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Résumé

La concentration d'eau lourde de l'étalon primaire canadien
a été révisée et la teneur en deuterium déterminée de nouveau avec
précision au moyen de la méthode absolue récemment développée dans les
laboratoires nucléaires de Chalk River. Une nouvelle valeur de
99,9720 ± 0,0006°: en poids a été établie et son emploi est recommandé.
A partir du 1 e r novembre 1984, les valeurs attribuées de concentration
des étalons secondaires basés sur l'étalon primaire canadien devraient
être modifiées en conséquence ainsi que la valeur de l'eau lourde dans
les réacteurs et les stocks et les spécifications associées de qualité
"réacteur". La nouvelle valeur de l'étalon primaire canadien est en
bon accord avec les résultats provenant des intercomparaisons
internationales, elle est établie directement avec des déterminations
absolues et elle sera facilement verifiable dans l'avenir. Une
annexe donne la description d'un récipient qui facilite les inter-
comparaisons, le stockage â long terme des étalons et. leur manutention
dans les comparaisons entre laboratoires.
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ABSTRACT

The D2O concentration of the Canadian Primary Standard has
been reviewed and an accurate rede termination of the deuterium
content has been made using the absolute method recently de-
veloped at CRNL. A new value of 99.9720 ± 0.0006 wt% has been
determined and its use is recommended. On and after November 1,
1984 the assigned concentration values of secondary standards
based on the Canadian Primary Standard should be changed cor-
respondingly as should the value for heavy water in reactors and
inventory and the associated reactor grade specifications. The
new value of the Canadian Primary Standard is in good agreement
with results from international intercomparisons, is directly
established with absolute determinations, and is easily
verifiable in the future. An appendix describes a container
which facilitates intercomparisons and long term storage of
standards and their handling in in ter laboratory comparisons.
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1 . INTRODUCTION

The Canadian Primary Heavy Water Standard has never
been traceable to an international D2O standard because none
has been established. The results of recent work and their
publication in the definitive paper entitled "Absolute
Determination of Deuterium Content of Heavy Water Standards
by Distillation and Mass Spectrometry" (1) has prompted us
to review the status of the Canadian Primary Heavy Water
Standard situation and adjust the value which has been in
use since 1963. As a result of this evaluation the Canadian
Primary Standard is being adjusted upwards from 99.950 to
99.972 wt% D2O on and after November 1, 1984. Heavy water
standards with a D2O concentration > 99 wt% as determined by
comparison with the Canadian Primary Standard are directly
affected by this change and should have their assigned D2O
values raised by 0.022 wt% on November 1, 1984. Similarly
all production control values such as the reactor grade
specification must be changed on this date to retain actual
deuterium concentrations at their pre November 1, 1984
levels. All secondary standards, referee analyses, and re-
calibrations involving D20 analysis will be derived from the
99.972 wt% D2O absolute value of the Canadian Primary
Standard on and after November 1, 1984.

Details of the absolute determinations are given in re-
ference (1); however, a brief history of the heavy water
standardization and reasons for the change in value are
given below.

2. HISTORY OF CANADIAN STANDARDS

On January 2, 1947 an arbitrary standard was esta-
blished with a nominal value of 99.86 wt% D2O (2) based on
analyses done in the U.S.A. (location not recorded) and
McMaster University, Hamilton.

On August 23, 1955 the assigned value was changed to
99.81 wt% based on comparisons with two calibrated samples
received from the United Kingdom (3). These samples were
received in sealed silica tubes and were the forerunners of
other D2O intercomparisons with U.K. laboratories.

On May 3, 1956, a new value of 99.77 wt% D2O was as-
signed to the Chalk River standard (4) as the result of ana-
lyses done on samples of the standard at five cooperating
laborator ies.

The Canadian Primary Standard was established in 1963
when a 6-litre volume of very high D2O was set aside at CRNL
in a standard container and, based on the best measurements
at the time, assigned a value of 99.950 wt% as a Canadian
Primary Standard. This value was believed to be correct to
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within ± 0.03 wt%, based on results obtained by
W.M. Thurston and W.H. Stevens involving values of gravi-
metric standards extrapolated towards 100% D2O by both mass
spectrometry and infra-red spectrophotometry. J.G. Bayly
also made estimations of the background spectrum of pure D2O
based on the correlation of the infra-red spectral isotope
shift between H2O and D2O. Neither of these works were
published because of their somewhat arbitrary nature and
their failure to narrow uncertainties down to the range of
the infra-red analytical precision of ± 0.002 wt% (6). They
did however, provide us with a "best estimate" for a primary
standard within confidence limits of ± 0.03% and resulted in
an adjustment of -0.002 wt% in the previous D2O calibration
relative to the 1956 standard.

The Canadian Primary Standard value of 99.950 wt% has
been in use since 1963 with no change or adjustment. Since
1963 all values for secondary standards have been derived
from accurate gravimetric dilutions of the Canadian Primary
Standard (with a relative accuracy of < ± 0.0004 wt% D2O) or
from linear extrapolations towards 100% by infra-red spec-
troscopy. The overall precision between various Canadian
laboratories has been consistently within - 0.003 wt% D2O.

In Canada in tercomparisons are made with D2O transpor-
ted in a standard container as shown in Appendix A,
Figure 1. This container, developed by Thurston in 1956 and
put into general use in 1957, greatly improved the relia-
bility of intercomparisons and was an essential factor in
confirming the long term precision (± 0.002 wt % D2O) of the
infrared technique developed by Stevens and Thurston (6).
The design was put into service by Euratom in 1965 (7).
Details of the standard containers and their use are in-
cluded as Appendix A.

3. THE SIGNIFICANCE OF THE ABSOLUTE CALIBRATION OF THE
CANADIAN PRIMARY STANDARD

The Canadian heavy water industry has become complex
and sophisticated, encompassing domestic and foreign reactor
moderator and heat transport systems and their associated
upgraders, heavy water production plants and finishing
units, and research projects involving distillation, elec-
trolysis and catalytic isotope exchange processes. All deu-
terium concentration measurements for this industry have
been related to the primary standard defined in 1963. All
D2O standards > 99.5 wt% used in these programs over the
period 1963-1984 can be intercompared within a precision of
± 0.003 wt% D20. The accuracy limit of ± 0.03 wt% has be-'
come an increasing concern, however, because of recent
emphasis on very high D2O. CANDU upgraders are being used
to increase moderator D2O concentrations for increased fuel
burnup. For example a 0.1 wt% D2O increase in the CANDO-600
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moderator concentration permits a fuel burnup increase of
about 6.4% and represents a net saving of about 0.8 million
dollars per year.

It is difficult to assess distillation column perfor-
mance near 100% D2O and the uncertainty of ± 0.03% applied
to a 99.85 wt% D2O value represents an uncertainty of about
20% in the protium concentration. In an experiment designed
to prove the feasibility of producing commercially > 99.97
wt% D2O, a 30 cm diameter, 2 meter high distillation column
was used. During the experiment it was found that the cal-
culated number of theoretical plates (NTP) differed from the
expected number by decreasing logarithmically from 32 to 10
as the D20 concentration rose from 99.83 ";o 99.97 wt* (9).
Subsequently the D2O values were corrected to the absolute
scale described in Ref. (1) and all the values of NTP were
then found to be independent of concentration in the range
Studied (99.85 - 99.992 wt% D 20). This example shows how a
small bias (0.022 wt%) in the column top and bottom deu-
terium determination results in an increasingly significant
error in the protium concentration and resulting NTP calcu-
lations as the column concentration approaches pure D20.

Research on deuterium extraction processes, based on
catalytic isotope exchange using wet proofed catalysts (10),
requires an accurate knowledge of the deuterium-protiuni
separation factor between hydrogen and liquid water up to
very high deuterium concentrations (11). Values of the
separation factor .for deuterium concentrations above 99%
depend critically on the absolute value of the deuterium
concentrations in the solution and hence on the value of the
Primary Standard. There is excellent agreement between
theoretical estimates of the separation factor derived from
partition functions for tracer deuterium concentrations, and
experimental values (12). These indicate that appropriate
fractionation factors can be calculated which are within the
estimated uncertainty of ±0.5% of the experimental values
obtained with concentrations of < 3% providing the adiabatic
correction factor of Bardo and Wolfsberg (13) is included.
Good agreement between theory and experiment was also ob-
tained throughout the deuterium concentration range up to
96 wt% D2O, calculated against the Primary Standard. However
attempts to extend the measurements of the separation factor
to reactor grade D20 greater than 99% were frustrated at the
time of that experiment by the inability to measure consis-
tent H2 and HD backgrounds in the mass spectrometer at high
deuterium concentrations. Nonetheless, it was shown that
better agreement with theory would be obtained at these con-
centrations if the D2O concentrations were adjusted up-
wards.

For all of the above reasons the D20 concentration of
the Canadian Primary Standard was remeasured directly using
the absolute method described in (1). The D2O concentration
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was found to be 99.9720 ± 0.0006 wt% D20.

4. INTERLABORATORY COMPARISONS

A number of international inter laboratory comparisons
have shown that the 1963 Canadian Primary Standard was with-
in 0.02% of values accepted in other countries. Table 1 is
a summary of these results (all CRNL values are relative to
the 1963 value for the Canadian Primary Standard). The two
most significant in tercomparisons are the IAEA 1971-1972
survey involving 9 countries (0) and the 1977 BCMN/CRNL
intercomparison. The results of the 9 country survey are
summarized in Figure 1 which includes the CRNL value then,
and shows the new value resulting from our recent absolute
determinations. Errors listed by participating laboratories
are within the data points except where error bars are
shown. Similarly, Figure 2 shows the results of the 1977
BCMN and CRNL in tercomparison on 3 D2O samples along with
the new values. These two figures show clearly that by
increasing the 1971-2 and 1977 CRNL results by 0.022 wt%,
according to the newly determined absolute value of the
Canadian Primary Standard, excellent agreement is achieved
with the aforementioned international laboratories.

5. NEW VALUE OF CANADIAN PRIMARY STANDARD

The absolute value of the Canadian Primary Standard for
heavy water is 99.9720 ± 0.0006 wt%. For purposes of inter-
comparison with other standards and for research use, the
precision is - 0.001 wt%, the value dictated by the preci-
sion of the infra-red technique used in the calibration of
secondary standards.

To minimize confusion, effective November 1, 1984, all
laboratories using the Canadian Primary Standard are asked
to change to the new value. All heavy water management
engineers at heavy water plants and reactor sites should be
informed of the change, so that inventory values and reactor
grade heavy water specifications can be changed at the same
time .

The adjustment of + 0.022 wt« to the 1963 value of
99.950 wt% for the Canadian Primary Standard may be applied
to all secondary standards by using the following expression

Corrected value S2 = Sj + " ' 9 7 2 - < " - 9 7 2 ~ S 1± x 0.022
99.972

where S\ is the previously calibrated value based on the
1963 Primary Standard value.



TABLE I: CRNL and Reference Laboratory Intercomparisons

1964 - 1977

CATK

1964 January

1965 March

1965 March

1967 August

1971 - 1972

1971 Dec

1977 Feb

CRHL
VALUE

99.83 mol%

99.83 "

99.77 "

99.818 "

#1 99.940 "

#2 99.728 "

99.944 wt% (ave of
10 drums)

«7442 99.869 wt%

#5320 99.703 "

#8500 99.501 "

KEF LAB
VALUE

99.84 mol%

99.82 «

99.80 "

99.835 "

99.948+0.022 mol%

99.742^0.017

>99.99 wt% (ave of
10 drums)

99.889 wt%

99.723

99.516

REF LAB
LOCATION

BCMN Belgium*

Savannah River**

Savannah River

BCMN Belgium

Average of nine
different
Laboratories***

USSR

BCMN Belgium

SAMPLE ORIGIN

CRNL

CRNL

Savannah River

BCMN

CEN Saclay
France
for IAEA

USSR

UKAEA (Winfrith)

COHTAIHER

CRNL standard container

it M n

Savannah River Container

Euratom standard
container CRNL design

Silica flasks with screw
stopcocks lubricated with
silicone grease

Commercial shipment of 10
stainless steel drums

Sealed silica tubes

* Bureau Central de Mesures Nucléaires (Euratom), Geel, Belgium

** Savannah River Laboratory, E.I. du Pont de Nemours and Co., Aiken, South Carolina

»•«Countries involved: Austria, Belgium, Canada, France, India, Israel, Italy, United Kingdom, Sweden

I
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Fig. 1 Results of a 1971-1972, nine country IAEA survey
including 1971-1972 CRNL results plus CRNL adjusted
results as of 1984 November 1.
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6. SUMMARY

Although the Canadian Primary Standard has remained un-
changed for 21 years and has provided a reliable basis for
inter-comparisons of standards and analytical results, many
factors, including results of research experiments and in-
ternational intercomparisons, and the results of measure-
ments made with, the new absolute method of measuring D2O
concentrations, now make it highly desirable to change the
value of the Canadian Primary Standard. The new value of
99.9720 ± 0.0006 wt% D2O effective on and after November 1,
1984 is based directly on an accurate absolute method and
will improve the agreement with international laboratories
by about a factor of ten.
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APPENDIX A

HEAVY WATER STANDARD CONTAINERS

Figure 1 shows the design of a 3 litre stainless steel
can used to store heavy water standard' without degradation.
(Construction details are given in drawing AECL #E3316-3.)
Larger containers are preferable for a laboratory doing a
large number of routine heavy water analyses. The cans are
pressurized with helium to prevent entry of moist air and to
facilitate sampling. Helium is used as the pressurizing gas
because it is slightly more soluble in warm water than in
cold and this reduces the tendency for gas bubbles to form
in the infra-red cell when the sample warms to the equili-
brium temperature in the sample beam of the spectrometer.
The heavy water in the can comes in contact only with stain-
less steel, stainless steel weld, silver solder and a small
area of the silicone rubber diaphragm that forms the closure
to the outlet tube. The folded outlet tube provides a long
path diffusion bacrie: if a trace of H2O should enter
through tf.e diaphragm. The "0" ring seating safety plug is
kept tightly in place except when the contents are being
sampled. Helium is added when necessary to maintain the
pressure between 35 and 70 kPa above atmospheric pressure.

HANDLING OF STANDARDS

General. High grade heavy water is contaminated by
light water at a very rapid rate by liquid exchange on sur-
faces and by vapour exchange in air. As a general rule ex-
posure of heavy water to non-dried surfaces or gases must be
avoided.

All syringes, needles, sample bottles and bottle caps
must be pre-dried at 120°C for a minimum of one hour, or
vacuum dried at > 50°C for an hour, before use, and be
stored in a desiccator. Failure to do this can cause
serious analytical errors.

Sampling Standards. The standarc heavy water con-
tainers are sampled with hypodermic syringes. The sampling
port area should be wiped with tissue and blown dry with dry
nitrogen if there is any sign of moisture. A 20-gauge Huber
needle is inserted perpendicular to the diaphragm with a
slight pressure toward the curved side of the needle to help
avoid picking up particles of rubber which might later be-
come lodged in the absorption cell. The needle is inserted
only far enough to permit pressurized flow into the syringe.
If a container has not been sampled for several weeks, suc-
cessive samples should be withdrawn and analyzed until two
consecutive samples agree to within 0.003% D2O. The first
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Fig. 1: Stainless steel container for heavy water standards
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sample or two may show slight degradation despite the posi-
tive gas pressure and safety plug. Insertion of the needle
through the diaphragm just far enough to permit flow into
the syringe, as noted above, ensures that the small volume
close to the diaphragm is flushed. No degradation of the
bulk volume of any standard stored in this type of container
has been observed provided that it was sampled every few

to remove protiura from just below the diaphram. D2O
storage for over 21 years without degradation has been ob-
served. (A small, 400 cm can of similar design containing
heavy water for inter laboratory analysis travelled to
Belgium and back with no observable degradation occurring in
the bulk volume).


