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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right$o be represented on that committee. International organizations, governmental and
non-governmental, in #Maigon with ISO, also take part in the work. ISO collaborates closely with the
International ElectrotechfiigtJ«Commission (IEC) on all matters of electrotechnical standardization.

International Standards aregr’ﬁld in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical co ees is to prepare International Standards. Draft International Standards
adopted by the technical comm s are circulated to the member bodies for voting. Publication as an
International Standard requires app é)y at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility tha

Qne of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible fo

o@/e}ﬂifying any or all such patent rights.

ISO 18213-2 was prepared by Technical mittee ISO/TC 85, Nuclear energy, Subcommittee SC 5,
Nuclear fuel technology.

ISO 18213 consists of the following parts, under? neral title Nuclear fuel technology — Tank calibration
and volume determination for nuclear materials accmncy:

— Part 1: Procedural overview L/.
— Part 2: Data standardization for tank calibration %
— Part 3: Statistical methods 0

Q

— Part 4: Accurate determination of liquid height in accountancﬂanks equipped with dip tubes, slow
bubbling rate @/"

— Part 5: Accurate determination of liquid height in accountancy ta equipped with dip tubes, fast
bubbling rate @

— Part 6: Accurate in-tank determination of liquid density in accountancy tanks @ipped with dip tubes

“Q
S
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Introduction

ISO 18213 deals with the acquisition, standardization, analysis, and use of calibration data to determine liquid
volumes in process tanks for accountability purposes. This part of ISO 18213 complements the other parts,
which include ISO 18213-1 (procedural overview), ISO 18213-3 (statistical methods), 1SO 18213-4 (slow
bubbling rate), 9\18213—5 (fast bubbling rate) and ISO 18213-6 (in-tank determination of liquid density).

estimate or verify nk’s calibration or volume measurement equation. The calibration equation relates the
response of the tank’ easurement system to some independent measure of tank volume. The ultimate
purpose of the calibra xercise is to estimate the tank’s volume measurement equation (the inverse of the
calibration equation), w elates tank volume to measurement system response. In this part of ISO 18213,
it is assumed that the pri measurement-system response variable is liquid height and that the primary
measure of liquid content is e.

Measurements ;volume and height of liquid in a process accountancy tank are often made in order to

measured quantities of some cali jon liquid into the tank. The quantity of liquid added, the response of the
tank’s measurement system and r ant ambient conditions, such as temperature, are measured for each
incremental addition. Typically, severa¥galibration runs are made to obtain data for estimating or verifying a
tank’s calibration or measurement edQeation. A procedural overview of the tank calibration and volume
measurement process is given in 1ISO 182@1.

Beginning with an empty tank; %:tion data are typically acquired by introducing a series of carefully

Changes in ambient conditions, especia iations in temperature, that occur during calibration can
adversely affect the quality of the calibration da§nd, consequently, the reliability of the calibration or volume
measurement equation determined from them. ts are also affected by differences in ambient conditions
prevailing during calibration and at the time of sub@uent measurements made to determine process liquid
volumes. The purpose of this part of ISO 18213 is %ﬁe‘esent an algorithm for standardizing tank calibration
and volume measurement data so as to minimize the cts of variability in ambient conditions prevailing at
the time of measurement. Data standardization, as the&tgl is used in this part of ISO 18213, refers to the
steps taken to adjust raw data to compensate for depa in measurement conditions from a fixed set of
reference conditions. The goal is to obtain a set of standard calibration data, i.e. a series of pairs of height
and volume determinations from one or more calibration runs are standardized to a fixed set of reference
conditions. These standardized data can be used to make le estimates of the tank’s calibration or
measurement equation, which is used, in turn, to determine the @)pe (at reference conditions) of process
liquid in the tank. @

This part of ISO 18213 pertains to measurements of liquid height g lume obtained during the tank
calibration process. For tanks equipped with pressure-measurement syst to determine liquid content, it is
necessary to convert pressure measurements to measures of liquid hei efore the steps of this part of
ISO 18213 can be applied. A procedure for determining liquid height fro@essure is given in either
ISO 18213-4 (slow bubbling rate) or ISO 18213-5 (fast bubbling rate), as ap te. Other standardization
steps presented herein are generally independent of the measurement system loyed. Therefore, with
suitable modifications, the methods of this part of 1ISO 18213 are applicable to riety of measurement
systems.
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Nuclear fuel technology — Tank calibration and volume
determination for nuclear materials accountancy —

Part 2:
Data standardization for tank calibration

<s;O’
1 Scope OO

This part of ISO 18213 pr(g s procedures for standardizing a set of calibration data to a fixed set of
reference conditions so as t(%nimize the effect of variations in ambient conditions that occur during the
measurement process. The pro@ res presented herein apply generally to measurements of liquid height
and volume obtained for the puré(of calibrating a tank (i.e. calibrating a tank’s measurement system).
When used in connection with other garts of ISO 18213, these procedures apply specifically to tanks equipped
with bubbler probe systems for measu@liquid content.

The standardization algorithms presente(@erein can be profitably applied when only estimates of ambient

conditions, such as temperature, are availa owever, the most reliable results are obtained when relevant
ambient conditions are measured for each urement of volume and liquid height in a set of calibration
data. L

®
2 Physical principles é
The data standardization procedures in this part 0 18213 are based on generally accepted
thermodynamic methods. Where appropriate, details are g either in annexes to this part of ISO 18213 or

in other parts of ISO 18213.
%

/

Q

The basic input data to which the procedures of this part of ISO 182’9;p ly are pairs of observations that
relate the tank’s measurement system response (e.g. liquid height) to soréndependent measure of its liquid
capacity (e.g. volume). These data pairs are typically obtained from one&more calibration runs. A typical
calibration setup is shown in Figure 1. This setup is described in greater detalil i{@O 18213-11).

3 Data required

The density of the calibration liquid is required at all temperatures that are ob during the calibration
exercise. Demineralized water is a preferred calibration liquid because its densit been very accurately
determined at all temperatures of interest. Moreover, equations have been developed for accurately
calculating the density of water from temperature (see Annex A). If some liquid other than water is used for
calibration, then it is necessary to determine its density with suitable accuracy to meet calibration
requirements at all measurement temperatures.

1) The calibration setup shown in Figure 1 is used for illustrative purposes. Other configurations are possible. See, for
example, Reference [1].
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