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Foreword

ISO (the Internationa! 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 SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with iSO, also take part in the work. I1ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 10647 was prepared by Technical Committee
ISO/TC 85, Nuclear energy, Subcommittee SC 2, Radiation protection.

Annexes A to F form an integral part of this International Standard.
Annexes G and H are for information only.
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Procedures for calibrating and determining the response of

neutron-measuring devices used for radiation protection
purposes

1 Scope

This International Standard specifies procedures for the calibration of neutron-measuring devices used for radiation
protection purposes, and for determining their response as a function of energy, angle of incidence and dose
equivalent rate, using the neutron reference radiations specified in ISO 8529.

Since, according to ICRU Report 39 and ICRU Report 43, neutrons of all energies are strongly penetrating, area
monitors should be calibrated in terms of ambient dose equivalent [H*(10)], and individual dosemeters should be
calibrated to measure individual dose equivalent, penetrating [Hy(10)]. The procedures given in this International
Standard are, however, quite general, and may be used with any system of dose equivalent quantities. A
diagrammatic scheme of the physical characteristics to be tested is given as annex A.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 8529:1989, Neutron reference radiations for calibrating neutron-measuring devices used for radiation
protection purposes and for determining their response as a function of neutron energy.

[EC 1005, 1990: Portable neutron ambient dose equivalent rate-meters for use in radiation protection.

ICRP Publication 21 (1973): Data for Protection Against lonizing Radiation from External Sources. (Supplement to
|ICRP Publication 15.)

ICRU Report 13 (1969). Neutron Fluence, Neutron Spectra and Kerma. International Commission on Radiation Units
and Measurements, Washington, D.C., USA.

ICRU Report 20 (1971): Radiation Protection Instrumentation and its Application. International Commission on
Radiation Units and Measurements, Washington, D.C., USA.

ICRU Report 26 (1977): Neutron Dosimetry for Biology and Medicine. International Commission on Radiation Units
and Measurements, Washingteon, D.C., USA.

ICRU Report 33 (1980): Radiation Quantities and Units. International Commission on Radiation Units and
Measurements, Washington, D.C., USA.

1} ICRP: International Commission on Radiological Protection.
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ICRU Report 39 (1985). Determination of Dose Equivalents Resulting from External Radiation Sources. International
Commission on Radiation Units and Measurements, Bethesda, MD, USA.

ICRU Report 43 (1988): Determination of Dose Equivalents Resulting from External Radiation Sources — Part 2.
International Commission on Radiation Units and Measurements, Bethesda, MD, USA.

3 Devices covered in this International Standard

This International Standard applies to individual dosemeters and to portable devices for surveying and area
monitoring, some examples of which are given in 3.1 and 3.2. Some of these devices may also be used as
reference instruments.

3.1 Individual dosemeters

Individual dosemeters include devices such as
— nuclear emulsions;

— solid-state nuclear track detectors;

— albedo dosemeters;

— pocket ionization chambers;

— bubble, or superheated drop, detectors;
— semiconductor detectors.

These shall be calibrated on a suitable phantom (see annex B). Reviews of the physical characteristics of individual
dosemeters are given by Griffith et al. [1]. Reviews of calibration procedures are given by Eisenhauer et al. [2] and
by Burger and Schwartz [3].

3.2 Devices for surveying and area monitoring

Dose equivalent meters, dose equivalent ratemeters or monitors for surveying and area monitoring of neutrons are
generally portable devices, calibrated free-in-air, rather than on a phantom. These devices include

— moderating devices with thermal-neutron detectors for the measurement of neutrons over a wide range of
energies;

— low-pressure tissue-equivalent proportional counters for the measurement of absorbed dose and dose
equivalent;

— large ionization chambers for the measurement of tissue kerma;

— BF3 and 3He proportional counters for the measurement of thermal neutrons;
— bubble, or superheated drop, detectors;

— recombination dose equivalent ratemeters.

More details concerning the characteristics of portable neutron dose-equivalent ratemeters, and of their calibration
requirements and procedures are given in references [3] and [4] in annex H, and in IEC 1005. Complete definitions
of radiation quantities and units can be found in ICRP Publication 21, ICRU Report 13, ICRU Report 33, ICRU
Report 39, ICRU Report 43, and ISO 8529.

4 Definitions

For the purposes of this International Standard, the following definitions apply.
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4.1 Metrological terms
4.1.1 reading, M: Value of the quantity indicated by an instrument.

4.1.2 response, R: Reading divided by the magnitude of the quantity causing it.
The type of response shall be specified, for example:

“fluence response”,

Rp =— L)

Ry =— ... (2)

RH}':?{—_ (3)

If M is a measurement of a rate, the quantities fluence, @, and dose equivalent, H, are replaced by fluence rate, ¢,
and dose equivalent rate, H, respectively.

The concept of dose equivalent, H, in this International Standard is intended to be general. For example, it may
apply to the dose equivalent calculated at the maximum of the depth-dose equivalent curve, i.e. MADE (ICRP
Publication 21) or the ambient dose equivalent (ICRU Report 39).

4.1.3 calibration factor, C: Reciprocal of the response; factor by which the reading, M, is muitiplied to obtain the
value of the quantity to be measured.

4.1.4 energy dependence of response, R4E) or RylE): Response, R, with respect to fluence, @, or dose
equivalent, H, to monoenergetic neutrons as a function of neutron energy, E.

4.1.5 angular dependence of response: Response as a function of the direction of incidence of neutrons on the
device.

4.1.6 gamma-ray sensitivity: Change in the neutron reading of a device when gamma-rays are added to a
neutron field.

(Compare with “photon dose equivalent response” in 4.1.2).

4.1.7 free-field quantities: Quantity which would exist if irradiations were performed in free space with no
scatter or background effects.
4.2 Reference and monitoring instruments

4.2.1 primary standard instrument: Instrument that is capable of determining the required radiation quantity
from known physical data only.

4.2.2 secondary standard instrument: Instrument whose radiation response characteristics have been
determined by comparison with a primary standard instrument.

4.2.3 transfer instrument: Instrument whose radiation response characteristics, response precision and long-

term stability make it suitable for comparing the measurement of a radiation quantity in one laboratory with that in
another.

4.2.4 monitoring instrument: Instrument with suitable physical properties to monitor the radiation field
characteristics in a given laboratory over a long term.

More details concerning primary standards, secondary standards, and transfer instruments can be found in ICRU
Report 20 and ICRU Report 26.
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4.3 Devices to be tested

4.3.1 neutron dosemeter: Device for the determination of neutron dose equivalent, kerma, or absorbed dose.

4.3.2 neutron dose-ratemeter: Device for the determination of neutron dose equivalent rate, kerma rate, or
absorbed dose rate.

4.3.3 neutron detector: Device sensitive to neutrons.

5 Symbols

For the purposes of this International Standard, the following symbols, and certain symbols listed in annex G, apply.

Symbol Meaning

Characteristic constant for source-detector combination
Detector radius

Total air-scatter component

Calibration factor

Geometry-correction factor

Air outscatter factor

Anisotropy correction factor

Instrument reading under free-field conditions
Instrument reading due to inscattered neutrons alone, during a shadow-cone calibration procedure
Total instrument reading during a calibration procedure
Room back-scatter component

Effectiveness factor

Lateral dosemeter distance on phantom surface

Linear attenuation coefficient (energy averaged)

L2 b =
R EEEEEE

6 Traceability of the calibration of the reference radiation field

The neutron fluence rate of a radiation field established in a calibration laboratory in accordance with this
International Standard shall be traceable to a recognized national or international standard. The method used to
provide this calibration link is dependent upon the type of reference radiation field, but measurement traceability is
usually achieved through the utilization of a transfer standard. This may be, for example, a radionuclide source (6.1)
or an approved transfer instrument (see 6.2). The calibration of the field is valid in exact terms only at the time of
the calibration, and thereafter shall be inferred, for example, from a knowledge of the half-life and isotopic
composition of the radionuclide source, or knowledge of the properties of the transfer instrument.

The measurement technique used by the laboratory in the calibration of a neutron-measuring device shall also be
approved by a body or institution as required by national regulations. An instrument of the same, or similar, type as
that routinely calibrated by the laboratory shall be calibrated by both the reference laboratory and the calibration
laboratory. These measurements shall be performed within each laboratory using its own approved calibration
methods. In order to demonstrate that adequate traceability has been achieved, the calibration laboratory should
obtain the same calibration factor, within agreed-upon limits, as that obtained by the reference laboratory.

The frequency of field calibrations shall be such that there is reasonable confidence that its value will not move
outside the limits of its specification between successive calibrations. The frequency of calibration of the
radionuclide neutron sources is given in ISO 8529. The calibration of the laboratory-approved transfer instrument,
and the check on the measurement techniques used by the calibration laboratory, shalil be carried out at least every
five years, or whenever there are significant changes in the laboratory environment.

6.1 Traceability for radionuclide neutron sources

For calibrations using neutron fields produced by radionuclide neutron sources, traceability shall be provided either
by using a radionuclide source whose angular source strength has been determined by a reference laboratory
(see 7.2.1 for angular source strength), or by determining the fluence rate at the instrument test position using an
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