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European foreword

This document (EN 62694:2016) consists of the text of IEC 62694:2014 prepared by SC 45B
“Radiation protection instrumentation” of IEC/TC 45 “Nuclear instrumentation”.

The following dates are fixed:

¢ latest date by which this document has to be (dop) 2017-09-05
implemented
at national level by publication of an identical
national standard or by endorsement

e latest date by which the national standards conflicting (dow) 2019-09-05
with this document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu

Publication Year Title EN/HD Year

IEC 60050 Series International Electrotechnical Vocabulary

IEC 60050-393 2003 International Electrotechnical Vocabulary -
Part 393: Nuclear instrumentation -
Physical phenomena and basic concepts

IEC 60050-394 2007 International Electrotechnical Vocabulary -
Part 394: Nuclear instrumentation -
Instruments, systems, equipment and
detectors

IEC 62706 - Radiation protection instrumentation -
Environmental, electromagnetic and
mechanical performance requirements

IEC 62755 - Radiation protection instrumentation - Data - -
format for radiation instruments used in the
detection of illicit trafficking of radioactive
materials
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIATION PROTECTION INSTRUMENTATION — BACKPACK-TYPE
RADIATION DETECTOR (BRD) FOR THE DETECTION OF ILLICIT
TRAFFICKING OF RADIOACTIVE MATERIAL

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard 62694 has been prepared by subcommittee 45B: Radiation protection
instrumentation, of IEC technical committee 45: Nuclear instrumentation.

The text of this standard is based on the following documents:

FDIS Report on voting
45B/781/FDIS 45B/790/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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RADIATION PROTECTION INSTRUMENTATION — BACKPACK-TYPE
RADIATION DETECTOR (BRD) FOR THE DETECTION OF ILLICIT
TRAFFICKING OF RADIOACTIVE MATERIAL

1 Scope

This International Standard applies to backpack-type radiation detectors (BRDs) that are used
for the detection of illicit trafficking of radioactive material. This standard establishes the
operational and performance requirements for BRDs. BRDs are portable instruments
designed to be worn during use. They may also be used as temporary area monitors in a
stand-alone mode.

BRDs detect gamma radiation and may include neutron detection and/or the identification of
gamma-ray emitting radionuclides. This standard establishes performance and testing
requirements associated with radiation measurements and the expected electrical,
mechanical, and environmental conditions while in use.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050 (all parts): International Electrotechnical Vocabulary (available at
http://www.electropedia.org)

IEC 60050-393:2003, International Electrotechnical Vocabulary — Part 393: Nuclear
instrumentation — Physical phenomena and basic concepts

IEC 60050-394:2007, International Electrotechnical Vocabulary — Part 394: Nuclear
instrumentation — Instruments, systems, equipment and detectors

IEC 62706, Radiation protection instrumentation — Environmental, electromagnetic and
mechanical performance requirements

IEC 62755, Radiation protection instrumentation — Data format for radiation instruments used
in the detection of illicit trafficking of radioactive materials

3 Terms and definitions, abbreviations, quantities and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-393 and
IEC 60050-394 apply, as well as the following.

3141

accuracy

closeness of the agreement between the result of a measurement and the conventionally true
value of the measurand
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3.1.2

alarm

audible, visual, or other signal activated when the instrument reading exceeds a preset value,
falls outside of a preset range, or when the instrument detects the presence of the source of
radiation according to a preset condition

[SOURCE: IEC 60050-393:2003, 393-18-03, modified]

313

background level

radiation field in which there are no external sources present other than those in the natural
background at the location of the measurements

314

backpack-type radiation detector

instrument composed of several radiation detection components that are placed inside a
backpack or other similar enclosure with an external user interface or control device

315
centre line
horizontal or vertical line that describes the geometrical centre of an object

3.1.6

coefficient of variation

4

ratio of the standard deviation s to the arithmetic mean x of a set of » measurements x; given
by the following formula:

Ril =

n
1 Z .
n_ll(xi x)

[SOURCE: IEC 60050-394:2007, 394-40-14]

3.1.7
energy window
part of the energy spectrum within an upper and lower energy limit

[SOURCE: IEC 60050-394:2007, 394-38-70]

3.1.8

keyhole markup language

KML

is a file format used to display geographic data

Note 1 to entry: For example, see http://www.opengeospatial.org/standards/kml/.

3.1.9

fluence

)

the quotient of dN by da, where dN is the number of particles incident on a sphere of cross-
sectional area da: ® = dN/da

[SOURCE: IEC 60050-881:1983, 881-04-18]
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3.1.10

fluence rate
the fluence rate, ¢, is the quotient of d® by dt, where d@® is the increment of the fluence in the
a¢

time interval dt, thus ¢ = —+ The unit of fluence rate is m~2s~1

[SOURCE: ICRU Report 60:1998]

3.1.1
type test
conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-394:2007, 394-40-02]

3.1.12
user interface
software and/or hardware that manages interactions between a user and equipment

3.1.13

variance

0'2

measure of dispersion, which is the sum of the squared deviation of observations from their
mean divided by one less than the number of observations

n—14

n
o2 = 1 Z(x,-—)?)z
i=1

3.2 Abbreviations

AC alternating current
BRD backpack-type radiation detector

cps counts per second
DC direct current
DU depleted uranium

ESD electrostatic discharge
FIFO first in first out

GPS global positioning system
HDPE high density polyethylene
HEU highly enriched uranium
HPGe high purity germanium
KML keyhole markup language
NORM naturally occurring radioactive material
PMMA polymethyl methacrylate
RGPu reactor grade plutonium
WGPu weapons grade plutonium

XML eXtensible Markup Language
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3.3 Quantities and units

In the present standard, units of the International System (Sl) are used’!. The definitions of
radiation quantities are given in IEC 60050-393 and IEC 60050-394.

Nevertheless, the following units may also be used:

— for energy: electron-volt (symbol: eV), 1 eV = 1,602 x 10~19 J;
— for time: years (symbol: y), days (symbol: d), hours (symbol: h), minutes (symbol: min);
— for distance: centimetre (symbol: cm), millimetre (symbol: mm), kilometre (symbol: km);

Multiples and submultiples of Sl units will be used, when practicable, according to the SI
system.

4 General test procedure

4.1 Nature of test

The tests in this standard are to be considered type tests, unless otherwise stated.

4.2 Standard test conditions

Except where otherwise specified, the tests in this standard shall be performed under the
standard test conditions given in Table 1.

4.3 Tests performed under standard test conditions

For these tests, the value of temperature, pressure, relative humidity and gamma and neutron
background at the time of the test shall be recorded. Values should be within the standard
test conditions given in Table 1.

4.4 Test performed with variation of influence quantities

For those tests intended to determine the effects of variations in an influence quantity (e.g.,
temperature, humidity), all other influence quantities should be maintained at the standard
test conditions given in Table 1 unless otherwise specified in the applicable test method.

4.5 Statistical fluctuations

For tests involving the use of radioactive sources to verify susceptibility to an environmental,
electromagnetic, or mechanical condition the ambient dose equivalent rate produced by the
sources to verify the BRD response shall be adjusted to reduce the magnitude of the
statistical fluctuations.

If the magnitude of the statistical fluctuations of the BRD indication arising from the random
nature of radiation alone is a significant fraction of the variation of the indication permitted in
the test, then the ambient dose equivalent rate should be increased to ensure that the mean
value of such readings may be estimated with sufficient accuracy to demonstrate compliance
with the test in question.

It is recommended that the coefficient of variation (V, expressed in percentage) for each
nominal mean reading be less than or equal to 12 %. For neutron or photon background
measurements, attaining a coefficient of variation to meet this requirement may not be
possible. Therefore, testing with neutrons or photons at background levels (i.e., testing

1 International Bureau of Weights and Measures: The International System of Units, 8t

dition, 200
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without radioactive source present) can be performed even when the coefficient of variation is
larger than 12 %.

12 % is from statistical analysis techniques for dosimeter testing and has proven to be a
simple way of determining when a group of readings are acceptable for compliance testing.
The time interval between readings needs be sufficiently long (i.e., larger than the integration
time of the instrument) to ensure that the readings are statistically independent.

4.6 Uncertainties in the measurements

Unless otherwise stated for a specific quantity, the uncertainties for any measurable quantity
(e.g., radiation field) should not exceed 15 % with a coverage factor of k = 1.

4.7 Background radiation during testing

Testing shall be performed in an area with a nominal natural radiation background that has
only natural variation as defined in Table 1.

The gamma-ray background intensity shall be measured using a pressurized ion chamber or
similar environmental radiation measurement device that is calibrated to provide the gamma-
ray ambient dose equivalent rate, H*(10). When testing spectrometric BRDs the gamma-ray
background shall be characterized using a high resolution gamma-ray spectrometer (e.g.,
high purity germanium (HPGe) detector). The measured spectra shall be recorded. If the BRD
is equipped with neutron detectors, the neutron background should be the natural background
and should not be artificially modified during testing. The neutron background at the test
location shall be measured and recorded.

The evaluation of the BRD shall be performed without the benefit of any radiation shielding
against the natural background, except for that shielding that is part of the instrument.

4.8 BRD set up

The BRD shall be set up based on the manufacturer’s specifications including background
update mode, if applicable. Once set up for testing, no changes shall be made that could
affect the overall response of the BRD. If more than one background update mode is
available, testing should be performed in all modes when indicated in the specific clauses
under the radiological tests.

When performing the radiological tests in Clause 6, the BRD shall be configured and oriented
as it would be used. This may be achieved by using a phantom that would represent the
human upper torso. The phantom shall be made of polymethyl methacrylate (PMMA).The
phantom dimensions shall be 40 cm wide, 60 cm high and 15 cm thick.

The BRD shall be mounted on a stand or fixture made out of a material that does not have a
large hydrogen content (e.g., foam, plastic). It is recommended to use materials such as
aluminium for mounting the BRD to prevent possible additional moderation of the neutron
source.

The reference point of the BRD should be marked by the manufacturer. If marking is not
provided by the manufacturer, the reference point is defined as the imaginary point where the
three mutually orthogonal lines that go through the center of the length, width and thickness
of the BRD intersect (see Figure 2).

For static and dynamic tests described in Clause 6, the reference point of the BRD shall be
positioned 1,5 m from the floor or ground surface. The centreline of the source shall be at the
same height as the reference point of the BRD, 1,5 m from the floor or ground surface.

For static tests, the distance between the source and the centreline of the B shall be

between 1 m and 3 m unless otherwise stated. ocuments
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For dynamic tests, the line of source movement and detector centreline shall be kept parallel,
the distance of closest approach between the source and the reference point of the BRD shall
be between 1 m and 3 m unless otherwise stated, see Figure 1.

The phantom is not used when the BRD is evaluated for use as a stand-alone area radiation
monitor. Testing as an area radiation monitor is performed if such claim is made by the
manufacturer.

When performing the tests in Clauses 7, 8, and 9, the BRD shall not be mounted on a
phantom. The BRD-to-source distance and the relative orientation and position between the
BRD and the radiation source shall be adjusted to reduce the statistical fluctuations as
discussed in 4.5. The testing distance, orientation and position of the BRD with respect to
source shall be recorded for these tests. Due to the nature of the tests, there is no need for
this standard to specify the BRD-to-source distance, and relative orientation and position
between the BRD and the source.

4.9 Speed of moving sources and integration time for radionuclide identification

For static tests, the integration time required to perform a radionuclide identification shall be
as specified by the manufacturer or a maximum of 1 min (whichever is the shortest).

During the static tests, the source shall be removed and placed back in the same location
between trials. There shall be a 10 s minimum delay between each trial with the source either
positioned at a distance where it does not affect the background surrounding the BRD or
shielded during the delay.

For dynamic tests, the source or BRD shall be moved in a configuration that provides no
shielding around the source other than that required for the specific test. The source speed
shall be 1,2 m-s~! (average walking speed) when tested at a distance of closest approach of
1,5 m, unless otherwise required in a test. If the distance of closest approach, d (expressed in
m), is adjusted within 1 m and 3 m then the passage speed, v (expressed in m-s~1), shall be
adjusted to v =v, x d/d,,

where vp =1,2m's~'and dy = 1,5 m.

During the dynamic tests, there shall be a 10 s minimum delay between each trial with the
source either positioned at a distance where it does not affect the background surrounding the
BRD or shielded during the delay.

NOTE For all dynamic tests, the source or the BRD can be moved relative to each other.
4.10 Radiation sources

Unless otherwise stated, tests involving the use of gamma radiation shall be carried out using
137Cs for gross count measurements and 24'Am together with 60Co for radionuclide
identification (see Table 1).

The reference source for neutron radiation is 252Cf. The neutron emission rate of the 252Cf
source shall be 20 000 s=! (+ 20 %) (see Table 1). The unmoderated reference neutron
source shall be encapsulated in 1 cm of steel and shielded with 0,5 cm-thick lead in order to
attenuate the possible gamma-ray emission from the 252Cf source. The lead shall be placed
outside the steel encapsulation. The moderation of the 252Cf is achieved by surrounding the
source in the presence of the 1 cm of steel encapsulation and 0,5 cm-thick lead shielding with
4 cm-thick high density polyethylene (HDPE) container (e.g., sphere, cylinder, box).

The sources shall be mounted on a stand or fixture made out of a material that does not have
a large hydrogen content (e.g., foam, plastic). It is recommended to use materials such as
aluminium for mounting the sources to prevent possible additional scattering and moderation

of the neutron source. Documents
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The isotopic composition and activity of different naturally occurring radioactive materials
(NORM), such as zircon, monazite and allanite, vary widely from sample to sample.
Therefore, point sources are used to ensure greater consistency and traceability in performing
measurements at different locations and at different times. The approximation of bulk NORM
sources is done by surrounding 226Ra and 232Th sources (in equilibrium with their progeny)
with 9 cm of polymethyl methacrylate (PMMA) each producing the same ambient dose
equivalent rate, see Annex D.

As the 24TAm content in plutonium sources varies widely, when testing with WGPu the
emission rate of the 60 keV line from 241Am shall be no more than 10 times the emission rate
of the 414 keV line for 239Pu (e.g., if the emission rate for 239Pu is 100 s~! then the emission
rate for 241Am shall not exceed 1 000 s=1), see Annex C. When needed, copper or cadmium
should be used to reduce the contribution from 24'Am. The copper or cadmium shielded
WGPu source shall be considered the bare WGPu source to be used in all radiological tests
that require the use of WGPu.

All radioactive sources used for testing shall be checked for gamma-ray emitting impurities
and isotopic composition, using a high purity germanium detector (HPGe), in order to
determine the expected correct radionuclide identification by the BRD.

The fluence rate and ambient dose equivalent rate shall be determined using a photon cut-off
energy of 40 keV.

When testing with point sources producing an ambient dose equivalent rate close to or below
background levels (i.e., 0,05 uSv-h=1), the ambient dose equivalent rate shall be calculated as
described in Annex D. If parallel beams (i.e., irradiator) are used, the testing laboratory shall
describe and record the method used to calculate the ambient dose equivalent rate.

4.11 Functionality tests

For most tests in Clauses 7, 8, and 9 the BRD functionality is evaluated prior to and after the
test and in some cases during the test as well. The BRD response after the test (post-test
measurement) is compared with that measured prior to the test (pre-test measurement).
Therefore, the source location relative to the BRD shall be the same for both the pre-test and
post-test.

For BRDs without gamma-ray spectrometry capabilities, the gamma-ray measurements are
performed using a 137Cs source, producing an ambient dose equivalent rate of at least
0,2 uSv-h=1 £ 20 % (k = 1) at the reference point of the BRD, unless otherwise stated in a
test.

For BRDs with gamma-ray spectrometry capabilities, the gamma-ray measurements are
performed using 24TAm and 60Co sources placed simultaneously in front of the BRD, each
source producing an ambient dose equivalent rate of at least 0,1 uSv-h=1 £ 20 % (k = 1) at the
reference point of the BRD, unless otherwise stated in a test.

The neutron measurements (if applicable) are performed using the moderated 252Cf source
with an emission rate of 20 000 s~ listed in 4.10 unless otherwise stated in a test.

Statistical fluctuations should be considered during these tests, see 4.5.
The pre-test and post-test measurements shall be carried out as follows:

Pre-test:

a) Record 10 independent gamma count rate or ambient dose equivalent rate readings (if the
BRD has a unit-less display record the displayed level).

b) Verify that the gamma alarm is activated. Documents

Document Sharing Hub

Full document details: BS EN 62694:2016


http://www.avadocuments.com/doc/bs-en-62694-2016
http://www.avadocuments.com/doc/bs-en-62694-2016

BS EN 62694:2016
IEC 62694:2014 © IEC 2014 -15 -

c) If the BRD is equipped with a neutron sensor, verify that the system indicates the
presence of a neutron source and record 10 independent neutron count rate readings.

d) Verify that the neutron alarm is activated.

e) Calculate the mean and standard deviation of the count rate or ambient dose equivalent
rate readings.

f) If the BRD has radionuclide identification capabilities, collect three spectra using an
integration time of 1 min or that stated by the manufacturer (whichever is the shortest, see
4.9) and record the radionuclides identified.

Post-test:

g) Place the sources in the same location relative to the BRD as for the pre-test.

h) Record the same information as in the pre-test steps a) through f).

i) In addition calculate the difference (expressed in percentage) between the post-test
measured mean count rate or ambient dose equivalent rate readings and the corresponding
values measured in the pre-test.

Acceptance criteria:

The results are acceptable if changes in response between the pre-test and post-test do not
exceed:

o 115 % relative to the gamma readings pre-test values.

o 115 % relative to the neutron readings pre-test values.

For instruments with a unit-less display, the manufacturer shall provide a table to convert the
unit-less reading into a gamma and/or neutron response (i.e., count rate, ambient dose
equivalent rate). For instruments with a unit-less display, the post-test gamma and neutron
response shall not have changed from the pre-test response by more than +1 unit.

The complete and correct results for identification at each post-test shall be the same or
better than the identification results obtained at the pre-test. For example, if during a pre-test
there are complete and correct results in two out of three trials, then the complete and correct
results at each post-test point shall be two or more.

Depending on the environmental, mechanical or electromagnetic test, the BRD response
during the test can be verified in two different ways, with or without radioactive sources
present. When tested using radioactive sources, the BRD response during the test is
performed in the same manner as the post-test. When tested without radioactive sources, the
BRD response during testing is observed as not to produce any alarm, radionuclide
identifications or spurious indication as a result of the environmental, mechanical or
electromagnetic test.

NOTE When performing sequential tests (e.g., temperature followed by humidity followed by moisture), trends in
the pre-test measurements may indicate degradation in the BRD performance (if source-to-detector distances and
geometries are kept the same throughout the tests).

5 General requirements

5.1 Mass
5.1.1 Requirements

The BRD without gamma-ray spectrometry capabilities should weigh less than 10 kg including
batteries and external user interface.

The manufacturer shall provide the weight for gamma-ray spectrometry type BRDs.
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51.2 Method of test

Weigh the BRD together with the external user interface and record the result of the
measurement. Review the manufacturer documentation and verify that the weight of the BRD
and the external user interface are provided. The results of the verification shall be recorded.

5.2 Design requirements
5.21 Requirements
The BRD should be designed to:

a) Distribute weight, as much as practical, with the heavier side being closer to the wearer’s
back and the weight distributed as evenly as possible from left to right for good balance,

b) Be easy to wear, remove, and have adjustable openings around arms, and
c) Look like a normal backpack to the maximum extent practical.

5.2.2 Method of test

The BRD shall be inspected and the results of the inspection shall be recorded.

5.3 Marking
5.31 Requirements

All external controls, displays, and adjustments shall be identifiable according to their
functions. External markings on the controls, displays and adjustments shall be easily
readable and remain fixed after normal decontamination procedures (e.g., water and mild,
non-abrasive detergent). Internal controls needed for operation shall be identified through
markings and identification in technical manuals.

5.3.2 Method of test

The BRD as used shall be inspected and the results of the inspection shall be recorded. The
decontamination procedure is performed by cleaning the instrument with mild soap and a
damp towel and verifying that no marking is removed. Review the technical manuals to
identify the internal controls markings.

5.4 Switches
5.41 Requirements

Controls and adjustments that affect calibration and alarm settings shall be designed so that
access to them is limited to authorized personnel.

Switches and other controls should be designed to ensure that the BRD can be operated
properly when the user is wearing gloves while minimizing accidental switch operation.

5.4.2 Method of test

Verify by inspection of the BRD or manufacturer provided documentation that the controls and
adjustments that affect calibration and alarm settings are designed so that access to them is
limited to authorized personnel.

Three users shall individually operate the BRD, including switching modes and/or performing
functions while wearing gloves. Each user shall record whether multiple switches are
activated while operating the BRD. For test purposes, insulated gloves (i.e., cold weather
protection type gloves) should be used to verify the requirement.
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