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1. ORGANIZATION OF THE COMPARISON

1.1 Introduction

GUM took part in EURAMET.T-K7 comparison of tripleoint of water (TPW) cells. As

GUM’s results in EURAMET.T-K7 were invalidated biiet use of a faulty old reference
TPW cell, GUM purchased new cells and requestethtelal comparison with VSL in order
to demostrate its technical capabilities and tdk lblo the major regional comparison
EURAMET.T-K7. Following the nomenclature of BIPM roparison, this comparison was
named EURAMET.T-K7.3.

The results of this comparison will be used to sup@UM CMCs at the TPW and publish
them in the KCDB.

1.2 Obijectives of the comparison

The specific objectives of this comparison were:

1) A direct comparison of TPW cells to quantify theffeliences between the TPW
temperatures realized by the cells

2) A comparison of the national realizations of thaM Emperature.

1.3 Participants
The participant laboratories with correspondingtaohdetails are listed in the Table 1:

Acronym | Institute Country Contact person and detdil
VSL VSL, Dutch Metrology| The Netherlands| Andrea Peruzzi
Institute aperuzzi@vsl.nl
+31 15 269 1519
GUM Central Office of Poland Etbieta Grudniewicz
Measures term@gum.gov.pol
+48 22 581 9432

Table 1: Participants and contact details

1.4 Comparison method
The pilot laboratory for this comparison was VSLhel measurement pattern was the
following:
 Part 1. GUM selected its transfer cell and compared itttonational reference
(group of three cells)
» Part 2: GUM transported its transfer cell to VSL. VSL camngd GUM transfer cell
to VSL transfer cell and to VSL national reference
» Part 3: GUM transported back its transfer cell and comgharegain to its national
reference.

1.5 Transfer cells, national reference cells and natimal reference at VSL

At VSL the national reference for the TPW tempeamits defined by the average of 12 well-
characterized TPW cells (see Table 2). These arestime 12 cells that served as VSL
national reference in EURAMET.T-K7. In the secorauen of Table 2, the temperature
difference between each cell of the national refeseand cell VSL98T094, which is the VSL



transfer cell in CCT-K7 and EURAMET.T-K7, is givéno isotopic correction applied). In
2006, after the clarification of the definition thfe kelvin and extensive internal investigation
at VSL of the isotopic composition of the refereredls, VSL shifted its national reference
by 73 uK up with respect to the VSL national refieein CCT-K7. In the third column, the
difference between the VSL transfer cell in bothTeKZ and EURAMET.T-K7 and the new
VSL national reference (from 2006 on) is givém.the last column, the difference between

each cell of the VSL national reference and the W8k national reference is given.
For this comparison cell VSLO6T003 was used (seediw in bold characters in Table 2).

Cell identification | (T; — Tysiosroed/HK | (TvsLestoss— Tnat red/MK | (Ti — Tnat. rer)/ MK
VSL03T026 -27 -14 -41
VSL03T028 -20 -14 -34
VSL03T029 -30 -14 -44
VSLO3T030 -26 -14 -40
VSL03T032 -33 -14 -47
VSL0O3T039 -61 -14 -75
VSLO6T001 -19 -14 -33
VSLO6T002 -13 -14 -27
VSLO6T003 +1 -14 -13
VSLO6T004 -4 -14 -18
VSLO6T006 -14 -14 -28
VSLO6TO07 -9 -14 -23

Table 2: Batch of 12 cells defining the VSL national refexen The second column shows the

1.6 Transfer cells, national reference cells and natimal reference at GUM

At GUM the national reference is defined by a grot3 cells.

The transfer cell selected by GUM was Hart Scientifodel 5901D-Q, serial n. 1073.
Table 3 contains an overview of the informationilade on the transfer and reference cells
used in this comparison.

temperature differences between each cell and t8& Yansfer cell used in CCT-K7 and
EURAMET.T-K7. The last column shows the temperatiiféeerence between each cell and the
new VSL national reference (from 2006 on).

Lab. Transfer cell National reference cell(s)
Serial n. Manufacturer Year Definitio | Serial n. Manufacturer /model Year | Isotopic
/model n composition
VSL VSLO6T003 VSL 2006 Group of| VSLO6T003 VSL 2006
12 cells
GUM 1073 Hart Scientific| 2010 Group of| 788 ISOTECH B11-50-Q 2009 50 = 1.37 %o
5901D-Q 3 cells 8°H = 14.34 %o
999 ISOTECH B11-50-270Q| 2014 %0 =-1.51 %o
Isotopic comp.: 8%H = 3.05 %o
g 8(1;(‘15)9, 998 ISOTECH B11-50-270Q 2010 §*0 = -0.93 %o
o970 8%H = 4.76 %o

5°H =(0 £ 1)%o

Table 3: Overview available information on transfer and refee cells used in this comparison.




2. EQUIPMENT, TECHNIQUES AND UNCERTAINTIES

2.1 Laboratory equipment and techniques
The equipment, the techniques and the measuringlittmms at the two participating
laboratories are summarized in Table 4.

GUM VSL

Resistance ratio bridge ASL F900 (AC) MI 6010T (DC)
Measurement current(frequency) 1 mA afdmA (AC) 2 and 22 mA (DC)
Number of repeated 10 25
measurements
Frequency of repeated 0.02 Hz 0.1 Hz
measurements
Reference resistor 23, Tinsley, type 5685A 28, Tinsley, type 5684S
Temperature control of reference+ 20 mK +1mK
resistor
SPRT and sensor length Rosemounf?bype 162CG L&N, Cat. 8167-25 (33 mm)
Storage container for TPW cellg Isotech watereripbint bath, | Isotech 18233

model ITL-M-18233
Technique ice mantle preparation  Cooler with sGI@) LN flow-through cooling

Table 4 Overview equipment, techniques and measuringitiond at the participating laboratories.

2.2 Uncertainties
The uncertainty budgets submitted by the partigigdaboratories are given in Table 5.

Origin GUM VSL

Comparison of transfer cell and national referencécomponents
related only to the comparison of the two cells)

Repeatability for a single ice mantle (includingdige noise) 9 11

Reproducibility for different ice mantles 8

Reproducibility for different types of SPRTs 3

Hydrostatic head of transfer cell

Hydrostatic head of reference cell

SPRT self-heating in the transfer cell and refeeeral|

Perturbing heat exchanges

I EN N EFNEN
o|u| 4yl o

Differential bridge non-linearities

National reference (components related only to progrties of the
reference cell(s))

Chemical impurities 50 20

Isotopic variation

3 2
Residual gas pressure in the cell 5 3
Reproducibility 8 5

Total uncertainty (k=1) 53 28

Table 5: Uncertainty budgets of the participating laborasriAll components are stated in uK &
1.



3. MEASUREMENTS AT GUM
The measurements at GUM were performed from 12001/20 09/12/2011. The results of
the measurements are summarized in Table 6.

Measurement n. First ice mantle Second ice mantle
(TGUMtransfer - TGUMNat. Ref)/ HK (TGUMtransfer - TGUMNat. Ref)/ HK
1 22.9 22.1
2 50.1 -39.1
3 -2.9 -14.7
4 -14.4 33.0
5 2.4 -26.6
6 17.4 -29.7
7 -7.0 -47.2
8 -30.1 -60.7
9 16.3 -58.2
10 48.1 83.6
Mean 10.3 -13.8
Standard deviation 8.2 14.6
of the mean

Table 6: Overview results at GUM.
TGUMtransfer_ TGUMNat. Ref.= -1.7 |JK
U(TGUMtransfer_ TGUMNat. Ref) = 53 UK k = 1)

4. MEASUREMENTS AT VSL
At VSL the transfer cell of GUM (cell n. 1073) wasmpared to VSL cells VSLO6TO003.
From comprehensive internal comparisons at VSL ttipée point temperatures realized by
the cell VSLO6TOO03 relative to the VSL national enefnce for the triple point of water
temperature is known to be (see Table 2):

Tustostoos T Nat, Ref.= -12.7pK
U(TvsLostoos T > Nat. ref) = 28 UK k= 1)

Accordingly, the VSL national reference in this qmamson was built up directly from the
temperature realized by VSL cells VSLO6T003:

T"*at ret.= TvsLosToos* 12.7uK

The measurements at VSL were performed from 1600220 15/02/2012. The results are
summarized in Table 7.

Measurement n. First ice mantle Second ice mantle

(TGUMtransfer - TVSLNat. Ref)/ HK (TGUMtransfer - TVSLNat. Ref)/ HK
1 41.1 -11.1
2 29.1 -24.5
3 52.3 27.4
4 35.1 -50.3
5 57.4 -20.9
6 49.5 -11.6
7 20.2 -11.1
8 19.6 -




9 35 -

10 - -
Mean +34.2 -14.6
Standard deviation of the mean 5.9 8.7

Table 7: Overview results at VSL.

TGUMtransfer_ -IVSLNat. Ref.= +9.8 UK
U(TGUMtransfer_ TVSLNat. Ref) = 28 UK k=1)

5. PAIR EQUIVALENCE BETWEEN GUM AND VSL
The bilateral equivalence between GUM and VSL wamf as:

TGUMNat. Ref. ™ -IA/SLNat. Ref.= (TGUMNat. Ref. ™ TGUMTranfer CeID + (TGUMTranfer Cell— TVSLNat. Ref) = 11-5|J-K
UZ(TGUMNat. Ref.— TVSLNat. Ref) = UZ(TGUMNat. Ref. ™ TGUMTranfer CeID + UZ(TGUMTranfer Cell— TVSLNat. Ref) =

(53 + 28) (LK)?

U(TGUMNat. Ref.— TVSLNat. Ref) = 60pK (k=1).

6. LINKAGE TO EURAMET.T-K7
The linkage to EURAMET.T-K7 is provided directly Iiye pair equivalence between GUM
and VSL found in the previous section.
Remembering that:
* the DoE of VSL in EURAMET.T-K7 was:
Dvst= TvsL- Terv=-1.7 pK
UysL= 60 pK
» the pair equivalence between GUM and VSL estaldishethis comparison is (see
section 5):
DeumyvsL= Teum - Tvst = +11.5 pK
UsumvsL= 120 pK
The DoE of GUM in EURAMET.T-K7 is found as:
Deum = (Teum = Tus) + (Tvsi- Tery) = 11.5 pK + (-1.7 pK) = 9.8 uK
Usum= [(U sum, vs)® + (Uvs)?] % = [(120 pKY +(60 uKY]**= 134 uK
The pair equivalence between GUMABI) and any other EURAMET.T-K7 participant
LABj is calculated as (see Table 8):
DGUM,LABj = Dcum - DLABj

Usumiag = [(Ueumvs)” + [(Uvsiiag)]"?



LAB;j (LABi = GUM) D; [uK Uy /uK

INM 28 181
MKEH 103 187
EIM -20 259
MIKES 42 181
PTB -14 146
DTI 77 187
v 172 415
VNIIM -38 164
DZM-LPM 16 162
UME 111 192
ZMDM 176 270
BEV 46 370
IPQ -4 204
NML -15 247
cMmI 336 176
VMT 88 270
CEM -26 154
INRIM 24 139
LNE 10 169
MIRS -8 137
SMD -19 144
SMU 29 172
VSL 12 120

Table 8 Degrees of equivalences between GUM and all EURAM-K7 participants.

7. LINKAGE TO CCT-K7
Having established the link between GUM and thdippants of EURAMET.T-K7
(see previous section), it is possible to link GittMhe parent CCT Key Comparison
CCT-K7 as follow:

Teum — Tkerv= (Teum — TeryeuramveT.T-k7.3+ (TERV - TKCRVEURAMET.T-K?
Where:

Tkcrvis the CCT-K7 Key Comparison Reference Value (KGRV

Tervis an auxiliary reference value adopted in EURAMEKY (see Final Report of
EURAMET.T-K7).

(TGUM - TERV)EURAMET.T-K7.3: 98MK (from previous Section)

U((TGUM — TERV)EURAMET.T-K?A = 134HK (from previous Section)

(TERV' TKCRV)EURAMET.T-K?: 64.7MK (from Final Report of EURAM ET.T-K?)
U((TERv- TKCRV)EURAMET.T—K) =39 (from Final Report of EURAMETT-K?)

Toum — Tkcrv= 98L1K + 647L1K = 745HK
U(Teum — Tkery) = (134 + 3F)Y2 = 140pK
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Temperature difference /puK

160

140

120

100

80

60

40

20

-20

Cell HS 1073

50 100 150

200

Position /mm

o Measured Temperature
difference /pK

—— Linear {(Measured Temperature
difference /pk)

——Linear {Theory)




Protocol of Measurements
EURAMET.T-K7.3

Comparison of water triple point cells

A. Peruzzi (VSL),
E. Grudniewicz (GUM)

(16/11/11)



1. Introduction

GUM took part in EURAMET.T-K7 comparison of trippmint of water (TPW) cells.
As GUM'’s results in EURAMET.T-K7 were invalidated lthe use of a faulty old
reference TPW cell, GUM purchased new cells andasigd a bilateral comparison
with VSL in order to demostrate its technical cdlidds and to link to the major
regional comparison EURAMET.T-K7. Following the nentlature of BIPM
comparison, this comparison was named EURAMET.T3K7.

This technical protocol describes the objectives tbe EURAMET.T-K7.3

comparison, its organization and procedures toobewed by the participants. It has

been drawn up according to the following documents:

 The technical supplement to the CIPM documemdutual Recognition
Arrangement of national measurement standards amdcalibration and
measurement certificates issued by national megsoiostitutes (MRA) [1].

* The BIPM documentGuidelines for CIPM key comparisbj2].

e The EUROMET guide n. 3Euromet Guidelines on Conducting Comparisons
[3].
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To ensure proper link to its corresponding CIPM lagmparison, this technical
protocol is in most of its parts very similar tcathalready used for CCT-K7 and
EURAMET.T-K7.

All participants to this comparison accept the gahenstructions and commit
themselves to follow the procedures describedigtédthnical report.

Once the protocol has been agreed, no change tgrtitecol or to the list of
participants may be accepted without prior agreerokall the participants.

2. Objectives of the comparison

The specific objectives of this comparison are:

1) A direct comparison of water triple point ceitsquantify the differences between
the cells.

2) A comparison of the national realizations of W&P temperature.

3. Organization of the comparison

The participants with corresponding contact pe@nlisted in the following table:

Acronym Contact person Country
GUM Elzbieta Grudniewicz Poland
VSL Andrea Peruzzi The Netherlands

Table 1: List of participants with corresponding contactgmers.

The pilot laboratory for this comparison is VSL.
The measurement pattern can be essentially dividedhree parts:

* Part 1: GUM selects itdransfer celland compares it to itsational reference
(either single cell or group of cells)

 Part 2: GUM transports itstransfer cellto VSL. VSL compares GUM
transfer cellto VSLtransfer celland VSLnational reference

» Part 3: GUM transports back ittransfer celland compares it again to its
national reference

The transport of the transfer cell from GUM to V8hd back from VSL to GUM is
within the responsibility of GUM.

The cells should be hand-carried. The cells musadsempanied by an ATA carnet
or a temporary export document (where appropri#@tso an eventual insurance of
the cells for the transport is within the respoitisjpbof GUM. Before dispatching the
cell, GUM shall inform VSL. After arrival of the eVSL shall inform GUM and,
immediately after receipt, VSL shall check for atgmage of the cell and report it to
the pilot institute. If GUM uses special parts with cell, like a bushing or a foam
pad, these should also be sent to VSL, togethdr thi¢ description of its use (if
necessary).

The timetable of the comparison is the following:

e 01/11/11: Starting date

11



* 01/11/11 to 10/12/11: GUM comparestitansfer cellto itsnational reference
(either single cell or group of cells) and transpatstransfer cellto VSL.

e 31/12/11: Deadline transport of GUivansfer cellto VSL and delivery of the
results of GUM measurements.

e 01/01/12 to 29/02/12: VSL compares GUMnsfer cellto VSL transfer cell
and VSLnational reference.

e 29/02/12: Deadline measurements at VSL

* 29/02/12 to 15/04/12: GUM transports backtrmnsfer celland compares it
again to itsational reference

e 15/04/12: Deadline delivery GUM results of retureasurements.

5. Selection of the transfer cells

VSL will use as transfer cell VSL094, the same usedboth CCT-K7 and
EURAMET.T-K7.

The cell chosen by GUM as its transfer cells fas tomparison should be carefully
selected. The quality of the transfer cell shoutd significantly differ from the
reference cell or cells used at GUM. No cell mwesubed whose quality is suspect on
simple inspection procedures or which is knowndiay kind of abnormal behavior.
The following tests should be made on the GUM fimneell and will be repeated at

reception of the cell at VSL:

* No floating material should be visible in the water

* There should be a sharp “click” audible if the eglyjently inverted, indicating
very low amount of residual air (“water hammertest

* For the cells where it is possible, a McLeod typst tshould be made by
inverting the cell and entrapping air in the side @r in the filling extension.
The allowable bubble size for an acceptable cgledds on the cell type. For
example, for a Jarrett Type A cell, the bubble diten should not be larger
than about 5 mm, corresponding to a temperaturesdsijon of JuK. Prior to
testing for air, the cells should be held verticalit room temperature
overnight.

VSL reserves the right to reject transfer cells ttanot meet the minimum selection
criteria when tested on receipt. If GUM is normalbing other tests, GUM is invited
to apply them in addition and to describe them.

GUM is asked to provide as soon as possible infoamaabout the dimensions (in
cm) of the selected transfer cell. This particylaapplies to cells with unusual
dimensions (for examples, very large or very sroallk).

6.1. Measurements instructions and reporting

Each laboratory must carefully select its transfdl according to the criteria given in
paragraph 5 and compare it against its nationateate (single cell or set of cells).
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The measurements should be performed on two sepapaepared ice mantles of the
transfer cell and, for each prepared ice mantke,direct comparison to the national
reference should be finalized within two weeks wiithically one measurement per
day. The measurements should not start earlierZtgays after the preparation of the
ice mantle. Depending on the local preparationriggle, the minimum waiting time
required might be longer than 7 days. A minimumlBfmeasurements per mantle
should be reported in the appropriate Measuremepb® Form A (see appendix 1).
Before each measurement an inner melt shall becetiurhe recommended method
for inducing the inner melt is the insertion ofo@m temperature metal or glass rod in
the thermometer well for a few seconds. The icetlaamould then be freely rotating
around the well when a small rotational impulseiken to it. The well should be
filled with pre-cooled pure water up to the levéltbe water in the cell, when the
thermometer is in place. To reduce the transferedamty, the participants might
consider preparing the ice mantle of the transédf lsy using the same technique
adopted by the assigned co-pilot. In this case,tw parts will have to arrange
themselves the needed exchange of information. tAipam this, the measurement
procedure should be the one normally applied byaberatory.

For each transfer cell, an immersion profile shooédprovided, to ensure that the
measurement really senses the temperature of #fevater interface. For each
position, the self-heating correction should beedwtned and applied. The step width
should be 1 or 2 cm, and the measurements shoutltkba up to about 10 cm below
the water surface. The position of the sensor atlwithe comparison with the

reference cell(s) was made should be indicated.

After its return from VSL laboratory, the stabilibf the GUM transfer cell must be
checked with an additional comparison against thidViGiational reference. The full
set of measurements described above should betedpea

If the cell is found to be stable, this informatisimould be given to the coordinator; in
this case only the measurements made before setidirggll to VSL will be used. If

a small, but significant drift is discovered, tladdratory should send the new results
(within 3 months after receiving back the trangfelt) to the coordinator, in the same
form as before and a new final value for the terapge of the cell can be
determined, based on all measurements. If a cébluisd unstableAT > 100uK, or
criteria identified by the participant before themparison begins), the laboratory
should inform VSL as early as possible, and withimonths. In case the feedback
measurement is not provided within the time forasemly the first result will be
used for the data analysis.

6.2. Reporting the measurement results

Each laboratory must report the performed measursmey filling the appropriate
Measurement Report Forms. The Measurement Repomng=cshown in the
Appendixes will be made available in the form ofcEixsheets to be filled by the
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participants. The reporting of the measurement lteswill include at least the
following:

- The daily results obtained during the two measurgmpbases on the two
separately prepared mantles. The self-heating () anA hydrostatic head
correction (immersion depth) should be applied He tesults, and the
corrections for the transfer cell also communicategarately. Based on
these data sets a resulting temperature differehtiee transfer cell from
the national reference has to be stated.

- The immersion profile of the transfer cell, indiogt the position of the
sensor at which the calibration was made.

- A detailed budget for the uncertainty of the terapane realized by the
transfer cell has to be provided, which follows femeral guidance of the
‘GUM’ [7]. This budget shall include the uncertainbf the national
standard (realization uncertainty) and of the diresmparison of the
transfer cell to the standard. A model uncertaimtgiget is given in the
Appendix 1.

- The equipment used for the calibration: descriptimin the national
reference, technique to prepare the ice manteg bfpstorage container,
type of thermometer, type of resistance bridge (&«CDC), type of
reference resistor and whether or not it is tentpegecontrolled, purchase
or manufacturing date of reference cell(s) andstiencell, measurement
currents, and age of mantles of the referencesgelf(available, the results
of an isotope and/or impurity analysis.

7. General rules of the comparison

To resolve problems concerning eventual incompdetanomalous data, the general
rules of the guidelines for CIPM key comparison &[] be applied. The full text can
be found on the BIPM web page (www.bipm.fr/pdf/glides.pdf), and in the
following we give an extract of some rules that #me most important according to
our experience:

» During the comparison, as the results are reddiyethe pilot institute, they are kept
confidential by the pilot institute until all theagicipants have completed their
measurements and all the results have been recewredtil the date limit for receipt

of results has passed.

* A result from a participant is not considered ptete without an associated
uncertainty, and is not included in the draft répamless it is accompanied by an
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uncertainty supported by a complete uncertaintygbtidUncertainties are drawn up
following the guidance given in the technical paub

* If, on examination of the complete set of resuhg pilot institute finds results that
appear to be anomalous, the corresponding ingitaree invited to check their results
for numerical errors but without being informed tasthe magnitude or sign of the
apparent anomaly. If no numerical error is found tasult stands and the complete
set of results is sent to all participants. Notat tbnce all participants have been
informed of the results, individual values and utaiaties may be changed or
removed, or the complete comparison abandoned, witly the agreement of all
participants and on the basis of a clear failurtheftravelling standard or some other
phenomenon that renders the comparison or parirofalid.

» An institute that considers its result unreprésive of its standards may request a
subsequent separate bilateral comparison with fle mstitute or one of the
participants. This should take place as soon asilplesafter the completion of the
comparison in progress. The subsequent bilaterapeaadson is considered as a hew
and distinct comparison (see paragraph 10).

It is difficult to give in advance an unambiguousterion for what constitutes
anomalous data. The pilot will consider this depegan the real data. Data, which
according to common sense would be called an outiiél be considered as
anomalous and the corresponding laboratory wilh&leed to verify its calculation. In
case of any doubt we will contact the corresponthabgratory.
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Appendix 1: Measurement Report Form A
(for GUM, to be used in both Part 1 and
Part 3)

Laboratory:

Contact person:

Contact address and e-mail:
Transfer cell (n°® and type):

Purchase or manufacture date:

Measurement results on first ice mantle

Date of preparation of first ice mantle of transfel:
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Technique for preparation:

Date of preparation of the mantle of the refereredfs):

Date of Temperature Experimental Distance from Self-heating
measurement | difference from | standard deviation | sensor midpoint to | correction for
national of temperature surface level of transfer cell
reference difference from water in transfer
national reference | cell

10

11

12

13

14

15

The temperature differences should already be ctelfor hydrostatic-head and self-heating
effects for both the national reference and thasfiex cell. If sufficient information is
available on the cell (group of cells) defining treional reference, an isotopic correction can
be applied to the national referenbkm isotopic correction must be applied to the trarfer
cell.
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Measurement results on second ice mantle

Date of preparation of second ice mantle:

Technique for preparation:

Date of preparation of the mantle of the refereredfs):

Date of
measurement

Temperature
difference from
national reference

Experimental
standard deviation
of temperature
difference from
national reference

Distance from
sensor midpoint
to surface level
of water in
transfer cell

Self-heating
correction for
transfer cell

10

11

12

13

14

15

The temperature differences should already be ciedlefor hydrostatic-head and self-heating effects
for both the national reference and the transféir fesufficient information is available on theslt
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(group of cells) defining the national reference,isotopic correction can be applied to the nationa
referenceNo isotopic correction must be applied to the trarfer cell..

Resulting temperature difference between transferal and national reference

Equipment used for the measurements

Description of national reference (1 or severds¢c@urchase or manufacture date):

Type of resistance bridge, AC or DC:

Measurement current:

Number and sampling frequency of repeated measutsme
Type of reference resistor:

Is reference resistor temperature-controlled?d#f, wtate stability):
Type of thermometer, length of sensor:

Storage container for WTP cells:

Immersion profile (only for transfer cell)

Distance from sensor midpoint to free Temperature variation
surface level of the liquid water
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The above table is for reporting measurement ofhrdrostatic head effect. Measurements
should be taken at a step width of 1 to 2 cm. Tleneter readings should be corrected for
self-heating, measured at each position.
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Uncertainty Budget

The uncertainty budget should include the compankisted on the table, to which others can
be added if necessary. The uncertainty budget sth@nancan only be considered as a model.
Additional uncertainty components can be addedecg&fig the peculiarities of each
participant laboratory. Please explain, how thetrilomtions of chemical impurities and
isotope variation were evaluated.

The repeatability for a single ice mantle is untteyd as the experimental standard deviation
of the daily obtained temperature differences betwéhe transfer cell and the national
reference, divided by the square root of the nunabetaily results (here typically 10). The
reproducibility for different ice mantles represeithe additionally variability introduced by
measuring on several different ice mantles.

All contributions should be stated at the leveboné standard uncertainty.

Origin Contribution
(k=1)

National reference (Uncertainties related only to poperties of
the reference cell)
Chemical impurities (please explain how estimated)

Isotopic variation (please explain how estimated)

Residual gas pressure in cell

Reproducibility [1]

Comparison of transfer cell to national referenceyncertainties
related to the comparison of the two cells)
Repeatability for a single ice mantel (incl. bridggse) [2]

Reproducibility for different ice mantles [3]

Reproducibility for different types of SPRTSs [4]

Hydrostatic head of transfer cell

Hydrostatic head of reference cell

SPRT self-heating in the transfer cell and refeeesall [5]

Perturbing heat exchanges [6]
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others

Total uncertainty

[1] Estimate of the reproducibility of the tempenat reference due to changes in the following
guantities: crystal size, the age of the mantléerént mantles, the handling of the cells before
preparation of the mantle.

[2] The repeatability for a single ice mantle iglarstood as the experimental standard deviatidheof
daily obtained temperature differences betweertrtnesfer cell and the national reference, dividgd b
the square root of the number of daily results€hgpically 10). This component takes also in aotou
the stability of reference resistor (temperatufeasy.

[3] The reproducibility for different ice mantlegpresents the additional variability introduced by
measuring on several different ice mantles on fearcell (probably the laboratory uses the same ice
mantle of the reference cell during the time of sugaments).

[4] The observed temperature differences betweenrénsfer and the reference cells could depend on
the type of SPRT's. This component takes into aticpassible SPRT internal insulation leakage.

[5] These uncertainties could be strongly positivedrrelated. All the measurements are corrected fo
self-heating effect. If the thermal resistancesehapproximately the same magnitude in transfer and
reference cells the difference between the selfilgacorrections is very small. In addition the
uncertainties on self-heating corrections in transind reference cells are strongly correlatedhit
case the uncertainty in self-heating correctionly @ontributes to the Type A uncertainty of the
comparison of the cells.

[6] This component could be estimated:

- by comparing the deviations from expected hydrastatessure correction obtained in
transfer and reference cells (by changing immersliepth over the length of the sensob
cm).

- by modifying the thermal exchange between thermemaend its environment during the
measurements on transfer and reference cells.
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Appendix 2: Measurement Report Form B
(for VSL, to be used in Part 2)

Laboratory:
Contact person:
Contact address and e-mail:

CCT-K7/EURAMET.T-K7 VSL transfer cell (property,edtification number, type, purchase
or manufacture date):

GUM transfer cell (identification number):

Cell (or group of cells) defining the VSL natiomeference cells (identification number):

Measurement results on first ice mantle

Date of preparation of first ice mantle of CCT-K8W cell, GUM transfer cell and cell (or
group of cells) defining the VSL national reference

Technique for preparation of the ice mantle:

Date of Temperature difference of GUM Temperature difference of VSL

measurement | transfer cell from CCT-K7 VSL cell | national reference from CCT-K7 VSL
(and corresponding experimental cell and corresponding experimental
standard deviation) standard deviation)

1

2

3

4
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10

11

12

13

14

15

The temperature differences should already be ctelefor hydrostatic-head and self-heating
effects for both the national reference and thaesfiex cells. If sufficient information is
available on the cell (group of cells) defining thegional reference, an isotopic correction can
be applied to the national referenbkm isotopic correction must be applied to the trarfer
cells.

Measurement results on second ice mantle

Date of preparation of second ice mantle of trans#l, CCT-K7 VSL cell, INTIBS transfer
cell and cell (or group of cells) defining the V8ational reference:

Technique for preparation of the ice mantle:

Date of Temperature difference of GUM Temperature difference of VSL

measurement | transfer cell from CCT-K7 VSL cell | national reference from CCT-K7 VSL
(and corresponding experimental cell and corresponding experimental
standard deviation) standard deviation)
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10

11

12

13

14

15

The temperature differences should already be ctelefor hydrostatic-head and self-heating
effects for both the national reference and thasfiexr cells. If sufficient information is
available on the cell (group of cells) defining thegional reference, an isotopic correction can
be applied to the national referenbim isotopic correction must be applied to the trarfer
cells.

Equipment used for the measurements

Description of national reference (1 or severdsc@lurchase or manufacture date):

Type of resistance bridge, AC or DC:
Measurement current:

Number and sampling frequency of repeated measutsme
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Type of reference resistor:
Is reference resistor temperature-controlled?€#, wtate stability):
Type of thermometer, length of sensor:

Storage container for WTP cells:

Immersion profile (one for each measured cell)

Distance from sensor midpoint to free Temperature variation
surface level of the liquid water

The above table is for reporting measurement ofhdrostatic head effect. Measurements
should be taken at a step width of 1 to 2 cm. Tleenster readings should be corrected for
self-heating, measured at each position.
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Uncertainty Budget

The uncertainty budget should include the compankisted on the table, to which others can
be added if necessary. Since the “CCT guidance rdenti on the uncertainties of SPRT
calibrations” of WG 3 does not yet exist and thietpiannot replace the working group, the
budget shown here can only be a model. Some additguidance can however be obtained
from the draft documents [6]. Please explain, hbes ¢ontributions of chemical impurities

and isotope variation were evaluated.

The repeatability for a single ice mantle is untterd as the experimental standard deviation
of the daily obtained temperature differences betwéhe transfer cell and the national
reference, divided by the square root of the nunabetaily results (here typically 10). The
reproducibility for different ice mantles represeittie additionally variability introduced by
measuring on several different ice mantles.

All contributions should be stated at the leveboné standard uncertainty.

Origin Contribution
(k=1)

National reference (Uncertainties related only to poperties of
the reference cell)
Chemical impurities (please explain how estimated)

Isotopic variation (please explain how estimated)

Residual gas pressure in cell

Reproducibility [1]

Comparison of transfer cell to national referenceyncertainties
related to the comparison of the two cells)
Repeatability for a single ice mantel (incl. bridggse) [2]

Reproducibility for different ice mantles [3]

Reproducibility for different types of SPRTSs [4]

Hydrostatic head of transfer cell

Hydrostatic head of reference cell

SPRT self-heating in the transfer cell and refeeerwll [5]
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Perturbing heat exchanges [6]

others

Total uncertainty

[1] Estimate of the reproducibility of the tempena reference due to changes in the following
guantities: crystal size, the age of the mantléerént mantles, the handling of the cells before
preparation of the mantle.

[2] The repeatability for a single ice mantle islarstood as the experimental standard deviatidheof
daily obtained temperature differences betweenrtdmesfer cell and the national reference, dividgd b
the square root of the number of daily results€hgpically 10). This component takes also in aotou
the stability of reference resistor (temperatufecsy.

[3] The reproducibility for different ice mantlegpresents the additional variability introduced by
measuring on several different ice mantles on fearcell (probably the laboratory uses the same ice
mantle of the reference cell during the time of sugaments).

[4] The observed temperature differences betweenrénsfer and the reference cells could depend on
the type of SPRT's. This component takes into atcpossible SPRT internal insulation leakage.

[5] These uncertainties could be strongly positivedrrelated. All the measurements are corrected fo
self-heating effect. If the thermal resistancesehapproximately the same magnitude in transfer and
reference cells the difference between the selfilgacorrections is very small. In addition the
uncertainties on self-heating corrections in transind reference cells are strongly correlatedhi
case the uncertainty in self-heating correctionly @ontributes to the Type A uncertainty of the
comparison of the cells.

[6] This component could be estimated:

- by comparing the deviations from expected hydrastatessure correction obtained in
transfer and reference cells (by changing immersliepth over the length of the sensob
cm).

- by modifying the thermal exchange between thermemaend its environment during the
measurements on transfer and reference cells.
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Appendix 3: Information about the
definition of national reference and the
link to CCT K7

4.1 For both VSL and GUM

Description of national reference (Is the natiaedérence defined by a single cell or a group
of cells):

Available information about the isotopic compositiaf the national reference cell(s):

Available information about the impurity contenttbé national reference cell(s):

4.2 Only for VSL

Describe in details how the national reference aedmed for CCT-K7:
Describe in details how the national referencesfingd for this comparison:
Provide details about the magnitude and the teahmiasis for the eventual change in the

definition of the national reference for this compan with respect to its definition in CCT-
K7:

well

Figure 1: Water triple point cell with ice mantl® is the radius of the cell,is the radius of the
thermometer wellh,, is the water level when no ice is presépy, is the length of the thermometer
well within the water and.. is the radius of the ice mantle.
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