.00 manual
wdnormsaopy 0.0220128 g/g 49-10° g/g 2.00 manual
wdnormsapy 168.5-107 a/a 2.2-10° a/g 2.00 manual
wdnormogpp, | 74.96-107° g/g 770-107 g/g 2.00 manual
NPufinal 0.99847 g/g 400-10° alg 2.00 manual
Youminiure 72974-10°g/g | 300-107 g/g 2.00 manual
Youmiduezza | 713.48-10° gig 290-107 g/g 2.00 manual
Coumidure | 3.0524-10% molig | 1.3-107% mol/g 2.00 manual
Chumixturez3g | 2.9846-10° molig | 1.2-107 mol/g 2.00 manual
Mo39pyuyiall 1.80875-107 0.047 % 2.00 manual
(relative)
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Annex 17: Uncertainty budget for the uranium gravimetric mixture of IRMM-1027p.

Uranium gravimetric mixture for IRMM-1027p

Uranium gravimetric mixture for IRMM-1027p

Author: Rozle Jakopic

A uranium gravimetric mixture was prepared by dissolving natural uranium (EC NRM 101) and
enriched uranium (NBL CRM-116) metals in nitric acid solution.

Input parameters: a) masses of the metals and the nitrate solution (E3789) b) purity of the
metals (metal certificates) ¢) uranium isotope amount ratios of the metals (certificate) d) atomic
masses for uranium isotopes from G. Audi et al., Nuclear Physics A 729, 337-676, 2003

Model Equation:
{Molar mass of uranium in gravimetric mixture, IRMM-1027p}

My = Ma33y-T2330 + Masau T340 + Massufazsu + Maseu-fazeu + Massu f23su;
{Isatope amount fraction in gravimetric mixture, IRMM-1027p}
2330 = Ra3suasu/IRy;

2340 = Razaupasu/ZRy;

f2350 = Ra3suizasu/ZRy;

2360 = Ra3suasu/ZRy;

fa3su = 1ZRy;

ZRy = Raasurasu + Razauzssu + Rassumssu + Rossupasu + 1
{Isotope mass fraction in gravimetric mixture, IRMM-1027p}
W33y = fazau Mazau/My;

Wo3gy = Fa3au Mazau/My;

Wa3sy = faasy Maasu/My;

Wa3sy = fazeu Maagu/Mus

Wa3gy = f2au Mazsu/Mus

{Isotope amount ratios in gravimetric mixture, IRMM-1027p}
R233urz38u = N233u/N238u:

Ra3aurzasu = Nazau/Nassu:

Roasuzasu = N2asu/N23su:

R23sur2380 = N23su/N238y:
{Amount of uranium isotopes in gravimetric mixture, IRMM-1027p}

N33y = (N2335 * N233b) |
No3au = (Mg31.2 + N23ayp) ;

N23sy = (M235.a + N23sb) ;
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Uranium gravimetric mixture for IRMM-1027p

Nz3gu = (N236.2 * N236.b) 5

Na3gu = (N23g.a + N23ab)

{uranium mass fraction in gravimetric mixture, IRMM-1027p}
Yumixture=(MUCRM116” MpurityCRM1 16 MUEC101 NpurityEC101) Msolution1027p:
Y235Umixture™ YUmixture W235U;

Y238Umixture™ YUmixture W238U;

M350~ ¥235Umixture’ Myial1;

M238U="Y238Umixture Myial1;

{uranium amount content in gravimetric mixture, IRMM-1027p}
CUmisture=YUmixture/MuU;

C235Umisdure = CUmixture 12350

C238Umixture™=CUrmixture 238U

{Amount of uranium isotopes in EC NRM 101}

N233.3 = Myecto1 Mpuityec1o1 ~ 233ua / Mua ;
N234.2 = Myecior MpurityeG101 ~ T234ua  Mua
N353 = MyUEC101 MpurityEG101 ~ T2350a / Mya ;
N236.a = MUEC101 NpuriyEc101 ~ f236ua / Mua
N3g 2 = Mygcto1 Mpurtyec101 ~ 1238ua / Mya |
{Amount of uranium isotopes in NBL CRM-116}
N233.b = MUCRM116 "MpuritycRM116 ~ F233ub / Mug |
N334 b = MycrM116  MpurityCRM116 ~ T234Ub / Mup ;
N235b = MycrM116 MpurtycRM116 ~ T23506 / Mup S
N23gb = MycrMmi16 MpurtycrM116 ~ 12350 / Mup |

N238 b = MyUCRM116 MpurityCRM116 ~ T238Ub / Mup
{Isotope amount fraction of uranium in EC NRM 101}

23302 = R233ur3sua/ZRua;
f234ua = R234un3sua/ZRua;
f3350a = R23sun23sua/ ZRuar
f236ua = R23sunasua ZRua;
f238ua = 1/ZRya;

2Rya = Rz33u3sua + Ra3auzasua *+ Ra3suizssua + Roasunasua + 1
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Uranium gravimetric mixture for IRMM-1027p

{Molar mass of uranium in EC NRM 101}

Mua = M233u- 23302 + Mazau-T23aua + Ma3sy-T23sua + Maasu-faasua + Masgu-fazsua;

W233ua=T2330a M2330/Mua;
W234Ua=T2340a" M2340/Muya;
W23sUa=T2350a "Ma3su/Mya;
W23gUa=T236Ua " M236u/Muya;

Wo3gua=fa38ua" Ma3su/Mya;

{Isotope amount fraction of uranium n NBL CRM-116}

f233ub = Razzurnzsun/ ZRup:

fa34ub = RaaaupasunZRup.

f238ub = RaaguissunZRup,

fa3sub = Ra3surzasun/ZRub:

fa3sup = 1/ZRyy;

IRy = Rozaurzasub + Rossuizasus + Rozauzssus + Rassumssup + 15
{Molar mass aof uranium in NBL CRM-116}

Mup = M233u-f233un + Maaau-Tazaup + Ma3su-Ta3sun + Mzasu-Tazsun + Ma3gu-fassue:
W233ub=233Un M2330/Myp,

Wa3aub=T2340 " Mo3au/Mup;

Wa3sub=Ta3sun Ma3su/Mup;

Wa3sub=Ta3sun "Ma3su/Mup;

Wo3gub=Fa3sun " Ma3su/Mup,

List of Quantities:

Quantity Unit Definition

YUmixture g/g U mass fraction in IRMM-1027p
Y235Umixture glg  |**°U mass fraction in IRMM-1027p
Y238Umixture gla  |?*®U mass fraction in IRMM-1027p

Sl mol/g  |U amount content in IRMM-1027p
Co35Umixture mol/g 235 amount content in IRMM-1027p
Co3aUrmixture mol/g 233 amount content in IRMM-1 027p

My g/mol  |Molar mass of U in IRMM-1027p

Rossuzasy | molimol |2U/2*8U amount ratio in IRMM-1027p
Rosaumasy | mol/mal 2428 amount ratio in IRMM-1027p
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Uranium gravimetric mixture for IRMM-1027p

Quantity Unit Definition
Rossu23sy | mol/mol 235238y amount ratio in IRMM-1 027p
Rosgupasy | mol/maol 23650/2%8 amount ratio in IRMM-1 027p
2330 mol/mol  [#3U amount fraction in IRMM-1027p
o340 mol/mol | 2**U amount fraction in IRMM-1 027p
faasu mol/mol | #®U amount fraction in IRMM-1 027p
f36u molimol | 2*U amount fraction in IRMM-1 027p
2330 mal/mol |?®U amount fraction in IRMM-1027p
— glg  |?**U mass fraction in IRMM-1027p
Woaay g/g  |?**U mass fraction in IRMM-1027p
Woasy g/g  |*®U mass fraction in IRMM-1027p
Wosgy g/ |?®U mass fraction in IRMM-1027p
Wa3ay alg | ?*®U mass fraction in IRMM-1027p
N2331 maol Amount of U-233 in the mixture
N4y mol Amount of U-234 in the mixture
N2351) maol Amount of U-235 in the mixture
N2361 mal Amount of U-236 in the mixture
N33 mol Amount of U-238 in the mixture
Maasy g/mol | Atomic mass of 2y
Moaay g/mol | Atomic mass of B4y
Maasy g/mol | Atomic mass of By
Ms3gy g/mol | Atomic mass of 26y
Maagy g/mol | Atomic mass of 28y
Msolution1027p a Mass of gravimetric mixture, IRMM-1027p
Myeciol g Mass of natural uranium metal, EC-NRM 101
NpurityEC101 alg Purity of natural uranium metal, EC NRM 101
MycRM116 o] Mass of enriched uranium metal, NBL CRM-116
M purityCRM116 alg Purity of enriched uranium metal, NBL CRM-116
My, g/mol Molar mass of U in EC NRM 101
330z 233 amount fraction in EC NRM 101
f224Ua 23 amount fraction in EC NRM 101
f350a 235U amount fraction in EC NRM 101
f236Ua 238 amount fraction in EC NRM 101
f380a 238 amount fraction in EC NRM 101
Mug g/mol | Molar mass of U in NBL CRM-116
f533UB 23y amount fraction in NBL CRM-116
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Uranium gravimetric mixture for IRMM-1027p

Quantity Unit Definition

f2340b 23 amount fraction in NBL CRM-116

f23508 235 amount fraction in NBL CRM-116

f236ub 23) amount fraction in NBL CRM-116

f238Ub 238 amount fraction in NBL CRM-116

N233a mol  |?* U amount in EC NRM 101

No34a mol  |[?** U amount in EC NRM 101

o354 mol  [#*®* U amount in EC NRM 101

N236.2 mol | %® U amount in EC NRM 101

233 mol  |[?* U amount in EC NRM 101

N233b mol  |2* U amount in NBL CRM-116

N3 b mol  |[?* U amount in NBL CRM-116

N235p mol  |#° U amount in NBL CRM-116

N236b mol | %® U amount in NBL CRM-116

N23b mol  |#* U amount in NBL CRM-116
R233u238u2 | mMol/mol 231/231 amount ratio in EC NRM 101
Roaum3sus | mol/mol Z31/%*8 amount ratio in EC NRM 101
Rossumssusa | mol/mol 235U/2%8 amount ratio in EC NRM 101
Rasgum3aus | mol/mol 238/2%3 amount ratio in EC NRM 101
Ro3suiasup | Mol/mol  [22U/°U amount ratio in NBL CRM-116
Rosaumssup | mol/mol | ?*U/2%U amount ratio in NBL CRM-116
Rosgumasus | mol/mol | 22U/2%U amount ratio in NBL CRM-116
Raasumasub | mol/mol  [2%U/%°U amount ratio in NBL CRM-116

IRy mol/mal | Sum of amount ratios in gravimteric mixture, IRMM-1027p

ZRy; mol/mol | Sum of amount ratios in EC- NRM 101

ZRyp mol/mol | Sum of amount ratios in NBL CRM-116

M335y a mass of 2>°U in vial No1

Mgl g mass of dispensed solution in vial No 1

M3380 a mass of 22U in vial No 1

W233la alg 233) mass fraction in EC 101

Wo3dUa a/g 24 mass fraction in EC 101

Wa3sUa a’g 235 mass fraction in EC 101

W236Ua a/g 238 mass fraction in EC 101

W23sUa a’g 238) mass fraction in EC 101

W233Ub g/g  |*3U mass fraction in CRM 116

W234Ub g/a  |?*U mass fraction in CRM 116
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Uranium gravimetric mixture for IRMM-1027p

Quantity Unit Definition
W235UL a/g 235U mass fraction in CRM 116
W23sUL alg 23'E’U mass fraction in CRM 116
W23sUb a/g 23E"U mass fraction in CRM 116
Ma33: Type B normal distribution

Value: 233.0396352 g/mol
Expanded Uncertainty: 0.0000058 g/mol
Coverage Factar: 2

G. Audi et al_, The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

M3a1: Type B normal distribution
Value: 234 0409521 g/mol
Expanded Uncertainty: 0.0000040 g/maol
Coverage Factor: 2

G. Audi et al_, The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

My35: Type B normal distribution
Value: 235.0439299 g/mol
Expanded Uncertainty: 0.00000040 g/mol
Coverage Factor: 2

G. Audi et al., The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Ma36: Type B normal distribution
Value: 236.0455680 g/mol
Expanded Uncertainty: 0.0000040 g/mol
Coverage Factar: 2

G. Audi et al_, The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Ma3gu: Type B normal distribution
Value: 238 0507882 g/mol
Expanded Uncertainty: 0.0000040 g/maol
Coverage Factor: 2

G. Audi et al_, The AME2003 atomic mass evaluation, Nuclear Physics A 729, 337-676, 2003

Msoution1027p* Type B normal distribution
Value: 307076 g
Expanded Uncertainty: 0.09 g
Coverage Factor: 2

weighing certificate E3789
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Uranium gravimetric mixture for IRMM-1027p

Myecio- Type B normal distribution
Value: 53.324 g
Expanded Uncertainty: 0.006 g
Coverage Factor: 2

weighing certificate E3789

NpurityEC101+ Type B normal distribution
Value: 0.99985 g/g
Expanded Uncertainty: 0.00005 g/g
Coverage Factor: 2

EC NRM 101 certificate

MycrM116- Type B normal distribution
Value: 11.747 g
Expanded Uncertainty: 0.002 g
Coverage Factor: 2

weighing certificate E3789

MpurityCRM116- Type B normal distribution
Value: 0.999672 g/g
Expanded Uncertainty: 0.000069 g/g
Coverage Factor: 2

NBL CRM-116 certificate

Ro33ui2380a° Type B normal distribution
Value: 0 mol/mol
Expanded Uncertainty: 0 mol/mol
Coverage Factor: 1

Certificate of isotopic coposition (IRMM, W . De Bolle)

Ro34u/238Ua° Type B normal distribution
Walue: 0.00005548 mol/mol
Expanded Uncertainty: 0.00000011 mol/mol
Coverage Factor: 1

Certificate of isotopic coposition (IRMM, W . De Bolle)

R2350238Ua" Type B normal distribution
Value: 0.0072593 mol/mol
Expanded Uncertainty: 0.0000018 mol/mol
Coverage Factor: 1

Certificate of isotopic coposition (IRMM, W. De Bolle)
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Uranium gravimetric mixture for IRMM-1027p

Rosguizssua: Type B normal distribution
Value: 0.000000151 mol/mol
Expanded Uncertainty: 0.000000020 mol/mol
Coverage Factor: 1

Certificate of isotopic coposition (IRMM, W. De Bolle)

Ra33uz3sup’ Type B normal distribution
Value: 0 mol/mol
Expanded Uncertainty: 0 mol/maol
Coverage Factor: 1

Report of Analysis, IRMM 2013

Ro3aum3sub: Type B normal distribution
Value: 0.0106853 mol/mol
Expanded Uncertainty: 0.0000011 mol/mol
Coverage Factor: 2

Report of Analysis, IRMM 2013

Rosgussub: Type B normal distribution
Value: 0.057975 mol/mal
Expanded Uncertainty: 0.000017 mol/mal
Coverage Factor: 2

Report of Analysis, IRMM 2013

R23gui235U: Type B normal distribution
Value: 0.00448811 mol/mol

Expanded Uncertainty: 0.00000046 mol/mol
Coverage Factor: 1

Report of Analysis, IRMM 2013

Miyiz)1: Type B normal distribution
Value: 25351 g
Expanded Uncertainty: 0.0006 g
Coverage Factor: 2

vial No. 1
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Uranium gravimetric mixture for IRMM-1027p

Interim Results:

Quantity Value Standard
Uncertainty
Nouy | 509.4702-10° mol 57.8-10" mol
Na35y 0.04813920 mol 4.31-10'6 mol
Nysy | 208.8429-10°° mol 29.1-10" mol
N23gy 0.2250603 mol 13.7-10° mol
My, | 238.02889787 g/mol | 5.71-10% g/mol
f234Ua 55.077-10° 109-107°
f235Ua 7.20658-10™ 1.77-10°
23602 149 9-107 19.9-107
f238Ua 0.99273819 1.78-10°
My, | 235.2005727 g/mol | 22.6-10°° g/mol
f234Ub 9.956964-10~ 514-107
fo380b 0.93183756 7.41-10°
23600 4.182189-10° 428-107°
f2380b 0.05402328 7.49-10®
Npsa | 12.3367-10° mol 24.5-10" mol
Nyssa | 1.614200-10° mol 410-10™ mol
N34 33.58-10 mol 4.45-107 mol
N23g 5 0.2223630 mol 13.7-10°° mol
Nosap | 497.1335-10° mol 52.4-10" mol
Noss b 0.04652500 mol 4.29-10° mol
Nysgp | 208.8093-10° mol 28.7-10" mol
Nysp | 2.697287-107 mol 448-10" mol
ZRy 1.2170863 mol/mol | 23.1-10°° mol/mol
ZR, | 1.00731493 mol/mol | 1.80-1 0® mol/mol
IRy 1.07314841 mol/mol | 8.53-10°° mol/mol
W234Ua 54.154-10° g/g 107-107 g/g
Wy | 7.11621-107 gig 1.75-10% q/g
Wrgua | 1487107 gig 19.7-10% g/g
Wo38Ua 0.99282949 g/g 1.76-10° g/g
Wosup | 9.907873-107 g/g 511-107 g/g
Wo3EUb 0.93121696 g/g 7.49-10% gig
Wosguy | 4.197215-107 gig 430-107 g/g
W238Ub 0.05467795 g/g 7.58-10° g/g

Date: 12/10/2013

File: IRMM-1027p Uranium gravimetric mixture

Page 9 of 14

100

Generated with GUM Workbench Pro Version 2.3.6.124



Uranium gravimetric mixture for IRMM-1027p

Uncertainty Budgets:

Y235 Umixture* 2%U mass fraction in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Msolution1027p| 3070.7600 g 0.0450 g normail 1.2-10° 54-107 glg | 2.6 %
Mycrmize | 11.74700g | 1.00-10°g | normal | 300-10° | 300107 g/g [82.3 %
NpuitycRMiis | 0.9996720 g/g | 34.5-10° | normal 36-107 | 120-107 g/g [13.5 %
a/g
Royssumasua | 7.25930-10° | 1.80-10° | normal 0.017 30-107g/g | 0.8 %
mol/maol mol/mal
Ryssupasup | 0-05797500 8.50-10° | normal | -34-10° | 29-10%¢g/g | 0.7 %
maol/mal mol/mal
rsumidure | 3.684699-10° | 334-107 g/g
a/g
Fo38Umixture” 238y mass fraction in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Mgolutiont027p| 3070.7600 g 004509 | normal | -57-10° |-260107g/g| 55 %
MUEC1D1 53.32400g | 3.00-10°g | normal 320-10% | 970-10% g/g |78.8 %
Nowivecior | 0.9998500g/g | 25.0-10° | normal 0.017 430-107 g/g [15.6 %
g/g
Yo38Umixture | 0.01744708 g/g | 1.09-10°7°
g/g
Co35Umixture* 235 amount content in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Menutontozzp| 3070.7600 g 004509 | normal | -51-107 | -230-10 | 26%
mol/g
MUCRM116 11.74700g | 1.00-10°g | normal 1.3-10° 13107 [823 %
molig
] 4D am D a2 o
Npuitycrmi1s| 0-9996720 g/g | 34.5-10 normal 15-10 520-10 13.5 %
a/g mol/g
R 7.25930-10° | 1.80-10° 10°® 130-107"? o
235U/238U3 s : normal 72-10 130-10 0.8 %
maol/maol mol/mal molig
Rossupisu, | 0.05797500 8.50-10° | normal 14-10° | 120110 | 0.7 %
mol/maol mol/mal molig
CosUmidure | 15.67664-10° | 1.42.107
mol/g mol/g
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Uranium gravimetric mixture for IRMM-1027p

C238Umixture- 233 amount content in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Megution1o27p|  3070.7600 g 0.0450g | normal 24107 11107 | 55%
mol/g
MuEC1D] 53.32400g | 3.00-10%g | normal 14-10° 41107 |788 %
mol/g
3 5 3 o
Npuiyecior | 0.9998500 g/g | 25.0-10 normal 72-10 1.8-10 15.6 %
9/g mol/g
CosaUmixure | 73.29141-10° | 4.50-107
mol/g mol/g
Ro34u23s0° 24U/7*%U amount ratio in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
MyUECID1 53324009 | 3.00-10°¢g | normal -41-10 120107 |18.1 %
mol/mol
Npuiyeciot | 0-9998500 g/g | 25.0-10° | normal 2.2-10° 55-107 | 3.6 %
/g mol/mal
Mucrmite | 11.74700g | 1.00-10°g | normal | 190-10° 190-107  [41.4 %
mol/mol
NpuitycRM116| 0-9996720 g/g | 34.5-10° | normal 2.2-107 75-10°7 [ 68 %
a/g mol/mal
Rosumssua | 55.480-107° 110-107 | normal 0.99 110-107  [14.3 %
mol/mol mol/mol mol/mol
Rosaunssup | 0.010685300 550-107 normal 0.20 110107  [152 %
mol/mol maol/mol mol/mal
Rossupssu, | 0.05797500 850-10° | nomal | -2.5-107 21107 | 06%
mol/mol maol/mol mol/mol
Ryyupaey | 2.263705-10° | 288-107
mol/mol maol/mol
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Uranium gravimetric mixture for IRMM-1027p

R23507238U" 25U/*8U amount ratio in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
MUECID1 53324009 | 3.0010°g | normal | -3.8107 11-10°  [255%
mol/mol
Npuiecior | 0-99985009/g | 25.0-10° | normal -0.20 51-10° | 50%
a/g mol/mal
mucrmits | 11.74700g | 1.00-10°g | normal 0.017 17-10°  |58.3 %
mol/mol
NpuitycRMi1g| 0-9996720g/g | 34.510° | normal 0.20 7.010° |96%
a/g mol/mol
Roseumisua | 7.25930-10° | 1.80-10° | normal 1.2 21-10° | 09%
mol/mol mol/mol mol/mol
Rosgumssup | 0.05797500 8.50-10% | normal -0.24 22010° | 08%
mal/mol mol/mol mol/maol
R235U."23BU 0.2138946 2281 0_5
mol/maol mal/mol
R236u238U° 23%U/*8y amount ratio in IRMM-1027p
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
MyEC1D1 53.32400g | 3.00-10°g | normal 17-10® 52-10°7  [13.5 %
mol/maol
Npuiecior | 0.9998500g/g | 25.0-10° | normal | -920-107 23107 | 27%
a/q mol/mol
MyCRMI 16 11.74700g | 1.00-10°¢g | normal 78-10° 78-10°  [30.9 %
mol/mol
NouitycRmit| 0.9996720g/g | 34.5-10° | normal | 920-10° 32107 | 51%
a/g mol/mol
Ryssumasus | 151.0-107 200107 | normal 0.99 20107 | 2.0%
maol/mol mol/mol mol/mal
Rosaupssup | 0.05797500 8.50-10% | normal 1.1-107 90107 | 04%
mol/maol mal/mol mol/mol
Rossumssu, | 4488110107 | 460107 | normal 0.21 95107 [455%
mol/mol mol/mol mol/mol
Rosuoiay | 927.942-10° 140-10
maol/mol mol/mol
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Uranium gravimetric mixture for IRMM-1027p

Mo3sy: mass of 2°U in vial No1
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Meguiontoa7p| 30707600 g 0.0450g | normal | -3.010° | -14010%g |[1.0%
MUCRM11E 11.74700g | 1.00-10%g | normal 770-10° | 770-107g {304 %
NpuitycRmits| 0.0996720 /g | 34.5-10° | normal 9.0-10° | 310-10%g |50%
a/g
RossupasUa | 7.25930-10° | 1.80-10° | normal 0.043 77-10%g | 03 %
mol/mol maol/mal
Ryssupasus | 0.05797500 8.50-10° | normal | -8510° | -72-10°g |03%
mol/maol mol/mol
Myial 25351009 | 300-10°¢g | normal 3.7-107 1.1-10%g [63.0%
Myey | 9341081079 | 1.39-10%¢
M38u: mass of 2°U in vial No 1
Quantity Value Standard | Distributi | Sensitivity | Uncertainty | Index
Uncertainty on Coefficient | Contribution
Msoluiontn27p| 30707600 g 0.0450g | normal -14-10% | -65010%g | 12 %
MUECID1 53324009 | 3.0010°g | normal | 820-10° | 2510°%¢ [172%
Npuityecior | 0.9998500 g/g | 25.0-10° | normal 0.044 1.1-10°g |34 %
/g
Myiait 25351009 | 300-10%g | normal 0.017 5210%g [78.1%
M238U 0.04423009 g | 5.92-10% ¢
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Uranium gravimetric mixture for IRMM-1027p

Results:
Quantity Value Expanded Coverage Coverage
Uncertainty factor
YUrmixture 0.0211867 g/g 2.3-10° a/a 2.00 manual
V3EUmidue | 3.68470-10°g/g | 670-107 g/g 2.00 manual
V238 Umixture 0.0174471 a/g 2210 gig 2.00 manual
Cumiture | 89.2020-10° molig |9.8-10™ molig 2.00 manual
Corsumidture|  15.6766-10° mol/g | 2.8-10" molig 2.00 manual
CorsUmidure|  73.2914-10° molig [9.2-107 molig 2.00 manual
My 237.513366 g/mol 94-10'6 ag/mol 2.00 manual
Ra33um2350 0.0 mol/mal 0.0 mol/mol 2.00 manual
Rosaunssy | 2.26371-10° mol/imol | 580-107° 2.00 manual
mol/mal
Roasumagy| 0-213895 molmol 46-10° 2.00 manual
mol/mol
Roseunssy | 927.94-10° mol/mol | 280-107 2.00 manual
mol/mal
2330 0.0 mol/mol 0.0 mol/mol 2.00 manual
fyaqy | 1.85994-10~ mol/mol | 420-107 2.00 manual
mol/mal
fa3su 0175743 mol/mal 31-10°° 200 manual
mol/moal
fey | 762.43-10° molimol |  210-107 2.00 manual
mol/mal
fa3au 0.821634 mol/mol 31-10°° 2.00 manual
mol/mal
Wa233( 0.0 g/g 0.0 g/g 2.00 manual
Woaay 183275107 gig | 410-107 g/g 200 manual
W2351) 0.173916 g/g 30-10°° alg 2.00 manual
Wo3sl 757.72-10% g/g 210-107 g/g 2.00 manual
Wa23gU) 0.823494 g/g 31-10° alg 2.00 manual
Moasy 9.3411-10 g 0.030 % 2.00 manual
(relative)
Mo3a1 0.044230 g 0.027 % 2.00 manual
(relative)
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Abstract

IRMM Large-Sized Dried (LSD) Spikes are widely used as a fundamental part of the fissile material control of irradiated nuclear fuel
and have been provided on a regular basis to safeguards authorities and industry for more than 10 years. This report describes the
preparation and certification of a new batch of LSD Spikes. IRMM-1027p is a dried nitrate material in cellulose acetate butyrate (CAB),
certified for the mass of uranium and plutonium and isotope amount ratios per unit. The material was produced following I1SO Guide
34:2009.

The certified reference materials uranium metal EC NRM 101, enriched uranium metal NBL CRM-116 and plutonium metal CETAMA
MP2 were used as starting materials to prepare the mother solution. This solution was dispensed by means of an automated robot
system into individual units and dried down. A solution of an organic substance, cellulose acetate butyrate (CAB), was dried on the
spike material as a stabiliser to retain the dried material at the bottom of the vial.

Between unit-homogeneity was quantified and stability during dispatch and storage were assessed in accordance with ISO Guide
35:2006.

The certified values were obtained from the gravimetric preparation of the mother solution, taking into account the mass, purity and
isotopic abundances of the starting materials, the mass of the mother solution, and the mass of an aliquot in each individual unit. The
certified values were confirmed by isotope dilution thermal ionisation mass spectrometry (ID-TIMS) and thermal ionisation mass
spectrometry (TIMS) as independent confirmation methods.

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 possible inhomogeneity and to characterisation.

This spike CRM is applied as a calibrant to measure the uranium and plutonium amount content of dissolved spent nuclear fuel
solutions using isotope dilution mass spectrometry (IDMS). Each unit contains about 50 mg of uranium with a relative mass fraction
m(235U)/m(U) of 17.4 % and 1.8 mqg of plutonium with a relative mass fraction m(239Pu)/m(Pu) of 97.8 % as dried nitrates in CAB.
The whole amount of sample per unit has to be used for analysis.
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