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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIATION PROTECTION INSTRUMENTATION -
AMBIENT AND/OR DIRECTIONAL DOSE EQUIVALENT (RATE)
METERS AND/OR MONITORS FOR BETA, X AND GAMMA RADIATION -

Part 1: Portable workplace and environmental meters and monitors

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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 IEC 60846-1 has been prepared by subcommittee 45B: Radiation pro-
tection instrumentation, of IEC technical committee 45: Nuclear instrumentation.

This edition cancels and replaces the second edition of IEC 60846 published in 2002 of which
it constitutes a technical revision. It also replaces IEC 61017-1:1991 and IEC 61017-2:1994
as far as portable equipment is concerned.

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

FDIS Report on voting
45B/603/FDIS 45B/611/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, Fart pocuments
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A list of all parts of the IEC 60846 series can be found, under the general title Radiation
protection instrumentation — Ambient and/or directional dose equivalent (rate) meters and/or
monitors for beta, X and gamma radiation, on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result 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

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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RADIATION PROTECTION INSTRUMENTATION -
AMBIENT AND/OR DIRECTIONAL DOSE EQUIVALENT (RATE)
METERS AND/OR MONITORS FOR BETA, X AND GAMMA RADIATION -

Part 1: Portable workplace and environmental meters and monitors

1 Scope and object

This part of the IEC 60846 series applies to dose equivalent (rate) meters and/or monitors for
the measurement of ambient dose equivalent (rate) and/or directional dose equivalent (rate)
from external beta, X and gamma radiation, as recommended in ICRU, Report 47.

NOTE 1 If both quantities, ambient dose equivalent and directional dose equivalent are meant, the term dose
equivalent may be used as an abbreviation.

This part of IEC 60846 series applies only to portable meters and monitors which are intended
to be used in both the workplace and the environment. It applies to devices that measure the
dose equivalent or dose equivalent rate from external beta and/or X and gamma radiation in
the dose range between 0,01 uSv and 10 Sv and the dose rate range between 0,01 uSv h-1
and 10 Sv h=' and in the energy ranges given in the following Table. All the energy values are
mean energies with respect to the prevailing dose quantity.

Table 1 — Measuring quantities and energy ranges covered by the standard

. . Energy range for Energy range for
Measuring quantity Photon radiation Beta-particle radiation
H*(10) 12 keV to 10 MeV —

0,07 MeV? to 1,2 MeV
H'(0,07) 8 keV to 250 keV almost equivalent to E,,,, from
225 keV to 3,54 MeV

a For beta-particle radiation, an energy of 0,07 MeV is required to penetrate the dead
layer of skin of 0,07 mm (almost equivalent to 0,07 mm of ICRU tissue) nominal depth.

NOTE 2 Where a dose rate meter or monitor may be attached to a supplementary probe used to monitor conta-
mination, the relevant standard for that probe is IEC 60325.

If national legislation requires the use of different measuring quantities, for example, air
kerma or exposure, the standard may be used with the respective adjustments.

In this document, the expression "dose equivalent (rate)" is used when the provisions apply to
both the measurement of dose equivalent and the measurement of dose equivalent rate.

NOTE 3 It does not apply to medical radiology which is within the scope of technical committee 62, where the
conditions of radiation exposure may be extremely inhomogeneous, but precisely known.

NOTE 4 It does not apply to instruments intended to be worn by an individual for the purpose of estimating the
radiation dose received by that individual.

The object of this standard is to specify the design requirements and the performance
characteristics of dose equivalent (rate) meters intended for the determination of ambient
dose equivalent (rate) and directional dose equivalent (rate) as defined in ICRU Report 47.

Accordingly, this standard specifies:
a) general characteristics, the functions and performance characteristics of dose equivalent

(rate) meters;
Documents
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b) the methods of test to be used to determine compliance with the requirements of this
standard.

Some countries may wish to use this type of dose equivalent (rate) meter for measurements
in the framework of legal metrology.

2 Normative references

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

IEC 60050-151:2001, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical
and magnetic devices

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

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

IEC 60068-2-31:2008, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling
shocks, primarily for equipment-type specimens

IEC 60086-1:2006, Primary batteries — Part 1: General
IEC 60086-2:2006, Primary batteries — Part 2: Physical and electrical specifications

IEC 60359:2001, Electrical and electronic measurement equipment — Expression of
performance

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
Amendment 1 (1999) 1

IEC 61000-4-2:1995, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

Amendment 1 (1998)

Amendment 2 (2000)2

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
Amendment 1 (2007)3

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61000-4-8:1993, Electromagnetic compatibility (EMC) - Part 4-8: Testing and

measurement techniques — Power frequency magnetic field immunity test
Amendment 1 (2000) 4

1 There exists a consolidated edition (2.1) which includes IEC 60529 (1989) and its Amendment 1 (1999).

2 There exists a consolidated edition (1.2) which includes IEC 61000-4-2 (1995), its Amendment 1 (1998) and its
Amendment 2 (2000).
3 There exists a consolidated edition (3.1) which includes IEC 61000-4-3 (2006) and its Amendment 1 (2007). DOCU ments

4 There exists a consolidated edition (1.1) which includes IEC 61000-4-8 (1993) and its Amendmen: | (7300).
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IEC 61000-6-2:2005, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards —
Immunity for industrial environments

IEC 61187:1993, Electrical and electronic measuring equipment — Documentation

IEC/TR 62461:2006, Radiation protection instrumentation — Determination of uncertainty in
measurement

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts
and associated terms (VIM)

ISO 4037-1:1996, X and gamma reference radiation for calibrating dosemeters and doserate
meters and for determining their response as a function of photon energy — Part 1: Radiation
characteristics and production methods

ISO 4037-2:1997, X and gamma reference radiation for calibrating dosemeters and doserate
meters and for determining their response as a function of photon energy — Part 2: Dosimetry
for radiation protection over the energy ranges 8 keV to 1,3 MeV and 4 MeV to 9 MeV

ISO 4037-3:1999, X and gamma reference radiation for calibrating dosemeters and doserate
meters and for determining their response as a function of photon energy — Part 3: Calibration
of area and personal dosemeters and the measurement of their response as a function of
energy and angle of incidence

ISO 4037-4:2004, X and gamma reference radiation for calibrating dosemeters and doserate
meters and for determining their response as a function of photon energy — Part 4: Calibration
of area and personal dosemeters in low energy X reference radiation fields

ISO 6980-1:2006, Nuclear energy — Reference beta-particle radiation — Part 1: Methods of
production

ISO 6980-2:2004, Nuclear energy — Reference beta-particle radiation — Part 2: Calibration
fundamentals related to basic quantities characterizing the radiation field

ISO 6980-3:2006, Nuclear energy — Reference beta-particle radiation — Part 3: Calibration of
area and personal dosemeters and determination of their response as a function of beta
radiation energy and angle of incidence

3 Terms and definitions

For the purposes of this document, the definitions given in IEC 60050-393, IEC 60050-394
and IEC 60359, as well as the following terms and definitions apply.

3.1

acceptance test

a contractual test to prove to the customer that the device meets certain conditions of its
specification

3.2

ambient dose equivalent

H*(10)

dose equivalent at a point in a radiation field that would be produced by the corresponding
expanded and aligned field in the ICRU sphere at a depth of 10 mm on the radi@@eﬁﬁqents

the direction of the aligned field
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NOTE 1 The SI unit of ambient dose equivalent is the sievert (Sv) or its decimal multiples or submultiples
(e.g. mSv).

NOTE 2 The ambient dose equivalent (rate), used for the monitoring of strongly penetrating radiation, is not an
appropriate quantity for any beta radiation even that which is nominally penetrating (ICRU Report 47, 1992).

NOTE 3 When the term dose equivalent alone is used in this standard, the quantities ambient dose equivalent
and directional dose equivalent are implied.

3.3
ambient dose equivalent rate
H *(10)
ratio of dH*(10) by dz, where dH*(10) is the increment of ambient dose equivalent in the time
interval d¢
_— _dH *(10)
H (10)_—dt

NOTE The SI unit of ambient dose equivalent rate is the sievert per second (Sv 5_1). Units of ambient dose
equivalent rate are any quotient of the sievert or its decimal multiples or submultiples by a suitable unit of time

(e.g. mSv h_1).
3.4
coefficient of variation
\4
ratio of the estimate of standard deviation s to the arithmetic mean x of a set of =
measurements
K 1 1 < _\2
V=—=— -
¥ X HZ(’” Y)
i=1
3.5

(complete) result of a measurement
set of values attributed to a measurand, including a value, the corresponding uncertainty and
the unit of the measurand

NOTE 1 The central value of the whole (set of values) can be selected as measured value M and a parameter
characterizing the dispersion as uncertainty.

NOTE 2 The result of a measurement is related to the indicated value given by the instrument G and to the values
of correction obtained by calibration and by the use of a model.

NOTE 3 The estimation of M can be based on one or more indicated values.

[IEV 311-01-01, modified]

3.6

conventional quantity value

H

quantity value attributed by agreement to a quantity for a given purpose

NOTE 1 The term “conventional true quantity value” is sometimes used for this concept, but its use is
discouraged.

NOTE 2 Sometimes a conventional quantity value is an estimate of a true quantity value.

NOTE 3 A conventional quantity value is generally accepted as being associated with a suitably small measure-
ment uncertainty, which might be zero.

NOTE 4 In this standard the quantity is the dose equivalent (rate).
[VIM 2.12]
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3.7

deviation

D

difference between the indicated values for the same value of the measurand of a dose equi-
valent (rate) meter, when an influence quantity assumes, successively, two different values
[IEV 311-07-03, modified]

D=G -G,

where G is the indicated value under the effect of an influence quantity and
G, is the indicated value under reference conditions.

NOTE 1 The original term in IEV 311-07-03 reads “variation (due to an influence quantity)”. In order not to
confuse variation (of the indicated value) and variation of the response, in this standard, the term is called
“deviation”.

NOTE 2 The deviation can be positive or negative resulting in an increase or a decrease of the indicated value,
respectively.

NOTE 3 The deviation is of special importance for influence quantities of Type S.

3.8

directional dose equivalent

H’(0,07)

dose equivalent at a point in a radiation field that would be produced by the corresponding
expanded field in the ICRU sphere at a depth of 0,07 mm, on a radius in a specified direction

NOTE The Sl unit of directional dose equivalent is the sievert (Sv) or its decimal multiples or submultiples
(e.g. mSv).

3.9
directional dose equivalent rate

H'(0,07)
ratio of dAH’(0,07) by d¢, where dH’(0,07) is the increment of directional dose equivalent in the
time interval d¢

H’(0,07)= W

NOTE The Sl unit of directional dose equivalent rate is the sievert per second (Sv 3_1). Units of directional dose
equivalent ra1te are any quotient of the sievert or its decimal multiples or submultiples by a suitable unit of time
(e.g. mSv h™').

3.10
dose equivalent (rate) meter
assembly intended to measure or evaluate the dose equivalent (rate)

3.1

effective range of measurement (of a dose equivalent (rate) meter)

range of values of the quantity to be measured over which the performance of a dose equiva-
lent (rate) meter meets the requirements of this standard

3.12

indicated value (for the purpose of this standard)

G

value given by the (digital) indication of the dosemeter in units of dose equivalent or dose
equivalent rate

3.13
influence quantity
quantity that is not the measurand but that effects the result of the measurement

NOTE 1 For example, temperature of a micrometer used to measure length. Documents
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[GUM B.2.10]

NOTE 2 |If the effect on the result of a measurement of an influence quantity depends on another influence
quantity, these influence quantities are treated as a single one. In this standard, this is the case for the influence
quantities “radiation energy and angle of radiation incidence”.

3.14
influence quantity of type F
influence quantity whose effect on the indicated value is a change in response

NOTE 1 An example is radiation energy and angle of radiation incidence.

NOTE 2 “F” stands for factor: The indication due to radiation is multiplied by a factor due to the influence
quantity.

3.15

influence quantity of type S

influence quantity whose effect on the indicated value is a deviation independent of the
indicated value

NOTE 1 An example is the electromagnetic disturbance.
NOTE 2 All requirements for influence quantities of type S are given with respect to the value of the deviation D.

NOTE 3 “S” stands for sum. The indication is the sum of the indication due to radiation and due to the influence
quantity, e.g., electromagnetic disturbance.

3.16

lower limit of effective range of measurement

Hy

lowest dose (rate) value included in the effective range of measurement

3.17
maximum dose equivalent rate (for dosemeters)

Hmax
doserate, specified by the manufacturer, below which the effect of the dose rate on the dose
reading is within specified limits

3.18

measured value

M

value that can be obtained from the indicated value G by applying the model function for the
measurement

NOTE 1 The model function is necessary to evaluate the uncertainty of the measured value according to the GUM
(see GUM 3.1.6, 3.4.1 and 4.1).

NOTE 2 An example of a model function is given here. It combines the indicated value G with the reference
calibration factor N,, the correction for non-linear response r,, the I deviations D, (p = 1../) for the influence
quantities of type S, and the m relative response values r, (¢ = 1..m) for the influence quantities of type F:

N /
M =+ {G - ZDP}.
s Hrq p=1

q=1

NOTE 3 The calculations according to such model function are usually not performed, only in the case that
specific influence quantities are well known and an appropriate correction is applied.

NOTE 4 If necessary another model function closer to the design of a certain dosemeter may be used.
NOTE 5 With the calibration controls adjusted according to the manufacture’s instructions, the reference calibre-
tion factor, the correction for non-linear response and all relative response values are set to one and the deviations

are set to zero, these settings cause an uncertainty of measurement which can be determined from the measured
variation of the response values and the measured deviations. For a dosemeter tested according to this standard,

all these data are available. Documents
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3.19

minimal rated range (of use)

smallest range being specified for an influence quantity or instrument parameter over which
the dose equivalent (rate) meter shall operate within the specified limits of variation in order
to comply with this standard

NOTE The minimal rated ranges of the influence quantities dealt with in this standard are given in the second
column of Tables 5 to 8.

3.20
non-linearity
variation of the value of the (relative) response with the dose (rate) being measured

3.21

point of test (of a dose equivalent (rate) meter)

point at which the conventional quantity value is determined and at which the reference point
of the dose equivalent (rate) meter is placed for calibration and test purposes

3.22

qualification tests

tests which are performed in order to verify that the requirements of a specification are
fulfilled. Qualification tests are sub-divided into type tests and routine tests as defined below

3.23

rated range (of use) (of a dose equivalent (rate) meter)

range of values of an influence quantity or instrument parameter over which the dose
equivalent (rate) meter will operate within the specified limits of variation. Its limits are the
maximum and minimum rated values

3.24

reference orientation (of a dose equivalent (rate) meter)

orientation of the dose equivalent (rate) meter with respect to the direction of the incident
radiation during calibration

3.25

reference point (of a dose equivalent (rate) meter)

physical mark or marks on the outside of the dose equivalent (rate) meter used to position it
at the point of measurement or the point of test

3.26
reference response
Ry
response for a reference value H, of the quantity to be measured under reference conditions
RO _ Gr,O
Hr,O

where G, is the corresponding indicated value

NOTE 1 The reference response is the reciprocal of the reference calibration factor.

NOTE 2 The reference values for the dose (rate) are given in Table 4.

3.27

relative response

r

quotient of the response R and the reference response R,

R
=Ry Documents
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3.28

response (of a radiation measuring assembly)

R

ratio, under specified conditions, given by the relation

G
R=—
H

where G is the indicated value of the quantity measured by the equipment or assembly under
test (dosemeter) and

H is the conventional quantity value of this quantity

3.29

routine test

a test to which each individual device is subjected during or after manufacture to ascertain
whether it complies with certain criteria

3.30

standard test conditions

conditions representing the range of values of a set of influence quantities under which a
calibration or a determination of response is carried out

NOTE 1 Ideally, calibrations should be carried out under reference conditions. As this is not always achievable
(for example for ambient air pressure) or convenient (for example for ambient temperature), a (small) interval
around the reference values may be used. The deviations of the calibration factor from its value under reference
conditions caused by these deviations should in principle be corrected for.

NOTE 2 During type tests, all values of influence quantities which are not the subject of the test are fixed within
the interval of the standard test conditions.

[ISO 4037-3, 3.2.3, modified]

3.31

standard test values

a value, values, or range of values of an influence quantity or instrument parameter, which
are permitted when carrying out calibrations or tests on another influence quantity or instru-
ment parameter

NOTE Under standard test conditions, influence quantities and instrument parameters have their standard
test values.

3.32

supplementary tests

tests intended to provide supplementary information on certain characteristics of the dose
equivalent (rate) meters

3.33

type test

conformity testing on the basis of one or more specimens of a product representative of the
production

4 Units and list of symbols

4.1 Units

In the present standard, the units of the International System (Sl) are used. The definition of
radiation quantities and dosimetric terms are given in IEC 60050-393, IEC 60050-394 and
ICRU report 51. Nevertheless, the following units may be acceptable in common usage:

— for energy: electron-volt (symbol eV). 1eV =1,602 x 10-19 J; D
ocuments
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— for time: year, day, hour (symbol h), minute (symbol min).

Multiples and submultiples of Sl unit may be used, according to the Sl system.

The Sl unit of dose equivalent is the sievert (symbol Sv). 1 Sv =1 J kg~!.

4.2

List of symbols

Table 2 gives a list of the symbols (and abbreviated terms) used.

Table 2 — Symbols (and abbreviated terms)

60846-1 © IEC:2009

Full document details: IEC 60846-12009

Symbol Meaning Unit
o Angle of radiation incidence °
Onax Maximum value of o within rated range of use °
D Deviation Sv
d Depth in soft tissue. Recommended depths are 10 mm and 0,07 mm m
Dp Deviation due to influence quantity no. p of type S Sv
E Mean radiation energy eV
G Indicated dose value Sv
G Indicated doserate value Sv h™!
- Indicated doserate value arising from any internal radioactive contamination or _1
GO . . . Sv h
from the electronic noise of the instrument
Go,s Indicated background doserate value in the calibration laboratory Sv h!
G, Indicated dose (rate) value produced by the electrical signal ¢, Sv
Gy Final dose rate indication after a step increase in dose equivalent rate Sv
G Initial dose rate indication before a step increase in dose equivalent rate Sv
G Indicated dose value due to a single irradiation with the conventional true dose Sy
K value Hy
G Indicated dose value due to a combined (simultaneous) irradiation with the Sv
K+l conventional true dose value H, + H,
G Indicated dose value after exposure to natural background radiation for the time s
nat tenv v
G Indicated dose value due to a single irradiation with the conventional true dose Sv
L value H|
Indication of the dosemeter under the same conditions as given for G, but
Giow when the battery voltage is low, for example the dosemeter indicates “low Sv
battery” for the first time
G Indication of the dosemeter under given conditions when the battery voltage has Sv
nom its nominal value.
G, Indicated dose(rate) value under specified reference conditions Sv (Sv h™)
G Reference value of the indicated dose(rate) due to exposure Sv (Sv h™1)
r.0 to H
G Indicated doserate due to exposure to a source including background radiation Sv h-!
S indication
AgZix Relative change in indication caused by subsequent and mixed exposure, see —
Clause 6
H, Lower dose limit of the effective range of measurement Sv
Hy Lower doserate limit of the effective range of measurement Sv h™!
H, Dose value which produces the indication to which the alarm is set Sv
Hg Doserate value which produces the indication to which to the alarm is set Sv ﬁocum
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Symbol Meaning Unit
Humax Maximum dose equivalent rate (for dosemeters) Sv h™!
H'(0,07) Directional dose equivalent at a depth 0,07 mm Sv
H*(10) Ambient dose equivalent at a depth 10 mm Sv
H_ Expected ambient dose equivalent due to natural environmental radiation Sv
H'(0,07) Directional dose equivalent rate at a depth 0,07 mm Sv h™!
H*(10) Ambient dose equivalent rate at a depth 10 mm Sv h™!
A*(10), Ampignt QOse equiyalept rate due to the cosmic component of the background Sy h-1
radiation in the calibration room
H*(10), @mbient dose equ?valt_ent rate d_ue tc_) the terrestrial gamma component of the Sv h-!
ackground radiation in the calibration room
H*(10)¢ Ambient dose equivalent rate due to a calibration source Sv h™!
Hpat Known ambient dose equivalent rate due to natural environmental radiation Sv h!
H Conventional quantity value of the dose(rate) Sv (Sv h™)
H, gé):(;/i%gtri]c;nal quantity value of the dose(rate) under specified reference Sv (Sv h™1)
H. Reference dose(rate) value of the quantity to be measured Sv (Sv h™)
low Supply current of the dosemeter when the indication is G, A
k Coverage factor (see GUM) —
K Symbol fo_r the fi_rst_ of two exposure conditions, for example 3 mSv and N-80 and |
60° of radiation incidence
/ Total number of influence quantities of type S —
L Symbol for th_e _sect_)nd_ of two exposure conditions, for example 4 mSv and S-Co |
and 0° of radiation incidence
M Measured dose(rate) value Sv (Sv h™1)
m Total number of influence quantities of type F —
n Number of indicated values for one dose (rate) value —
N Calibration factor —
N, Reference calibration factor —
)4 Index giving the number of an influence quantities of type S —
q Index giving the number of an influence quantities of type F —
9e Strength of electrical signal to simulate the detector signal dependent
40 Strength of electrical signal to produce the indication Gr,O dependent
Onom Nominal capacity of the batteries Ah
r Relative response —
R Response —
R, Reference response —
R, Response to the cosmic component of the background radiation —
R, Response to the terrestrial gamma component of the background radiation —
Ry Response to the radiation of a calibration source —
. Correction for non-linearity —
r, Relative response due to influence quantity no. ¢ of type F —
Sy Symbol of radiation quality of condition K, for example N-80 —
S, Symbol of radiation quality of condition L, for example S-Co —
ony Measuring time in the environment h
Documents
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Symbol Meaning Unit
[ Minimal time required for continuous operation of the dosemeter, 100 h for h
min primary batteries and 24 h for secondary batteries
U Expanded uncertainty As quantity
u, Combined standard uncertainty As quantity
u, Standard uncertainty due to component no. i As quantity
Uow Battery voltage under conditions prevailing for the determination of G, \%
Unom Nominal value of the battery voltage \%
Uel Relative expanded uncertainty —
v Coefficient of variation —
v Maximum permitted coefficient of variation at the dose rate to which the alarmis |
max set
w Number of dose (rate) values used for test of linearity and coefficient of variation | —

5 General characteristics of ambient and directional dose equivalent (rate)
meters

5.1 Indication

Any dose (rate) indication of the dose equivalent (rate) meter shall be in units of dose equiva-
lent or dose equivalent rate, for example millisieverts or millisieverts per hour, respectively.

5.2 Read-out

The changing of measuring range and read-out scale shall be simultaneous and shall be
clearly displayed. All scales shall be readable under normal lighting conditions.

5.3 Dose equivalent rate range

The implementation of the ICRP recommendations requires the determination of dose equiva-
lent rate over a wide range of values. Under some circumstances, dose equivalent rates as
high as 10 Sv h—1 require measurement. At the other extreme, dose equivalent rates as low
as 0,1 uSv h=1 could be obtained. For many applications, the dose equivalent rates of interest
are within the range from approximately 1 uSv h=1to 10 mSv h-1.

5.4 Effective range of measurement

The effective range of measurement, starting at Hy or Hy, shall be not less than the
following:

a) for dose equivalent (rate) meters with an analogue type of display (e.g. linear or logarith-
mic) and one range per order of magnitude from 10 % to 100 % of the scale maximum
angular deflection on each scale range and for dose equivalent (rate) meters with two
ranges per order of magnitude from 30 % to 100 % of the scale maximum angular
deflection on each scale range;

NOTE The requirement on the coefficient of variation is 5 % for any dose(rate) value greater than 11 times
the lower limit of the effective range of measurement. To achieve this the scale resolution should be of the
order of half of this, for example 3 %. At 10 % of the scale maximum angular deflection this is for a linear scale
equivalent to about 30 divisions. Therefore, the linear scale requires about 300 divisions in total. An alternative
is to limit the effective range of measurement to 30 % to 100 % of the scale maximum angular deflection on
each scale range. In that case a linear scale with 100 divisions is sufficient to measure the required coefficient
of variation of 5 %. For a linear scale this requires at least two ranges per order of magnitude, e. g. with the
scale maximum 1, 3, 10 etc.

b) for dose equivalent (rate) meters with a digital display, from an indication in the second
least significant digit up to the maximum indication on each range. As an example, for a
display with a maximum indication of 9 999,9, the effective range can extend Efﬁ‘dti’ﬁ’ients
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9999,9 - i.e. four orders of magnitude — or from 3,0 to 9 999,9 - i.e. three and a half
orders of magnitude;

c) for dose equivalent (rate) meters with a digital and scientific display (e.g. x,yz E £ ab) the
mantissa shall have three digits at least (for instance 1,00 to 9,99). The manufacturer shall
define the effective range of measurement (for instance 1,00 E-7 to 9,99 E-2 with the
unit Sv h=1).

For dose equivalent (rate) meters with more than one scale, the effective range of measure-
ment shall be from 10 % of the lowest scale range to 100 % of the highest scale and all scales
shall be arranged to make the total range covered by the effective range of measurement.

When the test methods do not extend over the whole of the effective range of measurement
and any of the observed variations are near the permitted limit, further tests to demonstrate
compliance with the requirement in question over the whole effective range of measurement
may be necessary. Supplementary tests shall be agreed between the purchaser and the
manufacturer.

5.5 Minimum range of measurement

The minimum effective range of measurement of dose equivalent rate shall cover at least
three orders of magnitude and shall include 10 uSv h="1 for the measuring quantity A *(10)
and 0,1 mSv h=! for the measuring quantity H'(0,07). The minimum effective range of dose
equivalent shall cover at least three orders of magnitude and shall include 0,1 mSv.

5.6 Rated range of an influence quantity

The rated range of any influence quantity has to be stated in the documentation. In addition,
some rated ranges have to be stated on the instrument, see 5.12.

5.7 Minimum rated range of influence quantity

The minimum rated range of the specified influence quantity is given in the second column of
Tables 4 to 8.

5.8 Alarm levels

The visual and/or audible alarms (if provided) for dose equivalent rate and/or dose equivalent
should be pre-settable.

When any alarm is set, it must not be possible to deactivate all available alarms (silence the
audible alarm, deactivate the visual alarm, deactivate the vibration alarm and others)
simultaneously.

It shall be possible to set the dose equivalent alarm either to any value over the effective
range of measurement or at least one value in each order of magnitude of this range, for
example 3 uSv, 30 uSv, 300 uSv, 3 mSv, 30 mSv, and 300 mSv.

It shall be possible to set the dose equivalent rate alarm either to any value over the effective
range of measurement or at least one value in each order of magnitude of this range, for
example 3 uSv h=1, 30 uSv h=1, 300 uSv h-1, 3 mSv h-1, 30 mSv h-1 and 300 mSv h-1.

The frequency of the audible alarm should be within the range of 1 000 Hz to 3 000 Hz.
Where an intermittent alarm is provided, the signal interval shall not exceed 2s. The A-
weighted sound level should not exceed 100 dBA at 30 cm from the alarm source and shall be
at least 75 dBA at that point.

NOTE The manufacturer should indicate whether the setting of the alarm point is to be done with the aid of a tool,
by software interface or manually.
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5.9 Additional indication

Indication shall be given of operation conditions in which the accumulation of dose equivalent
is not accurate (within the specifications of this standard), for example, low battery, detector
failure or dose equivalent rate overload.

5.10 Failure operation of indication

A provision to test for failure of the display shall be installed.

5.11 Ease of decontamination

The dose equivalent (rate) meter should be designed and constructed in such a manner as to
facilitate decontamination.

5.12 Information given on the instruments
The following information shall be clearly visible on the dose equivalent (rate) meter:

a) the quantity that is measured;

b) the effective range of measurement;

c) the type of radiation (for example photon and/or beta) the dosemeter is suitable for;
d) the rated range of particle energy;

e) reference point and reference orientation (or in the manual);

f) usage category according to Annex B.

NOTE An example is: 0,1 uSv < H#*(10) < 1 Sv; 55 keV < £, < 1,5 MeV; IEC 60846-1 series category: Gm.
5.13 Algorithm to evaluate the indicated value

For the type test according to this standard, the manufacturer shall deliver the evaluation
algorithm of the indicated value starting from the signal(s) of the detector(s) and ending at the
indicated value. This shall include all the calculations and/or the decision tree.

If more than one signal is used to evaluate the indicated value, the manufacturer has to
supply a possibility to read out the separate signals of the detector(s) for the type test.

NOTE This algorithm may be confidential and only be used by the testing laboratory for the purpose of type
testing.

5.14 Classification of the dosemeters

The different types of dose equivalent (rate) meters may be classified according to the type of
radiation, the dose (rate) range and the rated range of radiation energy and direction of
radiation incidence. The classification scheme is given in Annex B.

If a dose equivalent (rate) meter has been designed to carry out the functions of both an
ambient and directional dose equivalent (rate) meter, it shall comply with the requirements
pertaining to both of these functions.

6 General test procedures

6.1 Instructions for use

The instructions for use of the dose equivalent (rate) meter have to be unambiguously given
in the manual, see 14.3. These instructions have to be the same for all parts of the type test
and for the routine use as well.

Documents

Document Sharing Hub

Full document details: IEC 60846-12009


http://avadocuments2026.com/doc/iec-60846-1-2009
http://avadocuments2026.com/doc/iec-60846-1-2009

60846-1 © IEC:2009 -21-

6.2 Nature of tests

Unless otherwise specified in the individual clauses, all the tests enumerated in this standard
are to be considered as type tests (see 3.33). Certain tests may be considered as acceptance
tests by agreement between the purchaser and the manufacturer.

6.3 Reference conditions and standard test conditions

Reference conditions are given in the second column of Table 4. Except where otherwise
specified, the tests in this standard shall be carried out under the standard test conditions
given in the third column of Table 4. For those tests carried out under standard test condi-
tions, the values of temperature, pressure and relative humidity at the time of test shall be
stated and the appropriate corrections made to give the response under reference conditions.

For those tests intended to determine the effects of variations in the influence quantities given
in Table 4, all other influence quantities should be maintained within the limits for standard
test conditions given in Table 4, unless otherwise specified in the test procedure concerned.

6.4 Tests for influence quantities of type F

These tests may be performed at any value of the quantity to be measured above or equal
10 Hy or 10 Hy. From the result of each test, the respective variation of the relative response
r can be determined.

It is accepted that some small part of the effects of the influence quantities classed as type F
could be regarded as the effects produced by type S influence quantities. If these effects are
small they shall be ignored in relation to the use of this standard. If during testing larger
effects of type S are observed then the respective test shall be performed at a dose value of
10H0 or 10 H, and these findings shall be reported in the type test report.

6.5 Tests for influence quantities of type S

These tests shall be performed at a value of the quantity to be measured of less or equal than
10 times the lower limit Hy or H, of the effective range of measurement, even zero dose
(rate) is possible if no other specification is given in the respective subclause and a negative
deviation can be excluded. The result of each test is a deviation D,.

It is accepted that some small part of the effects of the influence quantities classed as type S
could be regarded as the effects produced by Type F influence quantities. If these effects are
small they should be ignored in relation to the use of this standard. If during testing larger ef-
fects of Type F or significant negative effects are observed then the respective test shall be
performed at a dose value of 10 Hy or 10 H, and these findings shall be reported in the type
test report.

NOTE Due to the generally lower indicated value when compared to tests according to 6.4 the necessary number
of measurements may be increased.

6.6 Consideration of non-linearity

The effect of a non-constant response shall be regarded.

Testing should be undertaken in a dose (rate) region where non-linearity is not significant. A
practical method is to undertake the linearity test first, in order to identify the region of non-
linearity, then to perform the other tests in a dose (rate) region where non-linearity is
negligible (1 % to 2 %).

6.7 Consideration of several detectors or signals in a dosemeter
If more than one signal or detector is used to evaluate the indicated value, ea(P '
Ptfifients

detector shall be tested separately. Separate tests are necessary when thz diffe
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are used to evaluate the indicated value in different regions of the measuring range or in
different regions of an influence quantity.

NOTE 1 If this applies, this means that the complete amount of testing according to this standard is multiplied by
the number of signals being used in different ranges.

NOTE 2 Examples:

1) If a second detector or signal is used to evaluate the dose above a dose equivalent rate of 200 mSv/h, for this
detector or signal, all the requirements according to this standard have to be measured within its operating
range, i.e., above a dose equivalent rate of 200 mSv/h.

2) If a second detector or signal is used to evaluate the dose at very low particle energies (for example a very thin
detector for low energy beta radiation), for this detector or signal all the requirements according to this
standard have to be measured within its operating range, i.e., at low particle energies.

6.8 Position of dose equivalent (rate) meter for test purposes

For all tests involving the use of radiation, the reference point of the dose equivalent (rate)
meter shall be placed at the point of test, and in the orientation indicated by the manufacturer
(except for the tests of combined energy and angular dependence, see 8.4 and 8.5).

6.9 Low dose equivalent rates

For the measurement of low dose equivalent rates, it is necessary to take account of the
contribution of background radiation to the dose equivalent rate at the point of test. See
Annex C for details.

6.10 Statistical fluctuations

For any test involving the use of radiation, if the magnitude of the statistical fluctuations of the
indication, arising from the random nature of radiation alone, is a significant fraction of the
variation of the indication permitted in the test, then sufficient readings shall be taken to
ensure that the mean value of such readings may be estimated with sufficient accuracy to
determine whether the requirements for the characteristic under test are met.

The time interval between such readings shall be sufficient to ensure that the readings are
statistically independent.

The number of readings required to settle the true difference between two sets of fluctuating
dose equivalent (rate) meter readings on the same instruments under unchanged conditions is
given in Table A.1.

6.11 Production of reference radiation

Unless otherwise specified in the individual test methods, all tests involving the use of beta or
X and gamma radiation should be carried out with a specified type of radiation (see Table 4).
The nature, construction and conditions of use of the radiation sources shall be in accordance
with the following recommendations:

a) I1SO 4037-1, 1SO 4037-2, 1SO 4037-3, 1ISO 4037-4;

b) ISO 6980-1, ISO 6980-2, ISO 6980-3.

6.12 Reference photon radiation

The reference photon radiation shall be that provided by the nuclide 137Cs for the ambient
dose equivalent (N-100 filtered X-radiation of the narrow series spectrum if the minimum rated

range is 30 keV to 150 keV), and by N-80 filtered X-radiation for the directional dose
equivalent (see 1ISO 4037-1, ISO 4037-3 and I1SO 4037-4).
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6.13 Reference beta radiation

The reference beta radiation shall be that provided by the nuclide 90Sr/90Y for the directional
dose equivalent (see 1ISO 6980-1 and ISO 6980-3).

6.14 Determination of dose equivalent (rate) response

Although the question of whether the radiation being measured is photon or beta radiation is
not relevant for ambient and directional dose equivalent (rate) measurements, it is neverthe-
less necessary to perform the calibration of such dose equivalent (rate) meters with beta and
photon radiation separately and also to establish both the beta radiation characteristics and
the photon radiation characteristics of such dose equivalent (rate) meters.

The method for determining the ambient and directional dose equivalent (rate) response at
the point of test is given in ISO 4037-3, ISO 4037-4 and ISO 6980-3.

Guidance on the features which should be considered when determining the conventional
quantity value of the dose equivalent (rate) is given in 1SO 4037-2, ISO 4037-4 and
ISO 6980-2.

7 Additivity of indicated value

71 Requirements

The indicated value shall be additive with respect to simultaneous irradiation with different
types of radiation (for example, X and gamma or gamma and beta) and with different energies
and angles of radiation incidence.

If the dosemeter uses only one signal (measured with one detector) to evaluate the indicated
value, then this requirement is fulfilled.

If a dosemeter uses more than one signal (measured either with several detectors or with one
detector using for example pulse height analysis) to evaluate the indicated value, then this
requirement is not automatically fulfilled. In that case, it shall be assured that the relative
change in indication, Agqx, caused by the mix of radiation shall not exceed + 0,1.

NOTE If the algorithm used to evaluate the indicated value, see 5.13, is either a linear combination of the signals
or a linear optimization of them, then this requirement is fulfilled and no tests are required.

7.2 Method of test

Perform subsequently two irradiations under the two different irradiation conditions K and L
(different energies, different angles of incidence or even different types of radiations) with the
conventional quantity values Hy and H| . Determine the indicated values Gk and G for the two
irradiations. Then perform a third simultaneous irradiation under the two irradiation conditions
K and L with the conventional quantity value Hy, = Hx + H| and determine the indicated
value Gk, for this simultaneously mixed irradiation.

The relative change in indication is then given by:

+GL -G
Agmix :GK g:_( ) Kk
+

Agmix shall be determined for any value of Hy and H; and any simultaneous combination of
radiation fields Sk and S| . As simultaneous irradiations are very difficult to perform, the use of
calculations as a replacement for the simultaneous irradiations is permitted and
recommended for this test. A prerequisite of the use of calculations is the knowledge of
measured response values of each signal to all the irradiation conditions K and LBmments
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evaluation procedure to determine the indicated value from these signals. The calculation of
the response of the entire dosemeter with the aid of radiation transport simulations to
determine the response values of each signal to all the irradiation conditions is not permitted.

NOTE The non-linearity of the signals is treated in 8.7. Therefore, when no calculation is performed, the signals
shall be corrected for non-linearity for this test. When different dosemeters are used to determine Gy, G and
Gk+L, any difference in the reference calibration factor shall be corrected.

7.3 Interpretation of the results

The relative change in indication, Agp,;y, shall not exceed = 0,1. In this case, the requirements
of 7.1 can be considered to be met.

8 Radiation performance requirements and tests

8.1 General

All influence quantities dealt with in this clause are regarded as of type F.

NOTE 1 The requirements for the influence quantity radiation energy and angle of radiation incidence are given
with respect to the reference response, Ry, under reference conditions (reference radiation and 0° radiation
incidence, reference dose and/or dose rate and all the other reference conditions as given in Table 4). The
possible reference radiations are given in Table 4.

NOTE 2 Reasons for the non symmetric limits for the relative response due to radiation energy and angle of
radiation incidence are given in IEC 62461.

When a dose equivalent (rate) meter utilises more than one radiation detector to cover the full
range of dose equivalent (rates) indicated by the dose equivalent (rate) meter, these require-
ments apply to the relevant ranges for each detector separately.

8.2 Consideration of the uncertainty of the conventional quantity value

The expanded (k = 2) relative uncertainty, U, of the conventional quantity value of the dose
equivalent or dose equivalent rate shall be less than 10 % = 0,1 and shall be considered. Any
requirement needing the use of radiation is considered to be given for U,y = 0. For U # 0,
the allowed variation of the relative response shall be enlarged by U,,. If several tests are to
be performed with the same radiation quality, for example linearity of the response, only the
uncertainty of the ratio of the actual value and the reference value of the conventional
quantity value of the dose equivalent (rate) shall be considered when enlarging the allowed
variation. In case of other requirements, the consideration is mentioned in the respective
method of test.

8.3 Model function

The manufacture shall state the general form of the model function for the measurement with
the dosemeter. He can use the example given in 3.18 or other functions. He shall state any
interdependencies between the variables of the model function. The actual values of the
variables will be determined during the type test according to this standard.

8.4 Variation of the response due to photon radiation energy and angle of incidence
8.4.1 Measuring quantity H'(0,07) or H'(0,07)
8411 Requirements

The relative response due to radiation energy and angle of radiation incidence for photon
radiation within the rated range of use shall be within the interval from 0,71 to 1,67 (see
Table 5). The minimum rated range of use covers energies between 10 keV and 250 keV and
angles of radiation incidence between 0° and 45°. For angles of radiation incidence outside
the rated range up to + 90° the relative response shall be stated by the manufacturer for all
radiation energies of the rated range. ocuments
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All indicated dose values shall be corrected for non-linearity and for the effect of the influence
quantity dose rate on dose measurements.

8.4.1.2 Method of test

For this test, the reference point of the dosemeter shall be placed at a point of test where the
dose (rate) is known. The photon radiation qualities of the narrow spectrum series of ISO
shall be used if possible, otherwise low air kerma rate series or K-fluorescence reference
radiations of ISO shall be used.

In principle, the relative response values shall be measured for angles of incidence of o= 0°,
a=1x30°, a=145°, a=160° o==275° a=290° (and a= oy y if O ax IS NOt in this list).
Measurements shall be performed in two perpendicular planes containing the reference direc-
tion through the reference point of the dosemeter. In practice, several angles of incidence can

be omitted, if

— the response values for different angles of incidence are similar, e.g., at higher energies,
and

— the design of the dosemeter and especially of the energy compensating filters gives no
reason for the angular dependence of the response to be non-monotonous.

In principle, it is desirable that this test be performed at the same indicated dose equivalent
(rate) for each radiation quality. In practice, this may not be possible, in which case the
indicated dose equivalent (rate) for each radiation quality shall be corrected for the relative
response at the indicated dose equivalent (rate) (see 8.7).

NOTE 1 Details of the reference radiations and the calibration procedure are given in ISO 4037-1, ISO 4037-2,
ISO 4037-3 and ISO 4037-4.

NOTE 2 From ISO 4037-1 and I1SO 4037-3, typical £’(0,07) dose rates of 1 mSv h-1 to 10 mSv h-1 can be con-
cluded for the narrow spectrum series for 1 m distance from the X-ray focal spot and the tube operating at 1 mA.

8.4.1.3 Interpretation of the results

All the relative response values of the rated range of use due to photon radiation energy and
angle of incidence shall be within the interval from 0,71 to 1,67. In that case, the requirements
of 8.4.1.1 can be considered to be met. To achieve this, the rated range of use shall be fixed
accordingly using the determined relative response values. If necessary, the limits of the
rated range of use can be determined by linear interpolation.

8.4.2  Measuring quantity H*(10) or H*(10)
8.4.21 Requirements

The relative response due to radiation energy and angle of radiation incidence for photon
radiation within the rated range of use shall be within the interval from 0,71 to 1,67 (see
Table 6). The minimum rated range of use covers energies between 80 keV and 1,5 MeV or
between 20 keV and 150 keV and angles of radiation incidence between 0° and 45°. For
angles of radiation incidence outside the rated range up to + 90° the relative response shall
be stated by the manufacturer for all radiation energies of the rated range.

All indicated dose values shall be corrected for non-linearity and, if necessary, for the effect
of the influence quantity dose rate on dose measurements.

If the ambient dose meter is to be used in the vicinity of nuclear power installations, the
response up to 10 MeV shall to be stated by the manufacturer. The relative response at high
energies in the reference direction shall be determined and should be within the interval from
0,71 to 1,67.
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NOTE The two minimum rated ranges reflect the two main workplace conditions. The minimum rated range of use
from 80 keV to 1,5 MeV is for workplaces where gamma sources are used, e.g. in industry, and the minimum rated
range of use from 20 keV to 150 keV is for workplaces where X-rays are used, e.g. in medical diagnostic. Both ran-
ges can be extended until in the extreme case the rated range of use covers all energies from 10 keV to 10 MeV.

8.4.2.2 Method of test

For this test, the reference point of the dosemeter shall be placed at a point of test where the
dose (rate) is known. The photon radiation qualities of the narrow spectrum series and the
gamma sources 80Co, 137Cs and 24'Am specified by ISO shall be used if possible.

In principle, the relative response values shall be measured for angles of incidence of = 0°,
a=130° a=145°, a=260°, a=175° o=190° (and o = t0y, if Oyax IS NOt in this list).
Measurements shall be performed in two perpendicular planes containing the reference direc-
tion through the reference point of the dosemeter. In practice, several angles of incidence can
be omitted, if

— the response values for different angles of incidence are similar, e.g., at higher energies,
and

— the design of the dosemeter and especially of the energy compensating filters gives no
reason for the angular dependence of the response to be non-monotonous.

In principle, it is desirable that this test be performed at the same indicated dose equivalent
(rate) for each radiation quality. In practice, this may not be possible, in which case the
indicated dose equivalent (rate) for each radiation quality shall be corrected for the relative
response at the indicated dose equivalent (rate) (see 8.7).

NOTE 1 Details of the reference radiations and the calibration procedure are given in ISO 4037-1, ISO 4037-2,
ISO 4037-3 and ISO 4037-4.

NOTE 2 From ISO 4037-1 and 1SO 4037-3, typical A *(10) dose rates of 1 mSv h-! to 10 mSv h-' can be con-
cluded for the narrow spectrum series for 1 m distance from the X-ray focal spot and the tube operating at 1 mA.

8.4.2.3 Interpretation of the results

All the relative response values of the rated range of use due to photon radiation energy and
angle of incidence shall be within the interval from 0,71 to 1,67. In this case, the requirements
of 8.4.2.1 can be considered to be met. To achieve this, the rated range of use shall be fixed
accordingly using the determined relative response values. If necessary, the limits of the
rated range of use can be determined by linear interpolation.

8.5 Variation of the response due to beta radiation energy and angle of incidence
8.5.1  Measuring quantity H'(0,07) or H'(0,07)
8.5.1.1 Requirements

The relative response due to radiation energy and angle of radiation incidence for beta
radiation within the rated range of use shall be within the interval from 0,71 to 1,67 (see
Table 5). The minimum rated range of use covers mean energies between 0,2 MeV and
0,8 MeV and angles of radiation incidence between 0° and 45°. For angles of radiation
incidence outside the rated range up to + 60°, the relative response shall be stated by the
manufacturer for all radiation energies of the rated range. In addition, if the rated range of use
does not cover 0,06 MeV, then the variation of the relative response due to beta radiation
energy and angle of incidence shall be stated for that energy by the manufacturer (see
Table 5).

All indicated dose values shall be corrected for non-linearity and for the effect of the influence
quantity dose rate on dose measurements.
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8.5.1.2 Method of test

For this test, the reference point of the dosemeter shall be placed at a point of test where the
dose (rate) is known. The following reference radiation qualities selected from the list of beta
reference radiations specified by ISO shall be used:

147Pm (E = 0,06 MeV);
204T| or 85Kr (E = 0,24 MeV);
90gy/90Y (E = 0,8 MeV).

In principle, the relative response values shall be measured for angles of incidence of o= 0°,

a=1x30° a=245° a=160° (and o = o,y if o ax iS DOt in this list). Measurements shall be

performed in two perpendicular planes containing the reference direction through the refe-
rence point of the dosemeter. In practice, several angles of incidence can be omitted, if

— the response values for different angles of incidence are similar, e.g., at higher energies,
and

— the design of the dosemeter and especially of the energy compensating filters gives no
reason for the angular dependence of the response to be non-monotonous.

In principle, it is desirable that this test be performed at the same indicated dose equivalent
(rate) for each radiation quality. In practice, this may not be possible, in which case the
indicated dose equivalent (rate) for each radiation quality shall be corrected for the relative
response at the indicated dose equivalent (rate) (see 8.7).

NOTE Details of the reference radiations and the calibration procedure are given in ISO 6980-1, ISO 6980-2 and
ISO 6980-3.

8.5.1.3 Interpretation of the results

All the relative response values of the rated range of use due to beta radiation energy and
angle of incidence shall be within the interval from 0,71 to 1,67. In this case, the requirements
of 8.5.1.1 can be considered to be met. To achieve this, the rated range of use shall be fixed
accordingly using the determined relative response values.

8.5.2  Measuring quantity H*(10) or H*(10)
8.5.2.1 Requirements
The dosemeter shall be as insensitive as possible to beta radiation, because the effective

dose equivalent, for which H*(10) is a conservative estimate, is not a suitable quantity for
beta radiation.

8.5.2.2 Method of test

For this test, the reference point of the dosemeter shall be placed at a point of test where the
H'(0,07) or H’(0,07) dose (rate) is known. Expose the dosemeter at 0° angle of radiation
incidence to beta reference radiation specified by ISO of the following quality:

90gy/90Y (E = 0,8 MeV).

NOTE Details of the reference radiations and the calibration procedure are given in ISO 6980-1, ISO 6980-2 and
ISO 6980-3.

8.5.2.3 Interpretation of the results

The indicated dose (rate) value G shall be less than 10 % of the exposed H'(0,07) or H’(0,07)
dose (rate) value.
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8.6 Response to neutron radiation
8.6.1 Requirements

If the dose equivalent (rate) meter is intended to be used in the presence of neutron radiation,
then the response to this radiation shall be stated. A test for neutron response is not
mandatory and needs only be carried out if this requirement is specified.

In any case, dose equivalent (rate) meters shall be designed in such a way as to limit as far
as possible the influence of neutron radiation on their photon and beta indication.

8.6.2 Test method

The method of test shall be subject to agreement between the purchaser and the manu-
facturer.

NOTE Details of test procedures for neutron dose (rate) meters are given in IEC 61005. Some of these can also
be applied for the dose (rate) meters considered here.

8.7 Linearity and statistical fluctuations
8.7.1 General

The tests for linearity (constancy of the dose (rate) response) and statistical fluctuations are
performed using the same measurement data.

NOTE Details of test procedures are explained in the paper of Brunzendorf and Behrens, see Bibliography.

If the methods of detection are different for photon and beta radiation, this requirement shall
be tested separately for all types of radiation.

For instruments intended to measure the dose (rate) due to natural environmental radiation
see Annex C.

8.7.2 Requirements

Under standard test conditions, with the calibration controls adjusted according to the
manufacture’s instructions, the variation of the relative dose (rate) response due to the non-
linearity shall not exceed the range from — 15 % to + 22 % over the whole of the effective
range of measurement for either the X, the gamma or the beta reference radiation chosen.

The coefficient of variation of the dose (rate) indication shall not exceed the limits given in
Tables 5 and 6.

8.7.3 Method of test

a) Sources to be used

The tests shall be performed with appropriate reference sources. For the ambient dose
equivalent (rate) 137Cs or 60Co shall be used and for the directional dose equivalent (rate)
N-80 or S-Am for photon radiation and 90Sr/90Y for beta radiation. All irradiations of the
dosemeter shall be performed in the reference direction. For tests where the consideration
of the background radiation is required, see Annex C for further information.

Although the required reference photon radiation for the directional dose equivalent is the
N-80 filtered X-radiation or S-Am, it may not be practical to produce these at all the dose
equivalent (rates) required for this test. If the full range of dose equivalent (rates) requi-
red for this test cannot be provided by the X-radiation, it is permissible to substitute the
reference radiation of 137Cs in order to determine the variation of the relative response at
the dose equivalent (rates) which cannot be provided by the X-radiation. In this case, it is
necessary to ensure that the variation of the relative response is determined at 2 minimum
of one common dose equivalent (rate) for both the X-radiation and the 137Cﬁ9@bﬂﬂﬁ
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radiation. This will enable the appropriate correction to be applied for any difference in the
response of the detector at the 137Cs energy compared to the X-radiation energy.

In the case of the gamma reference radiation, secondary electron equilibrium conditions
shall be established at the detector of the dose equivalent (rate) meter under test, see
ISO 4037-3.

b) Tests to be performed

The test shall be carried out on one or more dose equivalent (rate) meters of the series.
The time interval between dosemeter readings shall be large enough to ensure that the
readings are statistically independent. The manufacturer shall provide the necessary
information. For dose equivalent (rate) meters provided with substantially linear analogue
scales, the test shall consist of measurements of the variation of the relative response
carried out on all the scale ranges of the dose equivalent (rate) meter, and on at least
three values of each order of magnitude. It is recommended that these points be at
approximately 20 %, 40 % and 80 % of the scale maximum on each range. If the range
covers less than one order of magnitude, then the test at 20 % shall be omitted.

For dose equivalent (rate) meters with a substantially logarithmic graduation or with digital
presentation the test shall be performed for at least three values in each order of
magnitude of dose equivalent (rate) indicated. It is recommended that these values be at
approximately 20 %, 40 % and 80 % of each order of magnitude. If the range starts at
values greater than 20 % of the scale maximum, then the test at this value shall be
omitted.

If the same detector is used for both the beta and gamma reference radiations, it is not
necessary to perform the measurements on all ranges with both reference radiations, but
measurements on at least one range (or order of magnitude) shall be performed with both
the beta and gamma reference radiations.

NOTE 1 The direct use of the reference radiation sources for these tests may require the use of an inconveniently
large number of sources of reference radiation, or, at the higher dose equivalent (rates), sources of inconveniently
high activity. In this case, some other source of radiation (e.g. a suitable X-ray generator) may be used provided
that suitable corrections are made for any difference in the response of the dose equivalent (rate) meter to such
radiation and to the reference radiation, caused by the difference in the energy of the radiation used. In determi-
ning these corrections, it is essential that the response of the dose equivalent (rate) meter to the reference radi-
ation and the radiation source used be compared for at least one point, at dose equivalent (rates) that give the
same indication on the dose equivalent (rate) meter scale.

NOTE 2 See also the note to 5.4.
8.74 Interpretation of the results

Determine the mean value and the coefficient of variation of the n values of the indication for
each of the w dose (rate) values.

Using the w mean values, the variation of the relative response due to the non-constancy of
the response shall not exceed the range from — 15 % to + 22 %. And, using the w values of
the coefficients of variation and the values of ¢4 and ¢, given in Table 3, show that

— for w—2 dose (rate) values the coefficients of variation are less than ¢4 times the limits
given in Tables 5 and 6 and

— for the remaining two dose (rate) values — which shall not be adjacent — the coefficients of
variation are less than c, times the limits given in Tables 5 and 6.

In that case, the requirements of 8.7.2 can be considered to be met.

NOTE 1 The value of ¢4 is always smaller than that of c5.

NOTE 2 This method assures, that the probability of passing the test is independent of the number w of dose
(rate) values at which the test is performed. Without applying the factors ¢4 and ¢y the probability of passing the
test decreases with increasing number w of dose (rate) values at which the tests are performed.
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8.8 Overload characteristics
8.8.1 Dose equivalent meters
8.8.1.1 Requirements

1) The dose equivalent meter shall read off-scale on the high side or shall indicate overload
when exposed to doses greater than the maximum of its measuring range. This require-
ment shall apply to all ranges.

2) When subjected to dose rates high enough to cause wrong dose indication, there shall be
indication that the equipment is not able to provide correct dose indication.

8.8.1.2 Test method

1) Subject the dosemeter to a dose in excess of 100 times the maximum dose that can be
indicated, at most 50 Sv, at least 1 Sv. The doserate during the exposure shall be less
than the maximum doserate capability as specified by the manufacturer. The equipment
shall not be reset or switched off for at least 30 min after the equipment has been subjec-
ted to the test dose.

2) Subject the dose equivalent meter to a doserate 10 % in excess of that specified as the
doserate limit by the manufacturer for a period of 100 s. In case, no error of the dose
value (due to doserate overload) is indicated, subject the dose equivalent meter to further
increased dose rates in steps of 10 % for 100 s until the error indication of the dose value
(due to doserate overload) is displayed.

8.8.1.3 Interpretation of the results
1) The indication shall be off-scale on the high side or overload shall be indicated and shall

remain so until the dose indication is reset or the equipment is switched off.

2) Ensure that either the dose indication has increased appropriately or indication is given
that the reading of dose (due to doserate overload) is in error. Prior to the error indication
the dose indication shall increase as appropriate.

8.8.2 Dose equivalent ratemeters
8.8.2.1 Requirements

The dose equivalent ratemeter shall read off-scale on the high side or shall indicate overload
when exposed to dose rates greater than the maximum of its measuring range. This require-
ment shall apply to all ranges.

8.8.2.2 Test method

The dose equivalent ratemeter shall be submitted to the following dose equivalent rates for a
period of 5 min
— 100 times the range maximum for range maxima up to and including 0,1 Sv h=1;

— 10 times the range maximum, or 10 Sv h=1, whichever is the greater, for range maxima in
excess of 0,1 Sv h=1 up to and including 5 Sv h—1;

— 2 times the range maximum for dose rates in excess of 5 Sv h—1.
8.8.2.3 Interpretation of the results

The indication of the dose equivalent rate shall read off-scale on the high side or indicate
overload throughout this period and the dose equivalent ratemeter shall function within the
specification 5 min after completion of this test. If the device is not in a position to do so, a
warning must be displayed. Assignment of this warning to the cause of its release must be
unambiguous. The warning may extinguish only when the device meets again the specifi-
cations without restrictions. This test is applicable to each range.
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8.9 Response time
8.9.1 Dose equivalent meters
8.9.1.1 Requirements

When subjected to a dose rate the dose equivalent meter shall within 10 s indicate at least
91 % but not more than 111 % of the appropriate increase in dose.

8.9.1.2 Test method

Subject the dose equivalent meter for 10 s to a doserate A in the range of measurement, for
which the dose increment can be read with sufficient accuracy, for instance of 360 uSv h=1.
The dose reading shall have increased by 9,1 sxH to 111 sx H at the end of this 10 s period,
for the example by 0,91 uSv to 1,11 uSv.

Subject the dose equivalent meter for 10 s to the doserate limit of the instrument as specified
by the manufacturer. At the end of the 10 s period the dose, indication shall have increased
by 0,002 5 {H}m | uSv to 0,003 1 {H;im | LSV, where {Hjm} is the doserate limit defined by the
manufacturer in uSv h=1.

NOTE An exposure of 10 s at a doserate of 1 uSv h-1 results in a dose of 0,002 8 uSv.
8.9.2 Dose equivalent ratemeters
8.9.21 Requirements

When the dose equivalent ratemeter is subjected to a step or slow increase or decrease in
dose equivalent rate, the indication shall reach the following value in less than 10 s after the
dose equivalent ratemeter is subjected to the final dose equivalent rate:

.90 . .
Gi + 350 (Cr ~Gi)
where

G; s the initial indication, and
G; s the final indication.

The response time shall be stated by the manufacturer.

The time of 10 s applies to values of G; of more than 1 uSv h=' but less than 10 mSv h=". For
values of G; above this, the time shall be 2 s or less.

In addition, after 60 s the indication shall reach (1£0,1)Gs for all values of G .

8.9.2.2 Test method

The test may be carried out either with a suitable source of radiation or by the injection of a
suitable electrical signal into the input of the measuring dose equivalent ratemeter.

The initial and final dose equivalent rates shall differ by a factor of 10 or more and
measurements shall be carried out for both an increase and a decrease in the dose equivalent
rate by this factor.

Measurements shall be made over each order of magnitude of dose equivalent rate indication
for dose equivalent ratemeters provided with a digital or a logarithmic display, and on each
scale range for dose equivalent ratemeters provided with a linear display.
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If the electrical method of test is employed, this shall be stated in the accompanying
documents; the injected signals shall correspond to the above requirements.

For the increasing dose equivalent rate test, the dose equivalent ratemeter shall be subjected
first to the higher dose equivalent rate and the indication G; noted.

The dose equivalent ratemeter shall then be subjected to the lower dose equivalent rate for a
time sufficient for the indication G; to reach a steady value and this indication noted.

The dose equivalent rate shall then be changed both as quickly as possible (< 1s) and, if
possible, slowly (> 10 s) to that corresponding to the indication Gf, and the time taken from
subjecting the final dose equivalent rate to reach the value given by the formula in 8.9.2.1 be
measured.

The decreasing dose equivalent rate test shall be performed in the same way with the values
of dose equivalent rates corresponding to G; and G; interchanged.

8.10 Interrelation between response time and statistical fluctuations

The response time and coefficient of variation of the statistical fluctuations are interdependent
characteristics, acceptable limits for which are given above.

For high dose equivalent rates, it is recommended that, whenever possible, the response time
be reduced, while conforming to the limits laid down for the statistical fluctuations.

If, however, the limits in 8.9 can be met with a response time of not more than 1 s, it is preferable
to reduce the statistical fluctuations rather than to reduce the response time below 1 s.

If a dose equivalent (rate) meter has provision for a number of different, pre-selected statisti-
cal fluctuations and/or response times, then at least one pre-selected value shall conform to
the requirements of both 8.9.1 and 8.9.2.

8.11 Variation of the response due to dose rate dependence of dose measurements
8.11.1 General

If the methods of detection are different for photon or beta radiation or for specific energy
ranges of these radiations, then this requirement shall be tested separately for all types of
radiation.

If the manufacturer can show that the technical design of the dose equivalent meter assures
the fulfilment of the requirements for a large range of dose rate values, then the number of
tests can be reduced.

For instruments intended to measure the dose due to natural environmental radiation, see
Annex C.

8.11.2 Requirements

The variation of the relative response due to dose rate dependence shall not exceed the
range from -13 % to +18 % for all dose rates of the rated range of use. The minimum rated
range of use for dose rate dependence is given in Tables 5 and 6. If this requirement cannot
be met up to 1 Sv h~1, it shall be met up to at least the maximum value of the measuring
range of doserate and the maximum value of the rated range of use shall be indicated on the
dosemeter.

In addition, the variation of the relative response due to low dose rates down to natural envi-
ronmental radiation shall be stated by the manufacturer. Documents
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8.11.3 Method of test using radiation sources

Determine the response values at 80 % of each order of magnitude of the effective range of
dose measurement when the dose equivalent meter is exposed to a reference source.
Perform the test for each dose value at one dose rate of each order of magnitude of the rated
range of use for dose rate dependence.

Since at the lower dose values, the exposure times is too short for the higher rates, whilst at
high dose values, the exposure times are too long for the lower rates, these tests shall
exclude any exposure involving times of less than 10 s or exceeding 10 h.

If the integration of the dose equivalent meter is done digitally by a counter, one test of about
100 s per dose rate is sufficient.

The variation of the response is determined from the measured response values.

8.11.4 Method of test using natural radiation

Place the dose equivalent meter for at least one week (f5,,) in a normal laboratory
environment and assume a background dose rate H,y of 2 uSv d=', if no other information is
available. Determine the instrument’s accumulated dose, G, for time t,,,. Calculate the
expected dose value from the known or assumed dose rate due to natural environmental
radiation, Hpg = 2 uSV d~1 X 1o, -

8.11.5 Interpretation of the results

The variation of the relative response due to dose rate dependence determined in 8.11.3 shall
not exceed the range from —13 % to +18 %. In that case, the requirements of 8.11.2 can be
considered to be met.

. I G
State the response to natural environmental radiation as nat

nat

8.12 Response to pulsed ionizing radiation fields

8.12.1 Requirements

Some types of dose equivalent (rate) meters may give spuriously low indications in pulsed
ionizing radiation fields, particularly if the duration of the pulse of radiation is small compared
with the interval between pulses. The manufacturers shall give an appropriate warning if a
dose equivalent (rate) meter may give a reduced indication in pulsed radiation fields. A test

for the response of the dose equivalent (rate) meter in pulsed radiation fields is not
mandatory.

8.12.2 Test method

The test method shall be subject to agreement between the purchaser and the manufacturer.

8.13 Requirements on the accuracy of alarm of dose equivalent (rate) monitors
8.13.1 Dose equivalent alarm
8.13.1.1 Requirement

Let H, be the dose equivalent value which produces the indication to which the alarm is set.
Under standard test conditions, when the dose equivalent meter or monitor is subject to a
dose equivalent of 0,8 H,, no alarm shall be given, and when the dose equivalent meter or
monitor is subject to a dose equivalent rate of 1,2 H,, the alarm shall be actuated.
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When a dose equivalent (rate) meter utilizes more than one radiation detector to cover the full
range of dose equivalent indicated by the dose equivalent (rate) meter, these requirements
apply to the relevant ranges for each detector separately.

8.13.1.2 Method of test

At least two tests shall be carried out, one with A, near to the maximum effective range and
one with H, near to the maximum of the second least significant order of magnitude. The
alarm shall be reset, the dose indication shall be set to zero and then the dose equivalent
meter or monitor shall be subjected to a conventional true dose equivalent rate so that the
alarm will not occur for at least 100 s. The time of exposure until the alarm of the dose
equivalent monitor occurs shall be measured.

8.13.1.3 Interpretation of the results

If the ratio of H, and the product of the dose equivalent rate used and the measured time is
within the range 0,8 (1 - U,q) to 1,2 (1 + U,,), where U, is the expanded (k = 2) relative
uncertainty of the conventional true dose equivalent, then the requirements of 8.13.1.1 can be
considered to be met.

8.13.2 Dose equivalent rate alarm
8.13.2.1 Requirement

Let Ha be the dose equivalent rate value which produces the indication to which the alarm is
set. Under standard test conditions, when the dose equivalent (rate) meter or monitor is sub-
ject to a dose equivalent rate of 0,8 Ha for 10 min, the alarm shall not be activated for more
than 10 % of the period of test. Similarly at a dose equivalent rate of 1,2 Ha for 10 min, the
alarm shall be activated for 90 % of the test period and the alarm should actuate the first time
within 10 s or within a time so that the product of this time and the dose equivalent rate of the
alarm point is less than 10 uSv.

When a dose equivalent (rate) meter utilizes more than one radiation detector to cover the full
range of dose equivalent rates indicated by the dose equivalent (rate) meter, these require-
ments apply to the relevant ranges for each detector separately.

8.13.2.2 Method of test

At least two tests shall be carried out, one with H, near to the maximum effective range and
one with Ha near to the maximum of the second least significant order of magnitude. Expose
the dose equivalent (rate) meter for both H, values for 10 min each to a dose equivalent rate
of (0,8 — U,q)) H, and record the time period for which the alarm is activated. Repeat the
tests with a dose equivalent rate of (1,2 + U,) H, and record again the time period for which
the alarm is activated and the time for the alarm to be actuated the first time.

8.13.2.3 Interpretation of the results

If all the on-times of the alarm for (0,8 — U,q) x H, are less than 60 s and all the on-times for
(1,2 + U,g) x H, are greater than 540 s and in addition the alarm actuates the first time
within 10 s or within a time so that the product of this time and the dose equivalent rate H, is
less than 10 uSv, than the requirements of 8.13.2.1 can be considered to be met. U, is the
expanded (k = 2) relative uncertainty of the conventional true dose equivalent rate.
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