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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization cor
national electrotechnical committees (IEC National Committees). The object of IEC\is to
[national co-operation on all questions concerning standardization in the electrical and. electronic fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter Ireferred to 3
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in{
he subject dealt with may participate in this preparatory work. Internationaly’ governmental ar
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance{with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express)as nearly as possible, an inter
Eensus of opinion on the relevant subjects since each technical\committee has representation
ested IEC National Committees.

Publications have the form of recommendations for interfiational use and are accepted by IEC |
mittees in that sense. While all reasonable efforts are made to ensure that the technical contenf
ications is accurate, IEC cannot be held responsibié\ for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any div
een any IEC Publication and the correspondihg national or regional publication shall be clearly indi
atter.

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

sers should ensure that they.have the latest edition of this publication.

iability shall attach to IEC, or-its directors, employees, servants or agents including individual exp4
hbers of its technical committees and IEC National Committees for any personal injury, property daf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out-of_the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

Epensable for the correct application of this publication.

ntion is-drawn to the possibility that some of the elements of this IEC Publication may be the su
nt rights: IEC shall not be held responsible for identifying any or all such patent rights.

hprising
romote
Ids. To
Cations,
s “IEC
erested
d non-
closely
ned by

hational
rom all

National
of IEC
for any

cations
brgence
ated in

formity
for any

rts and
hage or
ps) and
er |IEC

ntion is drawn-\to the Normative references cited in this publication. Use of the referenced publicdtions is

bject of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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Intern

ational Standard IEC 62387 has been prepared by subcommittee 45B: Radiation
protection instrumentation, of IEC technical committee 45: Nuclear instrumentation.

This second edition cancels and replaces the first edition of IEC 62387 published in 2012.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

¢ Modification of title.

e A

an

H beta radiation.

e Adoption of the cylinder instead of the slab phantom for the quantity Hp(3).

e Cdrrection and clarification of several subclauses to obtain a better applicability.

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

FDIS Report on voting
45B/945/FDIS 45B/954/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.

The cpmmittee has decided that the contents-6f this publication will remain unchangefl until
the stpbility date indicated on the IEC web-'site under "http://webstore.iec.ch” in th¢ data
relatedql to the specific publication. At this date, the publication will be

* re¢onfirmed,

. wilhdrawn,

* replaced by a revised edition;or

* anjended.

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 c«Frrect
understanding of its contents. Users should therefore print this document us|

colou

r printer.

ng a
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INTRODUCTION

A dosimetry system may consist of the following elements:

a)

b)

c)

d)

a passive device, referred to herein as a detector, which, after the exposure to radiation,
stores a signal for use in measuring one or more quantities of the incident radiation field;

a “dosemeter

”

, that incorporates some means of identification and contains one or more

detectors and may contain electronic components, e.g. for the readout (e.g., in a direct ion
storage (DIS) dosemeter);

a “reader” which is used to readout the stored information (signal) from the detector, in

or

er to determine the radiation dose:

a
tra
an

“,

aq
as
thg

“computer” with appropriate “software” to control the reader, store the-\g
nsmitted from the reader, calculate, display and store the evaluated dose in’thée f
electronic file or paper copy;

ditional equipment” and documented procedures (instruction manual),'for perfq

ignals
prm of

rming

sociated processes such as deleting stored dose information, cleaning dosemetgrs, or

se needed to ensure the effectiveness of the whole system.
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RADIATION PROTECTION INSTRUMENTATION -
PASSIVEINTEGRATING DOSIMETRY SYSTEMS WITH INTEGRATING

PASSIVE DETECTORS FOR-PERSONAL INDIVIDUAL, WORKPLACE AND

1

This d

ENVIRONMENTAL MONITORING OF PHOTON AND BETA RADIATION

Scope

cumentappties toattkimdsof passive dosimetry systemsthatare usedformeasyring:

the
the
thg personal dose equivalent #,(0,07) (for both individual whole body skin and local skin

fornl extremity-desimetry monitoring),

the ambient dose equivalent H*(10)
mqnitoring),

the directional dose equivalent H'(3) (for workplace and envitemmental monitoring), gr

the directional dose equivalent H’(0,07) (for workplage *and environmental—desjmetry
mqnitoring).

personal dose equivalent Hp(10) (for individual whole body-desimetry monitoring],
personal dose equivalent H,(3) (for individual eye lens-desimetry monitokihg),

(for workplace and ghvironmental—desjmetry

This gocument applies to dosimetry systems (hat measure external photon and/o

The-term-“enpvironmenta nd-environmental-monitorina-in-this-st
HeteHR—eRVH oM SRt HReHY—m Ro—eRVH omeh SO OHRGHHHS StRh

beta

radiation in the dose range between 0,01 mSvzand 10 Sv and in the energy ranges given in

Table

1. All the energy values are mean energies with respect to the-prevailing-dose-gjantity

fluence. The dosimetry systems usually use electronic devices for the data evaluatign and

thus are often computer controlled.

Table 1 — Mandatory and maximum energy ranges covered by this document

Measpring Mandatory mean Maximum mean Mandatory mean Maximum mean ernjergy
quantity energy range for energy range for energy range for range for testing beta-
photon radiation testing photon beta-particle particle radiatigna
radiation radiationa
AU0) | 80 kevito425 MeV® | 12 keV to-10 7 MeV - -
('0)
0.8 MeV® 0,7 MeV®° to 1,2 MeV
‘Z;, g) 30 keV to 250 keV 8 keV to-10 7 MeV almost-equivalent-to | Emax
) an-E,,, 0t 2,27 MeV. om 2.27-MeV-1o
max ’ St
0.06 MeVec to 1.2 eV
almost equivalent to
HL(0,07), | 40, 8 keV to10-Mey | 024 MeVto 0,8 MeV | = i o o Meveto
A eV to 250 keV b almostequivalent-to 7
H(0,07) 1,25 MeV 3 54 Mo\
ARE pa0F2:27-MeV 7
0,07 MeV9 to 1,2 MeV®

b 1,25 MeV is the mean energy of photon radiation from 60Co.

e 0,07 MeV, 0,8 MeV and 1,2 MeV beta mean energy are almost equivalent to an E£_.
2,27 MeV and 3,54 MeV, respectively.

a  The following beta radiation sources are suggested for the different mean energies: For 0,06 MeV: 147Pm;
for 0,8 MeV: 90Sr/90Y; for 1,2 MeV: 106Ru/106Rh.

bec For beta-particle radiation, an energy of 0,7 MeV is required to reach the radiation sensitive layers of the
eye lens in a depth of about 3 mm (approximately 3 mm of ICRU tissue).

ed  For beta-particle radiation, an energy of 0,07 MeV is required to penetrate the dead layer of skin of 0,07 mm
(approximately 0,07 mm of ICRU tissue).

of 0,225

X

MeV,
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NOTE 21 In this document, “dose” means dose equivalent, unless otherwise stated.

NOTE 32 For Hp(10) and H*(10) no beta radiation is considered. Reasons:

a) H_(10) and H*(10) are a conservative estimate for the effective dose which is not a suitable quantity for beta
radiation.

b) No conversion coefficients are available in ICRU 56, ICRU 57 or ISO 6980-3.

NOTE 43 The maximum energy ranges are the energy limits within which type tests according to this document
are possible.

NOTE 4 Direct ion storage (DIS) dosemeters are covered in this document as they are often operated without an
online display but a separate reader.

The tgstmethos des
softwgre (Clause 10), environmental
(Clauge 14), mechanical influences (Clause 15), and the documentation (Clause’1
indepgndent of the type of radiation. Therefore, they can also be applied to other dos
systems, e.g. for neutrons, utilizing the corresponding type of radiation for testing.

influences (Clause 13), electromagnetic influences
) are
metry

This document is intended to be applied to dosimetry systems that are-capable of evaluating
doses|in the required quantity and unit (Sv) from readout signals in anyyquantity and unlt. The
only gorrection that may be applied to the evaluated dose (indicated value) is the one
resulting from natural background radiation using extra dosemeters.

NOTE § The correction due to natural background can be made before or‘after the dose calculation.

2 Noprmative references

The following documents are referred to in thedext in such a way that some or all their
content constitutes requirements of this document. For dated references, only the g¢dition
cited gpplies. For undated references, the latest edition of the referenced document (indluding
any afendments) applies.

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

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement
technigues — Radiated, radjo-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
technigues — Electrical fast transient/burst immunity test

IEC 61000-4:25;"Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurnement
technique$ =*Surge immunity test

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

IEC 61000-4-8, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement
techniques — Power frequency magnetic field immunity test

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards -
Immunity for industrial environments


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 RLV © IEC 2020 -13 -

ISO 4037 (all parts), Radiological protection — X and gamma reference radiation for
calibrating dosemeters and doserate meters and for determining their response as a function
of photon energy

ISO 4037-3:49992019, Radiological protection — 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 6980 (all parts), Nuclear energy — Reference beta-particle radiation

ISO 6980-3, Nuclear energy — Reference beta-particle radiation — Part 3: Calibration\df area
and personal dosemeters and the determination of their response as a functionof beta
radiatfon energy and angle of incidence

ISO 8529 (all parts), Reference neutron radiations

ISO/IHC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide)to the expresgion of
uncerfainty in measurement (GUM:1995)

3 Terms and definitions
For the purposes of this document, the following terms ahd definitions apply.

ISO and IEC maintain terminological databases fer use in standardization at the following
addregses:

o |EC Electropedia: available at http://www“electropedia.org/

e ISP Online browsing platform: availalghe at http://www.iso.org/obp

Severgl quantities with specific subséripts are explained in Table 6.

3.1
ambignt dose equivalent
H*(d)
dose ¢quivalent atta point in a radiation field,-dese-egquivalentthat-would-be produced py the
corregponding expanded and aligned field, in the ICRU sphere at a depth, d, on the fadius
opposjng the_direction of the aligned field

Note 1 o €ntry: The recommended depth, d, for environmental monitoring in terms of H*(d) is 10 mm, and H*(d)

may be|wriiten as H*(10).{-IEV—393—44—95}4

[SOURCE:4+CRU-514:1993,meodified—Note-1+-to-entry-hasbeenadded IEC 60050-395:2014,
395-05-43 — Note 1 to entry is note 3 in the source]

3.2

calibration coefficient

No

quotient of the conventional quantity value to be measured and the corrected indication of the
dosemeter, G 5, normalized to reference conditions
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Note 1 to entry: The calibration coefficient for the reference radiation quality U and the angle of incidence « is
equivalent to the calibration factor multiplied by the instrument coefficient. It is given by

Cr,O
Ng = =Ci(U,a) ¢
Gr,O
where
Cio is the conventional quantity value, see 3.5
G.q is the corrected indication, see 3.14

C{U,a) is the calibration factor for the radiation quality U and the angle of incidence «, see 3.3, and

c. is the instrument constant, see 3.18.

Concerping the dimension of the calibration factor and the calibration coefficient, see notes to 3.3 and 3&

Note 2 o entry: The reciprocal of the calibration coefficient is the response under reference conditi \/The value
of the galibration factor may vary with the magnitude of the quantity to be measured. In such cas@a doserneter is
said to have a non-constant response (or a non-linear indication).

[SOURCE: ISO 29661:2012, 3.1.5, modified — Note 3 to entry has been d;a\lgéd]

3.3 Q)q:b

calibrption factor C)

been—r L
>

constgnt, ¢;, of dosemeter is multiplied to obtain the conventional quantity value|to be

Cf(U C')
factor|by which th; g)oduct of the corrected indication, G, ,, and the associated instrument
measyred unc@ eference conditions

Note 1 OQ/ ! The calibration factor is dimensionless.

[SOURCETSO 296612012, 3. 1.7]

3.4
coefficient of variation
A%

ratio of the standard deviation s to the arithmetic mean 5 of a set of n indicated values G,

(indicated value)

Vv =

s 1 1
G G\ (G -of
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3.5
convgntional quantity value
C
quantity value attributed by agreement to a quantity for a given purpose
Note 1 |to entry: The conventional quantity value C is the best estimate( of the quantity to be mejasured,
determiped by a primary standard or a secondary or working measuremgit standard which are tracealjle to a
primary] standard.
[SOURCE: ISO/IEC Guide 99:2007, 2.12]
3.6
correg¢tion for non-linearity
Tn
quotient of the response R,, under conditions>where only the value of the dose equivalent is
varied, and the reference response R
— Ry
h=—
Ry
Note 1 fo entry: For a linear dosimetry system, r_is equal to unity.
3.7
coverpge factor
k
numerical factorused as a multiplier of the combined standard uncertainty in order to pbtain
an expanded _dncertainty
Note 1 fo €ntry: A coverage factor k is typically in the range 2 to 3.
Note 2 to entry: In case of a normal distribution, using a coverage factor of 2 results in an expanded uncertainty

that defines an interval around the result of a measurement that contains approximately 95 % of the distribution of
values that could reasonably be attributed to the measurand. For other distributions, the coverage factor may be

larger.

[SOURCE: GUM 2.3.6:1995, modified — The symbol £ has been added]
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3.8

detector

radiation detector

apparatus or substance used to convert incident ionizing radiation energy into a signal
suitable for indication and/or measurement an apparatus or substance which, in the presence
of radiation, provides by either direct or indirect means a signal or other indication suitable for
use in measuring one or more quantities of the incident radiation

Note 1 to entry: The detector usually requires a separate reader to read out the signal. That means the detector
usually is not able to provide a signal without any external reading process.

Note 2 to entry: A passive detector does not need an external power supply to collect and store dose information.

Note 3 fo entry: In IEV, the term reads “radiation detector”.

[SOURCE—LEQ—@GQ%Q—%QMOQMM I[EC 60050-881:1983, 881-13-01, modified + The
term “getector” has been added as the first preferred term]

3.9
deviation
D
differgnce between the indicated values for the same value of the‘measurand of a dosjmetry
system, when an influence quantity assumes, successively, two different values

D=G-G,
where
G the indicated value under the effect, and
G the indicated value under reference conditions

r

Note 1 fo entry: The original term in IEV 311-07-03 reads “variation (due to an influence quantity)”. In ordgr not to
mix up| variation (of the indicated value) and variation of the response, in this standard, the term ig called
“deviatipn”.

Note 2 [o entry: The deviation can be positive or negative resulting in an increase or a decrease of the irdicated
value, respectively.

[SOURCE: IEC 60050-300-311:2001, 311-07-03, modified — "deviation" has replaced
“variafion (due to an influgnce quantity)” and “dosimetry system” has replaced “an indicating
measuyring instrument, orithe values of a material measure” and Notes 1 and 2 to entry have
been added]

3.10
directjonal dose equivalent
H'(d)
at a ppint'in a radiation field, dose equivalent that would be produced by the correspgnding
expangded’field, in the ICRU sphere at a depth, d, on the radius in a specified direction

Note 1 to entry: The currently recommended depth, d,-interms—of H (d)is- 007 mm-and-H {(d)may-be-written-as
HAO 0 —HEV-393-14-96] for environmental monitoring with respect to local skin and lens of the eye is 0,07 mm
and 3 mm, respectively, and H'(d) may be written as H'(0,07)and H'(3), respectively.

[SOURCE: ICRU 51:1993, modified — Note 1 to entry has been added]

3.11
dosemeter
radiation meter designed to measure quantities such as an absorbed dose or dose equivalent

Note 1 to entry: In a wider sense, this term is used for meters designed to measure other quantities related to
radiation such as exposure, fluence, etc. Such use is deprecated.

Note 2 to entry: This apparatus may require a separate reader to read out the absorbed dose or dose equivalent.
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Note 3 to entry: A dosemeter usually consists of a detector and a badge, for example thermoluminescence
detector (TLD) badge with filters.

Note 4 to entry: A dosemeter may contain electronic components (e.g. for the readout (e.g.-the in a direct ion
storage (DIS) dosemeter)).

[SOURCE: IEC 60050-395:2014, 395-05-02, modified — Notes 3 and 4 to entry have been
added]

3.12

dosimetry system

dosemeter, reader and all associated equipment and procedures used for assessing the
indicated value

3.13
expanded uncertainty
U
quantity defining an interval about the result of a measurement that may-be expected to
enconjpass a large fraction of the distribution of values that could reasonably be attribyted to
the me¢asurand

Note 1 [to entry: The expanded uncertainty is obtained by multiplying the cembined standard uncertainfy by a
coverage factor.

Note 2 o entry: A confidence level of 95 % is recommended for the use ofithis document.

[SOURCE: GUM: 1995, 2.3.5]

3.14
indicqted value
indicdtion

G
value pf the measurand given directly by @ measuring instrument on the basis of its calilration
curve

Note 1 [o entry: In this standard, the indicated value is the one given by the dosimetry systems as the fin4l result
of the evaluation algorithm (for example,-display of the software, print out) in units of dose equivalent (Sv), §ee 8.2.

Note—2

Note 34 to entry: For details,)see Annex B.

[SOURCE: IEC 60050-300-311:2001, 311-01-08, modified — The original note has| been
replaced by new_Notes 1, 2 and 3 to entry]

3.15
influence quantity
gquantity-that is not the measurand but that affects the result of the measu

Note 1 to entry: For example, temperature of-a-micremeterused-to-measure a length measuring instrument.

Note 2 to entry: 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 two pairs of
influence quantities:

a) radiation energy and angle of incidence,

b) ambient temperature and relative humidity.

[SOURCE: GUM:1995, B.2.10, modified — Examples 1, 2 and 3 have been removed and
Notes 1 and 2 to entry have been added]

3.16
influence quantity of type F
influence quantity whose effect on the indicated value is a change in response
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Note 1 to entry: An example is radiation energy and angle of radiation incidence.

Note 2 to entry: F stands for factor. The indication due to radiation is multiplied by a factor due to the influence
quantity.

3.17

influence quantity of type S

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

Note 1 to entry: An example is the electromagnetic disturbance.

Note 2 to entry: All requirements for influence quantities of type S are given with respect to the value of the
deviatidn D.

Note 3 ffo entry: S stands for sum. The indication is the sum of the indication due to radiation and.dug to the
disturb3gnce.

3.18
instrument constant
€i
constgnt by which the indication of the dosemeter G or — if corrections' 0r a normalizatiop were
applieg — the corrected indication G, is multiplied to convert i{{¢" the same unit @s the

measyrand

Note 1 fo entry: Adapted from ICRU Report 76.

Note 2 |to entry: If the instrument's indication is already expressed in the same unit as the measurgnd the
instrument constant, ¢,, is unnecessary. This is the case in this stghdard.

[SOURCE: ISO 29661:2012, 3.1.17]

3.19
lower|limit of the measuring range
Hlow . . .
lowes{ dose value included in the measuring range

Note 1 fo entry: H,  is equivalent to&fyin ISO 14146:2018.

3.20
mandatory range

mandatory range of use
smallgst range specified for an influence quantity or instrument parameter over whi¢h the
dosimptry systemsmust operate to be in compliance with this document

Note 1 fto entry.The mandatory ranges of the influence quantities dealt with in this document are given in the
second|column,of Table 8 to Table 16.

3.21
maximum rated measurement time

tmax
longest continuous period of time over which the dose is accumulated and over which all

requirements of this document are fulfilled

Note 1 to entry: The maximum rated measurement time depends on the lower limit of the measuring range H,
the fading, and other influences.

low’

Note 2 to entry: The beginning of this period of time can for example be erasing the dose by heating (for TLDs) or
a dose reset by means of software (for DIS).

3.22

measured value

M

value that can be obtained from the indicated value G by applying the model function for the
measurement
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Note 1 to entry: For “model function”, see 3.25.

Note 2 to entry: For details, see Annex B.

3.23

measuring range

range defined by two values of the measurand, or quantity to be supplied, within which the
limits of uncertainty of the measuring instrument are specified

Note 1 to entry: In this standard, the measuring range is the range of dose equivalent, in which the requirements
of this standard are fulfilled and thus the uncertainty is limited.

[SOURCE: IEC 60050-300-311:2001, 311-03-12, modified — The original note has been
replaced by a new Note 1 to entry]

3.24
personal dose equivalent

Hy(d)
dose equivalent in soft tissue, at an appropriate depth, d, below a specified point on the |pbody

Note 1 [to entry: The recommended depths are 10 mm for penetrating radiation,'3 mm to monitor the elye lens

dose, apd 0,07 mm-fersuperficial-radiation to monitor skin dose.-{HEV-393-14-97}

Note 2 o entry: Soft tissue means ICRU 4-element tissue, see ICRU Report39.

[SOURCE: ICRU 51:1993, modified — Notes 1 and 2 to entry~have been added]

3.25
mode| function
mathematical model of the measurement that transforms the (set of) observation(s) into the
result jof the measurement

Note 1 |to entry: The model function combines’jthe indicated value G with the reference calibration—facter
coefficignt Ny, the correction for non-linearity r;,\the / deviations D (p = 1..[) for the influence quantities of|type S,
and thg m relative response values r, (¢ =.m) for the influence quantities of type F. An example of § model
functior] is

/
M=—2>— [G ZD[,
I Hrq p=1

q=1

A moddl function is ngcessary to evaluate the uncertainty of the measured value according to the GUM (sge GUM
seection$: 1995, 3.1.67)3¥4.1 and 4.1).

Note 2 [o entry: \\Fhe calculations according to the model function are usually not performed, only in the case that
specifid influehce quantities are well known and an appropriate correction is applied.

Note 3 foentry: For details, see Annex B.

3.26

point of test

point in the radiation field at which the conventional-true quantity value of the quantity to be
measured is known

[SOURCE: ISO 29661:2012, 3.1.23, modified — “to be measured” has been added]
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3.27

preparation

normal treatment of dosemeters or detectors before a dose measurement, which the
dosemeters or detectors are intended to be subjected to in routine use

Note 1 to entry: For example, a procedure to erase stored dose information, reset the dose information by means
of software, cleaning;—whieh mete i ie in ine-use

3.28

rated range

rated range of use
specified range of values which an influence quantity can assume without causing a deviation
or varfation of the response exceeding specitied mits

Note 1 fo entry: In IEC 60050-300-311:2001, 311-07-05, the term reads “nominal range of use”. In‘this dogument,
“rated range” is used in order to avoid complicated terms like “the range of use of an influence\guantity| but to
have tefms that are easily readable like “the rated range of an influence quantity”.

Note 2 o entry: Influence quantities can be either of type S or of type F.

[SOURCE: IEC 60050-300-311:2001, 311-07-05, modified — “rated”range” has replaced
“‘nomimpal range” and “deviation or variation of the response” has replaced “variation”; Nptes 1
and 2 [to entry have been added]

3.29
readef
dosemeter reader

instrument used to read one or more detectors in a dosemeter

Note 1 o entry: Signal of a passive dosemeter can be amount of light, amount of charge, transparency of {iilm and
so on. kach type of passive dosemeter thus has very a‘different type of reader.

Note 2 o entry: The readout can also be taken oyekby self-reading components of the dosemeter, e.g. within DIS
dosemdters.

®

T

D

D

4+ O
®

=)

5 ®

@D

3.30
readoput
procegs of measuring the stored dose information of a detector in a reader

Note 1 jo entry: IfSthe-dosemeter contains self-reading components, e.g. DIS dosemeters, the resulting sighal may
be corrg¢cted for influences such as temperature, fading, etc.

3.31
reference’conditions
set of specified values and/or ranges of values of influence quantities under which the
uncertainties admissible for a dosimetry system are the smallest

[SOURCE: IEC 60050-300-311:2001, 311-06-02, modified — After “uncertainties” the words “,
or limits of error,” have been deleted and “dosimetry system” has replaced “measuring
instrument”]
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3.32

reference direction

direction, in the coordinate system of a dosemeter, with respect to which the angle to the
direction of radiation incidence is measured in unidirectional fields

[SOURCE:486-4037-3:1999,3-2.7 IS0 29661:2012, 3.1.29]

3.33

reference orientation

(dosemeter) orientation for which the direction of the incident radiation coincides with the
reference direction of the dosemeter

[SOURCE:486-4037-3:1999,3-2.8 ISO 29661:2012, 3.1.31]

3.34
reference point of a dosemeter
physidal mark or marks on the outside of the dosemeter (possibly described\in the manpal) to
be us¢d in order to position it with respect to the point of test; if there isqd.'/mark or mafks on
the oJtside of the dosemeter, the geometric centre of the dosemeter stipuld be taken ps the
referephce point

3.35
reference response
Ry
response for a reference value C, ( of the quantity to be-tieasured under reference conditions
Ry = Gro
Cr,O

where| G,  is the corresponding indicated value

Note 1 fo entry: The reference response is the-reciprocal of the reference calibration-faster coefficient.

Note 2 fo entry: The reference values far thé dose are given in Table 7.

3.36
relatiye expanded uncertainty
Urel
expangded uncertainty.divided by the measurement result

3.37
relatiye response
,

quotiert of.the response R and the reference response R

R
y=—
Ro
3.38
response of a radiation measuring assembly
R
ratio, under specified conditions, given by the relation:
R-G
C
where
G is the indicated value of the quantity measured by the equipment or assembly under test

(dosimetry system), and
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C is the conventional-true quantity value of this quantity

Note 1 to entry: The value of the response may vary with the dose being measured. In such cases, a dosimetry
system is said to be non-linear.

[SOURCE:4EC-60050-394:-2007,-394-40-21 |IEC 60050-395:2014, 395-03-72, modified — The
letters representing quantltles have been modified, “value” has been replaced by “indicated
value of the quantity”, “(dosimetry system)” has been added and the original notes have been
replaced by a new Note 1 to entry]

3.39
result of a measurement

set owmmm@mm% and
the unjit of the measurand

Note 1 fo entry: The central value of the whole (set of values) can be selected as measured value M (sde 3.22)
and a pprameter characterizing the dispersion as uncertainty (see 3.43).

Note 2 |to entry: The result of a measurement is related to the indicated value given 'by the instrument G
(see 3.14) and to the values of correction obtained by calibration and by the use of a madel (see 3.25).

Note 3 fo entry: The estimation of M can be based on one or more indicated values.

[SOURCE: IEC 60050-300-311: 2001, 311-01-01, modified/,~ “including a valug, the
corregponding uncertainty, and the unit of the measurand”™has been added, the ofiginal
Notes|1, 4, and 5 have been deleted, and Notes 1 and 2 ta“entry have been aligned to[terms
used ih this document]

3.40
sigha
S
quantity obtained in a reader after readout of.a detector from which the indicated value|of the
dose gquivalent is evaluated

Note 1 o entry: Examples are the charge m€asured in a photomultiplier tube due to TL-light; the area of gl certain
region from a glow curve of a TL detector;a fitting parameter evaluated from a glow curve analysis.

Note 2 fo entry: In principle, it is possible to obtain more than one signal from one detector (for example |[several
fitting pprameters from a glow curvesanalysis).

Note 3 jo entry: Using more.than one detector always means using more than one signal.
Note 4 o entry: The “signal” is similar to the “readout value” in ISO 12794:2000, 3.13.

Note 5 jo entry: Fgrldetails, see Annex B.

3.41
standprd deviation
experrmental standard deviation
S

for a series of n measurements of the same measurand, the quantity s characterizing the
dispersion of the results

n —
156, -cf
j=1

where
G; is the result of the j-th measurement, and

J
G is the arithmetic mean of the » results considered

Note 1 to entry: Considering the series of n values as sample of a distribution, G is an unbiased estimate of the
mean p, and s2 is an unbiased estimate of the variance o2 of that distribution.
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Note 2 to entry: The expression s/4n is an estimate of the standard deviation of the distribution of G and is
called the “experimental standard deviation of the mean”.

Note 3 to entry: "Experimental standard deviation of the mean" is sometimes incorrectly called “standard error of
the mean”.

[SOURCE: GUM:1995, B.2.17, modified — The preferred term “standard deviation” has been
added, as well as the symbol s, and the formula has been modified]

3.42
standard test conditions
conditions represented by the range of values of a set of influence quantities under which a

Ib L detaroainat: £ A ++
callprgtof—ofrataeterimhaton—-o1 |onulloc IS—Eaffeaott

Note 1 jo entry: Appropriate corrections to reference conditions should be made.

Note 44 to entry: Ideally, calibrations should be carried out under reference conditions. Asthis is not|always
achievgble (e.g. for ambient air pressure) or convenient (e.g. for ambient temperature), a (small) intervallaround
the refg¢rence values%ay—be—ueed is acceptable e e e e e e e e e
rerereape : e - \alyes for the standprd test
conditigns together W|th the reference condltlons are given in Table 7.

Note 23 to entry: During type tests, all values of influence quantities which are not the subject of the test gre fixed
within the interval of the standard test conditions.

[SOURCE: At ifi ividgd-into
twe—ard—reierenees—te—tabtes—ha%e—been—enmted ISO 29661 2012, 3.1. 36 modlfled - No e 3to
entry has been added]

3.43
standprd uncertainty
u
uncerfainty of the result of a measurement expressed as a standard deviation

Note 1 [to entry: Standard uncertainty is a more general term than standard deviation, for example, standard
uncertajnty may also contain uncertainty confributions evaluated using non statistical methods.

[SOURCE: GUM 2.3.1, modified & Note 1 to entry has been added, as well as the symbqgl u]

3.44
type test
conformity test made/on-one or more items representative of the production

[SOURCE:-EC66050-394:2007,-394-40-02 |IEC 60050-151:2001, 151-16-16]

3.45
upper] limit of the measuring range
Hup
highest dose value included in the measuring range

3.46

area monitoring

monitoring in which a workplace or an area in the environment is monitored by taking dose
(rate) measurements

Note 1 to entry: Area monitoring is performed in terms of #'(0,07), H'(3) or H*(10).

Note 2 to entry: Definition orientated at ICRP 103 and ICRP 116.
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3.47
workplace monitoring
area monitoring using dose (rate) measurements made in the working environment

Note 1 to entry: Usually contrasted with individual monitoring.

Note 2 to entry: Workplace monitoring is performed in terms of H'(0,07), H'(3) or H*(10).

3.48
environmental monitoring
area monitoring by the measurement of external dose (rate) in the environment

Note 1 fo entry: Environmental monitoring is performed in terms of #'(0,07), H'(3) or H*(10).

3.49
individual monitoring
monitgring using dose (rate) measurements by equipment worn by individual” workgrs, or
measyrements of quantities of radioactive material in or on their bodies

Note 1 jo entry: Also called personal monitoring. Usually contrasted with workplace_menitoring.

Note 2 jo entry: Individual monitoring is performed in terms of Hp(0,07), Hp(3) or Hp(10).

[SOURCE: IAEA Glossary:2016, modified — “dose (rate)” has éen added and Note 2 tq entry
has bg¢en added]

4 Units and symbols

In thi§ document, units of the international system (SI) are used. Nevertheless, the following
units hay be acceptable in common usage:

— forlenergy: electron-volt (symbol eV).cl eV = 1,602 x 10-19 J;
— fontime: year, month, day, hour (symbol h), minute (symbol min).

Multiples and submultiples of S| uhits may be used, according to the Sl system.
The S| unit of dose equivalent is 1 J kg='.
The special name forthe unit of the dose equivalent is sievert (symbol Sv). 1 Sv =1 J kg~'.

A list of symbolsis’'given in Table 6-(atthe-end-ofthe-document).

A list ¢f aldbgeviations is given in Table 17.

5 General test procedures

5.1 Basic test procedures
5.1.1 Instructions for use

The instructions for use of the dosimetry systems have to be unambiguously given in the
manual, see Clause 9. These instructions have to be the same for all parts of the type test
and for the routine use as well.

5.1.2 Nature of tests

The tests listed in this document are considered to be type tests, see Annex C.


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 RLV © IEC 2020 - 25—

5.1.3 Reference conditions and standard test conditions

Reference conditions are given in the second column of Table 7 (at the end of the document).
The tests shall be carried out under standard test conditions given in the third column of
Table 7 unless otherwise specified.

All influence quantities shall be maintained within the limits set for standard test conditions
given in Table 7, except for those influence quantities currently under test, unless otherwise
specified in the test procedure.

5.1.4 Production of reference radiation

The ngature, construction and conditions for the use of ionizing radiation shall conform |to the
recommendations in the following documents:

a) ISP 4037 series for photon radiation,
b) ISO 6980 series for beta radiation, and
c) ISO 8529 series for neutron radiation.

5.1.5 Choice of phantom for the purpose of testing

For tests involving the use of a phantom, ISO phantoms as described in ISO 4037-3}1999;
6-3-14 2019, 7.3.1, shall be used. The required irradiation“geometry is specified |n the
appropriate 1SO reference standard (ISO 4037-3 or ISO 6980-3).

5.1.6 Position of dosemeter for the purpose of testing

For tepts involving the use of radiation, the reference point of the dosemeter shall be placed
at the|point of test and the dosemeter shall. b&oriented in the reference orientation. This is
not applicable for tests to determine the responhse depending on the angle of incidence.

5.2 |Test procedures to be considered for every test
5.2.1 Number of dosemeters-used for each test

The number n of dosemeters((or irradiations) used for any test need not be the same fof each
test blit may be determined using Annex A. However, it may be convenient to use, arbitrarily,
4,5, 8, 10 or 20 dosemeters (or irradiations), in which case the Student’s s-value, obftained
from Annex A, Table A, would be 3,18; 2,78; 2,37; 2,26; or 2,09; respectively.

NOTE |Using Annex)A; the performance requirements are demonstrated to be met to 95 % confidence.

5.2.2 Consideration of the uncertainty of the conventional-true quantity value

The rglative expanded uncertainty Uc (¢ of the conventional-true quantity value C of thg dose
equivemﬁﬁ—be—mwmmdfﬂ—ﬁwﬁ—brmwﬂm—eﬁm—@ﬂmmvj. The

testing laboratory shall determine U | according to the GUM.

NOTE According to 3.13, the confidence level is 95 %.
5.2.3 Consideration of non-linearity

The effect of a non-linearity due to dose dependence shall be taken into account.

A practical method is to start the tests with the non-linearity and perform the other tests in a
dose region where the non-linearity is negligible (1 % to 2 %).
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5.2.4 Consideration of natural background radiation

For the measurement of low dose equivalents or at low dose equivalent rates, it is necessary
to take into account the contribution of natural background radiation to the dose equivalent.
This is usually done by taking a significant number of dosemeters (at minimum 10
dosemeters) as background dosemeters. These are treated in the same way as the ones
under test, but not irradiated. The mean indicated value of these dosemeters has to be
subtracted from the indicated value of the dosemeters under test.

5.2.5 Consideration of several detectors or signals in a dosemeter

If more than one signal (see 3.40) or detector (see 3.8) is used to evaluate the indicated
value,|each signal or detector shall be tested separately. Separate tests are necessary| when
the different signals are used to evaluate the indicated value in different regions” pf the
measuyring range or in different regions of an influence quantity.

NOTE-4 If this applies, this means that the complete amount of testing according to this document is multiplied by
the nunjber of signals being used in different ranges.

NOTE 4

EXAMPILE 1 If a second detector or signal is used to evaluate the dose above aVdose equivalent of 200 mSv, for
this defector or signal all the requirements according to this document have to be measured within its operating
range, ile. above a dose equivalent of 200 mSv.

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

5.2.6 Performing the tests efficiently

The ¢ffect of several influence quantities, is tested by irradiating different groyps of
dosenjeters: one or several test groups on>which the effect of the influence quantity is
measyred and one reference group. For:limiting the necessary number of irradiations, it is
appropriate to combine the tests giveniin“11.9 to Clause 15 with only two or three reférence
groups.

A list|of actions necessary topéerform a type test according to this document is giyen in
Annexy C.

6 Performance requirements: summary

For the followingtypes of dosemeters at least the following quantities shall be measured:

— personal whole body dosemeters: Hp(10) due to photon radiation,

— personal eye lens dosemeters used in Hp(0,07) or Hp(3) due to photon radiation,
pure photon radiation fields:

— personal eye lens dosemeters used in H,
beta and/or mixed beta/photon radiation
fields:

— personal extremity dosemeters: Hp(0,07) due to photon and/or beta radiation,

p(3) due to beta and photon radiation,

— area dosemeters for estimating effective H*(10) due to photon radiation,


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 RLV © IEC 2020 - 27 -

dose:

— area dosemeters for estimating the dose H'(0,07) or H'(3) due to photon radiation
to the lens of the eye used in pure photon
radiation fields:

— area dosemeters for estimating the dose H'(3) due to beta and photon radiation,

to

the lens of the eye used in beta and/or

mixed beta/photon radiation fields:

— area dosemeters for estimating the dose H'(0,07) due to photon radiation.
to local skin:

Nation

al _requlations may require that more guantities be measured by specific ty

es of

doseni

NOTE 1
found in

NOTE 3

The p

on the quantity to be measured: H_ (10): Table 8; Hp(3):TabIe 9; Hp(0,07):Ta

H*(10

Detail
furthe

In some countries the presence of beta dose has to“e indicated by dosemeters worn
Such an indication of the presence of beta dose is not a measurement. For that r¢ason,

trunk.
a speq

Usual
syster]

used for.-Annex-D-givesfurther guidelines-to-define-specific usage categories-

Full c
given
then t
given

manufacturer is called rated range. Thus, dosimetry systems can be classified by stating
ges (for example, for dose, for energy, for temperature) within which the requirgments

of ran
stated

sodoos

eters.

Background information regarding the choice of quantities to be measured for eye lens_doSimetry
Behrens and Dietze (2010).

The term “beta radiation” is used as a synonym for both electron and beta radiation in this docume

erformance requirements for dosimetry systems are given in Tables 8 to 13 dep

: Table 11; H'(3): Table 12; H'(0,07): Table 13.

5 for some of the entries in Tables 8 to 13 (at the end ‘%of 'the document) are given
Tables-9 14 to-+4 16 (at the end of the document).

ific subclause (11.9) deals with the indication of the presence of beta dose.

y, a dosimetry system is not able_ to measure all quantities given above. Thu
h is only tested with regard to thosg&quantities and types of radiation it is intended

bmpliance with this document is given if the requirements for the mandatory n
n Tables 8 to 13 are fulfilled. If the customer or manufacturer requires extended 1

in Tables 8 to 13\apply, too. The range of any influence quantity stated h

in this doctiment are met (Capabilities of the system, see Clause 7).-ln—addition
. . A D wit! ¢ . litios.
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generahtest procedures and performance requirements, radiation characteristics as W

dosimetry systems described above, this document specifies general characte
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le 10;
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he test should also_be performed as specified in this document, i.e. the requirgments

y the
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istics,
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nmental, electrical, mechanical, software and safety characteristics.

A dosimetry system may be tested with regard to different quantities at different times. In case
the dosimetry system was changed since the previous test, a new test with regard to

quanti

ties tested formerly may be necessary.

The absolute calibration of the dosimetry system is not checked during a type test according
to this document as only system properties are of interest. The absolute calibration is checked

during

a routine test.
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7 Capability of a dosimetry system

7.1 General

The ranges described in the following subclauses shall be stated by the manufacturer. They
shall be equivalent to or larger than the mandatory ranges that are given in Table 8 to Table
13. The dosimetry system shall fulfil the requirements for these rated ranges.

The rated ranges shall be given in the documentation of the dosimetry system (instruction
manual), so the user of the dosimetry system is aware of the capabilities of the instrument.

7.2 [Measuring range and type of radiation

Depending on the dose quantity, the limits of the measuring range shall at least_cover the
mandatory ranges given in line 7 of Table 8 to Table 13.

The tylpe(s) of radiation the dosimetry system is designed for shall be stated!

In case the dosimetry system is not able to measure /,(0,07) due to)beta-dese radiatign due
to all fequired energies and angles of incidence (that means it doesonot fulfil-4++6-2o¢ [11.7.2
—whidhever-apphes) but is able to indicate the presence of beta dose (that means it dogs fulfil
11.9) this shall be stated.

7.3 |Rated ranges of the influence quantities

The rpted range of any influence quantity shall be stated by the manufacturer |n the
docunmentation. The mandatory range for each influence quantity is given in the third golumn
of Tahle 8 to Table 16. All requirements of thisy document shall be fulfilled over all thg rated
ranges.

7.4 |Maximum rated measurement time 7.,

The manufacturer shall state the maximum duration of a dose measurement ¢, during(which
the refluirements of this document-are fulfilled. Especially, the requirements on the coefficient
of variation shall be fulfilled.

This time shall be at least-1" month.

7.5 |Reusability

A dosemeter iS'considered to be reusable as long as its performance meets the requirements
of this| document. If the dosemeter cannot be reused indefinitely or if usability depends pn the
history of the dosemeter, this fact shall be stated by the manufacturer. The manufacturef shall
give the.limits for repeated uses,-e-g—the-total-humber-ofcyclesof useand/or i.e. a makimum
dose value to which the dosemeter was exposed above which—desemeters it cannot be
reused. Especially, the requirements related to the coefficient of variation shall be fulfilled for
all dosemeters that are reused.

NOTE An example of limited reusability is an increase of the zero-signal in a TL detector after receiving a high
dose.

7.6 Model function

The manufacturer shall state the general form of the model function for the measurement with
the dosemeter. The manufacturer can use the example given in 3.25 or other functions. The
manufacturer shall state any interdependencies between the variables of the model function.
The variables are the calibration-facter coefficient, the relative responses, and the deviations.

NOTE Further details regarding the model function and the determination of uncertainty in measurement are given
in IEC TR 62461.
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7.7 Example for the capabilities of a dosimetry system

The following numbers are arbitrarily chosen, covering at least the mandatory ranges, and
differ from one dosimetry system to another.

The dosimetry system can be used to measure Hp(10) due to photon radiation:

Measuring range: 0,05 mSv SHp(10) <4 Sv. The dosimetry system is able to indicate the
presence of beta dose.

The following ranges of use for the different influence quantities are covered.

o Pj\oton energy and angle of incidence: 50 keV to 1,4 MeV and 0° to £ 60°

e Ambient temperature and relative humidity (dosemeters): —15 °C to 50 °C_and 40 % to
90(% RH

e Ambient temperature (reader): +10 °C to +40 °C
o Li

e Electromagnetic disturbances (reader): mandatory ranges, see Fable 15

dht exposure (dosemeters and reader): up to 1 000 W/m?2

e Magchanical disturbances: mandatory ranges, see Table 16

Maximum rated measurement time: 6 months.

The dosemeters of the dosimetry system are redsable unless irradiated with a| dose
equivglent exceeding 200 mSv.

Ny

Model|function: M = ——M———
' TE,a "Tenv

-[G - Demc = DOmech ]

where

M is the measured value;

Ng is the reference calibration-factor coefficient;

n is the relative response due to non-linearity;

"E o is the relative résponse due to energy and angle of incidence;
Tenv is the relativie response due to environmental influences;

G is the indicated value of the dosimetry system;

Denc | is the deviation due to electromagnetic disturbances;

D is"the deviation due to mechanical disturbances.

mech

For ddtails. see 3 22 and Annex B

8 Requirements for the design of the dosimetry system

8.1 General

The information required in this Clause 8 shall be documented by the manufacturer for the
type test in written form (not necessarily in the instruction manual). The requirements given
can easily be checked by visual inspection of the dosimetry system during use.

8.2 Indication of the dose value (dosimetry system)

The indicated value shall be given in units of dose equivalent, for example, microsieverts
(uSv). The display or dose record shall also clearly indicate the quantity being measured.
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If the reader has range-change facilities, the range-change shall be automatic.

At dose values equal to or larger than ten times the lower limit of the measuring range, i.e. at
H=z10"H,,,, the indicated value shall be displayed with a resolution better than 2 %. At the
lower limit of the measuring range, H,y,, a value of 10 % is sufficient.

NOTE A possible technical solution is a digital display: at the lower limit of the measuring range, H, at least two

low’

significant digits are shown. For example, at A, , = 0,1 mSv the display shows 0,10 mSv. Above 10-H,, three
significant digits are shown: 1,00 mSv.

8.3 Assignment of the dose value to the dosemeter (dosimetry system)

Every it is

originating from.

NOTE |A possible technical solution is: the assignment during unpacking detectors from their.doSemeter fis done
very cafefully. After data evaluation, the dosemeter number and the indicated value are combined/into one ¢ata set
that is glways handled together.

8.4 |Information given on the devices (reader and dosemeter)

The fdllowing information shall be clearly visible on the reader, a) to"d) and on the dosemeter,

a) to d)fen-the-dosemeteronly if enough space is available on thejdosemeter):

a) an|identification to assign the reader and dosemeter to the dosimetry system;

b) th¢ quantity and measuring range that is measured;
c) the type of radiation (for example photon and / ordbeta) the dosemeter is suitable for

d) the rated range of particle energy;

only on personal dosemeters: if~it' is possible to wear the dosemeter in two or| more
orlentations, then the dosemeter shall fulfil the requirements of this document for all
orjentations or it shall clearly,be stated on the dosemeter which orientation is corfect or
that using it in the wrong QOrientation can cause erroneous results;

ef) only on the dosemeteri the reference point and reference orientation (or in the manupl);

g) onlly on the doseméter: an identification number that can be read by the user-shal-glways
beton-the-dosemetér (mandatory).

NOTE |An example for b) to d) is: 0,1 mSv< Hp(0,07) <3Sv; 65keV< Eph <1,4 Me\|;—0:2
0,24 MgV < E < 0,8 MeV.

~ Sbeta

8.5 Retention and removal of radioactive contamination (dosemeter)

As far as reasonably practical, the dosemeter should be designed to minimize the retention
and facilitate the removal of contamination. A dosemeter may be provided with an additional
protective cover, however, the covered dosemeter shall still meet the requirements of this
document.

8.6  Algorithm to evaluate the indicated value (dosimetry system)

For the type test according to this document, the manufacturer shall deliver the evaluation
algorithm of the indicated value starting from the signal(s) of the detector(s). The
documentation shall be in a form that allows a complete understanding of the calculations
and/or the decision tree.
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If more than one signal is used to evaluate the indicated value, the manufacturer shall provide
the option of reading out the separate signals of the detector(s) for the type test.

NOTE-4+ Details to signal, evaluated value and evaluation algorithm are given in Annex B.

NoTFE2 This algorithm can be confidential and only be used by the testing laboratory for the
purpose of type testing.

8.7 Use of dosemeters in mixed radiation fields (dosimetry system)

If a dosemeter is used in radiation fields for which it is not designed, an example is a photon
dosemeter being used in a mixed photon/neutron field, the effect of the radiation not intended
to be|measured shall be stated by the manufacturer in the manual, see Clause 9\ [n the
mentigned example, the neutron radiation is an influence quantity for the dosemeter designed
for photon radiation. The manufacturer shall state the response to neutron radiatipn for
thermal neutrons and one or more of the ISO 8529 radionuclide source referencefields.

With this information, the user can determine the influence on the total dese value with the aid
of a s¢cond dosemeter intended to measure the neutron radiation.

9 Instruction manual

9.1 General

An inptruction manual shall be supplied. It shall -be) marked in such a way thaj it is
unammiguously related to the dosimetry system described. Such instructions for use arg to be
furnishhed for each dosimetry system. The instructions for use shall contain the descripgion of
the construction, function, operation and mapnipulation of the dosimetry system apd its
compgnent parts including the usage of thesoftware used to control the dosimetry gystem
and the stored data.

9.2 |[Specification of the technical.data
Dosimetry system in general:

— mgnufacturer's name or registered trade mark (if the system is manufactured as a whole);
— type of dosimetry system and principle of operation;
- b
— name of the software of the dosimetry system and identification number (see 10.3);

gck diagram of thedosimetry system including hardware, software and data;

— depcription of'the functionality and all menus and submenus of the software;

— opprational details, maintenance and calibration procedures;

— if the‘evaluation algorithm is not additive, a comment according to Note 3 of 12.1.

Reader:

— manufacturer's name or registered trade mark;

— type of the reader;

— power supply requirements;

— stabilization time of the reader;

— hint to the necessity of flushing the dosemeter or parts of it with gas during readout;

— warning if prolonged storage at high humidity of the air can be detrimental.
Dosemeter:

— manufacturer's name or registered trade mark;
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— type of dosemeter;

— type of detector or detectors;

— types of radiation the dosemeter is intended to measure;

— reference point of the dosemeter;

— the reference direction for calibration purposes;

— reference orientation relative to radiation sources and reference orientation with respect to
the wearer;

— drawing of the dosemeters including the detectors and filter materials;

— density thickness of walls surrounding the sensitive volumes (mg cm—2);

— Mg
— Mg
— Mg

Dosimetric characteristics:

— M€
— Mg
- CO
— M4
— res

- rel
an

— rafed ranges of all other influence quantities and the corresponding variation

rel

— rel
rag

——us;

10 S

10.1

The fi
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permifted ¢for data-relevant part see below).

ss and dimensions of dosemeter;
thod of cleaning and drying the dosemeter;
thod of clearing dose (“zeroing”) of dosemeter.

asuring quantity;

asuring range and variation of the response due to non-linearity;
pfficient of variation depending on the dose equivalent;

ximum rated measurement time;

ponse to natural environmental radiation, see 134;

ative response as a function of radiation energy and angle of incidence (for bot
d photon radiation);

ptive response or deviation (see 7.2 tox/.6, an example is given in 7.7);

ptive response due to radiation, not intended to be measured (for example n
iation), see 8.7;

pftware, data and interfaces of the dosimetry system
General
nal version efithe software shall be available at the beginning of the type test, as 4

f the software test is indirectly covered by the metrological test. For that rea
e of thewdata-relevant part of the software after the type test-shall-beprevented

NOTE

h beta

bf the

putron

great
son, a
is not

Thv falloaa nn raoiieron nh\ aF haocad of Ha S £4 L n rl 7 ’) f th Euraon ration

FOHOWHRg—FegtHrerer DaSe6 SHtWat o—the—e=tfeopean—ceoperaton

n legal

metrology (WELMEC) and are implementing risk class C of guide 7 2 The WELMEC guide can serve as additional
information, however, only the requirements given in this Clause 10 are relevant.

The requirements shall prevent any unintended modification of the software or of the data. In
addition, any intended modification of the software or of the data with the aid of an editor shall
be prevented. At most, one indicated value may be lost due to any change of the software or

data.

The requirements are-valid to be applied only-incase when the dosimetry system is used for
official purposes, for example, legally-relevant required personal monitoring.

Once the type test according to this document has been started, no data, tables, or software
may be changed or deleted.
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Testing of the data-relevant part of the software can be a very complex matter. However, it
shall not dominate the testing-time. Therefore, a large amount of responsibility is handed over
to the manufacturer by using his documentation, see 10.10, to perform the tests.
Nevertheless, a few simple practical tests are made to make sure that the functionality is as
documented.

10.2 Design and structure of the software
10.2.1 Requirements

The software shall be designed in such a way that it is not affected by other software unless
the effect is required for the correct use of the system.

NOTE |One possible technical solution is to separate the software into two parts. One part contains|all the
functior|s necessary to control the reader and to evaluate, store and display the indicated values, ‘this paft is the
“data-rglevant part’. The other parts of the software, the “non-data-relevant part”, contain for_éxample sjatistics
about the frequency with which certain dose values occur. The data-relevant part has well:defined fynctions
(softwafe interface) that are used to communicate with the non-data-relevant software partsThis technical goncept
of software separation has the advantage, that the “non-data-relevant part” may be modified without influeng¢ing the
“data-rglevant part”.

10.2.27 Method of test

Documentation: The measures described to protect the software‘shall be plausible taking into
accoupt the type of operating system on the computer.

Practical test: Make sure that the software is an ¢executable file. In case of software
separation, see the note to 10.2.1, the different software parts shall be separate filgs (for
example dynamic link libraries (DLLs)).

10.3 |ldentification of the software

10.3.1 Requirements

The “data-relevant part” of the software (see Note to 10.2.1) shall have an identificafion. It
shall he possible to display this identification while the software is running. This identification
can be compared with the oné_given in the test record or in the user instructiong. The
identification shall automatically change in case the software is changed (a simple version
number is not sufficient).

NOTE 1 In case of a modular code, several identifications can be built for the different modules.

NOTE 4 One possiblestechnical solution is a checksum, at least cyclic redundancy check using a polynomial
lengths|of 17 bits (CRC-16) with a secret start value hidden in the executable file, built over the software.

10.3.27 Method of test

Documentation: The method to make sure that the software identification is changed by any
modification of the software shall be plausible.

Practical test: Make sure that the identifications can be displayed while the software is
running as described in the instruction manual and that they are identical to the ones given in
the instruction manual.

10.4 Authenticity of the software and the presentation of results
10.4.1 Requirements

Protection shall cover both, unintentional actions (inadvertent wrong operation) and intended
actions (manipulation) by means of an editor. In case the software is modified, the program
shall abort during start up with a message such as “Software authenticity violated;
unauthorized modification of program!”. The results that are presented shall be guaranteed as
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authentic, clearly marked as relevant result of the measurement, and clearly separated from
additional information.

By-thisrequirementit-is-execluded-that This requirement is to prevent the reader or dosemeter

is being operated with software other than the type tested version.
NOTE One possible technical solution is:

The program code is an executable format (.exe). During start-up of the software, a-checksum,—atleast CRC-16
Wmm%%%ﬂuddm%%&%ﬁab@#ﬂe—&&%@w%e%ﬁhm digital signature is checked.—Fhis
- In case of non-compliance, the
software does not start The wmdow of the runnlng program is refreshed periodically and checks that it is always
visible.

10.4.2 Method of test

Documentation: The measures to prevent any change of the software (for~example the
evalugtion of a checksum) shall be plausible. Check that the legally relevant data sefs can
only be produced by the type tested data-relevant software.

Practigal test: Modify a string value (for example “uSv” into “mSv”) in.the“executable code with
the aid of an editor and run the software. If it starts, the requirement-is’not met. Judge through
visual|check that additional information on the display or printout'cannot be confused wijth the
information belonging to the relevant measurement data and that all relevant dafa are
presented.

10.5 |Alarm and stop of system operation under abhormal operating conditions
10.5.1 Requirements

When| abnormal operating conditions occur-jtv system components, the operation pf the
dosimptry system shall be stopped automatically, in addition an alarm alerting the operator
shall{e present (audible and/or visible),-Fhese abnormal operating conditions include|those

that Idad to a faulty reading or loss of dose information, for example, high voltage failufe in a
photomultiplier tube, a printer running out of paper, heating temperature in a reader [falling
below| or rising above the normal ‘range of operating temperature, a wireless local area
netwofk (WLAN) getting out ofi_range, or if the software controlling the measuremlent is
stopped.

Not mpre than one indicated value shall be lost due to abnormal operating conditions. In case
an indicated value does not fulfil the requirements of this document due to the abnormal
operaling conditions,-this value shall be accompanied by an error message. At maximum one
value [shall be atcepted to be wrong per occurrence of abnormal operating condition if a re-
evalugtion of ¢hg' dosemeter is not possible. If a re-evaluation is possible the new indicated
value ghallfuffil the requirements of this document.

10.5.2__Method of test

Documentation: The measures to recognize faulty operation shall be plausible.

Practical test: Simulate some hardware failures during the readout, for example disconnect
the power supply for the heating device, put a wireless local area network (WLAN) out of
range, or disconnect the data line between the reader and the computer. If more than one
indicated value per simulated hardware failure is lost or accompanied by an error message
due to the abnormal operating condition, the requirement is not met. If a re-evaluation is
possible the new indicated value shall fulfil the requirements of this document.
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10.6 Control of input data by the dosimetry system
10.6.1 Requirements

All values used for the determination of the indicated value, for example calibration-facters
coefficients, dark-current of a photomultiplier or high voltage of a photomultiplier shall be
controlled by the dosimetry system.

NOTE One possible technical solution is to ensure that these values fall within fixed ranges of values.
10.6.2 Method of test

Documper a{lowed

Practical test: Try to change some instrument parameters so that they are out ©f their fange,
for exa i ipli seous
nitrogen. If more than one detector is read out per simulated range error, ' the requirement is

10.7 |Storage of data

10.7.1 Requirements

a) Ingtrument parameters: It shall not be possible for the* user to modify the instjument
pafameters (for example calibration—facters coefficiénts, range for the high voltage of a
phptomultiplier tube). Exception: Modification of iastrument parameters shall be pgssible
only via the paths provided by the software (for.example calibration measurement of input
by|authorized user via a password whose default value is defined in the instruction manual
and can be changed by the user). A history; of the values and changes of all parameters
shall be available for the user.

NOTE 1 One possible technical solution is:

All datal are combined in well-defined data sets. The whole data set is protected by a-ehecksum digital signdture—at
least CRC-16-with-a-secret-start-value-hidden-in-the-executablefile. The software reads the data set, calculgtes the
cheecks#m digital signature and compares\it-with its nominal value contained in the data set. In case any chlange in
a data get is detected, the data set is.miarked as invalid by the program and not used any more.

b) Mgasurement results: All measurement results including all relevant information necéssary
to |trace back to and\‘reconstruct the measurement that generated the stored |result
(adthenticity) shall(bg" recorded or stored without any change automatically afteq each
mgasurement. This)contains at least date and time of the readout, the identification|of the
dogemeter (for.example number) and of the reader, the indicated value and the califration
fagtors coefficients used. Such documentation may be made either by hardcopy prinfout or
in |electronic’ form on hard disks in connection with software for data display: v|ewing
program which is a “data-relevant program”, see Note to 10.2.1. This software shall not
usg (for example d|splay or prmt) changed data. In addition, the Iong term storage shall
ha -Ta phic ! = =Yafa

agalnst Ioss

NOTE 2 One possible technical solution is:

All data specific for a certain measurement are combined in well-defined data sets and stored in binary format
automatically after the measurement. The whole data set is protected by a-ehecksum digital signature;—atteast
CRC-16—with—a—secret—startvalue—hidden—in—the—executablefile. This data set does not have to contain the
instrument parameters, only the information where the actual instrument parameters are available, for example file
name, location, and date and tlme of the file. The V|ewmg program reads the stored data;ealeulatesthe-checksum

ile and checks its digital signature. In case any
change in a data set is detected, the data set is marked as invalid by the program and not used any more. The data
are stored on two hard drives supervised by a raid-controller. The software activates the write protection of the
operating system.
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10.7.2 Method of test

Documentation: The way of storing the data and the measures to prevent any change or loss
of these data, for example the procedure to evaluate a checksum, shall apparently be
effective (for example, it shall cover the entire data set and a formula to calculate the
remaining storage capacity shall be applied). All information to trace back to and reconstruct
the measurement shall be contained. If a-checksum-or digital signature is used, the software

to read and display the data (viewing program) shall-calculate-the-checksum-and-compare-itto
thereminebalueccentainedinthedotoset checl it

Practical tests:

a) Make sure that all relevant data necessary to reconstruct the measurement are storgd in a
data file directly after a measurement and that there is no button or menu item_to inferrupt
or |disable the automatic storing.

b) Try to modify instrument parameters or indicated values via the softwarg itself. If fthis is
popsible without specific knowledge, for example a password or details-of the software
structure, the requirement is not met.

c) Open a data file with the aid of an editor and modify single bits, then close the file| If the
software of the dosimetry system still reads the data file and delivers the modified [value,
thegn the requirement is not met.

d) Try to delete a data file from the hard disc using the standafd command of the opgrating
system. If this is possible without a warning or without specific knowledge, for example a
pagsword or details of the software structure, the requirement is not met.

e) Check that a warning is given and the measurement stops in case the storage is [full or
removed.

f) In case data are printed out and stored, make ‘sure that both are identical.

For lopg term storage of data, it is necessary-'to consider the limited time (for example|a few
years) special data formats can be read (for example a CD or DVD).

10.8 |Transmission of data

10.8.1 Requirements

In case data are transmitted from one device to another (for example from a reader to a PC),
these |data shall containjall necessary information to further process them correctly. If shall
not bg possible to modify, delete or add something to these data. In addition, the redeiving
part of the dosimetry-system, for example the computer, shall make sure that the reg¢eived
data dre authentic.*That means it shall be recognized if the data come from a device| other
than the reader or dosemeter assigned to the dosimetry system. In case the connection
betwepn thextransmitting parts is unavailable or delays the transmission, at mogt one
indicated Value shall get lost. In case a data set is transmitted incorrectly (in spite of the
transnpission protocol tried to repeat the transmission until it succeeded) the data set shill not
be used.

NOTE One possible technical solution is:

All transmitted data are combined in well-defined data sets including date and time of the generation of the data
set, a running number, an identification of the transmitting part, for example serial number of the reader, and the
relevant data. The whole data set is protected by a-checksum digital signature;—atleast CRC-16-with-a-secret-start
value-hidden-in-the-executablefile. The reader encrypts the data transmitted to the software with a key known to
the type tested software only (for example its hash code) via a handshake sequence. The receiving part, for
example computer, checks the data by making sure that no running number is missing (or double) and that the
identification of the transmitting part is the correct one. In case a transmitted data set is incorrect, it is marked as
invalid by the program and not used any more.

10.8.2 Method of test

Documentation: All information to trace back to the measurement and for further processing
the measurement data shall be contained in the data set. If a-ehecksum-or digital signature is
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used, the software to receive the data shall-calculate-the checksum—and-compare-it-to-the
nominal-value-—contained-in-the-data—set check it. Secret data (for example key initial value if
used) shall be kept secret against spying out with simple tools (hacking). Check that data are
digitally signed to ensure their proper identification and authentication.

Practical tests: Spot checks shall show that no relevant data get lost due to a transmission
interruption (for example, unplug a cable or put a wireless local area network (WLAN) out of
range).

10.9 Hardware interfaces and software interfaces

10.9.1—Re¢guirements

All enfered commands or values received via interfaces (for example, user interfaces siich as
keyboprd, software interfaces, barcode scanner, RFID reader, and over the air updates|) shall
influence the instruments data and functions in an admissible way only. Ally’'eommands or
valued have to be defined, i.e. they shall either have a meaning and gprocessing my the
instrument shall be possible, or the instrument shall identify them as being invalid. |nvalid
commpnds shall not have any effect whatsoever on the data and functions ‘of the instrument.

NOTE 1 In principle it is possible to circumvent a software interface. This can usually be excluded by doftware
separatjon, see Note to 10.2.1, when the data-relevant part of the software is_realized in a separate binary f|le.

NOTE 4 One possible technical solution is:

User interfaces: A module in the data-relevant software filters out{inadmissible commands. Only this |module
receivep commands, and there is no circumvention of it. Any false<input is blocked. The user is controlled o1 guided
when ifputting commands by a special software module. This guiding module is inextricably linked with the |module
that filtgrs out the inadmissible commands.

Software interfaces: There is a software module that receives and interprets commands from the interfage. This
module| belongs to the data-relevant software. It only forwards allowed commands to the other data-felevant
softwarp modules. All unknown or not allowed commands are rejected and have no impact on the data-felevant
softwarp or measurement data.

10.9.2 Method of test

Documentation: The list of commands and parameters that are accepted by the handware
interfgces and software interfaces shall apparently be complete. For example if on thel basis
of thig list and the information concerning the structure of the software it is not possi|ble to
perform a calibration, the.list cannot be complete.

Practical test: Using the supplied software and the peripheral equipment, carry out practical
tests {spot checks)*with both documented and undocumented commands and test allfmenu
items |if any. (If\'there is any accessory software accompanying the dosimetry systgm for
operaling thexinterface via an additional computer, for some of the commands that are
availaple it_shall be checked that the dosimetry system works as documented. In addition,
some |othet commands shall be given. In case the dosimetry system is affected by this, the
requirement 1S not met.

10.10 Documentation for the software test

10.10.1 Requirements

a) Documentation in the instruction manual: All dosimetric relevant parts, menus and
submenus of the software including the viewing program to read and display stored data
shall be described in the instruction manual, see Clause 9.

b) Documentation for the type test: In addition to the documentation in the manual, the
following information shall be given by the manufacturer for the purpose of type testing:

— a description of the structure of the software including the data-relevant software
functions and the meaning of data; in case of software separation a description of the
software interface; the measures to protect the software; see 10.2;

— the method to evaluate the identification; see;10.3;
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the measures to prevent any change of the software and of the presented data and
how their authenticity is guaranteed; see 10.4;

the measures to recognize faulty operation; see 10.5;

a list of all parameters, their ranges and nominal values, the method to make sure that
they are in allowed ranges, where they are stored and how they may be viewed,
including their history; see 10.6;

the way of storing the data automatically; a description of all fields of a data set; the
method used for ensuring their authenticity; the management of exceptional cases
when storing data (for example full storage); the method of the viewing program to
detect corruptions; the measures to prevent any change or loss of the stored data; see
10 7:

NOTE
purpo

10.10.

Docun
fulfils

Practi
them

by “p
instru

fit tog¢ther, the requirement is not met.

11 R

1.1

the way of transmitting the data; a description of all fields of a data set; the nlethod
used for ensuring their authenticity; the management of exceptional casés|when
transmitting data (for example cable disconnected); the measures to“prevent any
change, loss of or addition to transmitted data; see 10.8;

a description of the software interface, especially which data ,domains realize the
interface; a complete list of commands and parameters thatCare accepted Ty the
hardware interfaces and software interfaces, including a declaration of complefeness
of this list and a brief description of each command; see 10.9;

the necessary characteristics of the operating systemi,’and of the hardware pf the
computer;

an overview of the security aspects of the operating’system, for example, protgction,
user accounts, or privileges.

This information can be confidential and only~be used by the testing laboratory for the
be of type testing.

2 Method of test

nentation: Check that all documeéntation required in 10.10.1 is completely giveh and
ts purpose.

cal tests: By using the software during the type test a lot of menus will be used.| All of
shall be documented in‘the instruction manual. The rest of the menus shall be checked
aying” with the running software and comparing the corresponding parts ¢f the
tion manual. If notiall of the menus found in the software and in the instruction nmpanual

adiation performance requirements and tests (dosimetry system)

Géneral

All influence quantities dealt with in this clause are of type F, see 3.16.

If the

dosimetry system uses more than one signal for the evaluation of the indicated value,

Clause 12 shall be taken into account. The necessary information for the test according to
Clause 12 shall be gained during the tests according to this Clause 11.

If the

dosimetry system is intended to measure both photon and beta radiation and if it uses

for both types of radiation the same signal for the evaluation of the indicated value, then the

same

reference radiation quality has to be chosen for both types of radiation.

This meets practice: If only one signal (and thus one detector) is used, only one calibration

factor

coefficient can be applied which—-has—te—be is the same for both photon and beta

radiation. Thus, the reference radiation quality-has-te shall be the same for the dependence
on the particle energy, the angle of incidence and the type of radiation.
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11.2 Coefficient of variation

The statistical fluctuations of the indicated value shall fulfil the requirements given in line 6 of
Table 8 to Table 13.

The test shall be performed together with the test regarding non-linearity. Therefore, the
method of test is described in the following 11.3.

11.3 Non-linearity

11.3.1 Requirements

The variation of the response due to a change of the dose equivalent shall not exce¢d the
valueq given in line 7 of Table 8 to Table 13 over the entire measuring range.for ghoton
and/of beta reference radiation.

11.3. Method of test
a) Source to be used

Th tests shall be performed with radiation from 137Cs or 60Co_sources or other raﬂation
quplities specified in the ISO 4037 series. In case the dosemeter has separate defectors
forl photon and beta radiation, the test shall be performed with a beta source as well, for
example 90Sr/90Y . In case the detector signal strongly deperds on the particle energy, i.e.
mgx(rg ,)/min(rg ,) > 2, the test shall also be performed-ysing different radiation qualities,
e.d. in addition with low energy photon radiation qualities. During the tests, the dosgmeter
shall be irradiated on the required phantom (see 5-1.5) from the reference direction.

X

NOTE 1 The irradiations can be done free in air if the cortection factor for irradiating free in air instegd of on
the| phantom is applied. This correction factor is specific.for the dosemeter under test and the radiation| quality
usdqd and is therefore determined specifically. Irradidtions free in air may be performed at smaller diptances
resplting in smaller field diameters as the omitted ghantom does not have to be illuminated.

b) Tepts to be performed

Thie tests shall be performed separately with photon radiation or beta radiation (the type of
radliation for which the dosimetry.'system is specified).

The response shall be measured for at least-three the following dose values-in: a} each
limit of each order of magnitude of the measuring range—FThese-shall-be, at approxiately
201%+40-%and-80% 30 % of each full order of magnitude, at the limits of the meafsuring
rapge and, in additieny~in the vicinity of range changes (if known). In total, » repeated
mgasurements at elach of the w dose values shall be performed.

NOITE 2 If, for example, the measuring range is from 0.1 mSv up to 2 Sv, the corresponding dose values are
0,1]land 0,3 mSg)Ivand 3 mSv; 10 and 30 mSyv; 100 and 300 mSyv; 1 Sv and 2 Sv.

For eyery dose C, the mean indicated value G; and the standard deviation s; shall be
determined-

11.3.3 Interpretation of results

If, using the w values of the coefficient of variation and the values of ¢y and ¢, given in
Table 2, shows that

o for w— 2 dose values the coefficient of variation is less than ¢, times the limits given in
line 6 of Table 8 to Table 13 and

e for the remaining two dose (rate) values — which shall not be adjacent — the coefficients of
variation are less than ¢, times the limits given in line 6 of Table 8 to Table 13,

then the requirement of 11.2 is considered to be met.

NOTE 1 This method of test is explained in detail in Brunzendorf and Behrens (2007), see bibliography. It takes
into account the fact that it is not possible to measure the coefficient of variation precisely with a reasonable effort.
Therefore, the test incorporates the statistical method of a one-sided chi-square-test. A dosimetry system with a
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coefficient of variation being equivalent to 0,9-times the required limit passes the test with a probability of about
80 %. A dosimetry system with a coefficient of variation being equivalent to 1,1-times the required limit fails the
test with a probability of about 80 %.

NOTE 2 If the interpretation of the results was that “for every dose C,, the value si/@ would not be larger than

the required limit given in line 6 of Table 8 to Table 13 (method of test so far), then a dosimetry system with a
coefficient of variation being equivalent to 0,9-times the required limit would fail the test with a probability of about

98 %. It can also be explained as: If the method of test “sl./C_?l- is larger than the required value” is fulfilled with a
probability of about 85 %, then the true coefficient of variation will not be larger than 0,63-times the required limit.

Cr,O

0.91-Uc com <

<111+ U com -Hs-vahid-and
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0,95 —{U ¢ com <
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1

If, in| addition, for each of the resulting groups (dose ,valdes C;), the inequality

r,0 i
considered to be met.

G G
”min_fc,coms[g—lil]com '%Oﬁrmax”]c,com is valid, then\the requirement of 11..1 is

Ucom |s calculated according to formula (A.5), Example 2. U¢ ;om is the combined relative
Cr,O .

expanded uncertainty of UC,com:\/Ug‘,rel;r,O +Ug‘re|;i with the relative exppnded

1
unce:Jainties Uc rel: r.0 @nd U ). ; Of the gonventional-true quantity values C, 5 and C; for the
differgnt radiation qualities, respectively.” In case Ug o). o and Uc (. ; are correlateg, this
shall he taken into account. For Ue () see 5.2.2.

Table 2 - Values of ¢4 and ¢, for w different dose values
and'n indications for each dose value

w Value of ¢, for n equal Value of ¢, for n equal

4 7 10 15 20 25 © 4 7 10 15 20 25 ©

5 1,000 | 1,007} 1,009 | 1,009 | 1,009 | 1,009 1 1,499 | 1,400 | 1,344 | 1,290 | 1,255 | 1,231 1
6 1,058 NKO51 | 1,046 | 1,039 | 1,035 | 1,032 1 1,672 1,454 (1,389 | 1,326 | 1,287 | 1,261 1
8 1,147)1,117 | 1,100 | 1,084 | 1,074 | 1,067 1 1,687 | 1,536 | 1,458 | 1,383 | 1,336 | 1,304 1
10 |[N215 11,166 1,141 [ 1,117 [ 1,102 | 1,092 1 1,772 11,597 |1 1,508 | 1,423 | 1,372 | 1,335 1
12 11,269 (1,205 | 1,173 | 1,143 | 1,124 | 1,112 1 1,840 | 1,645 | 1,548 | 1,455 | 1,399 | 1,360 1
14 |[1,315|1,238 | 1,200 | 1,164 | 1,142 | 1,128 1 1,895 | 1,684 | 1,578 | 1,480 | 1,421 | 1,379 1
16 1,351 (1,265 | 1,222 (1,182 | 1,158 | 1,142 1 1,940 | 1,716 | 1,605 | 1,502 | 1,440 | 1,396 1
18 1,388 (1,289 |1,242 (1,211 | 1,171 | 1,153 1 1,980 | 1,743 | 1,628 | 1,409 | 1,453 | 1,409 1
20 (1,418 1,311 (1,259 | 1,233 | 1,183 | 1,164 1 2,015(1,767 | 1,646 | 1,394 | 1,466 | 1,421 1
25 (1,483 1,355 (1,295 1,240 | 1,210 | 1,186 1 2,081 11,812 (1,683 | 1,563 | 1,445 | 1,444 1
50 1,683 (1,494 | 1,407 |1,328 | 1,283 | 1,252 1 2,275 11,945 1,789 | 1,646 | 1,561 | 1,504 1
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11.4 Overload characteristics, after-effects, and reusability
11.4.1 Requirements
The requirements are subdivided into three parts:

a) Recognition of overload

When the dosemeter is irradiated with a high dose as given in line 8 of Table 8 to Table
13,—the—indicated—value—shallnot-betess—than—H —and the system shall display an
indicated dose larger than the upper dose limit of the range of measurement, Hup, or an
overload message.

b) Aftereffeets
If 8 dosemeter irradiated to high dose values produces after-effects on any subslquent

mgasurement, suitable measures shall be taken to ensure that the requirements pf this
dopument are met in the subsequent measurements.

c) Rjusability

If fhe dosemeters cannot be reused indefinitely or if usability depends,on the history|of the
dopemeter, this fact is stated by the manufacturer, see 7.5. Often, a high dose duriphg the
lagt irradiation negatively affects the reusability.

11.4.2 Method of test

For thiis test, four groups of dosemeters shall be exposed to a reference source. Thg tests
shall be performed with radiation from 137Cs or 60ge/sources or other radiation qyalities
specifled in the ISO 4037 series.

Group| 1: reference group: n (= 5) dosemeters shall be irradiated with C, (, see Table 7.

Group|2: at least one dosemeter shall be jrradiated with a high dose equivalent as given in
line 8 of Table 8 to Table 13.

Group|3: n (> 10) dosemeters shall be‘irradiated with a dose equivalent equal to the|lower
limit of the measuring range’, H,,,,-

Group|4: n (> 10) dosemeters.shall be irradiated with the dose up to which they are reusable.
This dose is given by 'the manufacturer, see 7.5. Then, the usual method to pfepare
the dosemeters for a new irradiation shall be applied. Finally, the dosemeters shall
be irradiated with' a dose equivalent equal to the lower limit of the measuring fange,
H|OW'

The dpsemeters_shall be read out in that order.

For eyery dose value, the mean indicated value G; and the standard deviation s; sHall be
determined-

11.4.3 Interpretation of the results

The indicated value of the second group (only one dosemeter) shall be at least the upper limit
of the measuring range, Hp, or an overload message shall be displayed on the system.

If for the three other groups of dosemeters, the inequality

r,0

G; G .
fmin — U com S[C—;G_liUcomj'%_og’”max +Uccom With rpi and rp,, taken from line 7 of Table 8
1

to Table 13 is valid and for groups 3 and 4 the value g_—l is smaller than the figures given in
i
line 6 of Table 8 to Table 13, then the requirements of 11.4.1 are considered to be met.
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Ueom is calculated accordin%to formula (A.5), Example 2. U o, is the combined relative
r,0
expanded uncertainty of .

) 2
UC,Com_\/UC,rel:hOJrUCIe'?i with the relative expanded

uncertainties Uc o). r o @nd Ug (. ; Of the conventional-true quantity values C, , and C; for the
different radiation qualities, respectively. In case Ug o). o @and Uc (. ; are correlated, this
shall be taken into account. For U ¢, see 5.2.2.

11.5 Radiation energy and angle of incidence for Hp(10) or H*(10) dosemeters

11.5.1 Photon radiation

11.5.1.1 Requirements

The variation of the relative response due to a change of the radiation energy and”argle of

incidepce within the rated ranges shall not exceed the values given in line 9.6fyTable|8 and
Table |11 for Hp(10) and H*(10), respectively.

11.5.1.2 Method of test

The fdllowing radiation qualities specified in the ISO 4037 series shallbe used:

N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300,
137Cs), S-Co (%9Co), R-C (4,4 MeV), R-F (6,7 MeV).

Irradidtions shall be performed for the energies and angles of incidence « given in Tablg 3:

Table 3 —-Angular-irradiations Angles of incidence of irradiation
for H(10) and H*(10) dosemeters

a Hp(1 0) dosemeters H*(10) dosemeters
(irradiations on phantom, see’5.1.5) (irradiations free in air)
0° For all radiation qualities whosecmean energy falls For all radiation qualities whose mean ¢nergy
within the rated range of energy falls within the rated range of energy
+ 60° Three lowest energies in rated range of energy z:;ergylowest energies in rated range o
o . L For workplace dosemeters with 75° < q
+ 75° In casef75 = amaxt.hThrge IOW?St en(;er?ms in rated and for environmental dosemeters thre ;ax
range of energy;.otherwise not mandatory lowest energies in rated range of energy
+ Three lowest energies in rated range of ener For environmental dosemeters three loyest
= %ma 9 9 9y energies in rated range of energy
90° Thistast is given in 11.8 For er_1V|r(_)nmentaI dosemeters three loyest
energies in rated range of energy
+
(_180" Moo fact As for «__., not necessary if-badge thg
T dosemeter is symmetrical
amax)
+105° No test As for 75°, _not necessary if-badge the
dosemeter is symmetrical
+120° No test As for 60°, r\ot necessary if-badge the
dosemeter is symmetrical
o As for 0° angle of incidence, not necessary if
180 No test badge the dosemeter is symmetrical
NOTE 1 The-badge dosemeter is symmetrical, if all parts including filters are symmetrical with respect to a plane

through the centre of the detector and perpendicular to the reference direction.

NOTE 2 For personal dose quantities: Also take into account 8.4 e) and line 11 of Table 8.
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For a # 0° and for a # 180° the tests shall be performed in two perpendicular planes parallel
to the reference direction and going through the reference point of the dosemeter. Different
directions for one angle of incidence (for example + 60° and — 60°) shall only be irradiated if
the construction of the dosemeter is not symmetrical with respect to a change of that
direction.

For H*(10) dosemeters and « = 90°, i.e. the reference direction is orientated perpendicular to
the radiation beam, the dosemeter shall be rotated during the irradiation about its reference
direction as rotation axis. If no rotation during the irradiation is possible, eight subsequent
irradiations with different polar angles in steps of 45° can be-dene used irradiating the same
dosemeter, see Figure 1 for illustration.—As—ea—is—90°,the referencedirection—-is—orientated

narnandicilar o th o o diti oo N o
e ———
3

G

Ll

>~

- 2

~

”

-~

7

~

7

IEC

Key

1 Radjation field
2 Dosemeter badge, front face

3 Steppwise rotation in steps of 45° around the refererice orientation (perpendicular to the drawing plane)

Fjgure 1 — Stepwise irradiation of @n H*(10) dosemeter at 90° angle of incidende

For npn-symmetrical Hp(10) dosemeters (see Note 1 and 8.4 fe)), the dosemeter shall in
additign to the normal test be.ptaced on the front side of the phantom with its back [to the
radiatijon source (checking whiether wearing in the wrong direction gives bad results).

For eVery radiation quatlity, the mean indicated value C_;l and the standard deviation s, shall be
determined.

NOTE 43 i refers.toa group of dosemeters irradiated equally, for example N-30, 60° (from above). That|means,
the different directions (horizontal from the right and left; vertical from above and the bottom) for one gngle of
incidenge are_not*averaged.

NOTE 34 For an Hp(10) dosemeter, for each of the three lowest radiation energies, at least five grpups of

" . T a0 e iano
dosemetersareirradiatedoneat-0—andfourat-66=

NOTE 45 For an H*(10) dosemeter, for each of the three lowest radiation energies, at least ten groups of
dosemeters are irradiated: one at 0°, four at 60°, four at 75° and one at 90°.

11.5.1.3 Interpretation of the results

o , , , G; G ,
If, for every radiation quality, the inequality ”min_UC,comS((—? iUcomJ'%oﬁrmax“‘Uc,com is

r,0 i
valid, then the requirement of 11.5.1.1 is considered to be met. The values for r;, and 7,5
are given in line 9 of Table 8 and Table 11.
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Exception: In case the expression [_G’ iUcomJ'
r,0

0,05 or less from the allowed limit and no angular irradiations have been performed at this

energy, the corresponding angular irradiations have to be performed for those specific

energies.

C
%O for 0° angle of incidence differs by only

1

Ugom is calculated according to formula (A.5), Example 2. Uc oo, is the combined relative
Cro .

expanded uncertainty of

UC,Com:\/Uére“r’o +Uére|;,- with the relative expanded

uncertainties U, and U, . of the conventional-true quantity values C, 4 and C; for the
differgnt radiation qualltles respectwely In case Up g ro @nd Ug . ; are ‘correlatefi, this
shall Be taken into account. For U ¢, see 5.2.2.

11.5.2 Beta radiation
11.5.2.1 Requirements
As thg dosemeter is intended to measure Hp(10) or H*(10), the indicated value due tp beta

radiation with energies up the energy equivalent of 90Sr/%0Y shallbe less than 0,1-H{(0,07)
(see line 10 of Table 8 and Table 11).

NOTE [For beta radiation, Hp(10) and H*(10) are not suitable quantities toyestimate the effective dose equijalent.
11.5.2.2 Method of test
For this test,-the-dosemeter shall-be placed-on-a phantom-as required {see- 515} Hxpose
n (> 4) dosemeters shall be exposed at 0° angle of incidence to beta reference radiation
specifled in ISO 6980:

— 908%r/90Y (mean energy ~ 0,8 MeV).

The dpse equivalent shall be at least Hp(0,07) =10 mSv=C
NOTE |Details of the reference radiation-and the calibration procedure are given in ISO 6980.

For th|s radiation quality, the:mean indicated value G and the standard deviation-s; s shall be
determined.

11.5.2.3 Interpretation of the results

If G+|U, <0,34C is valid, then requirement of 11.5.2.1 is considered to be met.

m is palculated according to formula (A.3).

11.6 Radiation energy and angle of incidence for Hp(3) or H'(3) dosemeters
11.6.1 Photon radiation
11.6.1.1 Requirements

The variation of the relative response due to a change of the radiation energy and angle of
incidence within the rated ranges shall not exceed the values given in line 9 of Table 9 and
Table 12 for Hp(3) and H'(3), respectively.

11.6.1.2 Method of test

The following radiation qualities specified in ISO 4037 shall be used:
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N-10, N-15, N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300, S-Cs ('37Cs),
S-Co (59Co), R-C (4,4 MeV), R-F (6,7 MeV).-As—long—as—no—conversion—coefficients for-the
WW%%M%@%—%S&G&M&MB@W%—WM
34 ) ) & chall |

Irradiations shall be performed for the energies and angles of incidence « given in Table 4:

Table 4 —-Angular-irradiations Angles of incidence of irradiation
for Hp(3) and H'(3) dosemeters

a H (3) dosemeters (|rrad|at|ons on phantom, H'(3) dosemeters
see-5-4-5) tirraciations—free—imair)
0° For all radiation qualities whose mean energy For all radiation qualities whose mean engrgy
falls within the rated range of energy falls within the rated range of energdy.

+ 60° Three lowest energies in rated range of energy Three lowest energies in rated~ange of erjergy

+ 75° In case 75° < «.: Three lowest energies in For environmental dosemeters’three lowegt

- rated range of energy, otherwise not mandatory energies in rated range of'erergy

ta Three lowest energies in rated range of energy For environmental dosgmeters three lowegt

— “'max energies in rated rfahgeé of energy

90° This test is given in 11.8 For er)Vlr(_)nmentaI dosemeters three lowegt
energies ingtated range of energy

+ (180°F No test For envirgnmental dosemeters three lowegt

) otes energies/in rated range of energy

+105° No test Fer enqunmental dosemeters three lowegt
energies in rated range of energy

+120° No test Three lowest energies in rated range of erjergy

180° No test Three lowest energies in rated range of erergy

NOTE The badae is cummah‘lnal i all parts-ipely rhnn filters—are-symmetrical- with-respect to-aplane-thropah-the

NOTE The badge is syi pa reludir rs-are symmetrical with respect to-a plane thi

NOTE 1 Also take into account 8.4 e) andline 11 of Table 9.

For af¥ 0° and for a # 180°, the tests shall be performed in two perpendicular planes pfarallel

to the|reference directiontand going through the reference point of the dosemeter. Different

directipns for one angle of incidence (for example + 60° and — 60°) shall only be irradigted, if

the construction of (the dosemeter is not symmetrical with respect to a change df that

directipn.

For npn-symmetrical H,(3) dosemeters (see Note 1 and 8.4 fe)), the dosemeter shall in

additign to"the normal test be placed on the front side of the phantom with its back [to the

radiatijon,source (checking whether wearing in the wrong direction gives incorrect resulty).

For every radiation quality, the mean indicated value 5, and the standard deviation s, shall be
determined.

NOTE 2 i refers to a group of dosemeters irradiated equally, for example N-30, 60° (from above). That means, the
different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of
incidence are not averaged.

NOTE 3 For an H_(3) dosemeter, for each of the three lowest radiation energies, at least five groups of
dosemeters are wracﬂated one at 0° and four at 60°.
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11.6.1.3 Interpretation of the results

- , , , G, G ,
If, for every radiation quality, the inequality rmin—Uc,comS((—;Gl iUcomj'%OSrmax"'UC,com is
r,0 i
valid, then the requirement of 11.6.1.1 is considered to be met. The values for r;, and 7,5
are given in line 9 of Table 9.

Exception: In case the expression [EG’ iUcomJ'
r,0

0,05 or_less from the allowed limit and no angular irradiations have been performed at this

energy, the corresponding angular irradiations have to be performed for those ‘specific

energies.

C
0 for 0° angle of incidence differs by only

i

U

com |S calculated according to formula (A.5), Example 2. U¢ ;o is the combined relative
Cr,O .
G
uncerjamtles Uc rel: r.0 @nd U ). ; Of the conventional-true quantity values C; 5 and C; for the
differgnt radiation qualities, respectively. In case Ucrel: r,0 @and Upfe. ; are correlatej this

shall he taken into account. For U ¢, see 5.2.2.

expanded uncertainty of UC,com:\/Ug',rel;r,O +Uére|;i with theq ‘relative exppanded

11.6.2 Beta radiation
11.6.2.1 Requirements

Requifement A: The variation of the relative response due to a change of the radiation ¢nergy
and anpgle of incidence within the rated ranges for‘beta radiation shall not exceed the yalues
given |n line 10 of Table 9 and Table 12.

Requirement B: As the dosemeter is intgnded to measure H, (3) or H'(3), the indicated| value
due t¢ beta radiation with energies up the energy equwalent of 85Kr shall be les$ than
0,1 "HJ (0,07) (see line 10 of Table 9xaAd Table 12).

11.6.2.2 Method of test

For reguirement A:
The fdllowing reference radiation qualities specified in ISO 6980 shall be used:
90Sr/9PY (mean energy ~ 0,8 MeV); 106Ru/106Rh (mean energy ~ 1,2 MeV).

As lonpg<{as’no conversion coefficients for the conversion from personal absorbed dpse in
0 07 hmrdanth D (0 07 I-r\ +hn nnronnal doca DHIII\I’JIDT\" a4 (R and 72\ Ara availd ble |n
, A HA3)anrdH {3 )are—avails

Al AR = e u A=y K} pPeorsoTT oo T oo LR TT

ISO 6980-3, the values given in-Arnrex-G Annex E shall be used.

The tests shall be performed for those radiation qualities whose mean energy falls in the rated
range of energy. Angles of incidence shall be: «=0°, a=+45°, a=+60° and a=+75° if
included in the rated range of angle of incidence in two perpendicular planes containing the
reference direction through the reference point of the dosemeter.

For every radiation quality, the mean indicated value G, o and the standard deviation s; a shall
be determined.

NOTE 1 Details of the reference radiation and the calibration procedure are given in ISO 6980.
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NOTE 2 i refers to a group of dosemeters irradiated equally, for example Sr-90, 60° (from above). That means,
the different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of
incidence are not averaged.

NOTE 3 For Hp(3) and H'(3) dosemeters, at each of the two lowest radiation energies, at least five groups of
dosemeters are irradiated: one at 0° and four at 60°.

For requirement B:

For this test, n (> 4) dosemeters shall be exposed at 0° angle of incidence to beta reference
radiation specified in ISO 6980:

— 85Kr (mean energy ~ 0 24 Me\/)

The dpse equivalent shall be at least Hp(0,07) =10 mSv=2C

For th|s radiation quality, the mean indicated value Gg and the standard devyiation sg shall be
determined.

11.6.2.3 Interpretation of the results

For reguirement A:

G; G

If, for [every radiation quality, the inequality 7pin —Uc copd= LA *Ucom | rOA < Tmax ¥ ¢ com
Gro.A Cin

is valifd, then-the requirement A of 11.6.2.1 is congidered to be met. The values for rJ,, and

"max are given in line 10 of Table 9.

U

com |S calculated according to formula (A:3), Example 2. Ug ;o is the combined relative

: CrO
expanded uncertainty of =

Uc éoth :\/Uére“r,o +Uére|;,- with the relative exppnded
i

uncerjainties Uc rel: r,0 @and U¢ r¢. ; 0f-the conventional-true quantity values C, and C; for the
differgnt radiation qualities, respectively. In case Uc (.o @nd Ug . ; are correlated, this
shall he taken into account. ROLU ¢, s€€ 5.2.2.

For reguirement B:
If Gg [r Uy < 0,1:€s’valid, then requirement B of 11.6.2.1 is considered to be met.

U, is Falculated according to formula (A.3).

11.7

11.7.1 Photon radiation
11.7.1.1 Requirements

The variation of the relative response due to a change of the radiation energy and angle of
incidence within the rated ranges shall not exceed the values given in line 9 of Table 10 and
Table 13 for Hp(0,07) and H'(0,07), respectively.

11.7.1.2 Method of test

The following radiation qualities specified in ISO 4037 shall be used:

N-10, N-15, N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300, S-Cs ('¥7Cs), S-Co
(69Co), R-C (4,4 MeV), R-F (6,7 MeV).—As—long—as—no—conversion—coefficientsforthe
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Irradiations shall be performed for the energies and angles of incidence « given in Table 5:

Table 5 —-Angular-irradiations Angles of incidence of irradiation
for H,(0,07) and H'(0,07) dosemeters

a H_(0,07) dosemeters H'(0,07) dosemeters
(irradiations on phantom, see 5.1.5) (irradiations free in air)
0° For all radiation qualities whose mean energy For all radiation qualities whose mean enerpy
falls within the rated range of energy falls within the rated range of energy
+ 60° Three lowest energies in rated range of energy Three lowest energies in rated range{of engrgy
+75° In case 75° < «,.: Three lowest energies in rated | For environmental dosemeters three lowest
- range of energy, otherwise not mandatory energies in rated range of energy
Lo For environmental dosemeters three lowest
ta Three lowest energies in rated range of energy S
ma energies in rated range 0f energy
90° This test is given in 11.8 For er_wwc_mmental dosemeters three lowest]
energies in rated range of energy
+ (180° For environinéntal dosemeters three lowest
No test s
= g energies in rated range of energy
+105 No test For eljwrgnmental dosemeters three lowest]
enérgies in rated range of energy
+ 120 No test Three lowest energies in rated range of endrgy
180° No test Three lowest energies in rated range of engrgy
NOTE The hadae is syummetrical if 3ll narts inclirding filters are svymmetrical with resneect to g nlane throliah the
. Cholede e R e L s
‘ . ‘ X ion.
NOTE 1 For personal dose quantities: Alsd\take into account 8.4 e) and line 11 of Table 10.
For af¥ 0° and for a # 180°, thetests shall be performed in two perpendicular planes pfarallel
to the|reference direction and-going through the reference point of the dosemeter. Different
directipns for one angle of\incidence (for example + 60° and — 60°) shall only be irradigted, if
the construction of theydosemeter is not symmetrical with respect to a change qf that
directipn.
For H|(0,07) desemeters and « = 90°, the dosemeter shall be rotated about its refgrence
directipn during’ the irradiation. If no rotation is possible, eight subsequent irradiations with
differgnt polar angles in steps of 45° can be done irradiating the same dosemeter. As « |s 90°,
the reference direction is orientated perpendicular to the radiation beam. The rotation npay be
omitted—fthe—dosemeterhas—ahotder defintng—theorientatiorn—withrespectto—the—expected

direction of radiation incidence.

For non-symmetrical #,(0,07) dosemeters (see Note 1 and 8.4 fe)), the dosemeter shall in
addition to the normal test be placed on the front side of the phantom with its back to the
radiation source (checking whether wearing in the wrong direction gives incorrect results).

For every radiation quality, the mean indicated value 5, and the standard deviation s, shall be
determined.

NOTE 2 i refers to a group of dosemeters irradiated equally, for example N-30, 60° (from above). That means, the
different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of
incidence are not averaged.


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 RLV © IEC 2020 - 49 —

NOTE 3 For an Hp(0,07) dosemeter, for each of the three lowest radiation energies, at least five groups of
dosemeters are irradiated: one at 0° and four at 60°.

NOTE 4 For an H'(0,07) dosemeter, for each of the three lowest radiation energies, at least ten groups of
dosemeters are irradiated: one at 0°, four at 60°, four at 75° and one at 90°.

11.7.1.3 Interpretation of the results

G G
If, for every radiation quality, the inequality ’”min_UC,comS(aGl iUcomJ-%_OSVmaerUc,com is

r,0 i

valid, then the requirement of 11.7.1.1 is considered to be met. The values for ., and r, 5
are given in line 9 of Table 10 and Table 13.

Exception: In case the expression [EG’ iUcomJ'
r,0

0,05 qr less from the allowed limit and no angular irradiations have been-péerformed ft this

energy, the corresponding angular irradiations have to be performed’ for those specific

energies.

Cr,O

1

for 0° angle of incidence differs by only

U

com |S calculated according to formula (A.5), Example 2. U s,m~is the combined relative

Cr,O .

expanded uncertainty of UC,com:\/Ug',rel;r,O +Uére|;i with the relative exppnded

i
uncerjainties Uc rel: r,0 @and U¢ r¢. ; Of the conventional-trke quantity values C; 5 and C; for the
differgnt radiation qualities, respectively. In case Upgyef. 1o and Uc (. ; are correlateg, this
shall he taken into account. For U ¢, see 5.2.2.

11.7.2 Beta radiation
11.7.2.1 Requirements
The variation of the relative response due to a change of the radiation energy and arjgle of

incidence within the rated ranges for beta radiation shall not exceed the values giyen in
line 10 of Table 10 and Table 13:

In case these requirements are not met, the requirements given in 11.9 shall be met.

NOTE |Subclause 11.7.2(deals with the measurement of beta dose. Subclause 11.9 deals with the indicatioph of the
presende of beta dose.

11.7.2.2 Method of test

The fdllowing reference radiation qualities specified in ISO 6980 shall be used:

147Pm {mean energy = U,06 MeV); _ 20*TT or 89Kr (mean energy ~0.Z U,24 MeV);
903r/90Y (mean energy ~ 0,8 MeV); 196Ru/106Rh (mean energy ~ 1,2 MeV).

As long as no conversion coefficients for the conversion from personal absorbed dose in
0,07 mm depth, Dp(0,07), to the personal dose equivalent, Hp(0,07), are available in
ISO 6980-3 for 106Ru/106Rh, the values given in-Anrex-G Annex E shall be used.

The tests shall be performed for those radiation qualities whose mean energy falls in the rated
range of energy. Angles of incidence shall be: o =0°, a=+45", as well as «a=+60" and
a=+75" if included in the rated range of angle of incidence in two perpendicular planes
containing the reference direction through the reference point of the dosemeter.
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For every radiation quality, the mean indicated value G; and the standard deviation s; shall be
determined.

NOTE 1 Details of the reference radiation and the calibration procedure are given in ISO 6980.

NOTE 2 i refers to a group of dosemeters irradiated equally, for example Kr-85, 60° (from above). That means,
the different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of

incidence are not averaged.

NOTE 3 For an H_(0,07) dosemeter, at the lowest or at each of the two lowest radiation energies, at least five
groups of dosemeters are irradiated: one at 0° and four at 60°.

11.7.2.3 __Interpretation of the results

G; Cro ;
=—*Ugom 'Tg’”max +Uckom 1S
r,0 i

valid, then the requirement of 11.7.2.1 is considered to be met. The values(for'r,;, anf r, 4«
are giyen in line 10 of Table 10 and Table 13.

If, for|every radiation quality, the inequality ’”min_UC,comg(

U

com |S calculated according to formula (A.5), Example 2. U¢ ;o (is-the combined relative

Cr,O .

expanfded uncertainty of UC,com:\/Ug,rel;r,O +U2e; ,With the relative expanded

i
uncer(Jainties Uc rel: .0 @nd Uc . ; Of the conventional-true guantity values C, 5 and C; for the
differgnt radiation qualities, respectively. In case Ug oprg”and Uc (. ; are correlateg, this
shall Be taken into account. For U ¢, see 5.2.2.

11.8 |Over-response indication due to radiation-ihcidence incident from the side off an
Hp(10), Hp(3) or Hp(0,07) dosemeter

11.8.1 Requirements

If the fosemeter is irradiated free in air'from the side (o4 to 180°—a,,,,), the indicated value
shall not exceed-+5-times{eor 2 times) the indicated value resulting from an irradiation free in
air with the same radiation quality_from the front (0° )—feplzlpg@)—aﬂ—d—# 3)-dosemetefs{for

pM%ﬂese;FmteFS—meﬁfaetepeL}apphes} This shall apply to all radiation energies|within

the rated range of energy.

NOTE 1 This requirement /prevents the acceptance of a detector with a high atomic number material |without
sufficient shielding which may/cause a large over response from the side.

NOTE 3 If « = 60%-this means an irradiation from 60° to 120°.

max

NOTE § No lower Jimit is required as the conventional quantity value is zero for beta radiation and for low] energy
photon fadiations=

11.8.2 Method of test

For several radiation energies, the test can be performed by examining the materials in front
of the detector(s) and the surrounding material. If it can be anticipated due to physical
absorption coefficients that the material at the side results in more absorption than in the
front, the tests can be omitted for these radiation energies.

For the remaining radiation energies, irradiations shall be performed for those polar angles g
(regions of the side of the badge) at which the surrounding material does not seem to be thick
enough. At these “weak points”, at least two groups of dosemeters shall be irradiated free in
air to an ambient dose equivalent of H*(10) ~ 3 mSv:

Group 1: The dosemeters shall be irradiated at an angle of incidence of 0°.

Further groups: Irradiations shall be performed at the angle of incidences g corresponding
to the “weak points”. The azimuthal angle of incidence shall be varied
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during the irradiation between ¢, and 180°-q,,,, in steps of40 15°

including 90° resulting in the indicated value G, ¢, -

Separate groups shall be irradiated separately for every polar angle g (i.e.
for every “weak point”).

NOTE In case of ¢, = 60° the irradiation of each badge is performed in-five-equivalentfractions—at-70%5-80%
90°,100°-and-1+10° three equivalent fractions at 75°, 90°, and 105°.

For every group, the mean indicated value G, and the standard deviation s; shall be
determined.

11.8.3 Interpretation of the results

G o
f-the lineguality— amaxtoéso Fmax +Ugom < 15-is—validforH HO}—and—Hp(—%—desemete#s—eF
00

max [0 180°—amax

— +U, < 2-is—validfor H (0,07 dosemeters,-then-the requirementof 11-8-4
Goo com P

If, fdr every polar angle examined in accordance <with 11.8.2, the inequality

Amaxfto 180°—armax

Cor

+Ucom < 2 is valid, then the requirement\of 11.8.1 is considered to b¢ met.

Ueom |8 calculated according to formula (A.5), Example 2. This calculation presumes that all
dose Yalues used in this test are 100 % correlated. If this is not the case this shall be|taken

into a¢count when calculating Uy .

11.9 |Indication of the presence of beta dose for Hp(0,07) whole body dosemeters

The requirements, method of test, @nd interpretation of the results stated in 11.7.2 apply for
angleg of incidence of 0°, see line-13 of Table 10. For angles of incidence of « = + 4b° the
respofse values shall be measured and stated.

12 Response to mixed irradiations (dosimetry system)

12.1 |Requirements

S|metry systems using only-ene-signalanf-thus

o}
cormlun I mmorss theon oo clonal o nood o the
i e
ed hem linear comblnatlons or Ilnear optlmlzatlons to_obtain the [signal
and flnally the |nd|cated value, this requirement is fulfilled and no tests are required (the
algorithm is an additive one).

The following(requirement is fulfilled for d
+ a

Cnl\/ ne détestor to eval

T otoOT—to—CV o
a

Otherwise, e.g. if any branching or decision points from which on different methods (or
equations or corrections) are used in the algorithm, the test shall be performed in order to
check the evaluation algorithm of the dosimetry system for mixed irradiations. Mixed
irradiation means that a dosemeter is irradiated with two portions of dose equivalent with
different radiation qualities or other conditions. The difference in the radiation qualities or
other conditions can be

a) a difference in the dose values, and / or

b) a difference in the value of one specific influence quantity (for example different energy
and angle of radiation incidence), or
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c) a different type of radiation if the dosimetry is tested with respect to more than one type of
radiation.

Requirement: The relative response to mixed irradiation shall be within the range of response
weighted with the respective dose values.

NOTE 1 This requirement ensures that the results of the test according to this document are also valid if the
dosemeter is irradiated with broad spectra and/or mixtures of several radiation qualities.

NOTE 2 A radiation quality in this context is given by the notation according to ISO 4037 or ISO 6980 and the
angle of incidence, for example N-30 and 45° angle of incidence.

NOTE 3 A dosimetry system with a non-additive evaluation algorithm can have, although it is in line with this
documdnt, the Tollowing characteristic: Two dosemetiers (A and B) are irradiated with the same dose equivalent (for
example 20 mSv) of one radiation quality (for example 137Cs, 0°). Afterwards, dosemeter A is irradiated ‘add|tionally
with anpther radiation quality (for example 2 mSv, N-40, 0°). The indicated value of dosemeter A~(for gxample
21 mSv) can be smaller than the one of dosemeter B (for example 22 mSv). For both dosemeters, the relative
responge is within the required range from 0,71 up to 1,67 (i.e. the requirement of 11.5.1 js\fulfilled), |but the
indicatqd value is not additive.

12.2 |Method of test
12.2.1 General

This test has to be performed via calculations using the signals _of the dosemeter elgments
and the evaluation algorithm of the dosimetry system. Therefore/ the testing laboratory jneeds
accesp to the evaluation algorithm and the signals S; of the-dosemeters’ elements.

12.2.2 Preparation of the test

The relative responses of the signals of the dosemeter elements gained during thg tests
according to 11.5, 11.6, and 11.7 shall be used. All radiation qualities listed in 11}5.1.2,
11.6.1.2, 11.6.2.2, 11.7.1.2, and 11.7.2.2 (depending on the type of dosemeter) and all angles
of inc|dence from 0° up to the maximumdrated angle in steps of 15° shall be takgn into
accoupt. In case the dosemeter badge-i§’not symmetrical four different directions (up, |[down,
left, apd right) shall be taken into account for every angle of incidence.

In casE the relative responses_of the signals of the dosemeter elements are not available for
all radiation qualities and (angles of incidence, these values can be determingd by
measyrements or via Monte Carlo methods, the Ilatter having to be validated by
measyrements.

In order to make sure’that the evaluation algorithm supplied by the manufacturer is cprrect,
the fgllowing testishall be done for a few radiation qualities for which irradiations| were
performed during the tests according to subclause 11.5, 11.6, and 11.7: The indicated| value
Gk eMaluatedsby the dosimetry system shall be compared to the corresponding indicated
value f(Sg,K) calculated using the signals S, of the g= 1.5 detector elements and the
evalugtion”algorithm. The values have to be equal, otherwise the manufacturer shall qieliver
the correct function f(S,) for the evaluation of the indicated value.

12.2.3 Practical test

Mixed irradiations using the two radiation qualities K and L can be simulated by calculating
the sum of the signals S, « + S, for each detector element g. From this sum, the indicated
value Gy = flSgk *+ S, ,j for the mixed irradiation condition K+L with the conventional true
quantity dose value Ck+L = Cx * C_ shall be calculated. The indicated value
G+l = f(S, k + S, L) shall be determined for any possible combination of two radiation
qualities Pgand L W|th different energy and angle of incidence within the rate range. For every
combination of K and L, the ratio of Cx to C_ shall take the following values: 1:9, 2:8, .. up to
9:1 (nine different ratios). The total dose shall be within the standard test conditions, see
line 1 of Table 7.
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. . C o
The relative response shall be calculated according to rz%-GL’O for every combination
K+L r,0

described above. In—AnnexH Annex F, a computational method to perform all these
calculations is described.

NOTE As an example, the rated range goes for photons from 33 keV up to 1,25 MeV and from 0° up to + 60° and
for betas from-0;2 0,24 MeV up to 0,8 MeV and from 0° up to = 60°. According to subclauses 11.7.1.2 and 11.7.2.2
nine photon radiation qualities and two beta radiation qualities are involved. In addition, 17 different angles of
incidence have to be considered: 0°, 15°, 30°, 45°, and 60°, the latter four from four different directions (up, down,
left, right) as the dosemeter badge is assumed not to be symmetrical in any direction. In summary, (9+2) energies
times 17 angles of incidence-times-9-dose-ratios result in—1-683 187 contributions of different radiation qualities.
The combination of each contribution with each other leads to—4683-1682/2 =1415403 187-186/2 = 17 391

combingtioms— 739 tTombimations times 9 dose Tatios Tesultim 565 +5typesof Sigmafstogetthemdicated value.

12.3 |Interpretation of the results

All thg calculated relative responses shall be within the permitted variation of the’response. In

case (lifferent response ranges are required for the different radiation qualjties K and L, the

range [of response weighted with the respective dose values, Cx and C|,/8hall be appliefl. The

weighted response shall be calculated as follows: The response ranges for the ragiation

qualities K and L, rin k -+ "max Kk @Nd "min.L - "max,L» Shall be combined to the weighted limits

Fin K * Ck + Tmin - CL
Ck +C.

TrdaxK 'CK + Iax,L 'CL
C +C.

for thg response values 7y, = and fpaw =

EXAMPLE:

rmin’K = 0,67 & rmaX,K = 2,00 and
"minL F 0,71 & rmax L = 1,67 with
Ck =4 mSvand C, =8 mSv.

This résults in 7. . = 0,67-2mSv +0,71-8mSv 070 and fypqy = 2,0-2mS1\(/)+1é67~8mSv ]
mSv

. =174 .
nw 10 mSv,

In tha{ case the requirement of:12:1 is considered to be met.

13 Epvironmental performance requirements and tests

13.1 |General

13.1.1 Generalrequirement
The irffluence quantities dealt with in this clause are of type F and/or type S. Therefore, two
differgnt\fequirements are valid for each influence quantity: One as if it was of type F (the
range '‘ef-retativeresponse is—tHmited—and-theotherasifitwasof type re—deviation, D,
is limited).

For the reader, only requirements according to a usual indoor use are given (varying
temperature and light exposure, for example heating behind a large window due to sunlight).

13.1.2 General method of test

As the tests described in this clause are performed using rather low doses such as 7-H|,,, the
consideration of the natural background radiation is of special importance, see 5.2.4.

Three different situations may occur:

a) In case it is not clear whether the influence quantity acts as type F or as type S, the
conventional—trde quantity value of the dose equivalent shall be 7-H,,, if not stated
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otherwise in the respective subclause. For every group, n (> 6) dosemeters shall be
irradiated. In case the coefficient of variation of the indicated value is too large to judge
whether the requirements are met or not, the dosemeters may be irradiated at a higher
dose equivalent if it is assumed that this is a type F influence quantity. Otherwise, the
number of dosemeters shall be increased, see Clause A.1.

NOTE As stated above, also the influence quantities that may be of type S are limited by a maximum permitted
value for the variation of the response. As the conventional-true quantity value of the dose equivalentis 7-H_ , a

change of the response by 10 % is equivalent to a deviation of 0,7-H, . Therefore, by this method of test, it is

simultaneously ensured, that the deviation and the variation of the response from unity are not larger than the
figures given above: 0,7-H, , and 10 %, respectively.

b) In case the mfluence quantlty acts as type F, the convenhonal—tpee quantlty value of the

S : as M— S espective
su 3c|ause For every group, (> 6) dosemeters shaII be |rrad|ated In case the cogefficient
of variation of the indicated value is too large to judge whether the requirements-afe met
or [not, the dosemeters may be irradiated at a higher dose equivalent and / or the number
of dosemeters shall be increased, see Clause A.1.

c) In|case the influence quantity acts as type S, the conventional-true guantity value |of the
dope equivalent shall be 7-H,,,, if not stated otherwise in the respegctive subclausg. For
every group, n (> 6) dosemeters shall be irradiated. In case the oefficient of variajion of
the indicated value is too large to judge whether the requirements are met or n¢t, the
number of dosemeters shall be increased, Clause A.1.

13.2 |Ambient temperature and relative humidity (dosemeter)
13.2.1 General

The influence quantity dealt with in 13.2 is assumed.to be of type F or of type S.

13.2.2 Requirements

The rg¢lative response and the deviation.due to a change of the ambient temperatuje and
relative humidity within their rated ranges shall not exceed the values given in ling 1 of
Table |14.

13.2.3 Method of test

For thjs test, three groups of. n (> 6) dosemeters shall be exposed to a reference sourcg, see
13.1.2.

Treatment of the three groups after the irradiation:

Group|1: reférence group: the temperature and the relative humidity shall be at stgndard
test conditions, see Table 7.

Group| 2{, the dosemeters shall be exposed to the lower extreme value of the rated raphge of
the temperature The relative humidity does not have to be controlled

Group 3: the dosemeters shall be exposed to the upper extreme value of the rated range of
the temperature and the upper extreme value of the rated range of the relative
humidity (not condensing).

The duration of exposure shall be one week. As shortly as possible,-that-means—as-shortas
but not shorter than allowed by the instructions of use, the dosemeters shall be read out.

For every group, the mean indicated value C_;l and the standard deviation s; shall be
determined.
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13.2.4 Interpretation of the results

If, for every group, the inequality ”ming(%iUcom)Srmax (for type F influence quantities) or
1

the inequality 5,-—(_}1J_rUcom|s Dnax (for type S influence quantities) is valid, then the

and D are

requirements of 13.2.2 are considered to be met. The values for r max max

given in line 1 of Table 14.

min»

U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or
ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. Tf this is not the case this shall be taken into account when calc{lating

U

com-

13.3 |Light exposure (dosemeter)
13.3.1 General

The influence quantity dealt with in 13.3 is assumed to be of type F or‘oftype S.

13.3.4 Requirements

The rglative response and the deviation due to a change of the light exposure within it rated
range|shall not exceed the values given in line 2 of Table’14-

13.3.3 Method of test

For this test, two groups of n (> 6) dosemeters* shall be exposed to a reference spurce,
see 13.1.2.

Treatment of the two groups after the irradiation:

Group|1: reference group: the dosemeters shall be maintained at normal daylight [in the
shadow.

Group|2: the dosemeters shall be exposed to the maximum value within the rated rapge of
light exposure, for one week. During this test, the temperature shall be bdtween
15 °C and 25-YC. A water cooling is recommended as the light source {sually
produces a\lot of thermal energy.

To produce, for example, an effective cumulative integrated irradiance of 1 000 W/mZ2|in the
complete rangeXof wavelengths at the test plane, use an apparatus which produce$ light
whosd spectrim corresponds to that of bright sunlight: at least 45 W/m2 in the ranpge of
waveléngths between 300 nm and 400 nm and at least 630 W/m? in the range of wavelg¢ngths
betwep 400 nm and 900 nm (values taken from the AM 1.5 spectrum in IEC 60904-3).

If 45 W/m2 and 630 W/m?2 (in the respective ranges of wavelengths) cannot be attained the
irradiance can be decreased by up to a factor of 2, however, the exposure time then has to be
increased by the same factor.

NOTE A reference solar spectral irradiance distribution is given in IEC 60904-3.

For every group, the mean indicated value G; and the standard deviation s; shall be
determined.
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13.3.4 Interpretation of the results

If the inequality rminﬁ(%ﬂ]comjﬁrmax (for type F influence quantities) or the inequality
1

52—511Ucom|£ Dnax (for type S influence quantities) is valid, then the requirements of

13.3.2 are considered to be met. The values for r;,, "max 8Nd D5 are given in line 2 of
Table 14.
U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or

ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. Tf this is not the case this shall be taken into account when caicllating
U,

com-

13.4 |Dose build-up, fading and self-irradiation,-and-response-to-natural radiation

(dosemeter)
13.4.1 General

luence quantity dealt with in 13.4 (time) is assumed to be of typé F and type S.

13.4.2 Requirements

The reglative response and the deviation due to dose build up, fading and self-irradiatiof shall
not exiceed the values given in line 3 of Table 14.

13.4.3 Method of test

For th|s test,-eight three groups of dasemeters shall be used.
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subfepaeted—FespeetweLy—{rGH _i}—{Gj_g _@}—{rGj_g _L}—&Hd—{GH
new-groups-prime,-the mean-values-G',-shall-be determined (i =1-4).

_8_

N-QJ'—._&Z—T—he—su-b#aehen—{rG Gk demr e e s s s dee s celonledio

~

Groupp 1 to 3 consisting of n (> 6) dosemeters shall be exposed to a referepﬁ sourcg, see
13.1.24. The irradiations should be performed at different times so that all re s take| place
at the| same time (in order to exclude possible effects due to reader |/§B |t|es duripg the
test). |f all irradiations are performed at the same time effects due to r r instabilitieg need
to be gorrected for. (.1/
Furthgr information regarding the method of test is given in 13&/@)
Treatment of the three groups after the irradiation: Q
Group| 1 shall be read out 24 h (or as soon as possib@) fter the irradiation.
N
Group| 2, reference group, shall be read out one_week after the irradiation.
Group| 3 shall be read out after the n@}mum rated measurement time ¢, after the
irradigtion. <
Q\
For epery group, the mean mau;éted value G and the standard deviation s; shpll be
determined. C)\\O
13.4.4 Interpretation @h'e results
Hterg : <thed My < E—'iime Srmax—éfe#type—llmﬂaenee—qwmﬁes-}er—the
G',
meqat-l-licy—ﬁ{‘&: +U,,.| < ; bup-4
, 9v* = ,
rmin S( [ . +Ucom]— max
AN G

\7 G,-G, U,

com

‘<D—Gem¥pe—8—mﬂaenee—q{+anhhes)—5—va#d—m4d—#—fe+;g¢m+p48—the

EQHatIGI Hlow<G TUm = Cnat < +H oy is—valid—the the—requirements—of 3-4-2—are
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If for groups 1 to 3 the inequality #yin S[%iUcomJﬁf’max (for type F influence quantities) or

Gz‘ - G2 t Ucom| < Dmax (

the inequality for type S influence quantities) is valid, then the

and D are

requirements of 13.4.2 are considered to be met. The values for r Fnaxs max

given in line 3 of Table 14.

min’

Usom and U, are calculated according to formula (A.5), Example 1 or Example 2, for
differences or ratios, respectively, and formula (A.3), respectively. These calculations
presume that all dose values used in this test are 100 % correlated. If this is not the case this
shall be taken into account when calculating U.,,,.

13.5 |Sealing (dosemeter)

The mjanufacturer shall state the precautions to be taken to prevent the ingress) of mojsture,
and de¢scribe the tests and results used to demonstrate the effectiveness of the'sealing.

This requirement is essential for extremity dosemeters as they usually, have to be disinfected
using |iquids.

13.6 |Reader stability (reader)

13.6.1 General

The influence quantity dealt with in 13.6 (time) is assutmed to be of type F or of type S.

13.6.24 Requirements

The re¢lative response and the deviation due\to reader stability shall not exceed the yalues

given |n line 5 of Table 14 over the maximum rated measurement time .-

13.6.3 Method of test

For this test, three groups of n (X 6) dosemeters shall be used.
Group| 1 shall be irradiated.at the beginning of the type test and read out one week later

Group| 2 shall be irradiated to the same dose as group 1 after half of the maximum| rated

measyrement time.%;,,,/2 and read out one week later.

Group| 3 shall~be irradiated to the same dose as groups 1 and 2 after the maximum| rated

measyrement time ¢,,,, and read out one week later.

Further information regarding the method of test is given in 13.1.2.

For every group, the mean indicated value G; and the standard deviation s; shall be
determined.

13.6.4 Interpretation of the results

If, for every group, the inequality ’”minﬁ(%ﬂ/comjﬁrmax (for type F influence quantities) or
1

the inequality 5,-—(_}1iUcom|s Dmax (for type S influence quantities) is valid, then the

and D are

"max’ max

requirements of 13.6.2 are considered to be met. The values for r
given in line 5 of Table 14.

min-
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U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or

ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating
U,

com:

13.7 Ambient temperature (reader)
13.7.1 General

The influence quantity dealt with in 13.7 may be of type S or of type F.

13.7.]—Rwu-i-remenﬂ
The relative response and the deviation due to a change of the temperature within ity rated

range|shall not exceed the values given in line 6 of Table 14.

In cage it can be made sure by physical reasons that-light temperaturé |does not Have a
significant effect on the indicated value then this test can be omitted.

13.7.3 Method of test

This test shall only be done in case a temperature range “utside +15 °C and +2§°C is
specifled by the manufacturer.

For this test, two groups of n (> 6) dosemeters shall be)exposed to a reference sourcg, see
13.1.2.

Treatment of the two groups after the irradiation:

Group| 1, reference group: the température of the reader shall be at standard test condlitions
(see TJlable 7) and the dosemeters.shall be read out.

Groupis 2: the temperature of the reader shall be at least 4 h at the highest temperature|within
the rajed range. At the end, of at least 4 h, the readout of the dosemeters shall be perfprmed
holding the given température.

For epery group,the mean indicated value G; and the standard deviation s; shall be
determined.

13.7.4| Interpretation of the results

If the inequality rminﬁ(%iUcomJSVmax (for type F influence quantities) or the inequality
1

|(_}2—51¢Ucom|s Dmax (for type S influence quantities) is valid, then the requirements of

13.7.2 are considered to be met. The values for r r

Table 14.

min' "max: and D5, are given in line 6 of

U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or
ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating

U

com-
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13.8 Light exposure (reader)
13.8.1 General

The influence quantity dealt with in 13.8 is usually of type S, it may be of type F.

In case it can be made sure by physical reasons that light does not have a significant effect
on the indicated value then this test can be omitted.

13.8.2 Requirements

The relative response and the deviation due to a change of the light exposure within its rated
range|shall not exceed the values given in line 7 of Table 14.

13.8.3 Method of test

For this test, two groups of n (> 6) dosemeters shall be exposed to a reference sourcg, see
13.1.2.

Treatment of the two groups after the irradiation:

The dpsemeters shall not (or as minimally as possible) be exposed to the additiondl light
source.

Group| 1, reference group: the reader shall notbe ‘exposed to any additional light than the
usual daylight in shadow and the dosemeters shall be read out.

Group| 2: the outside parts of the reader-near the seal of the photomultiplier or othgr light
sensit|ve devices of the reader shall bevexposed to the extreme value of light exposufe (for
example by placing a lamp close to the surface of the reader) within the rated range ahd the
dosenjeters shall be read out. During this test, the temperature shall be between 15 °[C and
25 °C/| Water cooling is recommended as the light source usually produces a lot of thermal
energy.

To produce for exampte an effective cumulative integrated irradiance of 1 000 W/mZ2 [in the
complete range of wavelengths at the test plane, use a device or an lamp which prdduces
light whose spectrim.corresponds approximately to that of bright sunlight: at least 45 W/mZ2 in
the rapge of wayvelengths between 300 nm and 400 nm and at least 630 W/m2 in the rahge of
wavelgéngths _between 400 nm and 900 nm (values taken from the AM 1.5 spectrum in
IEC 6(0904-3)-

NOTE |Areference solar spectral irradiance distribution is given in [EC 60904-3.

For every group, the mean indicated value C_;l and the standard deviation s; shall be
determined.

13.8.4 Interpretation of the results

If the inequality rminﬁ(%i(fcomjﬁrmax (for type F influence quantities) or the inequality
1

52—6_}1¢Ucom|s Dyax (for type S influence quantities) is valid, then the requirements of

13.8.2 are considered to be met. The values for r,, "max» @Nd Dyax are given in line 7 of
Table 14.
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U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or

ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating
U

com-
13.9 Primary power supply (reader)
13.9.1 General

The influence quantity dealt with in 13.9 is usually of type F, it may be of type S.

13.9.2__Requirements

The r¢lative response and the deviation due to a change of the power supply voltage and
frequgncy within its rated range shall not exceed the values given in line 8 of Table(14.

In addition, the coefficient of variation shall fulfil the requirements specifieddn-11.2.

13.9.3 Method of test

For thjs test, five groups of n (> 6) dosemeters shall be exposed t0" a reference sourcg, see
13.1.2

Treatment of the five groups after the irradiation:

The dpsemeters shall be read out under the following‘conditions:

Group| 1, reference group: nominal power supply, voltage and frequency
Group| 2: minimum voltage and minimum frequency within their rated ranges
Group| 3: maximum voltage and minimumArequency within their rated ranges
Group|4: minimum voltage and maximum frequency within their rated ranges
Group| 5: maximum voltage and maximum frequency within their rated ranges

For epery group, the mear_jndicated value G; and the standard deviation s; shall be
determined.

13.9.4 Interpretation of the results

If, for|every group, the inequality rminﬁ[%iUcomjﬁrmax (for type F influence quantities) or
1

the ineduality @—aiUcom|£ Dmax (for type S influence quantities) is valid, thgn the

and D are

requirements of 13.9.2 are considered to be met. The values for 7 max: max

given in line 8 of Table 14.

min»

U.om is calculated according to formula (A.5), Example 1 or Example 2, for differences or
ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating

U

com-
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14 Electromagnetic performance requirements and tests (dosimetry system)

14.1 General

Special precautions shall be taken in the design of a dosimetry system to ensure proper
operation in the presence of electromagnetic disturbances. Electromagnetic disturbance are
mainly influence quantities of type S.

Tests shall be performed for all components of the dosimetry system containing electronic
components. This is usually, at least, the case for readers but may also be the case for
badges, e.g. in case of a direct ion storage (DIS) dosemeter.

14.2 |Requirements

The apsolute value of the deviation due to electromagnetic disturbances shall not exceed
0,7-H},, for every single influence quantity, see Table 15. Exception: The absolute vdlue of
the dgviation may be larger than 0,7-H,,, for one indicated value, if the' dosimetry qystem
delivefs an error message assigning that this value is faulty. In addition,.the dosimetry qystem
shall not lose more than one indicated value, see 10.5.

For all influence quantities, the mandatory ranges are taken from I[EC 61000-6-2.

The tgsts in lines 4, 5, and 7 of Table 15 need not to be“done for readers for whi¢ch the
manuflacturer declares that either the respective infldence quantity does not affefpt the
indicafjed value by more than 0,7-H,, during readout of dosemeters or the effect is
recognized and accompanied by an error message (at most one, see above) or the effect is
corregted for (for example by means of software). . This declaration shall contain the necg¢ssary
evidernce. This evidence can be a physical reason why the device is not affected by the
electromagnetic disturbance or why the electromagnetic disturbance is not presenfl This
evidernce has to be stated for each electramagnetic disturbance separately. One example is,
that n mobile phones are allowed in the®oom of the reader.

The tdgst in line 7 of Table 15 shall’®e conducted from at least two sides of the device|under
test apd with both polarizations. of the radio-frequency field for

— bafges containing electronic components at 30 V/m with a frequency sweep and

— fon all other parts ofithe dosimetry system containing electronic components such ps the
regader at 30 V/m~with at least the frequencies stated in note e of Table 15; if that test
legds to a failuke then a test at 10 V/m shall be conducted from all six sides of the flevice
unfder test.

14.3 |Method-of test

As the tests described in this clause are performed using rather low doses such as 7-H|,, the
consideration of the natural background radiation is of special importance, see 5.2.4.

For the test according to lines 1 to 6 of Table 15 seven groups of n (= 10) dosemeters and for
the test according to line 7 of Table 15 one group of n (= 60) dosemeters shall be exposed to
a reference source with a dose equivalent of 7-H,,,,. For those influence quantities for which a
declaration of the manufacturer is available, see 14.2, no dosemeters need to be irradiated.
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Group 1, reference group: no electromagnetic influences shall be present. To ensure this,
appropriate filters, shieldings and so on shall be applied.

Groups 2, 6 and 8: in case the dosemeters contain any electric parts that may be sensitive to
electromagnetic disturbances (for example a DIS dosemeter), the dosemeters shall be
exposed to the influence quantities according to lines 1, 5 and 7 of Table 15 prior to their

readout. The radio frequency radiation shall be applied—in—fregquency—steps—notlargerthan
40-% with the frequencies stated in footnote e to Table 15.

Group 1 shall be read out without any electromagnetic influences.

Groups 2 to 8 shall be read out while the different electromagnetic influences are applied to
the repder in accordance with the standards of the IEC 61000-4 series as given in_Table 15.
Each |electromagnetic influence shall be applied for the duration of the readout gf one
doseneter. If possible, the output of the reader (for example glow curve) shall be obsgrved.
Witholit error message, no abnormal characteristics (for example spikes in asglow curje that
cause|non-negligible doses) shall occur.

For epery group, the mean indicated value G; and the standard-deviation s; shall be
determined. In case any indicated values were marked by the-dosimetry system as [faulty,
these palues shall be excluded from the determination of G, and 5.

14.4 |Interpretation of the results

If, for|every group, the inequality |G; — G+ Ucom| <207 -Hyo,, is valid and if for the tesfs with

criteripn A no single indicated value is lost, and®if'for the tests with criterion B or C af most
one indicated value per influence quantity is.lost, then the requirement of 14.2 is consjdered
to be met.

Ueom I8 calculated according to formula: (A.5). This calculation presumes that all dose yalues

used in this test are 100 % correlated. If this is not the case this shall be taken into a¢count
when galculating Ugg -

NOTE |The maximum is built oyer the two possibilities |5, —51 +Um| and |(_}, —51 -Upml-

15 Mechanical performance requirements and tests

15.1 |Generaltrequirement

Mechanical disturbances are mainly influence quantities of type S, they may be of type [F. For
the sgkéecof simplification, the mathematical treatment is done as if all influence que1ntities
were oftypeS-

The absolute value of the deviation due to mechanical disturbances shall not exceed 0,7-H)y,,
for every single influence quantity (see Table 16). Exception: The absolute value of the
deviation may be larger than 0,7-H,,,, for one indicated value, if the dosimetry system delivers
an error message assigning that a specific indicated value is faulty.

It is not allowed to have more than one indicated value lost or accompanied by an error
message due to any occurrence of abnormal operation, see 10.5.
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15.2 Drop (dosemeter)
15.2.1 Requirements

A dosemeter shall be able to withstand drops from a height of 1,0 m onto a flat and hard
surface made of concrete or steel (IEC 60068-2-31) without the deviation exceeding
+0,7-H,,, after the drop. These tests shall be on each face of the dosemeter.

The dosemeter shall not be damaged, neither on the inside (for example loosening of filter
material) nor on the outside.

15.2.2—Method-oftest

As thq tests described in this clause are performed using rather low doses such asN
consideration of the natural background radiation is of special importance, see 5.24.

ow

For these tests two groups of n (> 6) dosemeters shall be exposed to a reference sourde with
a dos¢ equivalent of 7-H,,. In case the coefficient of variation of the _indicated value|is too
large {o judge whether the requirements are met or not, the dosemeters.may be irradiatgd at a
highen dose equivalent in case the influence quantity acts as a typé F influence qupantity.
Otheryise, the number of dosemeters should be increased, see Clause A.1.

Group| 1: reference group.

Group| 2: each of the dosemeters shall be subjected to a test consisting of drops on epch of
the 6 faces of the dosemeter.

The dosemeters shall be inspected and thephysical condition documented, for example
whethgr the filter materials are fixed and in pgsition.

After all the tests, the dosemeters shall\be’ read out and the indicated values be determined.

For gfoups 1 and 2, the mean ‘ndicated value G; and the standard deviation s; shall be
determined. In case any indicated values were marked by the dosimetry system as [faulty,
these palues shall be excluded from the determination of G, and s,.

NOTE |As stated above,also’ the influence quantities that may be of type F are limited by a maximum p¢rmitted
value for the deviationi £°0,7-H, . As the conventional-true quantity value of the dose equivalent is 7|H ., a
deviatign of + 0,7-H Nis ‘equivalent to a change of the response of + 10 %. Therefore, by this method of t¢st, it is
simultaneously epsured, that the deviation and the variation of the response from unity are not larger than the
figures given above/(+ 0,7-H,,, and = 10 %, respectively).

15.2.3 Interpretation of the results

If for the two groups the inequality |(_}2 - Gy J_rUcom|s 0,7- Ho, is valid, then the requirement of

15.2.1 is considered to be met.

U.om is calculated according to formula (A.5). This calculation presumes that all dose values

used in this test are 100 % correlated. If this is not the case this shall be taken into account
when calculating Ugg -

16 Documentation

16.1 Type test report

At the request of the customer, the manufacturer shall make available the report on the type
tests performed according to the requirements of this document.
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16.2

Certificate issued by the laboratory performing the type test

A certificate shall be issued to each dosimetry system, providing at least the following

inform

Dosim

ation:

etry system in general:

— manufacturer's name or registered trade mark (if the system is manufactured as a whole);

— type of dosimetry system and principle of operation;

— statement that the equipment is tested according to this document and that the
requirements are fulfilled;

- na
- ift

Readsd

me of the software of the dosimetry system and identification number (see 10.3);
he evaluation algorithm is not additive, a comment according to Note 3 of 12,4

r:

nufacturer's name or registered trade mark;

e of the reader and serial number of the reader under test.
heter:

nufacturer's name or registered trade mark;

e of dosemeter and serial numbers of the dosemetéers-under test;
e of detector or detectors;

es of radiation the dosemeter is intended to measure.

Dosimetric characteristics:

— Mm§
— Mg
— Co
— M3

- rel
an

asuring quantity;

asuring range and variation ofithe response due to non-linearity;
pfficient of variation depending on the dose equivalent;

ximum rated measurement time;

ative response astasfunction of radiation energy and angle of incidence (for bot
d photon radiation);

— rafed ranges _of. all other influence quantities and the corresponding variation

res

ponse ordeviation (see 7.2 to 7.6, an example is given in 7.7).

N beta

bf the
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Table 6 — Symbols

Symbol Meaning Unit
a Angle of radiation incidence Degrees
Aax Maximum value of the rated range of the angle of radiation incidence Degrees
b Number of signals of one dosemeter that are used to evaluate the indicated dose —
value
Conventional-true quantity dose value Sv
: Conventional-tree quantity dose value of irradiation group i Sv
K Conventiomattrae ettty vatveof(detivered)doseequivatent-forirradiation Sv
condition K
C, Conventional-tree quantity value of (delivered) dose equivalent for irradiation Sv
condition L
Eai ==
C, Conventional-true quantity value of (delivered) dose equivalent under reference Sv
conditions: that means, all influence quantities have their reference valu€).except the
value of the dose equivalent is different from its reference condition: C\ ¥ Cio
Cr,o As C. but only for reference dose equivalent, see Table-2 7, line 1 Sv
AG Change in indication caused by subsequent and mixed exposurg, see 11.9 Sv
d Depth in ICRU 4-element or soft tissue. Recommended depths are 10 mm, 3 mm, and m
0,07 mm
D Deviation Sv
Dy Deviation due to electromagnetic disturbances Sv
ma Maximum permitted variation of deviation due to an influence quantity Sv
medh Deviation due to mechanical disturbances Sv
Dp Deviation due to influence quantity.no,p of type S; p = 1..1 Sv
E\ ot Beta energy keV pr MeV
Eph Photon energy keV pr MeV
S, Sp = | Function representing the evaluation algorithm inside the dosimetry system to Sv
f(Sg evaluate the indicated\value
g Designator for a.specific signal delivered from one dosemeter; g=1..b —
G Indicated value Sv
51_ Mean indicated value of group i Sv
Evi Mean\indicated value of group i prime (background indications subtracted) Sv
G, Indicated value of the j-th dosemeter of several dosemeters irradiated equally; j = 1..n Sv
iji Indicated value of the j-th dosemeter of group i Sv
K Indicated value due to a single irradiation with C\¢ Sv
Gy Indicated value due to a combined irradiation with C, + C Sv
G Indicated value due to a single irradiation with C Sv
G, Indicated value of a dosemeter irradiated with C, Sv
G o Indicated value of a dosemeter irradiated with C, Sv
hpK(d;R,a) Conver§iqn coefficient from air kerma to the personal dose equivalent at a depth d for Sv
the radiation series R
h'(d;R, ) Conversion coefficient from air kerma to the directional dose equivalent at a depth d Sv
for the radiation series R
H Synonym for dose equivalent, may be Hp(10), Hp(0,07) or H*(10) Sv
H, Lower dose limit of the range of measurement Sv
Hup Upper dose limit of the range of measurement Sv
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Symbol Meaning Unit
H*(10) Ambient dose equivalent at a depth 10 mm Sv
H*(d) Ambient dose equivalent at a depth d Sv

Hp(0,07) Personal dose equivalent at a depth 0,07 mm Sv
Hp(3) Personal dose equivalent at a depth 3 mm Sv
Hp(10) Personal dose equivalent at a depth 10 mm Sv
Hp(d) Personal dose equivalent at a depth d Sv

i Designator for a group subjected to a specific influence quantity —
i Designator for a specific dosemeter out of » dosemeters irradiated equally —
k Coverage factor —
K Symbol of radiation condition K, e.g. 3 mSv, N-80 and 60° —
! Number of influence quantities of type S —
L Symbol of radiation condition L, e.g. 4 mSv, S-Co and 0° —
m Number of influence quantities of type F —
M Measured value Sv
n Number of dosemeters in one group that are equally irradiated —
N Pointer to the table entry containing the signals (N's row) —
Ny (Reference) calibration-faster coefficient —
Nna Number of rows in the table containing the signals —
P Designator for a specific influence quantity of type S¢out of / type S influence —
quantities
q Designator for a specific influence quantity of type F out of m type F influence —
quantities
r Relative response —
g g Relative response due to energy and angle of incidence —
Teonv Relative response due to environmental influences —
"ma Maximal permitted value of-tiie relative response due to an influence quantity —
"max. Maximal permitted valUe jof the relative response due to an influence quantity for a —
mixed irradiation
Tmin Minimal permitted;value of the relative response due to an influence quantity —
T min Minimal permitted value of the relative response due to an influence quantity for a —
mixed irradiation
. Relative-response due to non-linearity —
r, Relative response due to influence quantity no. ¢ of type F; ¢ = 1..m —
R Symbol of radiation series R, for example, N series or S series —
R Respense
R, Reference response —
R, Response under reference conditions, except the value of the dose equivalent is —
different from reference conditions
s Standard deviation As quantity
s Standard deviation of group i As quantity
S Signal of a detector; from one detector more than one signal can be derived Depending
Sg Signal number g of a dosemeter; g=1..b Depending
oK Signal number g due to the radiation quality K Depending
Sg’L Signal number g due to the radiation quality L Depending
t Maximum rated measurement time Month

Students ¢-factor for » measurements
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Symbol Meaning Unit
U Expanded uncertainty As quantity
Uc com Expanded uncertainty of a combined quantity of conventionaltrue quantity values. As quantity

This uncertainty is equivalent to the half-width of the confidence interval about the
combined quantity at a confidence level of 95 %

Uc rel Relative expanded uncertainty of the conventional-true quantity value —

Expanded uncertainty of a combined quantity. This is equivalent to the half-width of As quantity
the confidence interval about the combined quantity at a confidence level of 95 %.

See Annex A, formula (A.5)Example2

com

U Expanded uncertainty of a mean value. This is equivalent to the half-width of the As quantity
confidence interval about a mean at a confidence level of 95 %

Relative expanded uncertainty —

vV Coefficient of variation As quantity
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Table 7 — Reference conditions and standard test conditions

Quantity to be measured;
influence quantity

Reference conditions (unless
otherwise indicated by the
manufacturer)

Standard test conditions (unless
otherwise indicated by the

manufacturer)

Reference dose equivalent C_, for
H(10), H*(10), H,(3), H'(3),
p(0,07) and H'(0,07)

3 mSv
10 mSv

1 mSv to 10 mSv
3 mSv to 30 mSv

Photon radiation energy for
H_(10), H*(10), H_(3), H'(3),
H5(0,07), and 1(8,07)

S-Cs (ISO 4037)@

S-Cs (ISO 4037)2

Beta radiation-energyvfor -t -t
Hp(3)’ 1(3), Hp(0’07)’ and H'(0,07) SUST/AVY (ISO 6980) JUSTPYY (ISO ©6980)
Refergnce point of a dosemeter See 3.34 See 3.34

Refergnce orientation See 3.33 See 3.33

Angle pf incidence of radiation

Reference direction given by the
manufacturer

Reference directiopnd 2°

Ambiept temperature 20 °C 15 °C to 25<5€E€°F
Relatiye humidity 65 % 50 % toZ5.% °
Atmospheric pressure 101,3 kPa 86,0 .kRa to 106,6 kPa °

Power|supply voltage

Nominal power supply voltage

Noeminal power supply voltage +

%

Frequgncy Nominal frequency Nominal frequency £ 1 %
AC poyer supply waveform Sinusoidal Sinusoidal with total harmonic
distortion less than 5 %
Electrgmagnetic field of external Negligible Less than the lowest value that cpuses
origin interference
Magnettic induction of external origin | Negligible Less than twice the induction dug to
the earth’s magnetic field
Dosenleter controls Set up for™mormal operation Set up for normal operation
Radiatjon background Ambient dose equivalent rate of Less than ambient dose equivalept rate
0:1(uSv/h or less if practical of 0,25 uSv/h
Contarpination by radioactive Negligible Negligible
elements
2 Obpgy the third paragraph.itn11.1 regarding dosimetry systems intended to measure both photon anld beta
radiation.
b Fof beta dosemetersyalternatively a photon radiation quality may be chosen as reference radiation quality.
¢ The actual values of theses quantities at the time of test shall be stated. The conventional-true quantity value
of {he dose equivalent shall be corrected for the deviation from reference conditions. A lower limit of pressure

of
70

kPa may be permitted at high altitudes.
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Table 8 — Performance requirements for Hp(10) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
i . clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
system quantities; ¢ ; model manufacturer for the type test
function
2 Requirements to the design of Dose indication; information | To be documented by the 8
the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test
3 Fffects of radiation not intended | Response to thermal Response to be stated by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be documented by the
information about the manufacturer for the type’test
performance of the system | and checked during type test
5 Software, data and interfaces Authenticity of the software; | To be documented by the 0
correctness and integrity of | manufacturer for'the type test
data and checked during type test
6 Coefficient of variation, v H< 0,1 mSv 15 % 1.2
0,1 mSv<H<1,1mSv (16<7H7 0,1 mSv) %
H>1,1mSv 5%
7 Relative response due to non- 0,1mSv < H < 18v —9 % to+11 % 1.3
inearity
- 13 % to +18 %
8 Dverload, after-effects, and 10 times the upper limit of Perception to be off-scale on 1.4
Feusability the measuring rafge: the high end side of the
10-Hup, however at measuring range, after-effects
maximum-+2:20-Sv. may not cause fault
Reused dosemeters shall measurements and v(H,,, ) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 80 kel to 1,25 MeV and Ford2-keV<Fk,, <33 keV: 1.5.1
bhoton radiation energy and Q°(fo + 60°fromreference Fmin = 0,87-101, 4, =2,00-and
angle of incidence direction for33-keV-<£,, <65 keV:
R T e
for£,,>65-keV:
Frin = 0,71 t0 = 1,67
10 Relative response due«to\mean 0,8 MeV Indicated value maximal 10 % of | 11.5.2
beta radiation energy Hp(0,07) dose equivalent
11 As in lines 9 and 10-but new See lines 9 and 10, if no See lines 9 and 10, if no 4 fe)
feference direction opposite to statement by the statement by the manufacturer
hat one used manufacturer
12 Radiation.ncidence from the side | Radiation incidence from Indication less than-45 2 times 1.8
bf the"dosemeter 60°40-120% ¢ to 180°— of indication due to irradiation
o free in air from the front
max
13 esponse 1o mixed irradiations [fradiation with aiferent Response within ranges ol 2
radiation qualities radiation qualities under test
14 Total effect due to environmental | Temperature, light, time; See Table 14 13
performance requirements for details, see Table 14
15 Deviation due to electromagnetic | See Table 15 See Table 15 14
performance requirements
16 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 9 — Performance requirements for Hp(3) dosemeters

Main characteristics or

mandatory measuring Performance requirement for Clause/

Line Characteristic under test Sub-
range or mandatory range the rated range clause

of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; ¢ ; model manufacturer for the type test
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test

3 gffects of radiation not intended | Response to thermal Response 1o be stated by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Instruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system | and checked during type test

5 Yoftware, data and interfaces Authenticity of the software; | To be documented, by the 1P
correctness and integrity of | manufacturer for(the type test
data and checkedduring type test

6 Goefficient of variation, v H <04 mSv 15 % 1M.2
0 4-mSv-<H <14 mSv (16 —7EN=051 0,3 mSv) %

H=11mSv 5%
H < 0,3 mSv
0,3 mSv < H< 3,3 mSv
H > 3,3 mSv
7 Relative response due to non- 04 0,3 mSv < H < \8v e 1.3
linearit
y 13 % to +18 %
8 Qverload, after-effects, and 10 times theswpper limit of Perception to be off-scale on 11 .4
reusability the measuringrange: the high end side of the
10-Hup, however at measuring range, after-effects
maximum=8 20 Sv. may not cause fault
Reused dosemeters shall measurements and v(H,,, ) shall
fulfi-the requirements be according to line 6
9 Relative response due to mean 30 keV to-250-keVt Tmin = 0,71 tor . =1,67 111.6.1
photon radiation energy and 1,25 MeV and
gngle of incidence 0° to + 60°frem—reference
direction
10 Qnly if the dosemeteris)specified | A: 0,8 MeV and A rgin=071t0 7, =167 11.6.2
fpr beta radiation: 0° to + 60°fromreference . . .
Relative response, », due to direction B: Iondlcated value maximal
mean beta radiation energy and 10 % of H[D(O,O7) dose
dngle of ingidénce B: 0,24 MeV equivalen
11 As in lines"9 and 10 but new See lines 9 and 10, if no See lines 9 and 10, if no 8|4 fe)
reference direction opposite to statement by the statement by the manufacturer
that\ope used manufacturer
12 Radiation incidence from the side | Radiation incidence from Indication less than 2 times of 11.8
of the dosemeter 60°-te420° ¢ . to 180°- indication due to irradiation free
a in air from the front
max

13 Response to mixed irradiations Irradiation with different Response within ranges of 12
radiation qualities radiation qualities under test

14 Total effect due to environmental | Temperature, light, time; See Table 14 13

performance requirements for details, see Table 14

15 Deviation due to electromagnetic | See Table 15 See Table 15 14

performance requirements

16 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,_,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 10 — Performance requirements for Hp(0,07) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/

Line Characteristic under test y g a Sub-
range or mandatory range the rated range

L . clause
of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; ¢ ; model manufacturer for the type test
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test

3 gffects of radiation not intended | Response to thermal Response 1o be stated by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Instruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system | and checked during type test

5 Joftware, data and interfaces Authenticity of the software; | To be documented, by the 1P
correctness and integrity of | manufacturer for(the type test
data and checkedduring type test

6 Goefficient of variation, v H<1mSv 15 % 1M.2
1mSv<H<11 mSv (16 —H\A mSv) %

H>11 mSyv 5 %

7 Relative response due to non- 1mSv < H <38Sv 913 % to +4+4+18 % 11.3

linearity

8 Qverload, after-effects, and 10 times the upper limit of Perception to be off-scale on 11.4

reusability the measuring rangex the high end side of the
1O-Hu , however at measuring range, after-effects
maximum-48 20_Sv. may not cause fault
Reused dosemeters shall measurements and v(H, ) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV. 10250 keV and For8-keV<E,,<20-keV: mMm.7.1
photon radiation energy and 0° to £\60°-from-—reference Fmin—076Ft0—+, 5 —2-00-and
angle of incidence direction <Eop<33-keVs
T e I e
Mpheé%#ekl:—é),—ﬂ—te—’l—,él
Pmin = 0,71 t0 7 = 1,67
10 | Qnly if the dosemeter is Specified | 0,24 MeV to 0,8 MeV and For0,06-MeV-</y . —<0.2MeV: | 11.7.2
for beta radiation: 0° to + 60° for extremity Fooin = 078710+ 5=2-00-and
Relative response due.to mean dosemeters and for0;2-MeV-< E, .., < 0.7 MeV:
beta radiation energy/and angle | 0,8 MeV and 0° to + 45° for | #.,,,-=0;69-to+ e He2-and
df incidence whole body dosemeters for £y =0+ MeV:0;711te-0:67
For whole body dosemeters: If
Pmin = 0,71 t0 7 = 1,67
For whole body dosemeters: If
not met, line 13 applies
11 As in lines 9 and 10 but new See lines 9 and 10, if no See lines 9 and 10, if no 8.4 fe)
reference direction opposite to statement by the statement by the manufacturer
that one used manufacturer

12 Radiation incidence from the side | Radiation incidence from Indication less than 2 times of 11.8

of the dosemeter 60°40-120% ¢ t0 180°— indication due to irradiation free
a in air from the front
max
13 For whole body dosemeters: 0,8 MeV at 0° angle of Tmin = 0,71 to Tmax = 1,67 11.9
Indication of the presence of incidence
beta dose

14 Response to mixed irradiations Irradiation with different Response within ranges of 12
radiation qualities radiation qualities under test

15 Total effect due to environmental | Temperature, light, time; See Table 14 13

performance requirements for details, see Table 14
16 Deviation due to electromagnetic | See Table 15 See Table 15 14

performance requirements
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17 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15
performance requirements for details, see Table 16 H=T7H,,
Table 11 — Performance requirements for H*(10) dosemeters
Main characteristics or
mandatory measuring Performance requirement for Clause/

Line Characteristic under test Sub-
range or mandatory range the rated range clause

of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; Lo~ TTodet Tranufacturerforthetypetest
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the typectest
evaluation algorithm and checked during typejtest

3 Hffects of radiation not intended | Response to thermal Response to be stated, by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Ipstruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system and checKed during type test

5 Joftware, data and interfaces Authenticity of the software; | Te,be documented by the 1P
correctness and integrity of | ntanufacturer for the type test
data and checked during type test

6 Qoefficient of variation, v H-<0:1+mSv e 1.2
Q,q HQS’ _: Ly 9’5 E]HS (18 3[“0’1 FFIE;“) 04
Q 5 S < Ly 29 S 3 04
Ly 29 S 5 04
H < 0,1 mSv 15 %

0,1 mSv <A <"1,1 mSv (16 —H /0,1 m8v) %
Hz1,1 mSv S %
7 Relative response due to non- 04 mSy-< H<0;5mSv ForH <04+ mSv-and-above: 1.3
linearity 05 ASYy- < H < 20 mSv -9 % to+11%
29 HQS’ !!iq S’ 7504
9 04 te *11 04 and feF I > 1 S”
0,1mSv < H < 1Sv
-13 % to +18 %
8 Qverload, after-effects,«and 10 times the upper limit of Perception to be off-scale on 1.4
reusability the measuring range: the high end side of the
10-H, , however at measuring range, after-effects
maximum-40 20 Sv. may not cause fault
Reused dosemeters shall measurements and v(H,,, ) shall
fulfil the requirements be according to line 6
9 Relativesresponse due to mean 80 keV to 1,25 MeV and Pin = 0,71 tor = 1,67 11.5.1
photon radiation energy and 0° to +75 60° and
gdngle of incidence 180° to (180°+-75 60°) and _
and for environmental "min ~ 0,67 to "max = 2,00
dosemeters
from +-75 60° to +-165°>
from reference direction
120°

10 Relative response due to mean 0,8 MeV Indicated value maximal 10 % of | 11.5.2

beta radiation energy Hp(0,07) dose equivalent

11 Response to mixed irradiations Irradiation with different Response within ranges of 12
radiation qualities radiation qualities under test

12 Total effect due to environmental | Temperature, light, time; See Table 14 13

performance requirements for details, see Table 14

13 Deviation due to electromagnetic | See Table 15 See Table 15 14

performance requirements

14 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,,
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NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]

Table 12 — Performance requirements for H'(3) dosemeters

Main characteristics or

performance requirements

for details, see Table 16

H=TH

low

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
f . clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
-y:tpm nlusmtitipe' z - maodal manufacturer for the f\/'np test
function
2 Requirements to the design of Dose indication; information | To be documented by the
he dosimetry system on reader, dosemeter and manufacturer for the type.test
evaluation algorithm and checked during type\est
3 Fffects of radiation not intended | Response to thermal Response to be stated.by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be docuUmented by the
information about the manufactufer for the type test
performance of the system and cliegked during type test
5 Software, data and interfaces Authenticity of the software; | To‘he/documented by the 0
correctness and integrity of | mlanufacturer for the type test
data and checked during type test
6 Coefficient of variation, v H < 0,3 mSv 15 % 1.2
0,3mSv < H < 3,3 mSv (16 = H/0,3mSv) %
H > 3,3 mSv 5%
7 Relative response due to non- 0,3 mSv < H <~ Sv -13 % to +18 % 1.3
inearity
8 Dverload, after-effects, and 10 times. the upper limit of Perception to be off-scale on 1.4
Feusability the measuring range: the high end side of the
10 Hyy,*however at measuring range, after-effects
maximum 20 Sv. may not cause fault
Reused dosemeters shall measurements and v(H,,, ) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV to 1,25 MeV and Pmin = 0,71 tor . = 1,67 1.6.1
bhoton radiation energy and 0° to + 60° and and
bngle of incidence 180° to (180°+ 60°)
and for environmental Pmin = 0,67 t0 rpay = 2,00
dosemeters
from + 60° to + 120°
10 Dnly if the dosemeter is specified | A: 0,8 MeV and Argin=071t07r . =167 1.6.2
or beta radiation: 0° to + 60° . . .
Relative-fesponse due to mean B: Iondlcated value maximal
beta fadiation energy and angle | B: 0,24 MeV 10 % of HF(O*W) dose
bf {atidence equivalen
11 esponse to mixed irradiations Irradiation with different Response within ranges of 2
radiation qualities radiation qualities under test
12 Total effect due to environmental | Temperature, light, time; See Table 14 13
performance requirements for details, see Table 14
13 Deviation due to electromagnetic | See Table 15 See Table 15 14
performance requirements
14 Deviation due to mechanical Drop; +0,7-H,,, at a dose of 15

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] =& r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 13 — Performance requirements for H'(0,07) dosemeters

Main characteristics or

performance requirements

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
i . clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
system quantities; ¢ ; model manufacturer for the type test
function
2 Requirements to the design of Dose indication; information | To be documented by the 8
the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test
3 ffects of radiation not intended | Response 1o thermal Response 10 be stated by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be documented by the
information about the manufacturer for the type test
performance of the system | and checked during-type test
5 Software, data and interfaces Authenticity of the software; | To be documented by the 0
correctness and integrity of | manufacturerfarithe type test
data and checked dudring type test
6 Coefficient of variation, v H<01mSv 15-% 1.2
) 5 FHSU g |24 g 29 mS 3 04
b = 29 I 'S‘V 5 07,0
H<1mSv 15 %
1 mSv<H<11 mSv (16 —H/ 1mSv) %
H=>11mSv 5%
7 Relative response due to non- 04 mSv- < H <0;5mSv For H <04 mSv-andabove: 1.3
inearity 0;5-mSv-< H <20 mSv -9 % to+11%
29%8 U_S:]S _504
9 04 te 11 0( and feF > 1 S“
1 mSv <¥A < 3 Sv
-13 % to +18 %
8 Overload, after-effects, and 10.times the upper limit of Perception to be off-scale on 1.4
Feusability the-measuring range: the high end side of the
40-H, , however at measuring range, after-effects
maximum-49 20 Sv. may not cause fault
Reused dosemeters shall measurements and v(H, ) shall
fulfil the requirements be according to line 6
9 Relative response due.to*mean 80-keV-to-1.25 MeV-and Foin = 0,71 to Fax = 1,67 1.71
bhoton radiation epergy and 0% to=75%and
bngle of incidence o °y 75° and
¢ 750 05° Frin = 0,67 tor . =2,00
‘ ‘ - .
30 keV to 1,25 MeV and
0° to + 60° and
180° to (180°+ 60°)
and for environmental
dosemeters
from + 60° to £ 120°
10 Only if the dosemeter is specified | 8;2 0,24 MeV to 0,8 MeV Fin = 0,71 t0 = 1,67 11.7.2
for beta radiation: and 0° to + 60°-frem
Relative response due to mean reference-direction
beta radiation energy and angle
of incidence
11 Response to mixed irradiations Irradiation with different Response within ranges of 12
radiation qualities radiation qualities under test
12 Total effect due to environmental | Temperature, light, time; See Table 14 13
performance requirements for details, see Table 14
13 Deviation due to electromagnetic | See Table 15 See Table 15 14
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14 Deviation due to mechanical Drop; + O,7-HIOW at a dose of 15
performance requirements for details, see Table 16 H=TH¢,,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]

Table 14 — Environmental performance requirements for dosemeters and readers

Maximum permitted Clause/

Line Characteristic under Mandatory range of influence variation of relative Sub-

test gquantity —————— T Trespomnse—amd-deviatiom; Jause
D, ® for the rated range

1 Relative response and e Personal dosemeters: Type F: 132
deviation due to ambient —10 °C to +40 °C oin = 0,83; Tax = 1,25
temperature and relative )
humidity (dosemeter) e  Environmental dosemeters: Type S: D = HHWAH

—20 °C to +50 °C ata
and 10 % to 90 % relative humidity, dose of H =LA H,
not condensing

2 Relative response and 0 W/mZ2 to 1 000 W/m? (spectrum Type F: 133
deviation due to light corresponding to bright sunlight) Toin© 0,91 7 = 1,11
exposure (dosemeter)

Type S: D, =0,7H,, ata
dose of H=7 H|,

3 Dose build-up, fading; Maximum rated measurement time; Type F: 134
and self-irradiation and fmax 2 1 month Foin = 0,91; Tax = 1,11
response-to-natural ) _
radiation (dosemeter) Type S: D, = 0,7 H,,,, at a

dose of H=7 H, and for
type F and type S

v(H,,,) according to line 6 of
Table 8 to Table 13

4 Sealing (dosemeter) Ingress shall be prevented Precautions to be stated 13.5

5 Relative response and Stabitity over ¢ Type F: 13.6
deviation due to reader Tonin = 0,915 7 = 1,11
stability (reader)

Type S: D, = 0,7 H, ata
dose of H=7 H,,,

6 Relative response_and +15 °C to +25 °C for at least 4 h but | Type F: 137
deviation due_torambient | long enough to ensure temperature Tonin = 0,915 7 = 1,11
temperature~(reader) equilibrium with the environment.

Type S: D, =07 H, ata
dose of H=17 H,,,

and for type F and type S
v(H,,,,) according to line 6 of
Table 8 to Table 13

7 Relative response and 0 W/mZ2 to 1 000 W/m? (spectrum Type F: 13.8
deviation due to light corresponding to bright sunlight) Ponin = 0,915 7 = 1,11
exposure (reader)

Type S: D, = 0,7 H, ata
dose of H=7 H,,,

and for type F and type S
v(H,,,) according to line 6 of
Table 8 to Table 13

8 Relative response and Power supply voltage: —15 % to Type F: 13.9
deviation due to a +10 % from nominal value (for Ponin = 0,915 7 = 1,11
change in the primary example 110 V or 230 V) ) _
power supply (reader) Type S: Dy, = 0,7 H,, ata

Frequency: -2 % to +2 % B

from nominal value (for example dose of H =7 H,,,

50 Hz or 60 Hz) and for type F and type S
v(H,_ ) according to line 6 of
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Table 8 to Table 13

a8 Valid in case the influence quantity is assumed to be of type F.

b

Valid in case the influence quantity is assumed to be of type S.

Table 15 — Electromagnetic disturbance performance requirements for
dosimetry systems according to Clause 14

80 % AM (1 kHz) impinging to at least
two sides of the device under test and
with both polarities of the radio-
frequency field

at 30 V/m with a
frequency sweep;

For all other parts
of the dosimetry
system containing
electronic
components such
as the reader: test
at 30 V/m with at
least the
frequencies
stated below €¢; if
that test leads to
a failure then test
at 10 V/m from all
six sides.

Maximum
permitted
. - . jon, D,
Line| Influence quantity Mmrda'tury'mg‘em‘f‘rrrﬂ'umrce Criterion? Testaccorting— for the rated
quantity to
range¢ at a
dosge of
H=1 Hlow
1 |EJectrostatic 0 2kV to + 8kV air discharge B IEC 61000-4=2 +0,7 How
d|scharge 0 2KV to + 4kV contact discharge
2 |Conducted 0kV-te + 2 kV (a.c. and d.c.P power B IEC 64000-4-4 +0,7H,,
d|sturbances: ports)
fgst transients 0kV-to + 1 kV (signal ports) ©
O-kV-te = 1 kV (functional earth ports)
5/50 ns (t/t,)
5 kHz repetition frequency
3 |Conducted 0,5kV to £ 2kV (a.c. power ports, line- B IEC 61000-4-5 0,7 How
d|sturbances: to-earth)
sfirges 0,5kV to £ 1kV (a.c. power ports, lings
to-line)
0,5kV to £ 0,5kV (d.c. power ports)
0,5kV to + 1kV (signal ports, line-to-
earth) ©
1,2/50 (8/20) ps (z/t,)
4 |Conducted 150 kHz to 80 MHz A IEC 61000-4-6 +0,7H,,
d|sturbances: 0-V-te 10 V (rms, unmodulated)
rgdio-frequencies 80 % AM (1 kHz)
cpmmon mode (signal ports, a.€.)power ports and
functional earth ports)
5 |Ppwer-frequency 50 Hz, 60.HZ A IEC 61000-4-8 +0,7H,,
nlagnetic field 30 A/m
6 |Clonducted 100% reduction for 1 period (20 ms at B IEC 61000-4-11 0,7 How
d|sturbances: 50\Hz) C
Vpltage dips 30 % reduction for 500 ms C
Vpltage interruptions-/|60 % reduction for 200 ms C
100 % reduction for 5 000 ms
7 |Rladio-frequency 80-MHzto-2-400-MHz: A IEC 61000-4-3 + 0,7 Hiow
aplitude modulated [0-\V/m-te-30-\V/m (rms,unmodulated) Frequency steps
electromagnetic field |80-%-AM-{1+kHz}
10-%d
80 MHz to 2,4 GHz:
30 \V’Illll \IIIIO, ullllludu:atcd) :_UI badgco tUOt
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Line

Influence quantity

Mandatory range of influence

Criterion? Test according

quantity to

Maximum
permitted
deviation, D,
for the rated
range at a
dose of
H=TH

low

a  A: Device works properly during and after the test;

B: Device works properly after the test;

C: Device may be shut down during the test but it shall be possible to switch it on after the test;

For details, see IEC 61000-6-2.
b Only if cables above 3 m are allowed by the manufacturer.

¢ On
6 Thi
d 30

¢ Fre
98

guencies for the Radio-frequency test:
202 /434 /550/710/873/903/915/947/1472/1800/1890/2035/2150/2A450,MHz.

y ffcabtesabove 30T are attowed Py the manurdctiurer.

/m is used as with this the number of orientations of the device under test can be reduced.

Table 16 — Mechanical disturbances performance

requirements for dosemeters

Line

Influence quantity

Mandatory range of
influence quantity

rated range at a dose of H =7 H,,,

Maximum permitted deviation, D, for the | Subjclause

Drop on surface
dosemeter)

1,0 m onto concrete surface
(IEC 60068-2-31)

+07 Hlow

15.2

Table 17 -

List of,abbreviations

Abbreviation

Meaning

CRC cyclic redundancy check
DIS direct ion storage
TLB thermoluminescence detector

WLAN

wireless local area network
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Annex A
(normative)

Confidence limits

A.1 General

If the magnitude of the random uncertainty of an indicated value is a significant fraction of the
permitted tolerances of this indicated value, the random uncertainty shall be considered by
performing more than one measurement (see 5.2.1). The number of measurements or the
sample size shall be chosen in such a way that the confidence interval obtained fof each
mean,| x, for a confidence level of 95 % (that is the expanded uncertainty of the_indicated
value,| U) lies either within the limits of variation of the indicated value permitted“in the test
(test passed, triangle in Figure A.1) or outside of these limits (test failed, circle;'in Figurg¢ A.1).
If one|of the permitted limits of variation, x, or x,, lies within the confidence(intérval (squares
in Figure A.1), the number of measurements or the sample size can bhe increased up to a
number of 25 to reduce the width 2-U of the confidence interval, in order‘Mo reach one|of the
two cgses mentioned above, which are necessary for an unequivocal decision of passihg the
test on not.

In case the number of measurements or the sample size is alfeady-25 24, the test is pagsed if
lies inside the permitted limits of variation (filled square) and the test is failed if

the mean x
the me¢an x lies outside the permitted limits of variation (epen square).
:3“ o
N‘ LY
*u ? L_,lr| (ié)/
IEC
Key

1 Conffidence interval of the mean, width 2 U
2 Permitted upper limit of variation, x

3 Peritted-ower limit of variation, x,

rigure A.T — Test Tor confidence interval

The test is passed if the confidence interval of width 2-U around Xx lies between the permitted
upper and lower limit of variation, x, and x;:

<X 2U<x, (A.1)

If it turns out to be necessary to reduce the width 2-U of the confidence interval, the number
of measurements should be increased.
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A.2 Confidence interval for the mean, x

The confidence interval for the mean x is:

(X = U, X + Uy) (A.2)

where U,, is the half-width of the confidence interval of X which is the expanded uncertainty
of a mean value. When calculating x from » measurements, the half-width of the confidence
interval at a confidence level of 95 % is given by (see ISO/IEC Guide 98-3:2008, C.3.2 and
G.3, formula G.1d):

Uy =225 (A.3)

where| s is the standard deviation for the specific group of measurements, and ¢,_4 (coyerage
factor| for the double sided confidence level of 95 %) is taken Arom Table A.1|for n

measyrements. For example, for n = 10, Uy, =%-s =0,72-5.

J10

Table A.1 — Student’s #-value for a double sided 95 % confidence interval

I I
n L Jn n L Jn
2 12,71 8,98 15 2,14 0,554
3 4,30 2,48 20 2,09 0,468
4 3,18 1,59 2524 2,06 0,443 0,410
5 2,78 1,24 30 25 2,06 2,06 6373 0,413
6 2,57 1,05 40 30 2,02 2,05 0,320 0,373
7 2,45 0,925 60 40 2,00 2,02 0,258 0,320
8 2,36 0,836 420 60 498 2,00 6,484 0,258
9 2,34 0,769 % 120 1,96 1,98 0,181
10 2,26 0,715 ” 1.96 196/

A.3 | Confidence interval for a combined quantity

Suppose the mean values of w quantities x; (7= t-.w) and the hatf-widths—of the

corresponding confidence intervals U, (i = 1..w) to be given; the U, are calculated according to
formula (A.3). Let X be a combined quantity from these w mean values:

X= /(% X2, ..%,) (A.4)

Then the half-width of the confidence interval Uy, for the combined quantity X represents

the expanded uncertainty of x and is approximately given by:

w ox 2
Ucom # Z E'Ui (A.9)
1
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This is only valid, if the w quantities are normally distributed (see ISO/IEC Guide 98-3:2008,
E.3.3) and not correlated. The correct way to determine the confidence interval for the
combined quantity * is described in the ISO/IEC Guide 98-3:2008, G.4.1. Nevertheless, for
the purpose of this document, formula (A.5) can be used as a good approximation. The
following examples use formula (A.5).

EXAM

in gen

PLE 1 ¥ =% +%, hence Ugom ~UZ +U2
n

EXAM

NOTE 1

Suppdg
C1:0

The in

0,094
0,103

and fg

n
eral Xx=) x; hence Ugyp = JZU,.Z
' V=1

— _ 2 2
- G G U U
PLE 2 X=—1 hence Ugm ~ —1- (71 + =0
r,0 Gro |\ G1 Gro
U, and U, , are calculated according to formula (A.3).

se group 1 of n = 10 dosemeters was irradiated to a conventional-true quantity va
,1 mSv. The reference group of n = 5 dosemeters was irradiated to C, 5 = 3 mSv.

dicated values for the two groups are, for group 1+

mSv; 0,097 mSv; 0,086 mSv; 0,091 mSv; 0,092 mSv;
mSv; 0,093 mSy; 0,087 mSyv; 0,087*mSv; 0,094 mSwv.

r the reference group:

2,82 miSv; 2,97 mSy; 3,04 mSv; 2,96 mSyv; and 2,96 mSv.

From
calcul

G _
Gr,O
0,940

level d

NOTE 4

the above values, G;=0,0924, (_;r,O =2950, s54=0,00517 and s.,=0,080
ated. Using formula (A:3) leads to Uy =0,00370 and U, =0,0993. For the qu

G C
00313, it results) Ucom =0,00164. Thus, the term [_—1¢Ucom}c;’o resy
Gr,O 1

+ 0,049 representing the confidence interval of the relative response at a conf
f 95 %: 0389 to 0,99.

Fhe_response values are R, = 0,924 and R_, = 0,983 leading to a relative response of r = 0,940.

lue of

D are
otient

Its in

dence

Assu

e, thatl the relalive response Is allowed 10 be between U,J1T and T,TT. Assuml

g the

expanded uncertainties of the conventional—true quantity values C; and C,, to be

UC,reI;

r0=25% and Ucrel: 1 = 2,9 %, respectively, leads

to

Uc.com = \/Uérekr,o + U8 e1:1 = 0,035. This leads to the following allowed limits: 0,87 to 1,15.

In conclusion, the inequation 0,91-U¢ com s(_—iUcom]-

0,87 <

G Cr,O

i

<111+ Uccom becomes
i

r,0

0,89.. 0,99 < 1,15 and is fulfilled. This test is passed.
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Annex B
(informative)

Causal connection between readout signals,
indicated value and measured value

The causal connection between (readout) signal(s) (see 3.40), indicated value (see 3.14) and
the measured value (see 3.22) is shown in the following Figure B.1.

Stored dose information in the detector(s) of a dosemeter

l

One or more signals Sg, g=1.b

!

Indicated value G (in routine monitoring used as final ¥alue)

Readout of the detector(s) in the reader

Evaluation of the indicated value G with the
algorithm inside the dosimetry system:

G =1(S,,..,S,); Abbreviated: G = f(Sg)

Evaluation of the uncertainty of
G using a model function, see
3.25, and results of a type test

!

Only.in special cases to reduce the
uncertainty: application of the model function,
seed3.25, using detailed information on the

irradiation conditions

C

M: measured value and

hcertainty U(G) of the indicated value ) )
U(M), the assigned uncertainty

The sfarting point of data evaluation is the stored dose information in the detector(s).

This iIformation is read\out and the reader generates one or more signals, for examg

charg
this in

Using
that w

IEC

Figure B.1 — Data evaluation in dosimetry systems

measured in @ photomultiplier tube due to TL-light, called S4: » = 1. In the case
Hicates that.more than one signal can be present from one dosemeter.

this sighal as a basis, the dosimetry system (computer or whatever) evaluates the
ill be jindicated. To determine this indicated value G from the signal(s), a num

steps [are’ automatically done inside the dosimetry system. Examples for these steps

applicetion—ef-a—catbraton—facter—a—€o ors—fe d O Hiy—Faeter—and
calibration and the application of a computer algorithm for combining more than one signal.
These steps are summarized in the function f{(S,) (see 8.6). In routine monitoring, the
indicated value G is used as the final result. In other words: the instrument constant, ¢, is
unity, see 3.18. However, the uncertainty of G is not known up to this point.

The uncertainty U(G) of the indicated value can be determined using a model function
(see 3.25) and further information, for example results of a type test according to this
document.

In case a very precise dose value shall be determined, for example in an accidental situation,
detailed information on the irradiation conditions can be used to correct the indicated value.
This can be done using a model function (see 3.25). The result is called measured value M
because it is quite close to the traditionally called true dose value with a small uncertainty.

The two latter steps are explained in detail in IEC TR 62461.
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Annex C
(informative)

Overview of the necessary actions that have to be performed
for a type test according to this document

In Table C.1 a schedule for a type test for a dosemeter, that fulfils this document for the
mandatory ranges, is given. Extending the rated ranges means that more irradiations have to
be performed.

—Tablte€-+=Schedute foratypetestof-adosemeterforH (10—
e i o P
fulfilling the requirements within the mandatory ranges
. Number of groups / | [Clause/
Line Characteristic under test Action to be taken dosemleters Sub-
for the type test N ¢
to be irradiated clause
1 Capability of the dosimetry Documentation of the manufacturer: check |0/ 0 f
system whether the mandatory ranges are covered
2 Requirements to the design Documentation of the manufacturer: check .0/ 0
of the dosimetry system whether the requirements are fulfilled and
the evaluation algorithm is given
3 Effects of radiation not Documentation of the manufacturef; check [0/0 7
intended to be measured whether the response to neutron radiation
is given
4 Instruction manual Check the manual 0/0 D
5 Software, data and interfaces | Check the documentation-of the 0/0 0
manufacturer and perform simple tests
6 Relative response due to Perform irradiations 121+969/72 1.3
non-linearity
7 Coefficient of variation, v 1.2
8 Overload, after-effects, and Perform irradiations 4/26 1.4
reusability
9 Relative response due to Check whether the construction of the Sym. Constr.:24 /96 | 11.5.1
mean photon radiation dosemeter is symmetrical with respect to Non-sym.: 48 / 192
energy and angle of rotation, then perform irradiations
incidence
10 Relative response due to Perform irradiations 1/5 1.5.2
mean beta radiation energy
11 As in line 9 and~10 but new Check whether the information is given on | Mostly 0/ 0 4 f)
reference diréction opposite the dosemeter or whether the dosemeter is
to that one used symmetrical with respect to detector plane;
if both is not the case, perform irradiations | Maybe as line 9
12 Radiation incidence from the | Check by looking at the construction of the | Mostly 0/ 0 1.8
|side”of the dosemeter dosemeter: side walls thicker than front?
If not, perform irradiations Maybe 6 / 24
13 Response to mixed Check by understanding the evaluation Mostly 0/ 0 12
irradiations algorithm; if it is not additive, use
irradiations from Clause 11 and perform Maybe 3/ 12
calculations according to Clause 12 and
Annex F
14 Relative response due to Perform irradiations and additional 23/476 21/126 13
environmental performance influences, for example
requirements storing of three groups for a time of 7
15 Deviation due to Perform irradiations and additional 8/14067 8/ 130 14
electromagnetic performance | influences
requirements
16 Deviation due to mechanical Perform irradiations and additional 4/ 24 15

performance requirements

influences
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Annex-E D
(informative)

Uncertainty of dosimetry systems

Y (12 <20 %isvalid

32t0139 ¢ ,\Q/Q

| indicatod—valuos— G, —detorminod ’ ?ggl
©

NOFEA

NOTE

It is ddvisable that the dosimetry system is if’line with the recommendations on ac

stated
in rou
(k=2
repres

the standard uncertainty determir{fg}eccording to IEC TR 62461 is less than or equal tg
(k= 1}.

‘?:{(man_r’i -Gy £ Um|)2} <A1 Hygy -is-valid- ((/Q
-2 s\\

QO
in paragraph 251 of ICRP 75:1997. T, means, the response of the dosimetry sy

ine use shall lie within a factor oféS in either direction for photon radiation at g

entative part of the body, if alb'n luence quantities are within their rated ranges,

S

Curacy
stems
95 %

confidence level. This is theN¥ase if the dosemeter is worn correctly &t the

and if
17 %
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Annex E
(informative)

Conversion coefficients 4,,(0,07;source;a), h'(0,07;source;a),
hpD(3;source;a), and h',(3;source;a) from personal absorbed dose in
0,07 mm depth, Dp(0,07), to the corresponding dose equivalent

quantities for radiation qualities defined in ISO 6980-1

In Tables E.1 to E.5 conversion coefficients from personal absorbed dose in 0,07 mm depth,
(O 07), to the different dose equivalent quantites are given for radiation qualities defined in

ISO 6

Correg¢tions to account for the difference from the slab (used to determine D (O,
phantpms (to be used during calibration and irradiation of dosemeters) an
spher¢ were taken into account, see Behrens (2015). The standard uncertai
stated|in the tables. q/

A\

absorled dose to tissue (embedded in a slab phantom), see Behrens and Bucth

o the
s (k=

q

tg

rd for
P011).
other
ICRU
1) are

The vhplues given in the following tables shall only be used as Iongﬁb such values &fre not

includgd in ISO 6980-3 or in any other documents or scientific publ@ ons.

dose
for

Tablg E.1 - Conversion coefficients h;,(0,07;s0urce;a)g, {Grn personal absorbed
in 4,07 mm depth, D (0 07), to the dose equivalent H, g\ﬂ, 7) for the slab phantom
radiation qualities defined |n<§ 6980-1
Source hpD(0.07;sourcg§{7 1ap fOr an angle of incidence o of
T~
Beam . \D)
Nuc|ide | flattening D's;;"ce 0° 15 Q 30° 45° 60° 75°
filter ,{(\
147 1,000 + ]$
Pm no 11 0,000 \Q’ .a. n.a. n.a. n.a. n.a.
~
147 1,00 0,960+ |0,870% |0,720% |0,530
Pm yes 20 Q,Bbg} 0,002 0,007 0,013 0,016 n.a.
g5 @000+ |0990+ 0960+ |0880+ |0720% 0,490+
Kr yes 30 C}o,ooo 0.001 0.005 0,010 0.014 0.015
85Kr yes 5(@ ’ 8888 £ |na n.a n.a. n.a n.a
S :
1,000 +
90 90y ’
Sr/PHY no C)H 0.000 n.a n.a n.a. n.a n.a
90sr/°qy N > 20 1,000+ [1,020 (1,060 |1,140+ [1210% |
A 0,000 0,001 0,006 0,013 0,024 -
90sr/°qy C)no 30 1,000+ |[1,010+ |1,060+ [1,130+ [|1,160% |0,910%
</ 0,000 0,001 0,006 0,013 0,023 0,027
\ v/
90g/90 no 50 F000= HoTo= 050 = S 100= 5100 = 07840
0,000 0,001 0,006 0,013 0,022 0,025
90g/90y os 30 1,000+ [1,010+ [1,060+ [1,120+ [1,140+ |0,860 +
y 0,000 0,001 0,006 0,013 0,023 0,025
90sr/90y 50 1,000 +
yes 0’000 n.a. n.a. n.a. n.a. n.a.
106 106 1,000 £
Ru/""°Rh | no 11 0,000 n.a. n.a. n.a. n.a. n.a.
106Ru/198Rh | no 20 1,000+ [1,011+ [1,06+ 1151 1,256 |
0,000 0,001 0,006 0,013 0,025 a
1060, 1106 1,000+ [0,998+ [1,039%+ [1,127+ [1,195% |1,003 %
Ru/™"Rh | yes 30 0,000 0,001 0,006 0013 0,024 0,030
106RU/1®Rh | yes 50 1,000 +
0’000 n.a n.a n.a. n.a n.a



https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

- 90 - IEC 62387:2020 RLV © IEC 2020

Table E.2 — Conversion coefficients ,,(0,07;source;a),,q from personal absorbed dose
in 0,07 mm depth, Dp(0,07), to the dose equivalent H,(0,07) for the rod phantom for
radiation qualities defined in ISpO 6980-1

Source hpD(0,07;source;cx)Irod for an angle of incidence «a of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
147pm no 11 888(5) * n.a n.a n.a. n.a n.a
147 1,000 £ 0,960 = 0,870 = 0,720 = 0,534 +
Pm yes 20 0005 0005 0008 0013 0018 n.a.
85Ky os 30 1,000 ¢ 0,990 + 0,960 + 0,880 + 0,728 0,506+
y 0,005 0,005 0,007 0,013 0,016 0,015,
85Kr yes 50 8882 * n.a n.a n.a. n.a A.a
90599y no 11 888; * n.a n.a n.a. n.d n.a
90sr/°qy o 20 0,987+ |1,006+ |1,042% |1,122% ()| D227+ |
0,005 0,005 0,008 0,014 0,025 o
90sr/99y o 30 0,987+ 0,996+ [1,042% |14M2% |1,176+ |1,052+%
0,005 0,005 0,008 0,014 0,024 0,032
90sr/99y o 50 0,987+ 0,996+ |1,032+ (})1,082+ |1,115+ |0,971#
0,005 0,005 0,008 0,014 0,023 0,029
90gr/99qy es 30 0,987 £ 0,996 + 10042+ 1,102 £ 1,156 £ 0,994 +
y 0,005 0,005 0,008 0,014 0,024 0,030
908799y 0,987 +
yes 50 0.005 n.a. n.a. n.a. n.a. n.a.
106Ru/|%Rh | no 11 883; * na. n.a. n.a. n.a. n.a.
106Ru/|%Rh | no 20 0,987 & 0,993 + 1,037 £ 1,120 £ 1,251 £ n.a
0,008 0,006 0,008 0,014 0,026 o
1060, 06 0987+ [0,980+ [1,016+ |1,097+ [1,190% 1,156+
Ru/ITRh- | yes 30 0005 0.006 0.008 0.014 0.025 0.035
106 06
RU/IT"Rh | yes 50 883; * n.a n.a n.a. n.a n.a
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Table E.3 — Conversion coefficients 1',(0,07;source;a) from personal absorbed dose in
0,07 mm depth, Dp(0,07), to the dose equivalent H'(0,07) for the ICRU sphere for
radiation qualities defined in 1ISO 6980-1

Source H';(0,07;s0urce;a) for an angle of incidence a of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
147pm no 11 8888 * n.a n.a n.a. n.a n.a
147 1,000 £ 0,960 = 0,870 = 0,720 = 0,530 =
Pm yes 20 0008 0007 0012 0014 0018 n.a.
85Ky os 30 1,000 ¢ 0,990 + 0,96 + 0,88 + 0,720 0,490+
y 0,006 0,007 0,009 0,013 0,019 0,016
85Kr yes 50 8882 * n.a n.a n.a. n.a A.a
90599y no 11 888(5) * n.a n.a n.a. n.d n.a
90sr/°qy o 20 1,000+ 1,020+ |1,060+ |1,140% )| P210+ |
0,005 0,005 0,008 0,016 0,025 o
90sr/99y o 30 1,000+ [1,010+ |[1,060+ [1430% |1,160% 0,910+
0,005 0,005 0,008 0,915 0,024 0,028
90sr/99y o 50 1,000+ [1,010+ |[1,050+ ()%,100+ |1,100+ |0,840
0,005 0,005 0,008 0,015 0,023 0,026
90gr/99qy es 30 1,000 £ 1,010 £ 10607+ 1,120 £ 1,140 £ 0,860 +
y 0,005 0,005 0,008 0,015 0,024 0,027
90sr/99y 1,000 +
yes 50 0.005 n.a n.a n.a. n.a n.a
106Ru/|%Rh | no 11 8883 * Ra n.a n.a. n.a n.a
106Ru/|%Rh | no 20 1,000 £ 1,011 £ 1,060 £ 1,151 £ 1,256 % n.a
0,007 0,008 0,010 0,016 0,026 o
NOOO0 + 0,998 + 1,039 £ 1,127 £ 1,195 £ 1,003 £
106 06 ) , , , , ,
Ru/ITRh- | yes 30 0007 0,008 0.010 0.016 0.025 0,031
"°Ru/|%Rh yes 50 1,000 + n.a n.a n.a n.a n.a
0,007 o
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Table E.4 — Conversion coefficients & ;,(3;source;d)¢yjinger from personal absorbed dose
in 0,07 mm depth, Dp(0,07), to the dose equivalent H, (3) for the cylinder phantom for
radiation qualities defined in I%O 6980-1

Source hpD(3;so”rce;a)cylinder for an angle of incidence a of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
90gy/90y no 11 8881 * n.a. n.a. n.a. n.a. n.a.
90gy/90y 0,495 +
no 20 A ana n.a. n.a. n.a. n.a. n.a.
908r/9%y 0,476 +
no 30 0’004 n.a n.a n.a. n.a n.a
908799y 0,440 +
no 50 0’004 n.a n.a n.a. n.a A.a
9059y os 30 0,431 £ 0,407 + 0,321 + 0,210 0,106 & 0,037 +
y 0,004 0,004 0,004 0,004 05004 0,002
sy yes 50 0,384 + n.a n.a n.a n.a n.a
0,003 o
106RU/|%Rh | no 11 8(7)82 * n.a n.a néa n.a n.a
108Ru/|%Rh | no 20 0771+ |0,743+ |0,659% (J0,500+ 0,291+ |
0,006 0,006 0,008 0,010 0,009 o
0,757 £ 0,716 + 064+ 0,486 + 0,284 + 0,114 +
106 06 ) ) ¢ , , ,
Ru/ITRh- | yes 30 0,006 0.006 0,607 0.010 0,009 0,005
106Ru/|96RK yes 50 0,715 +
0,006 n.a n.a n.a. n.a n.a

Table E.5 — Conversion coefficientsdi",(3;source;a) from personal absorbed dosg in
0,07 mm depth, Dp(0,07), to the dose\equivalent H'(3) for the ICRU sphere for radigtion
qualities defined in ISO 6980-1

Source H';(3;source;a) for an angle of incidence « of
Beam Distance
Nuclide flattening W 0° 15° 30° 45° 60° 75°
filter
9059y no 11 8(5)8; * n.a n.a n.a. n.a n.a
90sr/9%y 0,495 +
ng 20 0’004 n.a n.a n.a. n.a n.a
908799y 0,476 +
no 30 0.004 n.a. n.a. n.a. n.a. n.a.
9081/ 0,44 =
no 50 0.004 n.a n.a n.a. n.a n.a
90g/90y os 30 0,431+ 0,402+ |0,320+ |0,208+ 0,104+ 0,035+
y 0,004 0,004 0,004 0,004 0,004 0,002
90gy/90y 0,384 +
yes 50 0’003 n.a. n.a. n.a. n.a. n.a.
106Ru/196Rh | no 11 8(7)8(7) * n.a. n.a. n.a. n.a. n.a.
106Ru/18Rh | no 20 0771+ 0,743+ 0,657+ |0496% |0284x |
0,007 0,006 0,008 0,010 0,009 o
0,757 + 0,716 0,639 + 0,483 + 0,277 0,107
106p,,/106 , , , , , ,
Ru/TERA - Jyes 30 0,007 0.006 0.008 0.010 0.009 0.005
196RY/1%8Rh | yes 50 0,715 ¢
0,006 n.a n.a n.a. n.a n.a
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Annex-H F
(informative)

Computational method of test for mixed irradiations

In Figure F.1 a flow chart of a program performing the method of test according to 12.2 is
shown. The following notations are valid:

N =1,2,..., Nyax is the pointer to the table entry containing the signals (element
responses) S_(K) for the radiation quality K (g = 1,.5). For example, N = 2 corresponds to
“N-20: 15° up".

Jj =11, 2, ..., (Nnax — N) is the offset from N to point to the table entry containing the\dignals
(glement responses) S (L) for the radiation quality L (¢ = 1,.5). For example, for\w =|2 and
Jj § 3 corresponds to row 2+3 = 5: “N-20; 15° right”.

i is[ the weight index from 1 to 9, equivalent to 10 % to 90 % for the dose Ivalues dx and
90 % to 10 % for C|, respectively. For the above given example, i =|2 correspofpds to
20 % dose of “N-20; 15° up” and 80 % dose of “N-20; 15° right”.

An example of a dosemeter signal table is given-belew in Table F.1;

Table F.1 — Example of dosemeter response tahi€ and range limits
N Radiation Quality 7min  7max S1 S, S
1 N-20; 0° 0,67 2,00 ;80 1,20 ... 3,50
2 N-20; 15° up 0,67 2,00 20,72 1,08 ... 3,15
3 N-20; 15°down 0,67 2,00.©0,70 1,05 ... 3,10
4 N-20; 15° left 0,67 ~2060 063 0,95 ... 2,79
5 N-20; 15°right 0,67\ 2,00 0,65 0,99 ... 2,85
6 N-20; 30° up Q@7 2,00 0,70 1,03 ... 3,10
0,67 2,00
N-30; 0° 0,69 1,82
N-30; 15°.up 0,69 1,82
0,69 1,82
N-80; 0° 0,71 1,67
N=-80; 15° up 0,71 1,67
0,71 1,67
S-Co; 0° 0,71 1,67
S-Co; 15° up 0,71 1,67
0,71 1,67
%Sr/*°Y; 0° 0,67 2,00
05/y: 152 yp 067 200
Nax - 0,67 2,00

The required range of response weighted with i and (10 — i) is calculated from the ranges of
response for the radiation qualities K and L, rgink - "maxk @nd rmin - "max,Ls DPY

_ ToninK “ 1+ TminL (10 —1) d _ TonaxK *1 + max,L - (10—1)
Tminw = 10 ana ’maxw = 10
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Initialization
i=1;,N=1;=1

Dosimeter
signal
(element
response)

table

Get two signal sets
Sg(K) = Table(N) and
Sg(L) = Table(N+))

o

(

C S

Test Failed

Sg(K+L) = i-O,1-Sg(K) +

(10—i)-0,1-Sg(L) forg=1..b
belonging to the dose

Cysy =10,1-C +(10-1):0,1-C,

+

v

Submit these signals
Sg(K+L) to the evaluation

algorithm to get the
indicated value G,

Vi

Calculate the range of

response r . to T max W

weighted with 7 and (10-i) for
the radiation qualities K and L
respectively

Relative response in fange?

Test
passed

7=+
i=1

N+1=N_ N=N+1 [
=1

Report for which cases the

testis faitedor passed

Figure F.1 — Flow chart of a computer program to perform tests according to 12.2
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
hational electrotechnical committees (IEC National Committees). The object of IEC\is to j
national co-operation on all questions concerning standardization in the electrical and.electronic fig
end and in addition to other activities, IEC publishes International Standards, Teehnical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter Ireferred to 3
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int
he subject dealt with may participate in this preparatory work. International’ governmental an
brnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordancel{with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters expressyas nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical\committee has representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made to ensure that the technical content
ications is accurate, IEC cannot be held responsibfe\ for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in¢their national and regional publications. Any div
een any IEC Publication and the correspondihg national or regional publication shall be clearly indi
atter.

itself does not provide any attestation™of conformity. Independent certification bodies provide co
bssment services and, in some area$,)access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they.have the latest edition of this publication.

iability shall attach to IEC. or-its directors, employees, servants or agents including individual exp4g
hbers of its technical committees and IEC National Committees for any personal injury, property daf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out-of_the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

ntion is drawn“te the Normative references cited in this publication. Use of the referenced publicd
Epensable for the correct application of this publication.

ntion is-drawn to the possibility that some of the elements of this IEC Publication may be the su
nt rights: IEC shall not be held responsible for identifying any or all such patent rights.

hprising
romote
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Cations,
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Publications have the form of recommendations for interfational use and are accepted by IEC National

of IEC
for any

cations
brgence
ated in

formity

for any

rts and
hage or
ps) and
er IEC

tions is

bject of

protection instrumentation, of IEC technical committee 45: Nuclear instrumentation.

btional Standard 1EC 62387 has heen prnpnrnd hy subcommittee 45B: Radiation

This second edition cancels and replaces the first edition of IEC 62387 published in 2012.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Modification of title.

Addition of performance requirements for dosemeters to measure H'(3) for both photon
and beta radiation.

Ad

option of the cylinder instead of the slab phantom for the quantity Hp(3).

Correction and clarification of several subclauses to obtain a better applicability.
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The text of this standard is based on the following documents:

FDIS Report on voting
45B/945/FDIS 45B/954/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.

de [ [ O [ O d
indicated on the IEC web site under "http
relatedql to the specific publication. At this date, the publication will be

* re¢onfirmed,

* wifhdrawn,

. rellaced by a revised edition, or
+ anjended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication ind

that |it contains colours which are considered<{to be useful

colour printer.

for the c¢

icates
{rrect
understanding of its contents. Users should therefore print this document usjng a
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INTRODUCTION

A dosimetry system may consist of the following elements:

a)

b)

c)

d)

a passive device, referred to herein as a detector, which, after the exposure to rad

iation,

stores a signal for use in measuring one or more quantities of the incident radiation field;

”

a “dosemeter

, that incorporates some means of identification and contains one or more

detectors and may contain electronic components, e.g. for the readout (e.g., in a direct ion

storage (DIS) dosemeter);

a “reader” which is used to readout the stored information (signal) from the detec
order to determine the radiation dose;

tor, in

a |[“‘computer” with appropriate “software” to control the reader, store the-s
transmitted from the reader, calculate, display and store the evaluated dose in'thée f
an|electronic file or paper copy;

“,

additional equipment” and documented procedures (instruction manual), 'for perfd

ignals
prm of

rming

aspociated processes such as deleting stored dose information, cleaning dosemetégrs, or

thase needed to ensure the effectiveness of the whole system.
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RADIATION PROTECTION INSTRUMENTATION -
DOSIMETRY SYSTEMS WITH INTEGRATING PASSIVE DETECTORS
FOR INDIVIDUAL, WORKPLACE AND ENVIRONMENTAL MONITORING
OF PHOTON AND BETA RADIATION

This dpcumentapptiestoattkimdsof passive dosimetry systemsthratare usedfor measyring:

— thg¢ personal dose equivalent Hp(10) (for individual whole body monitoring),
— thg personal dose equivalent H(3) (for individual eye lens monitoring),

— thg

fonl extremity monitoring),

— th¢ ambient dose equivalent H#*(10) (for workplace and environmental monitoring),
— thg directional dose equivalent H'(3) (for workplace and environmental monitoring), 9
— theg directional dose equivalent H'(0,07) (for workplace and environmental monitoring)).

This document applies to dosimetry systems that measure external photon and/o

personal dose equivalent Hp(0,07) (for both individual whole body skin and local skin

=

beta

radiatifon in the dose range between 0,01 mSv and 10-Sv and in the energy ranges given in
Table [1. All the energy values are mean energies with‘respect to the fluence. The dosjmetry
systems usually use electronic devices for the data evaluation and thus are often computer

contrdlled.

Table 1 — Mandatory and maximum.energy ranges covered by this document

Measpring Mandatory mean Maximum mean Mandatory mean Maximum mean ernergy
quantity energy range for energy range for energy range for range for testing beta-

photon radiation testing photon beta-particle particle radiatigna

radiation radiationa
’jff( 1%))' 80 keV to 1,25 MeVe)| 12 keV to 7 MeV - -

Hy g; 30 keV to 250 keV 8 keV to 7 MeV 0,8 MeV® 0,7 MeV® to 1,2 eV
H(0]07), b d e

HP'(O 07) 30 ke\,to 250 keV 8 keV to 1,25 MeV 0,24 MeV to 0,8 MeV 0,07 MeV“ to 1,2 NleV

a  THe following beta radiation sources are suggested for the different mean energies: For 0,06 MeV: 1#7Pm;
fof 0,8 MeV»90Sr/90Y; for 1,2 MeV: 106Ru/106Rh.

b 1,P54MeV is the mean energy of photon radiation from 60Co.

F orbeta=particte Tadiatiom,amenergy of 0; 7 MeV—isTequited—to Teachthe Tadiatiomsensitive tayers—of the
eye lens in a depth of about 3 mm (approximately 3 mm of ICRU tissue).

d  For beta-particle radiation, an energy of 0,07 MeV is required to penetrate the dead layer of skin of 0,07 mm
(approximately 0,07 mm of ICRU tissue).

e 0,07 MeV, 0,8 MeV and 1,2 MeV beta mean energy are almost equivalent to an E__
2,27 MeV and 3,54 MeV, respectively.

of 0,225 MeV,

X

NOTE 1

In this document, “dose” means dose equivalent, unless otherwise stated.

NOTE 2 For Hp(10) and H*(10) no beta radiation is considered. Reasons:

a) H_(10) and H*(10) are a conservative estimate for the effective dose which is not a suitable quantity for beta

radiation.

b) No conversion coefficients are available in ICRU 56, ICRU 57 or ISO 6980-3.
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NOTE 3 The maximum energy ranges are the energy limits within which type tests according to this document are
possible.

NOTE 4 Direct ion storage (DIS) dosemeters are covered in this document as they are often operated without an
online display but a separate reader.

The test methods concerning the design (Clause 8), the instruction manual (Clause 9), the
software (Clause 10), environmental influences (Clause 13), electromagnetic influences
(Clause 14), mechanical influences (Clause 15), and the documentation (Clause 16) are
independent of the type of radiation. Therefore, they can also be applied to other dosimetry
systems, e.g. for neutrons, utilizing the corresponding type of radiation for testing.

This document is intended to be applied to dosimetry systems that are capable of evaluating
doses|in the required quantity and unit (Sv) from readout signals in any quantity and.unl|t. The
only gorrection that may be applied to the evaluated dose (indicated value) .is_the one
resulting from natural background radiation using extra dosemeters.

NOTE § The correction due to natural background can be made before or after the dose catculation.
2 Normative references

The fgllowing documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For datéd references, only the g¢dition
cited gpplies. For undated references, the latest edition of the referenced document (indluding
any amendments) applies.

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

IEC 61000-4-3, Electromagnetic compatibility.(EMC) — Part 4-3: Testing and measurement
technigues — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
technigues — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

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

IEC 61000-4:8;“Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement
techniques <*Power frequency magnetic field immunity test

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards -
Immunity for industrial environments

ISO 4037 (all parts), Radiological protection — X and gamma reference radiation for
calibrating dosemeters and doserate meters and for determining their response as a function
of photon energy

ISO 4037-3:2019, Radiological protection — 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
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ISO 6980 (all parts), Nuclear energy — Reference beta-particle radiation

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

ISO 8529 (all parts), Reference neutron radiations

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

3 Ters and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization” at the following
addresgses:

e |EC Electropedia: available at http://www.electropedia.org/

e ISP Online browsing platform: available at http://www.iso.org/obp

Several quantities with specific subscripts are explained in Table 6.

3.1
ambignt dose equivalent
H*(d)
dose ¢quivalent at a point in a radiation field,produced by the corresponding expandgqd and
alignef field, in the ICRU sphere at a depth,"d, on the radius opposing the direction |of the
alignef field

Note 1 fo entry: The recommended depth, 4,)for environmental monitoring in terms of H*(d) is 10 mm, and H*(d)
may be|written as H*(10).

[SOURCE: IEC 60050-395:2014,"395-05-43 — Note 1 to entry is note 3 in the source]

3.2
calibrption coefficient
No
quotient of the conyentional quantity value to be measured and the corrected indication|of the
dosenjeter, Gy 'normalized to reference conditions

Note 1 fo entry: The calibration coefficient for the reference radiation quality U and the angle of incider|ce « is
equivalent to’the calibration factor multiplied by the instrument coefficient. It is given by

C
NO = ro =Cf(U,a)~ci
Gr,O

where
Cio is the conventional quantity value, see 3.5
G is the corrected indication, see 3.14

r,0
C{U,) is the calibration factor for the radiation quality U and the angle of incidence «, see 3.3, and

¢ is the instrument constant, see 3.18.

Concerning the dimension of the calibration factor and the calibration coefficient, see notes to 3.3 and 3.18.

Note 2 to entry: The reciprocal of the calibration coefficient is the response under reference conditions. The value
of the calibration factor may vary with the magnitude of the quantity to be measured. In such cases a dosemeter is
said to have a non-constant response (or a non-linear indication).
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[SOURCE: ISO 29661:2012, 3.1.5, modified — Note 3 to entry has been deleted]

3.3

calibration factor

Cf(U,a)

factor by which the product of the corrected indication, G, ,, and the associated instrument
constant, ¢;, of the dosemeter is multiplied to obtain the conventional quantity value to be
measured under reference conditions

Note 1 to entry: The calibration factor is dimensionless.

[SOURCE:ISQ 20661:2012 3 1 7]

34
coefficient of variation
A%

ratio df the standard deviation s to the arithmetic mean G of a set of  iddicated valups G
(indicated value)

s 1 1 < —
V—?—F n—1 : (GJ—G)Z
j=1
3.5
convgntional quantity value
C

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

Note 1 [to entry: The conventional quantity value (¢ is the best estimate of the quantity to be mefasured,
determiped by a primary standard or a secondary_or ‘working measurement standard which are traceable to a
primary| standard.

[SOURCE: ISO/IEC Guide 99:2007, 2-:12]

3.6
correg¢tion for non-linearity
’n
quotient of the response R,, under conditions where only the value of the dose equivalent is
varied, and the reference response R

Note 1 foentry: For a linear dosimetry system, r_ is equal to unity.

3.7

coverage factor

k

numerical factor used as a multiplier of the combined standard uncertainty in order to obtain
an expanded uncertainty

Note 1 to entry: A coverage factor « is typically in the range 2 to 3.
Note 2 to entry: In case of a normal distribution, using a coverage factor of 2 results in an expanded uncertainty
that defines an interval around the result of a measurement that contains approximately 95 % of the distribution of

values that could reasonably be attributed to the measurand. For other distributions, the coverage factor may be
larger.

[SOURCE: GUM 2.3.6:1995, modified — The symbol £ has been added]
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3.8

detector

radiation detector

apparatus or substance used to convert incident ionizing radiation energy into a signal
suitable for indication and/or measurement an apparatus or substance which, in the presence
of radiation, provides by either direct or indirect means a signal or other indication suitable for
use in measuring one or more quantities of the incident radiation

Note 1 to entry: The detector usually requires a separate reader to read out the signal. That means the detector
usually is not able to provide a signal without any external reading process.

Note 2 to entry: A passive detector does not need an external power supply to collect and store dose information.

Note 3 fo entry: In IEV, the term reads “radiation detector”.

[SOURCE: IEC 60050-881:1983, 881-13-01, modified — The term “detector” has“been pdded
as thelfirst preferred term]

3.9
deviation
D
differgnce between the indicated values for the same value of the‘measurand of a dosjmetry
system, when an influence quantity assumes, successively, two different values

D=G-G,
where
G the indicated value under the effect, and
G the indicated value under reference conditions

r

Note 1 o entry: The original term in IEV 311-07-03 reads “variation (due to an influence quantity)”. In ordgr not to
mix up| variation (of the indicated value) and variation of the response, in this standard, the term ig called
“deviatipn”.

Note 2 [o entry: The deviation can be positive or negative resulting in an increase or a decrease of the indicated
value, respectively.

[SOURCE: IEC 60050-300-311:2001, 311-07-03, modified — "deviation" has replaced
“variafion (due to an influgnce quantity)” and “dosimetry system” has replaced “an indicating
measuyring instrument, orithe values of a material measure” and Notes 1 and 2 to entry have
been added]

3.10

directjonal dose equivalent

H'(d)

at a ppint'in a radiation field, dose equivalent that would be produced by the correspgnding
expangded’field, in the ICRU sphere at a depth, d, on the radius in a specified direction T

Note 1 to entry: The currently recommended depth, d, for environmental monitoring with respect to local skin and
lens of the eye is 0,07 mm and 3 mm, respectively, and H'(d) may be written as H'(0,07)and H'(3), respectively.

[SOURCE: ICRU 51:1993, modified — Note 1 to entry has been added]

3.11
dosemeter
radiation meter designed to measure quantities such as an absorbed dose or dose equivalent

Note 1 to entry: In a wider sense, this term is used for meters designed to measure other quantities related to
radiation such as exposure, fluence, etc. Such use is deprecated.

Note 2 to entry: This apparatus may require a separate reader to read out the absorbed dose or dose equivalent.
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Note 3 to entry: A dosemeter usually consists of a detector and a badge, for example thermoluminescence
detector (TLD) badge with filters.

Note 4 to entry: A dosemeter may contain electronic components (e.g. for the readout (e.g. in a direct ion
storage (DIS) dosemeter)).

[SOURCE: IEC 60050-395:2014, 395-05-02, modified — Notes 3 and 4 to entry have been
added]

3.12

dosimetry system

dosemeter, reader and all associated equipment and procedures used for assessing the
indicated value

3.13
expanded uncertainty
U
quantity defining an interval about the result of a measurement that may-be expected to
enconjpass a large fraction of the distribution of values that could reasonably be attribyted to
the me¢asurand

Note 1 [to entry: The expanded uncertainty is obtained by multiplying the cembined standard uncertainty by a
coverage factor.

Note 2 jo entry: A confidence level of 95 % is recommended for the use ofithis document.

[SOURCE: GUM:1995, 2.3.5]

3.14
indicqted value
indicgtion

G
value pf the measurand given directly by @ measuring instrument on the basis of its calilration
curve

Note 1 fo entry: In this standard, the indicated value is the one given by the dosimetry systems as the final result
of the evaluation algorithm (for examplé,-display of the software, print out) in units of dose equivalent (Sv), §ee 8.2.

Note 2 fo entry: For details, see Annex B.

[SOURCE: IEC 60050300-311:2001, 311-01-08, modified — The original note has| been
replaced by new Notes’1, 2 and 3 to entry]

3.15
influence quantity
quantilly that is not the measurand but that affects the result of the measurement

Note 1 to entry: For example, temperature of a length measuring instrument.

Note 2 to entry: 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 two pairs of
influence quantities:

a) radiation energy and angle of incidence,

b) ambient temperature and relative humidity.

[SOURCE: GUM:1995, B.2.10, modified — Examples 1, 2 and 3 have been removed and
Notes 1 and 2 to entry have been added]

3.16
influence quantity of type F
influence quantity whose effect on the indicated value is a change in response
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Note 1 to entry: An example is radiation energy and angle of radiation incidence.

Note 2 to entry: F stands for factor. The indication due to radiation is multiplied by a factor due to the influence
quantity.

3.17

influence quantity of type S

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

Note 1 to entry: An example is the electromagnetic disturbance.

Note 2 to entry: All requirements for influence quantities of type S are given with respect to the value of the
deviatidn D.

Note 3 ffo entry: S stands for sum. The indication is the sum of the indication due to radiation and.dug to the
disturb3gnce.

3.18
instrument constant
Ci
constant by which the indication of the dosemeter G or — if corrections 0r a normalizatiof were
applied — the corrected indication G,  is multiplied to convert if-to' the same unit as the

measurand

Note 1 jo entry: Adapted from ICRU Report 76.

Note 2 [to entry: If the instrument's indication is already expressed in the same unit as the measurand the
instrumgent constant, Cjs is unnecessary. This is the case in this standard.

[SOURCE: ISO 29661:2012, 3.1.17]

3.19
lower|limit of the measuring range
Hlow . . .
lowes{ dose value included in the measuring range

Note 1 fo entry: H,  is equivalent to &, in ISO 14146:2018.

low

3.20
mandatory range

mandatory range of use
smallgst range specified for an influence quantity or instrument parameter over whi¢h the
dosimptry systemsmust operate to be in compliance with this document

Note 1 fo entry.\ The mandatory ranges of the influence quantities dealt with in this document are givep in the
second|column,of Table 8 to Table 16.

3.21
maximum rated measurement time

tmax
longest continuous period of time over which the dose is accumulated and over which all

requirements of this document are fulfilled

Note 1 to entry: The maximum rated measurement time depends on the lower limit of the measuring range #,
the fading, and other influences.

low’

Note 2 to entry: The beginning of this period of time can for example be erasing the dose by heating (for TLDs) or
a dose reset by means of software (for DIS).

3.22

measured value

M

value that can be obtained from the indicated value G by applying the model function for the
measurement
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Note 1 to entry: For “model function”, see 3.25.

Note 2 to entry: For details, see Annex B.

3.23

measuring range

range defined by two values of the measurand, or quantity to be supplied, within which the
limits of uncertainty of the measuring instrument are specified

Note 1 to entry: In this standard, the measuring range is the range of dose equivalent, in which the requirements
of this standard are fulfilled and thus the uncertainty is limited.

[SOURCE: IEC 60050-300-311:2001, 311-03-12, modified — The original note has been
replaced by a new Note 1 to entry]

3.24
personhal dose equivalent
Hy(d)
dose ¢quivalent in soft tissue, at an appropriate depth, d, below a specified point on the |body

Note 1 [to entry: The recommended depths are 10 mm for penetrating radiation,'3 jnm to monitor the eye lens
dose, apd 0,07 mm to monitor skin dose.

Note 2 jo entry: Soft tissue means ICRU 4-element tissue, see ICRU Report39.

[SOURCE: ICRU 51:1993, modified — Notes 1 and 2 to entry-have been added]

3.25
mode| function
mathematical model of the measurement that transforms the (set of) observation(s) into the
result jof the measurement

Note 1 fo entry: The model function combines thg,indicated value G with the reference calibration coefficjent N,
the corfection for non-linearity r_, the / deviations D (p = 1..) for the influence quantities of type S, ang the m
relative|response values r, (¢ = 1..m) for the influence quantities of type F. An example of a model function is

N !
M=—>— {G—Z‘%Dp}
=

A modg¢l function is necessary to evaluate the uncertainty of the measured value according to the GUM (see
GUM:1995, 3.1.6, 3.4.1\and 4.1).

Note 2 fo entry: (The calculations according to the model function are usually not performed, only in the case that
specifid influence‘quantities are well known and an appropriate correction is applied.

Note 3 jo €ntry: For details, see Annex B.

3.26

point of test

point in the radiation field at which the conventional quantity value of the quantity to be
measured is known

[SOURCE: ISO 29661:2012, 3.1.23, modified — “to be measured” has been added]

3.27

preparation

normal treatment of dosemeters or detectors before a dose measurement, which the
dosemeters or detectors are intended to be subjected to in routine use

Note 1 to entry: For example, a procedure to erase stored dose information, reset the dose information by means
of software, cleaning.
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3.28

rated range

rated range of use

specified range of values which an influence quantity can assume without causing a deviation
or variation of the response exceeding specified limits

Note 1 to entry: In IEC 60050-300-311:2001, 311-07-05, the term reads “nominal range of use”. In this document,
“rated range” is used in order to avoid complicated terms like “the range of use of an influence quantity” but to
have terms that are easily readable like “the rated range of an influence quantity”.

Note 2 to entry: Influence quantities can be either of type S or of type F.

nomimal range” and “deviation or variation of the response” has replaced “variation”; Nptes 1
and 2 [to entry have been added]

3.29
readef
dosemeter reader

instrument used to read one or more detectors in a dosemeter

Note 1 fo entry: Signal of a passive dosemeter can be amount of light, amount-of charge, transparency of {ilm and
so on. fach type of passive dosemeter thus has very a different type of readef,

Note 2 o entry: The readout can also be taken over by self-reading compenents of the dosemeter, e.g. within DIS
dosemdters.

3.30
readoput
proce$s of measuring the stored dose informationof a detector in a reader

Note 1 jo entry: If the dosemeter contains self-reading.components, e.g. DIS dosemeters, the resulting sighal may
be corrg¢cted for influences such as temperature, fading, etc.

3.31
referTce conditions

set off specified values and/or fanges of values of influence quantities under whigh the

uncerfainties admissible for a-desimetry system are the smallest

[SOURCE: IEC 60050-300-311:2001, 311-06-02, modified — After “uncertainties” the words “,
or Iinm]ts of error,” have been deleted and “dosimetry system” has replaced “meajsuring
instrument”]

3.32
reference direction
directipny in) the coordinate system of a dosemeter, with respect to which the angle fo the
directipn’of radiation incidence is measured in unidirectional fields

[SOURCE: ISO 29661:2012, 3.1.29]

3.33

reference orientation

(dosemeter) orientation for which the direction of the incident radiation coincides with the
reference direction of the dosemeter

[SOURCE: ISO 29661:2012, 3.1.31]
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3.34

reference point of a dosemeter

physical mark or marks on the outside of the dosemeter (possibly described in the manual) to
be used in order to position it with respect to the point of test; if there is no mark or marks on
the outside of the dosemeter, the geometric centre of the dosemeter should be taken as the
reference point

3.35
reference response
Ry
response for a reference value C, ( of the quantity to be measured under reference conditions
GrO
RO =—
Cr,O

where| G, ( is the corresponding indicated value

Note 1 fo entry: The reference response is the reciprocal of the reference calibration coefficient.

Note 2 jo entry: The reference values for the dose are given in Table 7.

3.36
relatiye expanded uncertainty
Urel
expangded uncertainty divided by the measurement result

3.37
relatiye response
,

quotient of the response R and the reference<response R

R
=
Ry
3.38
response of a radiation measuring assembly
R

ratio, ynder specified conditions, given by the relation:

G
R=—
C
where
G s\the indicated value of the quantity measured by the equipment or assembly undpr test
(dosimetry system), and
C is the conventional quantity value of this quantity

Note 1 to entry: The value of the response may vary with the dose being measured. In such cases, a dosimetry
system is said to be non-linear.

[SOURCE: IEC 60050-395:2014, 395-03-72, modified — The letters representing quantities
have been modified, “value” has been replaced by ‘“indicated value of the quantity”,
“(dosimetry system)” has been added and the original notes have been replaced by a new
Note 1 to entry]

3.39

result of a measurement

set of values attributed to a measurand, including a value, the corresponding uncertainty, and
the unit of the measurand
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Note 1 to entry: The central value of the whole (set of values) can be selected as measured value M (see 3.22)
and a parameter characterizing the dispersion as uncertainty (see 3.43).

Note 2 to entry: The result of a measurement is related to the indicated value given by the instrument G
(see 3.14) and to the values of correction obtained by calibration and by the use of a model (see 3.25).

Note 3 to entry: The estimation of M can be based on one or more indicated values.

[SOURCE: IEC 60050-300-311: 2001, 311-01-01, modified - ‘“including a value, the
corresponding uncertainty, and the unit of the measurand” has been added, the original
Notes 1, 4, and 5 have been deleted, and Notes 1 and 2 to entry have been aligned to terms
used in this document]

3.40
signa
S
quantity obtained in a reader after readout of a detector from which the indicatéd, value|of the
dose gquivalent is evaluated

Note 1 o entry: Examples are the charge measured in a photomultiplier tube due to TL:light; the area of gl certain
region from a glow curve of a TL detector; a fitting parameter evaluated from a glow curve analysis.

Note 2 fo entry: In principle, it is possible to obtain more than one signal from.one detector (for example |several
fitting pprameters from a glow curve analysis).

Note 3 fo entry: Using more than one detector always means using more’than one signal.
Note 4 o entry: The “signal” is similar to the “readout value” in ISO-12794:2000, 3.13.

Note 5 fo entry: For details, see Annex B.

3.41
standprd deviation

experjmental standard deviation
S
for a peries of n measurements of the“same measurand, the quantity s characterizing the
dispergion of the results

e~ Zn:(Gj‘E)z

n-1 =
where
GJ- s the result.of the j-th measurement, and

G s the.arithmetic mean of the » results considered

Note 1 fo-&htry: Considering the series of n values as sample of a distribution, G is an unbiased estimatp of the
mean p, and 52 15 an Unbiased estumate of the variance o2 of that aistribution.

Note 2 to entry: The expression s/\/; is an estimate of the standard deviation of the distribution of G and is
called the “experimental standard deviation of the mean”.

Note 3 to entry: "Experimental standard deviation of the mean" is sometimes incorrectly called “standard error of
the mean”.

[SOURCE: GUM:1995, B.2.17, modified — The preferred term “standard deviation” has been
added, as well as the symbol s, and the formula has been modified]

3.42

standard test conditions

conditions represented by the range of values of a set of influence quantities under which a
calibration or a determination of response is carried out
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Note 1 to entry: Appropriate corrections to reference conditions should be made.

Note 2 to entry: Ideally, calibrations should be carried out under reference conditions. As this is not always
achievable (e.g. for ambient air pressure) or convenient (e.g. for ambient temperature) a (small) interval around the
reference values is acceptable. Values for the standard test conditions together with the reference conditions are
given in Table 7.

Note 3 to entry: 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.

[SOURCE: ISO 29661:2012, 3.1.36, modified — Note 3 to entry has been added]

3.43

stand rtainty

u

uncerfainty of the result of a measurement expressed as a standard deviation

Note 1 [to entry: Standard uncertainty is a more general term than standard deviation, for_example, sfandard
uncertajnty may also contain uncertainty contributions evaluated using non statistical methods:

[SOURCE: GUM 2.3.1, modified — Note 1 to entry has been added, as well'as the symbqgl u]

3.44
type test
conformity test made on one or more items representative of¢the”production

[SOURCE: IEC 60050-151:2001, 151-16-16]

3.45
uppern limit of the measuring range
Hu

p
highegt dose value included in the measuring‘range

3.46
area monitoring
monitgring in which a workplace-or an area in the environment is monitored by taking dose
(rate) measurements

Note 1 fo entry: Area monitosring.is performed in terms of #'(0,07), H'(3) or H*(10).

Note 2 o entry: Definitiadn orientated at ICRP 103 and ICRP 116.

3.47
workplace monijtoring
area monitoring using dose (rate) measurements made in the working environment

Note 1 jo'entry: Usually contrasted with individual monitoring.

Note 2 to entry: Workplace monitoring is performed in terms of H'(0,07), H'(3) or H*(10).

3.48
environmental monitoring
area monitoring by the measurement of external dose (rate) in the environment

Note 1 to entry: Environmental monitoring is performed in terms of H'(0,07), H'(3) or H*(10).

3.49

individual monitoring

monitoring using dose (rate) measurements by equipment worn by individual workers, or
measurements of quantities of radioactive material in or on their bodies

Note 1 to entry: Also called personal monitoring. Usually contrasted with workplace monitoring.
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Note 2 to entry: Individual monitoring is performed in terms of Hp(0,07), Hp(3) or Hp(10).

[SOURCE: IAEA Glossary:2016, modified — “dose (rate)” has been added and Note 2 to entry
has been added]

4 Units and symbols

In this document, units of the international system (SI) are used. Nevertheless, the following
units may be acceptable in common usage:

— for energy: electron-volt (symbol eV). 1 eV = 1,602 x 10-19 J;

— fortime: year, month, day, hour (symbol h), minute (symbol min).

Multiples and submultiples of Sl units may be used, according to the Sl system.
The S| unit of dose equivalentis 1 J kg~'.

The special name for the unit of the dose equivalent is sievert (symbolSV). 1 Sv =1 J kg~".
A list of symbols is given in Table 6.

A list ¢f abbreviations is given in Table 17.

5 Gegneral test procedures

5.1 Basic test procedures
5.1.1 Instructions for use

The ifstructions for use of the dosimétry systems have to be unambiguously given [in the
manual, see Clause 9. These instrucCtions have to be the same for all parts of the tyge test
and for the routine use as well.

5.1.2 Nature of tests

The tgsts listed in this document are considered to be type tests, see Annex C.

5.1.3 Reference conditions and standard test conditions

Referince canditions are given in the second column of Table 7 (at the end of the document).
The t¢stsshall be carried out under standard test conditions given in the third colymn of
Table |7 dnless otherwise specified.

All influence quantities shall be maintained within the limits set for standard test conditions
given in Table 7, except for those influence quantities currently under test, unless otherwise
specified in the test procedure.

5.1.4 Production of reference radiation

The nature, construction and conditions for the use of ionizing radiation shall conform to the
recommendations in the following documents:

a) 1SO 4037 series for photon radiation,
b) 1SO 6980 series for beta radiation, and
c) ISO 8529 series for neutron radiation.
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5.1.5 Choice of phantom for the purpose of testing

For tests involving the use of a phantom, ISO phantoms as described in ISO 4037-3:2019,
7.3.1, shall be used. The required irradiation geometry is specified in the appropriate
ISO reference standard (ISO 4037-3 or ISO 6980-3).

5.1.6 Position of dosemeter for the purpose of testing

For tests involving the use of radiation, the reference point of the dosemeter shall be placed
at the point of test and the dosemeter shall be oriented in the reference orientation. This is
not applicable for tests to determine the response depending on the angle of incidence.

5.2 |Test procedures to be considered for every test
5.21 Number of dosemeters used for each test

The nimber n of dosemeters (or irradiations) used for any test need not be_the'same fof each
test blit may be determined using Annex A. However, it may be convenient to use, arbifrarily,
4, 5, 8, 10 or 20 dosemeters (or irradiations), in which case the Student’s s-value, obfained
from Annex A, Table A.1, would be 3,18; 2,78; 2,37; 2,26; or 2,09; respéectively.

NOTE |Using Annex A, the performance requirements are demonstrated to be met to 95 % confidence.
5.2.2 Consideration of the uncertainty of the conventional quantity value

The relative expanded uncertainty U o of the conventional quantity value C of thg dose
equivglent shall be considered. It shall be less than/8 % at a 95 % coverage intervall. The
testing laboratory shall determine U ¢ according texthe GUM.

NOTE [According to 3.13, the confidence level is 95 %:
5.2.3 Consideration of non-linearity,

The effect of a non-linearity due to dese dependence shall be taken into account.

A pragtical method is to start the-tests with the non-linearity and perform the other tesfs in a
dose fegion where the non-linearity is negligible (1 % to 2 %).

5.2.4 Consideration of natural background radiation

For the measurement of low dose equivalents or at low dose equivalent rates, it is necgssary
to take into account the contribution of natural background radiation to the dose equiyalent.
This |s usually "done by taking a significant number of dosemeters (at minimym 10
dosenjeters)as background dosemeters. These are treated in the same way as thg ones
under| test;“but not irradiated. The mean indicated value of these dosemeters has|to be
subtracted from the indicated value of the dosemeters under test.

5.2.5 Consideration of several detectors or signals in a dosemeter

If more than one signal (see 3.40) or detector (see 3.8) is used to evaluate the indicated
value, each signal or detector shall be tested separately. Separate tests are necessary when
the different signals are used to evaluate the indicated value in different regions of the
measuring range or in different regions of an influence quantity.

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

EXAMPLE 1 If a second detector or signal is used to evaluate the dose above a dose equivalent of 200 mSv, for
this detector or signal all the requirements according to this document have to be measured within its operating
range, i.e. above a dose equivalent of 200 mSv.
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EXAMPLE 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
document have to be measured within its operating range, i.e. at low particle energies.

5.2.6 Performing the tests efficiently

The effect of several influence quantities is tested by irradiating different groups of
dosemeters: one or several test groups on which the effect of the influence quantity is
measured and one reference group. For limiting the necessary number of irradiations, it is
appropriate to combine the tests given in 11.9 to Clause 15 with only two or three reference
groups.

A ||St of actions noacassary to
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6 Performance requirements: summary

For the following types of dosemeters at least the following quantities shall be measured:

— pefsonal whole body dosemeters: Hp(10) due to photonradiation,

— pefsonal eye lens dosemeters used in Hp(0,07) or Hp(3) due to photon radiation,
pufe photon radiation fields:

— pefsonal eye lens dosemeters used in Hp(3) due tp\beta and photon radiation,
beta and/or mixed beta/photon radiation
fie|ds:

— pefsonal extremity dosemeters: Hp(0,07) due to photon and/or beta radigtion,

— arg¢a dosemeters for estimating effective _H#*(10) due to photon radiation,
dope:

— arg¢a dosemeters for estimating the dese H'(0,07) or H'(3) due to photon radiation,
to the lens of the eye used in pure photon
radiiation fields:

— arga dosemeters for estimating the dose H'(3) due to beta and photon radiation,
to the lens of the eye used:ihvbeta and/or
miked beta/photon radiation fields:

— arg¢a dosemeters for_estimating the dose H'(0,07) due to photon radiation.
to Jocal skin:

National regufations may require that more quantities be measured by specific types of
dosenjeters:

NOTE 1 “Background information regarding the choice of quantities to be measured for eye lens dosimetry| can be
found in" Behrens and Dietze (Z0T0)-

NOTE 2 The term “beta radiation” is used as a synonym for both electron and beta radiation in this document.

The performance requirements for dosimetry systems are given in Tables 8 to 13 depending
on the quantity to be measured: Hp(10): Table 8; Hp(3): Table 9; Hp(0,07): Table 10;
H*(10): Table 11; H'(3): Table 12; H'(0,07): Table 13.

Details for some of the entries in Tables 8 to 13 (at the end of the document) are given in the
further Tables 14 to 16 (at the end of the document).

In some countries the presence of beta dose has to be indicated by dosemeters worn on the
trunk. Such an indication of the presence of beta dose is not a measurement. For that reason,
a specific subclause (11.9) deals with the indication of the presence of beta dose.
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Usually, a dosimetry system is not able to measure all quantities given above. Thus, the
system is only tested with regard to those quantities and types of radiation it is intended to be
used for.

Full compliance with this document is given if the requirements for the mandatory ranges
given in Tables 8 to 13 are fulfilled. If the customer or manufacturer requires extended ranges
then the test should also be performed as specified in this document, i.e. the requirements
given in Tables 8 to 13 apply, too. The range of any influence quantity stated by the
manufacturer is called rated range. Thus, dosimetry systems can be classified by stating a set
of ranges (for example, for dose, for energy, for temperature) within which the requirements
stated in this document are met (Capabilities of the system, see Clause 7).

For the dosimetry systems described above, this document specifies general charactefistics,
general test procedures and performance requirements, radiation characteristics)as” well as
environmental, electrical, mechanical, software and safety characteristics.

A dosimetry system may be tested with regard to different quantities at different times. In case
the desimetry system was changed since the previous test, a new_test with regard to
quantities tested formerly may be necessary.

The apsolute calibration of the dosimetry system is not checked during a type test accprding
to thisfdocument as only system properties are of interest. The'absolute calibration is checked
during a routine test.

7 Capability of a dosimetry system

7.1 General

The ranges described in the following subglauses shall be stated by the manufacturer| They
shall pe equivalent to or larger than.the' mandatory ranges that are given in Table 8 to
Table [13. The dosimetry system shall fulfil the requirements for these rated ranges.

The rated ranges shall be given\in the documentation of the dosimetry system (instjuction
manual), so the user of the dosimetry system is aware of the capabilities of the instrumepnt.

7.2 |Measuring range<and type of radiation

Depending on the dese quantity, the limits of the measuring range shall at least cover the
mandatory ranges:given in line 7 of Table 8 to Table 13.

The tyjpe(s)«ofiradiation the dosimetry system is designed for shall be stated.

In casge'the dosimetry system is not able to measure H,(0,07) due to beta radiation dug to all
required energies and angles of incidence (that means it does not fulfil 11.7.2) but is able to
indicate the presence of beta dose (that means it does fulfil 11.9) this shall be stated.

7.3 Rated ranges of the influence quantities

The rated range of any influence quantity shall be stated by the manufacturer in the
documentation. The mandatory range for each influence quantity is given in the third column
of Table 8 to Table 16. All requirements of this document shall be fulfilled over all the rated
ranges.

7.4 Maximum rated measurement time 7.,

The manufacturer shall state the maximum duration of a dose measurement ¢, during which
the requirements of this document are fulfilled. Especially, the requirements on the coefficient
of variation shall be fulfilled.


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

- 26 — IEC 62387:2020 © IEC 2020

This time shall be at least 1 month.

7.5

Reusability

A dosemeter is considered to be reusable as long as its performance meets the requirements
of this document. If the dosemeter cannot be reused indefinitely or if usability depends on the
history of the dosemeter, this fact shall be stated by the manufacturer. The manufacturer shall
give the limits for repeated uses, i.e. a maximum dose value to which the dosemeter was
exposed above which it cannot be reused. Especially, the requirements related to the
coefficient of variation shall be fulfilled for all dosemeters that are reused.

NOTE

An example of limited reusability is an increase of the zero-signal in a Tl detector after receiving
T Y =4 =

a high

dose.
7.6

The m
the dd

NOTE
in IEC T

7.7

The fq
differ

The d

Measl

Model function

anufacturer shall state the general form of the model function for the measurement with

semeter. The manufacturer can use the example given in 3.25 or other function

5. The

manurcturer shall state any interdependencies between the variables 0f\the model fupction.
The variables are the calibration coefficient, the relative responses, andythe deviations.

Further details regarding the model function and the determination of uncertainty in measurement a
R 62461.

Example for the capabilities of a dosimetry system

llowing numbers are arbitrarily chosen, coveriftg/at least the mandatory range
rom one dosimetry system to another.

bsimetry system can be used to measure Hp(10) due to photon radiation:

ring range: 0,05 mSv SHp(10) <A4Sv. The dosimetry system is able to indica

presemnce of beta dose.

The fg

e Ph

llowing ranges of use for the-different influence quantities are covered.

oton energy and angle of' incidence: 50 keV to 1,4 MeV and 0° to + 60°

e given

5, and

te the

e Ambient temperaturesand relative humidity (dosemeters): —15 °C to 50 °C and 40 % to

90

% RH

e Ambient tempefature (reader): +10 °C to +40 °C

e Li

g

ht exposure (dosemeters and reader): up to 1 000 W/m?2

o Electromyagnetic disturbances (reader): mandatory ranges, see Table 15

o Mse

chanical disturbances: mandatory ranges, see Table 16

Maximum rated measurement time: 6 months.

The dosemeters of the dosimetry system are reusable unless irradiated with a dose
equivalent exceeding 200 mSv.

Model

where
M
No

Tn

Ny

-[G - Demc — Dmech ]
" TE.a "Tenv

function: M =

is the measured value;
is the reference calibration coefficient;
is the relative response due to non-linearity;
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rﬂa

Tenv

G

Depc
D

mech

is the relative response due to energy and angle of incidence;
is the relative response due to environmental influences;

is the indicated value of the dosimetry system;

is the deviation due to electromagnetic disturbances;

is the deviation due to mechanical disturbances.

For details see 3.22 and Annex B.

8 Requirements for the design of the dosimetry system

8.1
The in

type t
can ed

8.2

The in
(uSv).

If the

At dos
H = 1(
lower

NOTE
signific
signific

8.3

Every

NOTE

General

bst in written form (not necessarily in the instruction manual). The requirements
sily be checked by visual inspection of the dosimetry system during use-

Indication of the dose value (dosimetry system)

eader has range-change facilities, the range-change shall be automatic.

formation required in this Clause 8 shall be documented by the manufacturer flor the

given

dicated value shall be given in units of dose equivalent; for example, microsieverts
The display or dose record shall also clearly indicate the_ quantity being measured.

e values equal to or larger than ten times the lower limit of the measuring range,|i.e. at
"H\o\» the indicated value shall be displayed with a resolution better than 2 %. |At the
imit of the measuring range, H|,,,, a valug of 10 % is sufficient.

A possible technical solution is a digital display: at the lower limit of the measuring range, H,, , at Igast two
nt digits are shown. For example, at 4, (/= 0,1 mSv the display shows 0,10 mSv. Above 10-H |, three
int digits are shown: 1,00 mSv.
Assignment of the dose value to the dosemeter (dosimetry system)

indicated value shall be distinctively assigned to the dosemeter (number) it is

originating from.

A possible technical~solution is: the assignment during unpacking detectors from their dosemeter fis done

efully. After data evaluation, the dosemeter number and the indicated value are combined into one ¢ata set

very ca
that is 4

8.4

The f
doseni

Iways handled:together.

Information given on the devices (reader and dosemeter)

etefr, a) to g), if enough space is available on the dosemeter:

bllowing information shall be clearly visible on the reader, a) to d), and gn the

a) an

identification to assign the reader and dosemeter to the dosimetry system;

b) the quantity and measuring range that is measured;

c) the type of radiation (for example photon and / or beta) the dosemeter is suitable for;

d) the rated range of particle energy;

e) only on personal dosemeters: if it is possible to wear the dosemeter in two or more
orientations, then the dosemeter shall fulfil the requirements of this document for all
orientations or it shall clearly be stated on the dosemeter which orientation is correct or
that using it in the wrong orientation can cause erroneous results;

f) only on the dosemeter: the reference point and reference orientation (or in the manual);

g) only on the dosemeter: an identification number that can be read by the user (mandatory).
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NOTE An example for b) to d) is: 0,1 mSv < Hp(0,07) <3 Sy; 65 keV < Eph < 1,4 MeV;
0,24 MeV < E < 0,8 MeV.

beta

8.5 Retention and removal of radioactive contamination (dosemeter)

As far as reasonably practical, the dosemeter should be designed to minimize the retention
and facilitate the removal of contamination. A dosemeter may be provided with an additional
protective cover, however, the covered dosemeter shall still meet the requirements of this
document.

8.6 Algorithm to evaluate the indicated value (dosimetry system)

For thie type test according to this document, the manufacturer shall deliver the evaluation
algorifhm of the indicated value starting from the signal(s) of the detector(s)] The
docunjentation shall be in a form that allows a complete understanding of the “¢alculations
and/of the decision tree.

If more than one signal is used to evaluate the indicated value, the manufacturer shall provide
the option of reading out the separate signals of the detector(s) for the-type test.

NOTE |[Details to signal, evaluated value and evaluation algorithm are given in/Annex B.

This glgorithm can be confidential and only be used by the testing laboratory for the purpose
of typé testing.

8.7 |Use of dosemeters in mixed radiation fields{(dosimetry system)

If a dgsemeter is used in radiation fields for whi¢hJit is not designed, an example is a photon
dosenjeter being used in a mixed photon/neutron field, the effect of the radiation not intended
to be|measured shall be stated by the manufacturer in the manual, see Clause 9. |n the
mentigned example, the neutron radiation.is an influence quantity for the dosemeter designed
for photon radiation. The manufacturetdshall state the response to neutron radiatipn for
thermal neutrons and one or more of the ISO 8529 radionuclide source reference fields.

With this information, the user can'determine the influence on the total dose value with the aid
of a s¢cond dosemeter intended to measure the neutron radiation.

9 Instruction manual

9.1 General

An inptruction~“manual shall be supplied. It shall be marked in such a way thaj it is
unambiguously related to the dosimetry system described. Such instructions for use arg to be
furnished for each dosimetry system. The instructions for use shall contain the description of
the c forT, foTT, | i i i nd its
component parts including the usage of the software used to control the dosimetry system
and the stored data.

9.2 Specification of the technical data
Dosimetry system in general:

— manufacturer's name or registered trade mark (if the system is manufactured as a whole);
— type of dosimetry system and principle of operation;

— block diagram of the dosimetry system including hardware, software and data;

— name of the software of the dosimetry system and identification number (see 10.3);

— description of the functionality and all menus and submenus of the software;
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operational details, maintenance and calibration procedures;
if the evaluation algorithm is not additive, a comment according to Note 3 of 12.1.

Reader:

manufacturer's name or registered trade mark;
type of the reader;

power supply requirements;

stabilization time of the reader;

hint to the necessity of flushing the dosemeter or parts of it with gas during readout;

w:Jrning if prolonged storage at high humidity of the air can be detrimental.

Dosemeter:

mgnufacturer's name or registered trade mark;

tyge of dosemeter;

tyde of detector or detectors;

tyges of radiation the dosemeter is intended to measure;
reference point of the dosemeter;

the reference direction for calibration purposes;

reference orientation relative to radiation sources and<eference orientation with resg

the wearer;

drawing of the dosemeters including the detectars and filter materials;
depsity thickness of walls surrounding the sensitive volumes (mg cm=2);
m4gss and dimensions of dosemeter;

mgthod of cleaning and drying the dosemeter;

mgthod of clearing dose (“zeroing®) of dosemeter.

Dosimetric characteristics:

megasuring quantity;

mgasuring range andivariation of the response due to non-linearity;
cogefficient of variation depending on the dose equivalent;
mgximum rated-measurement time;

regponse to natural environmental radiation, see 13.4;

relptive response as a function of radiation energy and angle of incidence (for bot

angd.photon radiation);

ect to

h beta

rated ranges of all other influence quantities and the corresponding variation of the

relative response or deviation (see 7.2 to 7.6, an example is given in 7.7);

relative response due to radiation not intended to be measured (for example neutron

radiation), see 8.7;

10 Software, data and interfaces of the dosimetry system

10.1 General

The final version of the software shall be available at the beginning of the type test, as a great
part of the software test is indirectly covered by the metrological test. For that reason, a
change of the data-relevant part of the software after the type test is not permitted (for data-
relevant part see below).
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NOTE The following requirements are based on the software guide 7.2 of the European cooperation in legal
metrology (WELMEC) and are implementing risk class C of guide 7.2. The WELMEC guide can serve as additional
information, however, only the requirements given in this Clause 10 are relevant.

The requirements shall prevent any unintended modification of the software or of the data. In
addition, any intended modification of the software or of the data with the aid of an editor shall
be prevented. At most, one indicated value may be lost due to any change of the software or
data.

The requirements are to be applied only when the dosimetry system is used for official
purposes, for example, legally required personal monitoring.

Once [he type test according to this document has been starfed, no dafa, tables, or software
may be changed or deleted.

Testing of the data-relevant part of the software can be a very complex matter) Howgver, it
shall not dominate the testing-time. Therefore, a large amount of responsibjljty)is handef over
to thé manufacturer by using his documentation, see 10.10, toperform the |tests.
Neveriheless, a few simple practical tests are made to make sure thatthe functionality is as
documented.

10.2 |Design and structure of the software
10.2.1 Requirements

The sopftware shall be designed in such a way that it _i§ hot affected by other software linless
the effect is required for the correct use of the systemx

NOTE |One possible technical solution is to separate the" software into two parts. One part contains|all the
functior]s necessary to control the reader and to evaluate;”store and display the indicated values, this paft is the
“data-rglevant part”. The other parts of the software, the “non-data-relevant part”, contain for example sjatistics
about the frequency with which certain dose values occur. The data-relevant part has well-defined fynctions
(softwafe interface) that are used to communicate'with the non-data-relevant software parts. This technical goncept
of software separation has the advantage, that the “non-data-relevant part” may be modified without influen¢ing the
“data-rglevant part”.

10.2.2 Method of test

Documentation: The measures described to protect the software shall be plausible taking into
accouht the type of operating system on the computer.

Practical test: Make.“sure that the software is an executable file. In case of software
separation, seesthe note to 10.2.1, the different software parts shall be separate filgs (for
example dynamic link libraries (DLLs)).

10.3 |[ldéentification of the software

10.3.1 Requirements

The “data-relevant part” of the software (see Note to 10.2.1) shall have an identification. It
shall be possible to display this identification while the software is running. This identification
can be compared with the one given in the test record or in the user instructions. The
identification shall automatically change in case the software is changed (a simple version
number is not sufficient).

NOTE 1 In case of a modular code, several identifications can be built for the different modules.

NOTE 2 One possible technical solution is a checksum, at least cyclic redundancy check using a polynomial
lengths of 17 bits (CRC-16) with a secret start value hidden in the executable file, built over the software.
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10.3.2 Method of test

Documentation: The method to make sure that the software identification is changed by any
modification of the software shall be plausible.

Practical test: Make sure that the identifications can be displayed while the software is
running as described in the instruction manual and that they are identical to the ones given in
the instruction manual.

10.4 Authenticity of the software and the presentation of results

10.4.1—Requirements

Protegtion shall cover both, unintentional actions (inadvertent wrong operation) and_intended
actionp (manipulation) by means of an editor. In case the software is modified, the prpgram
shall [abort during start up with a message such as “Software authenticity viglated;
unaut:l:orized modification of program!”. The results that are presented shall.he‘guarant¢ed as
authentic, clearly marked as relevant result of the measurement, and clearly separated from
additignal information.

This requirement is to prevent the reader or dosemeter being opéerated with software| other
than the type tested version.

NOTE |One possible technical solution is:

The prdgram code is an executable format (.exe). During start-up of“the software, a digital signature is che¢ked. In
case of|non-compliance, the software does not start. The window)of/the running program is refreshed peripdically
and chgcks that it is always visible.

10.4.27 Method of test

Documentation: The measures to prevent any change of the software (for example the
evalugtion of a checksum) shall be plausible. Check that the legally relevant data sefs can
only be produced by the type tested data:relevant software.

Practical test: Modify a string valde-(for example “uSv” into “mSv”) in the executable code with
the aid of an editor and run the'software. If it starts, the requirement is not met. Judge through
visual|check that additional .information on the display or printout cannot be confused wjth the
information belonging to\the relevant measurement data and that all relevant data are
presented.

10.5 |Alarm and‘stop of system operation under abnormal operating conditions
10.5.1 Requirements

When| abnormal operating conditions occur in system components, the operation pf the
dosim:fry system shall be stopped qnfnmnfir‘qllyl in addition an alarm nlprting the operator
shall be present (audible and/or visible). These abnormal operating conditions include those
that lead to a faulty reading or loss of dose information, for example, high voltage failure in a
photomultiplier tube, a printer running out of paper, heating temperature in a reader falling
below or rising above the normal range of operating temperature, a wireless local area
network (WLAN) getting out of range, or if the software controlling the measurement is
stopped.

Not more than one indicated value shall be lost due to abnormal operating conditions. In case
an indicated value does not fulfil the requirements of this document due to the abnormal
operating conditions, this value shall be accompanied by an error message. At maximum one
value shall be accepted to be wrong per occurrence of abnormal operating condition if a re-
evaluation of the dosemeter is not possible. If a re-evaluation is possible the new indicated
value shall fulfil the requirements of this document.
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10.5.2 Method of test

Documentation: The measures to recognize faulty operation shall be plausible.

Practical test: Simulate some hardware failures during the readout, for example disconnect
the power supply for the heating device, put a wireless local area network (WLAN) out of
range, or disconnect the data line between the reader and the computer. If more than one
indicated value per simulated hardware failure is lost or accompanied by an error message
due to the abnormal operating condition, the requirement is not met. If a re-evaluation is
possible the new indicated value shall fulfil the requirements of this document.

10.6

10.6.1 Requirements

All vglues used for the determination of the indicated value, for example calil
coeffigients, dark-current of a photomultiplier or high voltage of a photomultiplier sh
contrglled by the dosimetry system.

NOTE

10.6.27 Method of test

Documentation: The method to make sure that the instrument parameters are in their a

range

Practi

for exfample the high voltage of the photomultiplier tube or the pressure of the gag

nitrog
not m

10.7

10.7.1 Requirements

a) Ingtrument parameters: It .shall not be possible for the user to modify the instrn
pafameters (for examplé jcalibration coefficients, range for the high voltage
phptomultiplier tube). Exception: Modification of instrument parameters shall be pg
only via the paths provided by the software (for example calibration measurement o

authorized user via a password whose default value is defined in the instruction manual

anfd can be changed by the user). A history of the values and changes of all parar
shall be available for the user.

by

NOTE

All dat

softwarp reads the data set, calculates the digital signature and compares it with its nominal value containe|
data set. I case any change In a data set 15 detected, the data set 15 marked as mvalid by the program

One possible technical solution is to ensure that these values fall within fixed)ranges of values.

5 shall be plausible.

cal test: Try to change some instrument parameéters so that they are out of their

In. If more than one detector is read out-per simulated range error, the requiren;
t.

Storage of data

1 One passible technical solution is:

34 arfe~ecombined in well-defined data sets. The whole data set is protected by a digital signatu

ration
all be

lowed

range,
seous
ent is

ument
of a
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input

heters
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d in the

used any more.

nd not

b) Measurement results: All measurement results including all relevant information necessary
to trace back to and reconstruct the measurement that generated the stored result
(authenticity) shall be recorded or stored without any change automatically after each
measurement. This contains at least date and time of the readout, the identification of the
dosemeter (for example number) and of the reader, the indicated value and the calibration
coefficients used. Such documentation may be made either by hardcopy printout or in
electronic form on hard disks in connection with software for data display: viewing program
which is a “data-relevant program”, see Note to 10.2.1. This software shall not use (for
example, display or print) changed data. In addition, the long-term storage shall have a
capacity which is sufficient for the intended purpose. The data shall be protected against
loss.

NOTE 2 One possible technical solution is:
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All data specific for a certain measurement are combined in well-defined data sets and stored in binary format
automatically after the measurement. The whole data set is protected by a digital signature. This data set does not
have to contain the instrument parameters, only the information where the actual instrument parameters are
available, for example file name, location, and date and time of the file. The viewing program reads the stored data
and checks its digital signature. In case any change in a data set is detected, the data set is marked as invalid by
the program and not used any more. The data are stored on two hard drives supervised by a raid-controller. The
software activates the write protection of the operating system.

10.7.2 Method of test

Documentation: The way of storing the data and the measures to prevent any change or loss
of these data, for example the procedure to evaluate a checksum, shall apparently be
effective (for example, it shall cover the entire data set and a formula to calculate the
remaining-storage capacity shall be ar\r\lind) All information to trace hack to and recaonstruct
the measurement shall be contained. If a digital signature is used, the software to.regd and
display the data (viewing program) shall check it.

Practigal tests:

a) Make sure that all relevant data necessary to reconstruct the measurément are storgd in a
daja file directly after a measurement and that there is no button o5 menu item to inferrupt
or [disable the automatic storing.

b) Try to modify instrument parameters or indicated values via'the software itself. If fthis is
popsible without specific knowledge, for example a password or details of the software
structure, the requirement is not met.

c) Ogden a data file with the aid of an editor and modify(single bits, then close the file| If the
software of the dosimetry system still reads the data file and delivers the modified |value,
thegn the requirement is not met.

d) Try to delete a data file from the hard disc using the standard command of the opgrating
system. If this is possible without a warning’or without specific knowledge, for example a
papsword or details of the software structure, the requirement is not met.

e) Check that a warning is given and.the*measurement stops in case the storage is [full or
removed.

f) In pase data are printed out and“stored, make sure that both are identical.

For lopg term storage of data; it'is necessary to consider the limited time (for example|a few
years) special data formats can be read (for example a CD or DVD).

10.8 |Transmission, of data
10.8.1L Requirements

In casfe data-are transmitted from one device to another (for example from a reader to a PC),
these |data~shall contain all necessary information to further process them correctly. If shall
not bg possible to modify, delete or add something to these data. In addition, the redeiving
part of_the dncimptry system. for pyamplp the computer shall make sure that the reteived
data are authentic. That means it shall be recognized if the data come from a device other
than the reader or dosemeter assigned to the dosimetry system. In case the connection
between the transmitting parts is unavailable or delays the transmission, at most one
indicated value shall get lost. In case a data set is transmitted incorrectly (in spite of the
transmission protocol tried to repeat the transmission until it succeeded) the data set shall not
be used.

NOTE One possible technical solution is:

All transmitted data are combined in well-defined data sets including date and time of the generation of the data
set, a running number, an identification of the transmitting part, for example serial number of the reader, and the
relevant data. The whole data set is protected by a digital signature. The reader encrypts the data transmitted to
the software with a key known to the type tested software only (for example its hash code) via a handshake
sequence. The receiving part, for example computer, checks the data by making sure that no running number is
missing (or double) and that the identification of the transmitting part is the correct one. In case a transmitted data
set is incorrect, it is marked as invalid by the program and not used any more.
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10.8.2 Method of test

Documentation: All information to trace back to the measurement and for further processing
the measurement data shall be contained in the data set. If a digital signature is used, the
software to receive the data shall check it. Secret data (for example key initial value if used)
shall be kept secret against spying out with simple tools (hacking). Check that data are
digitally signed to ensure their proper identification and authentication.

Practical tests: Spot checks shall show that no relevant data get lost due to a transmission
interruption (for example, unplug a cable or put a wireless local area network (WLAN) out of
range).

10.9 |Hardware interfaces and software interfaces
10.9.1 Requirements

All enfered commands or values received via interfaces (for example, user ihteffaces sdich as
keyboprd, software interfaces, barcode scanner, RFID reader, and over the lair updates)) shall
influence the instruments data and functions in an admissible way only. All commands or
value§ have to be defined, i.e. they shall either have a meaningyand processing by the
instrument shall be possible, or the instrument shall identify themas being invalid. Invalid
commpnds shall not have any effect whatsoever on the data and({functions of the instrument.

NOTE 1 In principle it is possible to circumvent a software interface. Fhis can usually be excluded by doftware
separatjon, see Note to 10.2.1, when the data-relevant part of the software is realized in a separate binary f|le.

NOTE 4 One possible technical solution is:

User interfaces: A module in the data-relevant software dilters out inadmissible commands. Only this |module
receivep commands, and there is no circumvention of it. Any false input is blocked. The user is controlled o1 guided
when irfputting commands by a special software module~TFhis guiding module is inextricably linked with the|module
that filters out the inadmissible commands.

Software interfaces: There is a software module 'that receives and interprets commands from the interfage. This
module| belongs to the data-relevant software=ilt only forwards allowed commands to the other data-felevant
softwarg modules. All unknown or not allowed commands are rejected and have no impact on the data-felevant
softwarp or measurement data.

10.9.27 Method of test

Documentation: The list.of commands and parameters that are accepted by the handware
interfgces and software interfaces shall apparently be complete. For example if on thel basis
of thig list and the_information concerning the structure of the software it is not poss|ble to
perform a calibration, the list cannot be complete.

Practigcal testiUsing the supplied software and the peripheral equipment, carry out practical
tests {spot checks) with both documented and undocumented commands and test allfmenu
items |if;@ny. If there is any accessory software accompanying the dosimetry systgm for
operatimg—the—interface via am additiomat—computer,for some of the—commmands—tirat are
available it shall be checked that the dosimetry system works as documented. In addition,
some other commands shall be given. In case the dosimetry system is affected by this, the
requirement is not met.

10.10 Documentation for the software test

10.10.1 Requirements

a) Documentation in the instruction manual: All dosimetric relevant parts, menus and
submenus of the software including the viewing program to read and display stored data
shall be described in the instruction manual, see Clause 9.

b) Documentation for the type test: In addition to the documentation in the manual, the
following information shall be given by the manufacturer for the purpose of type testing:
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This i
purpo

10.10J2 Method of test

a description of the structure of the software including the data-relevant software
functions and the meaning of data; in case of software separation a description of the
software interface; the measures to protect the software; see 10.2;

the method to evaluate the identification; see;10.3;

the measures to prevent any change of the software and of the presented data and
how their authenticity is guaranteed; see 10.4;

the measures to recognize faulty operation; see 10.5;

a list of all parameters, their ranges and nominal values, the method to make sure that
they are in allowed ranges, where they are stored and how they may be viewed,
including their history; see 10.6;

the way of storing the data automatically; a description of all fields of a data ‘s¢t; the
method used for ensuring their authenticity; the management of exceptional [cases
when storing data (for example full storage); the method of the viewing‘grogifam to
detect corruptions; the measures to prevent any change or loss of the stered datp; see
10.7;

the way of transmitting the data; a description of all fields of a data set; the method
used for ensuring their authenticity; the management of exceptional cases|when
transmitting data (for example cable disconnected); the measures to prevent any
change, loss of or addition to transmitted data; see 10.8;

a description of the software interface, especially which data domains realize the
interface; a complete list of commands and parameters that are accepted ?y the
hardware interfaces and software interfaces, including a declaration of complefeness
of this list and a brief description of each command; see 10.9;

the necessary characteristics of the operating system and of the hardware pf the
computer;

an overview of the security aspects of.the operating system, for example, protgction,
user accounts, or privileges.

pformation can be confidential and only be used by the testing laboratory fpr the
5e of type testing.

Documentation: Check that all documentation required in 10.10.1 is completely giveln and

fulfils

Practi
them

by “p
instrug

fit tothher, the requirement is not met.

ts purpose.

cal tests: By ‘using the software during the type test a lot of menus will be used.| All of
thall be documented in the instruction manual. The rest of the menus shall be checked
aying”_with the running software and comparing the corresponding parts ¢f the
tion_manual. If not all of the menus found in the software and in the instruction nmpanual

11 Radiation performance requirements and tests (dosimetry system)

1.1

All infl

If the

General

uence quantities dealt with in this clause are of type F, see 3.16.

dosimetry system uses more than one signal for the evaluation of the indicated value,

Clause 12 shall be taken into account. The necessary information for the test according to
Clause 12 shall be gained during the tests according to this Clause 11.

If the

dosimetry system is intended to measure both photon and beta radiation and if it uses

for both types of radiation the same signal for the evaluation of the indicated value, then the

same

reference radiation quality has to be chosen for both types of radiation.
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This meets practice: If only one signal (and thus one detector) is used, only one calibration
coefficient can be applied which is the same for both photon and beta radiation. Thus, the
reference radiation quality shall be the same for the dependence on the particle energy, the
angle of incidence and the type of radiation.

11.2 Coefficient of variation

The statistical fluctuations of the indicated value shall fulfil the requirements given in line 6 of
Table 8 to Table 13.

The test shall be performed together with the test regarding non-linearity. Therefore, the

th aoftoct ic dacor: bod in thao folloainea 112
me of-testis-deseribed-inthefollowing—H-3-

11.3 |Non-linearity
11.3.1 Requirements

The variation of the response due to a change of the dose equivalent-§hall not exce¢d the
valueq given in line 7 of Table 8 to Table 13 over the entire measuring range for ghoton
and/of beta reference radiation.

11.3.27 Method of test
a) Source to be used

The tests shall be performed with radiation from 328§ or 60Co sources or other ragation
quplities specified in the 1ISO 4037 series. In case the dosemeter has separate defectors
forl photon and beta radiation, the test shall bejperformed with a beta source as well, for
expmple 90Sr/90Y. |In case the detector signalkstrongly depends on the particle energy, i.e.
max(r; )/min(ry ) > 2, the test shall also bg, performed using different radiation qualities,
e.g. in addition with low energy photon radiation qualities. During the tests, the dosgmeter
shall be irradiated on the required phantom (see 5.1.5) from the reference direction.

NOITE 1 The irradiations can be done free-in air if the correction factor for irradiating free in air instegd of on
the| phantom is applied. This correction.factor is specific for the dosemeter under test and the radiation| quality
usgqd and is therefore determined specifically. Irradiations free in air may be performed at smaller diptances
resplting in smaller field diameters_as,the omitted phantom does not have to be illuminated.

b) Tepts to be performed

Thie tests shall be performed separately with photon radiation or beta radiation (the type of
radliation for which the'dosimetry system is specified).

The response shall be measured for at least the following dose values: at each I|mit of
each order ofymagnitude of the measuring range, at approximately 30 % of each full order
of magnitude’ at the limits of the measuring range and, in addition, in the vicinity of|range
changes<(if known). In total, n repeated measurements at each of the w dose value$ shall
be|performed.

NOFE e £ } 4l H P o4 fa) 402 O 4l H ol !
= o exXamprememeasurmhgTrangeIS—Trom o movyuptoz Sy me—corresponamg—aose—varues are
0,

1 and 0,3 mSv; 1 and 3 mSyv; 10 and 30 mSv; 100 and 300 mSv; 1 Sv and 2 Sv.

For every dose C,, the mean indicated value G; and the standard deviation s; shall be
determined.

11.3.3 Interpretation of results

If, using the w values of the coefficient of variation and the values of ¢y and ¢, given in
Table 2, shows that

o for w— 2 dose values the coefficient of variation is less than ¢, times the limits given in
line 6 of Table 8 to Table 13 and

e 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 line 6 of Table 8 to Table 13,
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then the requirement of 11.2 is considered to be met.

NOTE 1 This method of test is explained in detail in Brunzendorf and Behrens (2007), see bibliography. It takes
into account the fact that it is not possible to measure the coefficient of variation precisely with a reasonable effort.
Therefore, the test incorporates the statistical method of a one-sided chi-square-test. A dosimetry system with a
coefficient of variation being equivalent to 0,9-times the required limit passes the test with a probability of about
80 %. A dosimetry system with a coefficient of variation being equivalent to 1,1-times the required limit fails the
test with a probability of about 80 %.

NOTE 2 If the interpretation of the results was that “for every dose C,, the value sl./(_;,- would not be larger than

the required limit given in line 6 of Table 8 to Table 13 (method of test so far), then a dosimetry system with a
coefficient of variation being equivalent to 0,9-times the required limit would fail the test with a probability of about

98 %. It can also be explained as: If the method of test “Si/(_;f is larger than the required value” is fulfilled with a
probabifity of about 85 %, then the true coefficient of variation will not be larger than 0,63-times the required limit.

If, in| addition, for each of the resulting groups (dose values C;), the) inequality

G G
”min_JC,comS(%il}comj'%os”max"'ljc,com is valid, then the requirement.of 11.3.1 is
r,

considered to be met.

i

U

com |S calculated according to formula (A.5), Example 2. U ,4is the combined relative

Cr,O .

expangded uncertainty of UC,comz\/Ug,rel;r,O +Uére|;l- with the relative expjanded

i
uncerjainties Ucrel: r,0 @nd Ug re. ; Of the conventional quantity values C,, and C; fpr the
differgnt radiation qualities, respectively. In case Uqggyro and Uc (. ; are correlateg, this
shall he taken into account. For U ¢, see 5.2.2.

Table 2 — Values of ¢y and ¢, for w different dose values
and » indicationsfor each dose value

w Value of ¢, for n equal Value of ¢, for n equal

4 7 10 15 20 25 e 4 7 10 15 20 25 ©
5 1,000 | 1,007 | 1,009 | 1,009 | 15009 | 1,009 1 1,499 | 1,400 | 1,344 | 1,290 | 1,255 | 1,231 1
6 1,058 | 1,051 | 1,046 | 1,039 [\*,035 | 1,032 1 1,672 | 1,454 | 1,389 | 1,326 | 1,287 | 1,261 1
8 1,147 | 1,117 {1,100 | 1,084 | 1,074 | 1,067 1 1,687 | 1,536 | 1,458 | 1,383 | 1,336 | 1,304 1
10 || 1,215 | 1,166 | 1,141\\\1,117 | 1,102 | 1,092 1 1,772 11,597 | 1,508 | 1,423 | 1,372 | 1,335 1
12 ][ 1,269 | 1,205 | 15473 | 1,143 | 1,124 | 1,112 1 1,840 | 1,645 | 1,548 | 1,455 | 1,399 | 1,360 1
14 |1 1,315 | 1,238,200 | 1,164 | 1,142 | 1,128 1 1,895 | 1,684 | 1,578 | 1,480 | 1,421 | 1,379 1
16 || 1,351 | 1,265 | 1,222 | 1,182 | 1,158 | 1,142 1 1,940 | 1,716 | 1,605 | 1,502 | 1,440 | 1,396 1
18 || 1,388,+1,289 | 1,242 | 1,211 | 1,171 | 1,153 1 1,980 | 1,743 | 1,628 | 1,409 | 1,453 | 1,409 1
20 ||\.418 | 1,311 (1,259 | 1,233 (1,183 | 1,164 1 2,015 | 1,767 | 1,646 | 1,394 | 1,466 | 1,421 1
25 1,483 1,355 |1,295|1,240 (1,210 | 1,186 1 2,081 11,812 1,683 | 1,563 | 1,445 | 1,444 1
50 (1,683 |1,494 (1,407 | 1,328 | 1,283 | 1,252 1 2,27511,945 (1,789 | 1,646 | 1,561 | 1,504 1

11.4 Overload characteristics, after-effects, and reusability
11.4.1 Requirements
The requirements are subdivided into three parts:

a) Recognition of overload

When the dosemeter is irradiated with a high dose as given in line 8 of Table 8 to
Table 13, the system shall display an indicated dose larger than the upper dose limit of

the range of measurement, H,,,, or an overload message.
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b) After-effects

If a dosemeter irradiated to high dose values produces after-effects on any subsequent
measurement, suitable measures shall be taken to ensure that the requirements of this
document are met in the subsequent measurements.

c) Reusability

If the dosemeters cannot be reused indefinitely or if usability depends on the history of the
dosemeter, this fact is stated by the manufacturer, see 7.5. Often, a high dose during the
last irradiation negatively affects the reusability.

11.4.2’_M3Lh_a.d_o.LLest
For this test, four groups of dosemeters shall be exposed to a reference sourcesThe tests

shall pe performed with radiation from 137Cs or 60Co sources or other radiation qualities
specifled in the ISO 4037 series.

Group| 1: reference group: n (= 5) dosemeters shall be irradiated with C, ,-see Table 7.

Group|2: at least one dosemeter shall be irradiated with a high dose,'equivalent as giyven in
line 8 of Table 8 to Table 13.

Group|3: n (> 10) dosemeters shall be irradiated with a dose e€quivalent equal to the|lower
limit of the measuring range, Hy,,-

Group|4: n (> 10) dosemeters shall be irradiated with the dose up to which they are reusable.
This dose is given by the manufacturer, see 7. Then, the usual method to pfepare
the dosemeters for a new irradiation shall be applied. Finally, the dosemeters shall
be irradiated with a dose equivalent equal to the lower limit of the measuring fange,
H|OW'

The dpsemeters shall be read out in that order:

For eyery dose value, the mean indicated value G; and the standard deviation s; shall be
determined.

11.4.3 Interpretation of the-results

The indicated value of thessecond group (only one dosemeter) shall be at least the uppgr limit
of the|measuring range; Hp. OF an overload message shall be displayed on the system.

If for the three other groups of dosemeters, the inequality
G @

Tmin — Y ¢.com s(c_?’ iUcomj-%Os tmax TUccom With ri and r ., taken from line 7 of Tiable 8
r,0 i

to Tahle.¥3 is valid and for groups 3 and 4 the value 2iis smaller than the figures giyven in

G;

line 6 of Table 8 to Table 13, then the requirements of 11.4.1 are considered to be met.

U

com IS calculated according to formula (A.5), Example 2. U¢ ;o is the combined relative

Cr,O .

expanded uncertainty of UC,com:\/U(%,rel;r,O +Uére|;i with the relative expanded

i
uncertainties Uc o). 1o @nd Ug . ; Of the conventional quantity values C,, and C; for the
different radiation qualities, respectively. In case Uc (). (o @nd Ug . ; are correlated, this
shall be taken into account. For U ¢, see 5.2.2.
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11.5 Radiation energy and angle of incidence for Hp(10) or H*(10) dosemeters
11.5.1 Photon radiation
11.5.1.1 Requirements

The variation of the relative response due to a change of the radiation energy and angle of
incidence within the rated ranges shall not exceed the values given in line 9 of Table 8 and
Table 11 for Hp(10) and H*(10), respectively.

11.5.1.2 Method of test

The fdlTowing radiation qualties specified in the 1SU 4037 series shall be used:

N-15, N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300,
S-Cs (137Cs), S-Co (80Co), R-C (4,4 MeV), R-F (6,7 MeV).

Irradigtions shall be performed for the energies and angles of incidence «\given in Tablqg 3:

Table 3 — Angles of incidence of irradiation for Hp(10) and-H*(10) dosemeters|

a H_(10) dosemeters H*(10) dosemeters
(irradiations on phantom, see 5.1.5) (irradiations free in air)
0° For all radiation qualities whose mean energy falls For all radiation qualities whose mean ¢nergy
within the rated range of energy falls within the rated range of energy
+ 60° Three lowest energies in rated range of energy 'el'rr:;ergylowest energies in rated range o
o . L For workplace dosemeters with 75° < ¢
+ 75° In casef75 = amaxt.hThre_e IOW?St en(;er?ms in @ed and for environmental dosemeters thre ;ax
range of energy, otherwise not mandatory lowest energies in rated range of energy
+ Three lowest eneraies in rated rangé-6fener For environmental dosemeters three loyvest
= %ma 9 9 9y energies in rated range of energy
90° This test is given in 11.8 For environmental dosemeters three loyvest

energies in rated range of energy

As for «a .., not necessary if the dosemeter

(180°4 | No test / )
is symmetrical

max)

As for 75°, not necessary if the dosemdter is

+ 105 No test symmetrical

As for 60°, not necessary if the dosemdter is

+120 No test symmetrical

As for 0° angle of incidence, not necessary if

180 hoXESt the dosemeter is symmetrical

NOTE 1 The dosemeter is symmetrical, if all parts including filters are symmetrical with respect to a plane through
the centre of the detector and perpendicular to the reference direction.

NOTE 2 For personal dose quantities: Also take into account 8.4 e) and line 11 of Table 8.

For a # 0° and for a # 180° the tests shall be performed in two perpendicular planes parallel
to the reference direction and going through the reference point of the dosemeter. Different
directions for one angle of incidence (for example + 60° and — 60°) shall only be irradiated if
the construction of the dosemeter is not symmetrical with respect to a change of that
direction.

For H*(10) dosemeters and « = 90°, i.e. the reference direction is orientated perpendicular to
the radiation beam, the dosemeter shall be rotated during the irradiation about its reference
direction as rotation axis. If no rotation during the irradiation is possible, eight subsequent
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irradiations with different polar angles in steps of 45° can be used irradiating the same
dosemeter, see Figure 1 for illustration.

v

v

vV

IEC

Key
1 Radjation field
2 Dosgmeter badge, front face

3 Stepwise rotation in steps of 45° around the reference orientation (perpendicular‘to the drawing plane)

Fjgure 1 — Stepwise irradiation of an H*(10) dosemeter at'90° angle of incidende

For npn-symmetrical H,(10) dosemeters (see Note 1 and 8.4 €)), the dosemeter shall in
additign to the normal test be placed on the front side/of the phantom with its back Jto the
radiation source (checking whether wearing in the wrong)direction gives bad results).

For every radiation quality, the mean indicated value 5, and the standard deviation s; shall be
determined.

NOTE 3 i refers to a group of dosemeters irradiated*equally, for example N-30, 60° (from above). That means, the
different directions (horizontal from the right_and left; vertical from above and the bottom) for one gngle of
incideng¢e are not averaged.

NOTE 4 For an Hp(10) dosemeter, forveach of the three lowest radiation energies, at least five greups of
dosemdters are irradiated: one at 0°,andfour at 60°.

NOTE § For an H*(10) dosemeter, for each of the three lowest radiation energies, at least ten grgups of
dosemdters are irradiated: onétat'0°, four at 60°, four at 75° and one at 90°.

11.5.1.3 Interpretation of the results

G G
If, for|every cadiation quality, the inequality ’"min_UC,comg(éG_liUcomJ'%ogrmax"'Uc,com is
r,0

valid, thén the requirement of 11.5.1.1 is considered to be met. The values for r
are g| eninline 9 of Table 8 and Tahle 11

i

min @ngd r

. . G:
Exception: In case the expression [5’ J_rUcom]«
r,0
0,05 or less from the allowed limit and no angular irradiations have been performed at this
energy, the corresponding angular irradiations have to be performed for those specific
energies.

Cr,O

for 0° angle of incidence differs by only

1

U is calculated according to formula (A.5), Example 2. U¢ ;o is the combined relative

Cr,O .

com

expanded uncertainty of UC,comz\/Ug‘,rel;r,O +Uglre|;l- with the relative expanded

1
uncertainties Uc ). 10 @nd Uc (. ; Of the conventional quantity values C,, and C; for the
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different radiation qualities, respectively. In case Uc (.o @and Ug . ; are correlated, this
shall be taken into account. For U ¢, see 5.2.2.

11.5.2

11.5.2

Beta radiation

.1 Requirements

As the dosemeter is intended to measure Hp(10) or H*(10), the indicated value due to beta
radiation with energies up the energy equivalent of 90Sr/%0Y shall be less than 0,1-H,(0,07)
(see line 10 of Table 8 and Table 11).

NOTE

Eor heta radiation A (10) and I-I*(1n) are not suitable qll?hfifiDQ to estimate the effective dose nqlli\

alent.

11.5.2,

For th
radiati

— 90g
The d
NOTE

For th
detern

11.5.2,

11.6

11.6.1
11.6.1
The v

incide
Table

11.6.1

$r/90Y (mean energy ~ 0,8 MeV).

2 Method of test

s test, n (> 4) dosemeters shall be exposed at 0° angle of incidence to-béta refg
on specified in ISO 6980:

pse equivalent shall be at least /#,(0,07) = 10 mSv = C.
Details of the reference radiation and the calibration procedure are given in ISO 6980.

s radiation quality, the mean indicated value G and-the standard deviation s sk
hined.

3 Interpretation of the results

Uny, <0,1-C is valid, then requirement ef\11.5.2.1 is considered to be met.
calculated according to formula (A'3).

Radiation energy and angle of incidence for Hp(3) or H'(3) dosemeters
Photon radiation
.1 Requirements

briation of the relative response due to a change of the radiation energy and an
nce within the'rated ranges shall not exceed the values given in line 9 of Table
12 for Hp(3) and H'(3), respectively.

.2, \Method of test

rence

all be

gle of
9 and

The fo

lTowing radiation quallties specirtied In 150 4U57 shall be usead:

N-10, N-15, N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300, S-Cs ('3’Cs),
S-Co (5°Co), R-C (4,4 MeV), R-F (6,7 MeV).

Irradiations shall be performed for the energies and angles of incidence « given in Table 4:
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Table 4 — Angles of incidence of irradiation for Hp(3) and H'(3) dosemeters

a Hp(3) dosemeters (irradiations on phantom, H'(3) dosemeters
see 5.1.5) (irradiations free in air)
0° For all radiation qualities whose mean energy For all radiation qualities whose mean energy
falls within the rated range of energy falls within the rated range of energy
+ 60° Three lowest energies in rated range of energy Three lowest energies in rated range of energy
+75° In case 75° < « .: Three lowest energies in For environmental dosemeters three lowest
- rated range of energy, otherwise not mandatory energies in rated range of energy
+ g Three lowest eneraies in rated range of ener For environmental dosemeters three lowest
— “max 9 9 9y energies in rated range of energy
90° This test is given in 11.8 For er)Vlr(_)nmentaI dosemeters three lowest
energies in rated range of energy
+ (180°F No test For environmental dosemeters three. lowegt
) otes energies in rated range of energy.
+105° No test For er)wrgnmental dosemeters’three lowegt
energies in rated range/Of energy
+120° No test Three lowest energiésin rated range of erlergy
180° No test Three lowest energies in rated range of energy
NOTE 1 Also take into account 8.4 e) and line 11 of Table 9.

For a ¥ 0° and for a # 180°, the tests shall be performied in two perpendicular planes parallel
to the|reference direction and going through the reference point of the dosemeter. Different
directipns for one angle of incidence (for example +60° and — 60°) shall only be irradigted, if
the construction of the dosemeter is not symmetrical with respect to a change df that
directipn.

For npn-symmetrical H,(3) dosemeters(see Note 1 and 8.4 e)), the dosemeter shall in
additign to the normal test be placed on the front side of the phantom with its back [to the
radiatijon source (checking whetherwearing in the wrong direction gives incorrect resulty).

For eVery radiation quality, the mean indicated value 51 and the standard deviation s; shall be
determined.

NOTE 3 i refers to a group)of dosemeters irradiated equally, for example N-30, 60° (from above). That means, the
differentt directions (horizontal from the right and left; vertical from above and the bottom) for one gngle of
incidenge are not ayeraged.

NOTE 3§ For an“~# _(3) dosemeter, for each of the three lowest radiation energies, at least five grgups of
dosemgqters are irracfiated: one at 0° and four at 60°.

11.6.1.3" Interpretation of the results

If, for every radiation quality, the inequality #nin —Uccom < 5’ +Ucom '%Oﬁrmax”fc,com is

r,0 i
valid, then the requirement of 11.6.1.1 is considered to be met. The values for r;, and 7,5
are given in line 9 of Table 9.

. C

Exception: In case the expression EG—’J_rUcom -%O for 0° angle of incidence differs by only
r,0 i

0,05 or less from the allowed limit and no angular irradiations have been performed at this

energy, the corresponding angular irradiations have to be performed for those specific

energies.
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Ugom is calculated according to formula (A.5), Example 2. Uc .o, is the combined relative
Cr,O .

expanded uncertainty of UC,com:\/U(ZJ,reI;r,O +U§,re|;l- with the relative expanded

i
uncertainties Uc ). 10 @nd Uc (. ; Of the conventional quantity values C,, and C; for the
different radiation qualities, respectively. In case Ucrel: r,0 @nd Ug (g ; are correlated this
shall be taken into account. For U ¢, see 5.2.2.

11.6.2 Beta radiation

11.6.2.1 Requirements

RequirementA—The variatiom of thetetative Tesporse duetoachange of thetadiatiomgnergy
and apgle of incidence within the rated ranges for beta radiation shall not exceed the\yalues
given |n line 10 of Table 9 and Table 12.

Requirement B: As the dosemeter is intended to measure Hp(3) or H'(3), the\indicated| value
due t¢ beta radiation with energies up the energy equivalent of 8°Kr, shall be les$ than
0,1 -HF(0,07) (see line 10 of Table 9 and Table 12).

11.6.2.2 Method of test

For refuirement A:
The fdllowing reference radiation qualities specified in ISQ 6980 shall be used:
903r/9PY (mean energy ~ 0,8 MeV); 106Ru/106Rh (mean energy ~ 1,2 MeV).

As long as no conversion coefficients for the“conversion from personal absorbed dpse in
0,07 mim depth, Dp(0,07), to Hp(3) and H'(3) are available in ISO 6980-3, the values given in
AnneX E shall be used.

The tgsts shall be performed for those radiation qualities whose mean energy falls in thg rated
range|of energy. Angles of incidence shall be: «=0°, a =+45°, o« =+60° and «a = £[75° if
includgd in the rated range af angle of incidence in two perpendicular planes containipg the
reference direction through the reference point of the dosemeter.

For elery radiation q@ality, the mean indicated value G, o and the standard deviation s, ) shall
be determined.

NOTE 1 Details.of'the reference radiation and the calibration procedure are given in ISO 6980.
NOTE 3 4 refers to a group of dosemeters irradiated equally, for example Sr-90, 60° (from above). That|means,

the different” directions (horizontal from the right and left; vertical from above and the bottom) for one gngle of
incidence are not averaged.

NOTE 3 For Hp(3) and H'(3) dosemeters, at each of the two lowest radiation energies, at least five groups of
dosemeters are irradiated: one at 0° and four at 60°.

For requirement B:

For this test, n (> 4) dosemeters shall be exposed at 0° angle of incidence to beta reference
radiation specified in ISO 6980:

— 85Kr (mean energy ~ 0,24 MeV).

The dose equivalent shall be at least Hp(0,07) =10 mSv=C
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For this radiation quality, the mean indicated value Gg and the standard deviation sg shall be
determined.

11.6.2.3 Interpretation of the results

For requirement A:

G, C
If, for every radiation quality, the inequality 7nin —Uc com S[EI,A iUCOI’nJ' Crw,O,A < fmax tUc com
r,0.A iA

is valid, then requirement A of 11.6.2.1 is considered to be met. The values for r,i, and .«
are giyen in line 10 of Table 9.

U

com |S calculated according to formula (A.5), Example 2. Ug ;o is the combined relative

P CrO
expanded uncertainty of =

Uc com :\/Uérekr’() +U§,re,;,. with the relative expgnded
i

uncerjainties Ucrel: r.0 @nd Ug . ; Of the conventional quantity values,'C, ; and C; fpr the
differgnt radiation qualities, respectively. In case Uc (.o @and Ugygl ; are correlated, this
shall Be taken into account. For U ¢, see 5.2.2.

For refuirement B:
If Gg | Uy, < 0,1-C is valid, then requirement B of 11.6{2)1 is considered to be met.

U

m is palculated according to formula (A.3).

11.7 |Radiation energy and angle of incidence for Hp(0,07) or H'(0,07) dosemeters
11.7.1 Photon radiation
11.7.1.1 Requirements

The variation of the relative response due to a change of the radiation energy and argle of
incidepce within the rated ranges shall not exceed the values given in line 9 of Table 10 and
Table [13 for Hp(0,07) and ##'(0,07), respectively.

11.7.1.2 Method.oftest

The fgllowing radiation qualities specified in ISO 4037 shall be used:

N-10, [N-15,)N-20, N-30, N-40, N-60, N-80, N-100, N-150, N-200, N-300, S-Cs ('37Cs)] S-Co
(50Co)| REC (4,4 MeV), R-F (6,7 MeV).

Irradiations shall be performed for the energies and angles of incidence « given in Table 5:
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Table 5 — Angles of incidence of irradiation for Hp(0,07) and H'(0,07) dosemeters

a H _(0,07) dosemeters H'(0,07) dosemeters
(irradiations on phantom, see 5.1.5) (irradiations free in air)
0° For all radiation qualities whose mean energy For all radiation qualities whose mean energy
falls within the rated range of energy falls within the rated range of energy
+ 60° Three lowest energies in rated range of energy Three lowest energies in rated range of energy
+75° In case 75° < «,.: Three lowest energies in rated | For environmental dosemeters three lowest
- range of energy, otherwise not mandatory energies in rated range of energy
+ g Three lowest energies in rated range of energ For environmental dosemeters three lowest
— “max y energies in rated range of energy
90° This test is given in 11.8 For er)Vlr(_)nmentaI dosemeters three lowest
energies in rated range of energy
+ (180° For environmental dosemeters three lowest]
No test S
= na)) energies in rated range of energy
+105 No test For er)wrgnmental dosemetéfs-three lowest]
energies in rated range of\enérgy
+ 120 No test Three lowest energieslin-rated range of endrgy
180° No test Three lowest energies in rated range of engqrgy
NOTE 1 For personal dose quantities: Also take into account 8.4 e) andcline 11 of Table 10.

For a ¥ 0° and for a # 180°, the tests shall be performied in two perpendicular planes parallel

to the

reference direction and going through the reference point of the dosemeter. Di

ferent

directipns for one angle of incidence (for example +60° and — 60°) shall only be irradigted, if
the construction of the dosemeter is not symmetrical with respect to a change gf that

directipn.

For H|(0,07) dosemeters and « = 90°,the dosemeter shall be rotated about its refgrence
directipn during the irradiation. If no.rotation is possible, eight subsequent irradiations with

differgnt polar angles in steps of 45%.can be done irradiating the same dosemeter. As «
erence direction is orientated perpendicular to the radiation beam. The rotation r;r)ay be
X

the re

omitted if the dosemeter has~avholder defining the orientation with respect to the e

directipn

For n
additig

of radiation incidence.

s 90°,

ected

pn-symmetrical~H;(0,07) dosemeters (see Note 1 and 8.4 e)), the dosemeter shall in
n to the normal test be placed on the front side of the phantom with its back
radiation sourceAchecking whether wearing in the wrong direction gives incorrect resultg).

to the

For every radiation quality, the mean indicated value 5, and the standard deviation s; shall be
determined.

NOTE 2

i refers to a group of dosemeters irradiated equally, for example N-30, 60° (from above). That means, the

different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of
incidence are not averaged.

NOTE 3 For an Hp(0,07) dosemeter, for each of the three lowest radiation energies, at least five groups of
dosemeters are irradiated: one at 0° and four at 60°.

NOTE 4 For an H'(0,07) dosemeter, for each of the three lowest radiation energies, at least ten groups of
dosemeters are irradiated: one at 0°, four at 60°, four at 75° and one at 90°.
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11.7.1.3 Interpretation of the results

G C

If, for every radiation quality, the inequality Vmin—Uc,comS(C—;Gl iUcomJ'%os’"max"'UC,com is
r,0 i

valid, then the requirement of 11.7.1.1 is considered to be met. The values for ., and r 5

are given in line 9 of Table 10 and Table 13.

. C
Exception: In case the expression [EG’ iUcomJ-%o for 0° angle of incidence differs by only

r,0 [
0,05 qr_less from the allowed limit and no angular irradiations have been performed at this
energy, the corresponding angular irradiations have to be performed for those_‘specific
energies.

Ugom | calculated according to formula (A.5), Example 2. U¢ ¢on, is the combined relative

Cr,O .

expangded uncertainty of UC,com:\/U(%,rel;r,O +U§,re|;i with the\ r€lative expanded

uncerjainties Ucrel: r,0 @nd Ug re. ; Of the conventional quantity values C,, and C; fpr the
differgnt radiation qualities, respectively. In case Ug o). o @and-U¢ . ; are correlateg, this
shall he taken into account. For U ¢, see 5.2.2.

11.7.2 Beta radiation
11.7.2.1 Requirements
The variation of the relative response due to a change of the radiation energy and arjgle of

incidence within the rated ranges for beta radiation shall not exceed the values giyen in
line 10 of Table 10 and Table 13.

In case these requirements are not metjthe requirements given in 11.9 shall be met.

NOTE |Subclause 11.7.2 deals with the mieasurement of beta dose. Subclause 11.9 deals with the indicatiop of the
presende of beta dose.

11.7.2.2 Method of test

The fdllowing referenceé radiation qualities specified in ISO 6980 shall be used:
147Pm (mean energy ~ 0,06 MeV);  204T| or 85Kr (mean energy ~ 0,24 MeV);

903r/9PY (mean energy ~ 0,8 MeV); 106Ru/106Rh (mean energy ~ 1,2 MeV).

AS |orr| 2¢ Nnn convarsion coefficients for the conversion from narsonal absorbed H)Se in
So—o0—Go eSS h—6o0eHHee ts—o—he—G6oRe+stoi—HoeH S-S5 aH—aBS0B8a—G

J .
0,07 mm depth, Dp(0,07), to the personal dose equivalent, Hp(0,07), are available in
ISO 6980-3 for 106Ru/106Rh, the values given in Annex E shall be used.

The tests shall be performed for those radiation qualities whose mean energy falls in the rated
range of energy. Angles of incidence shall be: o =0°, a=+45", as well as «a=+60" and
a=+75" if included in the rated range of angle of incidence in two perpendicular planes
containing the reference direction through the reference point of the dosemeter.

For every radiation quality, the mean indicated value 5, and the standard deviation s; shall be
determined.

NOTE 1 Details of the reference radiation and the calibration procedure are given in ISO 6980.
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NOTE 2 i refers to a group of dosemeters irradiated equally, for example Kr-85, 60° (from above). That means,
the different directions (horizontal from the right and left; vertical from above and the bottom) for one angle of
incidence are not averaged.

NOTE 3 For an Hp(0,07) dosemeter, at the lowest or at each of the two lowest radiation energies, at least five
groups of dosemeters are irradiated: one at 0° and four at 60°.

11.7.2.3 Interpretation of the results

G; Cro ;
—=—*Ucom |"—=<7max +Uccom I
Gr,O Ci

valid, then the requirement of 11.7.2.1 is considered to be met. The values for r
are giyermrimtimet0of Tabtet0amd-Tabtet3:

If, for every radiation quality, the inequality ’”min_UC,comg(

min @nd rpax

Ugom | calculated according to formula (A.5), Example 2. Uc .o, is the combined relative
Cr,O .

expanded uncertainty of

Uc com =\/Uére|;r,0 +U(2;,re|;l- with the relative exppnded
i
uncerjamtles Ucrel: r.0 @nd Ug . ; Of the conventional quantity values\C; , and C; fpr the
differgnt radiation qualities, respectively. In case Ucrel: r0 @nd Ug gy are correlatei this
shall Be taken into account. For U ¢, see 5.2.2.

11.8 |Over indication due to radiation incident from the side of an Hp(1 0), p(3) or
ID(O 07) dosemeter

11.8.1 Requirements

If the fosemeter is irradiated free in air from the side (o4 to 180°—a,,,,), the indicated value
shall pot exceed 2 times the indicated value resulting from an irradiation free in air with the
same [radiation quality from the front (0°). This¢shall apply to all radiation energies within the
rated fange of energy.

NOTE {1 This requirement prevents the acceptance of a detector with a high atomic number material [without
sufficient shielding which may cause a large over response from the side.

NOTE 3 If « ax = 60°, this means an irradiation from 60° to 120°.

m

NOTE 3 No lower limit is required ‘asithe conventional quantity value is zero for beta radiation and for low] energy
photon fadiation.

11.8.2 Method of tést

For sgveral radjation energies, the test can be performed by examining the materials in front
of thg detector(s) and the surrounding material. If it can be anticipated due to physical
absorption_ceefficients that the material at the side results in more absorption than [in the
front, the tests can be omitted for these radiation energies.

For the remaining radiation energies, irradiations shall be performed for those polar angles g
(regions of the side of the badge) at which the surrounding material does not seem to be thick
enough. At these “weak points”, at least two groups of dosemeters shall be irradiated free in
air to an ambient dose equivalent of H*(10) = 3 mSv:

Group 1: The dosemeters shall be irradiated at an angle of incidence of 0°.

Further groups: Irradiations shall be performed at the angle of incidences g corresponding
to the “weak points”. The azimuthal angle of incidence shall be varied
during the irradiation between o, and 180°-q,,, in steps of 15°

including 90° resulting in the indicated value G, ¢,

Separate groups shall be irradiated separately for every polar angle g (i.e.
for every “weak point”).
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NOTE In case of «_,, = 60° the irradiation of each badge is performed in three equivalent fractions at 75°, 90°,
and 105°.

For every group, the mean indicated value 5, and the standard deviation s; shall be
determined.

11.8.3 Interpretation of the results

If, for every polar angle examined in accordance with 11.8.2, the inequality

G ot pax 10 180°—atax

Co

+Ucom < 2 is valid, then the requirement of 11.8.1 is considered to be met.

Ueom |s calculated according to formula (A.5), Example 2. This calculation presumes that all
dose Yalues used in this test are 100 % correlated. If this is not the case this shall be|taken

into a¢gcount when calculating U_g -

11.9 |Indication of the presence of beta dose for Hp(0,07) whole body dosemeters

The rgquirements, method of test, and interpretation of the results-stated in 11.7.2 apply for
angleg of incidence of 0°, see line 13 of Table 10. For angles of incidence of « = + 4b° the
respofse values shall be measured and stated.

12 Response to mixed irradiations (dosimetry system)

12.1 |Requirements

The fgllowing requirement is fulfilled for dosimetry systems using only linear combinatipns or
linear|optimizations to obtain the signal and\finally the indicated value, this requirenent is
fulfillefd and no tests are required (the algarithm is an additive one).

Otheryise, e.g. if any branching orydecision points from which on different methofls (or
equations or corrections) are used in the algorithm, the test shall be performed in onder to
check| the evaluation algorithmiu'of the dosimetry system for mixed irradiations. [Mixed
irradiztion means that a dosemeter is irradiated with two portions of dose equivaler|t with
differgnt radiation qualities or other conditions. The difference in the radiation qualifies or
other ¢onditions can be

a) a difference in the-dose values, and / or

b) a differencecin’the value of one specific influence quantity (for example different ¢nergy
anfd angle ©f)radiation incidence), or

c) a different type of radiation if the dosimetry is tested with respect to more than one type of
radiation.

Requirement: The relative response to mixed irradiation shall be within the range of response
weighted with the respective dose values.

NOTE 1 This requirement ensures that the results of the test according to this document are also valid if the
dosemeter is irradiated with broad spectra and/or mixtures of several radiation qualities.

NOTE 2 A radiation quality in this context is given by the notation according to ISO 4037 or ISO 6980 and the
angle of incidence, for example N-30 and 45° angle of incidence.

NOTE 3 A dosimetry system with a non-additive evaluation algorithm can have, although it is in line with this
document, the following characteristic: Two dosemeters (A and B) are irradiated with the same dose equivalent (for
example 20 mSv) of one radiation quality (for example 137Cs, 0°). Afterwards, dosemeter A is irradiated additionally
with another radiation quality (for example 2 mSv, N-40, 0°). The indicated value of dosemeter A (for example
21 mSv) can be smaller than the one of dosemeter B (for example 22 mSv). For both dosemeters, the relative
response is within the required range from 0,71 up to 1,67 (i.e. the requirement of 11.5.1 is fulfilled), but the
indicated value is not additive.
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12.2 Method of test
12.2.1 General

This test has to be performed via calculations using the signals of the dosemeter elements
and the evaluation algorithm of the dosimetry system. Therefore, the testing laboratory needs
access to the evaluation algorithm and the signals Sg of the dosemeters’ elements.

12.2.2 Preparation of the test

The relative responses of the signals of the dosemeter elements gained during the tests
according to 11.5, 11.6, and 11.7 shall be used. All radiation qualities listed in 11.5.1.2,
11.6.11.2, 11.6.2.2, 11.7.1.2, and 11.7.2.2 (depending on the type of dosemeter) and all angles
of incldence from 0° up to the maximum rated angle in steps of 15° shall be .taken into
accoupt. In case the dosemeter badge is not symmetrical four different directions/(up, |down,
left, and right) shall be taken into account for every angle of incidence.

In casE the relative responses of the signals of the dosemeter elements are’not available for
all ragdiation qualities and angles of incidence, these values cah'‘be determingd by
measyrements or via Monte Carlo methods, the Ilatter havingoto be validated by
measyrements.

In order to make sure that the evaluation algorithm supplied“by the manufacturer is cprrect,
the following test shall be done for a few radiation qualities for which irradiations| were
performed during the tests according to subclause 11.55/11.6, and 11.7: The indicated| value
Gk eMaluated by the dosimetry system shall be compared to the corresponding indicated
value f(S k) calculated using the signals S, x of the g= 1.5 detector elements and the
evaluct|on algorlthm The values have to be equal, otherW|se the manufacturer shall deliver
the cofrect function f(S,) for the evaluation of the, indicated value.

12.2.3 Practical test

the sym of the signals S, « + S, for'each detector element g. From this sum, the indicated
value | Gy = flSgk + Sg |_) for .the™ mixed irradiation condition K+L with the conventional
quantity dose value Ckg = C+ C_ shall be calculated. The indicated |[value
G+l TS,k L) shall be“determined for any possible combination of two radiation
qualitips Ifand L W|th different energy and angle of incidence within the rate range. For|every
combipation of K and_L, the ratio of Cy to C| shall take the following values: 1:9, 2:8, .] up to
9:1 (nline different ratios). The total dose shall be within the standard test condition§, see
line 1 pf Table 7,

Mixed| irradiations using the two radiation qualities K and L can be simulated by calc({lating

C,
The relative,response shall be calculated according to r= Gkt Er0 for every combination

Hations is

H = | [N [ A |
described—above—H—ArRex+—a—compt

described.

NOTE As an example, the rated range goes for photons from 33 keV up to 1,25 MeV and from 0° up to + 60° and
for betas from 0,24 MeV up to 0,8 MeV and from 0° up to = 60°. According to subclauses 11.7.1.2 and 11.7.2.2
nine photon radiation qualities and two beta radiation qualities are involved. In addition, 17 different angles of
incidence have to be considered: 0°, 15°, 30°, 45°, and 60°, the latter four from four different directions (up, down,
left, right) as the dosemeter badge is assumed not to be symmetrical in any direction. In summary, (9+2) energies
times 17 angles of incidence result in 187 contributions of different radiation qualities. The combination of each
contribution with each other leads to 187-186/2 = 17 391 combinations. 17 391 combinations times 9 dose ratios
result in 156519 types of signals to get the indicated value.
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12.3 Interpretation of the results

All the calculated relative responses shall be within the permitted variation of the response. In
case different response ranges are required for the different radiation qualities K and L, the
range of response weighted with the respective dose values, Cx and C|, shall be applied. The
weighted response shall be calculated as follows: The response ranges for the radiation
qualities K and L, r k and rpin | - "max,L» Shall be combined to the weighted limits
Tmin K 'CK + Tmin,L 'CL Tmax,K * CK + "max,L CL

min,K -- "max,

for the response values r.,., = and =
p rmln,w CK + CL rmax,w CK + CL
EXAMPLE:
rmin’K = 0,67 & rmax,K = 2,00 and
"minL F 0,71 & rmaxL = 1,67 with
Ck =4 mSvand C| =8 mSv.
This résults in 7. . = 0,67-2mSv +0,71-8 mSv 0,70 and o, = 20-2mSv+167-8mSv L174.
’ 10 mSv ' 10 mSv

In tha{ case the requirement of 12.1 is considered to be met.

13 Epvironmental performance requirements and-tests

13.1 |General
13.1.1 General requirement

The irffluence quantities dealt with in this ¢lause are of type F and/or type S. Therefore, two
differgnt requirements are valid for eaclyjinfluence quantity: One as if it was of type F (the
range |of relative response, r, is limited) and the other as if it was of type S (the deviation, D,
is limifed).

For the reader, only requirements according to a usual indoor use are given (vjarying
tempefrature and light exposure, for example heating behind a large window due to sunlight).

13.1.2 General method of test

As theg tests desgfibed in this clause are performed using rather low doses such as 7-H|,,, the
consideration ef'the natural background radiation is of special importance, see 5.2.4.

Three|different situations may occur:

a) In case 1t is not clear whether the inifluence quantily acts as type F or as type S, the
conventional quantity value of the dose equivalent shall be 7-H,,,, if not stated otherwise
in the respective subclause. For every group, n (= 6) dosemeters shall be irradiated. In
case the coefficient of variation of the indicated value is too large to judge whether the
requirements are met or not, the dosemeters may be irradiated at a higher dose equivalent
if it is assumed that this is a type F influence quantity. Otherwise, the number of
dosemeters shall be increased, see Clause A.1.

NOTE As stated above, also the influence quantities that may be of type S are limited by a maximum permitted
value for the variation of the response. As the conventional quantity value of the dose equivalent is 7-H , a
change of the response by 10 % is equivalent to a deviation of 0,7-H, . Therefore, by this method of test, it is
simultaneously ensured, that the deviation and the variation of the response from unity are not larger than the
figures given above: 0,7-H, , and 10 %, respectively.
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b) In case the influence quantity acts as type F, the conventional quantity value of the dose
equivalent shall be at least 10-H|,,, if not stated otherwise in the respective subclause. For
every group, n (> 6) dosemeters shall be irradiated. In case the coefficient of variation of
the indicated value is too large to judge whether the requirements are met or not, the
dosemeters may be irradiated at a higher dose equivalent and / or the number of
dosemeters shall be increased, see Clause A.1.

c) In case the influence quantity acts as type S, the conventional quantity value of the dose
equivalent shall be 7-H,,,, if not stated otherwise in the respective subclause. For every
group, n (> 6) dosemeters shall be irradiated. In case the coefficient of variation of the
indicated value is too large to judge whether the requirements are met or not, the number
of dosemeters shall be increased, Clause A.1.

13.2 |Ambient temperature and relative humidity (dosemeter)
13.2.1 General

The influence quantity dealt with in 13.2 is assumed to be of type F or of type. S*

13.2.2 Requirements

The r¢lative response and the deviation due to a change of the\ambient temperatuje and
relative humidity within their rated ranges shall not exceed,the values given in ling 1 of
Table [14.

13.2.3 Method of test

For thjs test, three groups of n (> 6) dosemeters shall*be exposed to a reference sourcg, see
13.1.2.

Treatment of the three groups after the irradiation:

Group|1: reference group: the temperature and the relative humidity shall be at stgndard
test conditions, see Table-.7.

Group|2: the dosemeters shall‘be exposed to the lower extreme value of the rated rapge of
the temperature. The'relative humidity does not have to be controlled.

Group|3: the dosemeters shall be exposed to the upper extreme value of the rated rapge of
the temperature and the upper extreme value of the rated range of the r¢lative
humidity (not)condensing).

The duration of exposure shall be one week. As shortly as possible, but not shortef than
allowdd by the ifistructions of use, the dosemeters shall be read out.

For epery._group, the mean indicated value (_;, and the standard deviation s; shpll be
determined.

13.2.4 Interpretation of the results

If, for every group, the inequality Fminﬁ[%iUcomJﬁrmax (for type F influence quantities) or
1

the inequality @—aiUc0m|S Dnyax (for type S influence quantities) is valid, then the

requirements of 13.2.2 are considered to be met. The values for r,, "max> @nd D¢ are
given in line 1 of Table 14.

Ueom I8 calculated according to formula (A.5), Example 1 or Example 2, for differences or
ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating

U,

com:*
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Light exposure (dosemeter)
General

fluence quantity dealt with in 13.3 is assumed to be of type F or of type S.

Requirements

The relative response and the deviation due to a change of the light exposure within its rated

range

13.3.3

For th
see 1]

Treatn

Group

Group|

To prg
compl
whossg
wavel
betwe

If 45

irradignce can be decreased by up to~a factor of 2, however, the exposure time then has

increa

NOTE

For e
detern

13.3.4 Interpretation of the results

If the

shall not exceed the values given in line 2 of Table 14.

—Method of test

is test, two groups of n (> 6) dosemeters shall be exposed to a reference,s
1.2,

nent of the two groups after the irradiation:

1: reference group: the dosemeters shall be maintained at hiormal daylight
shadow.

2: the dosemeters shall be exposed to the maximum vatue“within the rated ra

15 °C and 25 °C. A water cooling is recommended as the light source
produces a lot of thermal energy.

duce, for example, an effective cumulative integrated irradiance of 1 000 W/m?2
bte range of wavelengths at the test planej use an apparatus which produce

purce,

in the

nge of

light exposure for one week. During this test, the(temperature shall be bdtween

sually

in the
5 light

spectrum corresponds to that of bright¢sunlight: at least 45 W/m2 in the ra
engths between 300 nm and 400 nm and @t least 630 W/m2 in the range of wavel
en 400 nm and 900 nm (values taken from the AM 1.5 spectrum in IEC 60904-3).

V/m2 and 630 W/m2 (in the respective ranges of wavelengths) cannot be attain
sed by the same factor.

A reference solar spectral irradiance distribution is given in IEC 60904-3.

very group, the,mean indicated value (_}, and the standard deviation s; sh
hined.

ge of
ngths

pd the
to be

all be

huality

inequality rminﬁ(%ﬂ]comjﬁrmax (for type F influence quantities) or the ine
1

52—51J_rUcom|£ Dyax (for type S influence quantities) is valid, then the requirements of

13.3.2 are considered to be met. The values for ri,, "max> @Nd Dy are given in line 2 of

Table

U

com

U,

com:*

13.4
13.4.1

The in

14.

is calculated according to formula (A.5), Example 1 or Example 2, for differences or
ratios, respectively. These calculations presume that all dose values used in this test are
100 % correlated. If this is not the case this shall be taken into account when calculating

Dose build-up, fading and self-irradiation (dosemeter)
General

fluence quantity dealt with in 13.4 (time) is assumed to be of type F and type S.
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13.4.2

Requirements

The relative response and the deviation due to dose build up, fading and self-irradiation shall
not exceed the values given in line 3 of Table 14.

13.4.3

Method of test

For this test, three groups of dosemeters shall be used.

Groups 1 to 3 consisting of n (> 6) dosemeters shall be exposed to a reference source, see
13.1.2. The irradiations should be performed at different times so that all readings take place

at the

same-time. (in order to exclude pneeihln offacts due to reader instahilitias duri

g the

test).
to be

Furthe
Treatn
Group
Group|

Group|

f all irradiations are performed at the same time effects due to reader instabilitieg
corrected for.

r information regarding the method of test is given in 13.1.2.

nent of the three groups after the irradiation:

1 shall be read out 24 h (or as soon as possible) after the irradiation.
2, reference group, shall be read out one week after thenrradiation.

3 shall be read out after the maximum rated™measurement time ¢ afte

max

irradigtion.

For e
detern

very group, the mean indicated value (_;, and the standard deviation s; sh
hined.

13.4.4 Interpretation of the results

If for

the in
requir
given

U

com

need

er the

all be

groups 1 to 3 the inequality; 7yin s(%iUcomjgrmax (for type F influence quantities) or
2

equality |G; - Gy J_rUcom|s Dmax (for type S influence quantities) is valid, the

ements of 13.4.2 are considered to be met. The values for r;,, "max, and D,
n line 3 of Table)14.

and U ~are calculated according to formula (A.5), Example 1 or Example

differj'r:ces or-ratios, respectively, and formula (A.3), respectively. These calcu

presu

e that all dose values used in this test are 100 % correlated. If this is not the ca

shall 1

n the

bx are

2, for
ations
be this

e taken into account when calculating U,g,.

13.5

Sealing (dosemeter)

The manufacturer shall state the precautions to be taken to prevent the ingress of moisture,
and describe the tests and results used to demonstrate the effectiveness of the sealing.

This requirement is essential for extremity dosemeters as they usually have to be disinfected
using liquids.

13.6
13.6.1

The in

Reader stability (reader)
General

fluence quantity dealt with in 13.6 (time) is assumed to be of type F or of type S.
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Requirements

The relative response and the deviation due to reader stability shall not exceed the values
given in line 5 of Table 14 over the maximum rated measurement time .

13.6.3

Method of test

For this test, three groups of n (> 6) dosemeters shall be used.

Group 1 shall be irradiated at the beginning of the type test and read out one week later.

Group
measl\

Group
meast

Furthsg

For e
detern

2 shatt—be rradiated—to the same dose as group 1 atter nall Or e TITaXITITaTT

rement time 7,,,,/2 and read out one week later.

3 shall be irradiated to the same dose as groups 1 and 2 after the maximum

rement time 7,,,, and read out one week later.

r information regarding the method of test is given in 13.1.2.

very group, the mean indicated value C_}, and the standard deviation s; sh
hined.

13.6.4 Interpretation of the results

If, for

the in

requir
given

Ucom
ratios,
100 %

U

com-

13.7
13.7.1

equality @—aiUcom|S Drax (for dype S influence quantities) is valid, thg

ements of 13.6.2 are considered to<be met. The values for r;,, "max, and Dp,
n line 5 of Table 14.

s calculated according to>formula (A.5), Example 1 or Example 2, for differen
respectively. These calcutations presume that all dose values used in this tg

Ambient temperature (reader)

General

The influepnce quantity dealt with in 13.7 may be of type S or of type F.

13.7.2

rated

rated

all be

every group, the inequality rin S(%iUcosz’”max (for type F influence quantities) or
1

n the

bx are

Ces or
st are

correlated. If this is, not the case this shall be taken into account when calctlating

—Reqtirements

The relative response and the deviation due to a change of the temperature within its rated

range

shall not exceed the values given in line 6 of Table 14.

In case it can be made sure by physical reasons that temperature does not have a significant

effect

13.7.3

on the indicated value then this test can be omitted.

Method of test

This test shall only be done in case a temperature range outside +15 °C and +25 °C is
specified by the manufacturer.

For this test, two groups of n (> 6) dosemeters shall be exposed to a reference source, see

13.1.2
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Treatment of the two groups after the irradiation:

Group 1, reference group: the temperature of the reader shall be at standard test conditions
(see Table 7) and the dosemeters shall be read out.

Groups 2: the temperature of the reader shall be at least 4 h at the highest temperature within
the rated range. At the end of at least 4 h, the readout of the dosemeters shall be performed
holding the given temperature.

For every group, the mean indicated value C_}, and the standard deviation s; shall be
determined

13.7.J Interpretation of the results

If the|inequality Vminﬁ(%ﬂ/comjﬁrmax (for type F influence quantities)yor the inequality
1

(_}2—2511Ucom|§ Dmax (for type S influence quantities) is valid, then“the requireme:rts of

13.7.2 are considered to be met. The values for r;,, max @Nd B3, are given in line 6 of
Table |14.
Uecom |8 calculated according to formula (A.5), Example 1Cor Example 2, for differenges or

ratios| respectively. These calculations presume that_all dose values used in this tesst are
100 % correlated. If this is not the case this shall be.taken into account when calcillating
U,

com-
13.8 |Light exposure (reader)
13.8.1 General

The influence quantity dealt with in 13.8%s usually of type S, it may be of type F.

In casle it can be made sure by physical reasons that light does not have a significant|effect
on thel indicated value then this)test can be omitted.

13.8.4 Requirements

The rglative response~and the deviation due to a change of the light exposure within ity rated
range|shall not exceed the values given in line 7 of Table 14.

13.8.3 Method of test

For this\test, two groups of n (> 6) dosemeters shall be exposed to a reference sourcg, see
13.1.2.

Treatment of the two groups after the irradiation:

The dosemeters shall not (or as minimally as possible) be exposed to the additional light
source.

Group 1, reference group: the reader shall not be exposed to any additional light than the
usual daylight in shadow and the dosemeters shall be read out.

Group 2: the outside parts of the reader near the seal of the photomultiplier or other light
sensitive devices of the reader shall be exposed to the extreme value of light exposure (for
example by placing a lamp close to the surface of the reader) within the rated range and the
dosemeters shall be read out. During this test, the temperature shall be between 15 °C and
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25 °C. Water cooling is recommended as the light source usually produces a lot of thermal
energy.

To produce for example an effective cumulative integrated irradiance of 1 000 W/m2 in the
complete range of wavelengths at the test plane, use a device or an lamp which produces
light whose spectrum corresponds approximately to that of bright sunlight: at least 45 W/mZ2 in
the range of wavelengths between 300 nm and 400 nm and at least 630 W/m2 in the range of
wavelengths between 400 nm and 900 nm (values taken from the AM 1.5 spectrum in

IEC 60904-3).

NOTE A reference solar spectral irradiance distribution is given in IEC 60904-3.

For epery group, the mean indicated value (_;, and the standard deviation s;~shpll be
determined.

13.8.4 Interpretation of the results

If the

Gy —
13.8.2
Table

Ucc)m
ratios,
100 %

U,

com:

13.9

13.9.1

The influence quantity dealt with(in' 13.9 is usually of type F, it may be of type S.

13.9.2

1a:;re considered to be met. The values for ri,, "max @d D45 are given in li

Primary power supply (reader)

General

Requirements

;_1iUcom|S Dnax (for type S influence quantities) is valid,) then the requiremt:r

inequality Fminﬁ(%iUcomjﬁrmax (for type F influence quantities) or the inequality
1

ts of

e 7 of

s calculated according to formula (A.5), Example 1 or Example 2, for differen¢es or
respectively. These calculations presume that all dose values used in this test are
correlated. If this is not the case this shall be taken into account when calcilating

The r¢lative response jand the deviation due to a change of the power supply voltage and

freque

In addition, the coefficient of variation shall fulfil the requirements specified in 11.2.

13.9.3

ncy within itsywrated range shall not exceed the values given in line 8 of Table 14.

Method of test

For this test, five groups of n (> 6) dosemeters shall be exposed to a reference source, see

13.1.2

Treatment of the five groups after the irradiation:

The dosemeters shall be read out under the following conditions:

Group
Group
Group
Group
Group

1, reference group: nominal power supply voltage and frequency

2: minimum voltage and minimum frequency within their rated ranges
3: maximum voltage and minimum frequency within their rated ranges
4: minimum voltage and maximum frequency within their rated ranges

5: maximum voltage and maximum frequency within their rated ranges
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For every group, the mean indicated value C_}, and the standard deviation s; shall be
determined.

13.9.4 Interpretation of the results

If, for every group, the inequality me—(gl +Ucom]<”max (for type F influence quantities) or
1

the inequality (_;i_(_;’]iUcom|S Dmax (for type S influence quantities) is valid, then the

requirements of 13.9.2 are considered to be met. The values for ri,, "max. @and Dy, are
given inline 8 of Table 14

Uecom |8 calculated according to formula (A.5), Example 1 or Example 2, for differénges or
ratios,| respectively. These calculations presume that all dose values used inthis test are
100 % correlated. If this is not the case this shall be taken into account mthen calclilating

U

com-

14 Electromagnetic performance requirements and tests (dosimetry systeni

N

14.1 |General

Special precautions shall be taken in the design of a da@simetry system to ensure proper
operalion in the presence of electromagnetic disturbancés. Electromagnetic disturbang¢e are
mainly influence quantities of type S.

Tests [shall be performed for all components of<the dosimetry system containing ele¢tronic
compgnents. This is usually, at least, the case for readers but may also be the cajse for
badgefs, e.g. in case of a direct ion storage (DIS) dosemeter.

14.2 |Requirements

The apsolute value of the deviation due to electromagnetic disturbances shall not gxceed
0,7-H\,, for every single influeneé quantity, see Table 15. Exception: The absolute vglue of
the dgviation may be larger‘than 0,7-H,,, for one indicated value, if the dosimetry qystem
delivefs an error message,assigning that this value is faulty. In addition, the dosimetry qystem
shall not lose more thap-one indicated value, see 10.5.

For all influence quantities, the mandatory ranges are taken from IEC 61000-6-2.

The tgsts inv\lines 4, 5, and 7 of Table 15 need not to be done for readers for whith the

f ct the
indicated/ value by more than 07H|OW during readout of dosemeters or the effect is
recogmi v fect is
corrected for (for example by means of software) ThIS declarat|on shall contain the necessary
evidence. This evidence can be a physical reason why the device is not affected by the
electromagnetic disturbance or why the electromagnetic disturbance is not present. This
evidence has to be stated for each electromagnetic disturbance separately. One example is,
that no mobile phones are allowed in the room of the reader.

The test in line 7 of Table 15 shall be conducted from at least two sides of the device under
test and with both polarizations of the radio-frequency field for

— badges containing electronic components at 30 V/m with a frequency sweep and

— for all other parts of the dosimetry system containing electronic components such as the
reader at 30 V/m with at least the frequencies stated in note e of Table 15; if that test
leads to a failure then a test at 10 V/m shall be conducted from all six sides of the device
under test.
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Method of test

As the tests described in this clause are performed using rather low doses such as 7-H|,,, the
consideration of the natural background radiation is of special importance, see 5.2.4.

For the test according to lines 1 to 6 of Table 15 seven groups of n (= 10) dosemeters and for
the test according to line 7 of Table 15 one group of n (= 60) dosemeters shall be exposed to
a reference source with a dose equivalent of 7-H,,,,. For those influence quantities for which a
declaration of the manufacturer is available, see 14.2, no dosemeters need to be irradiated.

Group
appro

Group,

Group

Group
the re
Each
doseni
Witho
cause

For e
detern
these

14.4

If, for

criteri

1, reference group: no electromagnetic influences shall be present. To ensure this,

magnetic disturbances (for example a DIS dosemeter), the dosemeéters sh
bd to the influence quantities according to lines 1, 5 and 7 of Table~1% prior t
it. The radio frequency radiation shall be applied with the frequencies|stated in fo
bble 15.

2, 6 and 8: in case the dosemeters contain any electric parts that may be sensiEve to

1 shall be read out without any electromagnetic influences.

s 2 to 8 shall be read out while the different electromagnétic influences are app
bder in accordance with the standards of the IEC 61000-4 series as given in Tal
electromagnetic influence shall be applied for the duration of the readout g
eter. If possible, the output of the reader (for example glow curve) shall be obs
It error message, no abnormal characteristics (for example spikes in a glow cury
non-negligible doses) shall occur.

very group, the mean indicated value (_;, and the standard deviation s; sh
nined. In case any indicated values*were marked by the dosimetry system as

values shall be excluded from the‘determination of G; and s,.

Interpretation of the results

bn A no single indicated value is lost, and if for the tests with criterion B or C a

II be
their
btnote

ied to
le 15.
f one
erved.
e that

all be
faulty,

every group, the ingquality |G, — Gy + Ugom|< 0,7-H,, is valid and if for the tests with

most
dered

alues
ccount

one indicated value per influence quantity is lost, then the requirement of 14.2 is cons
to be met.

Ueom Is calculated according to formula (A.5). This calculation presumes that all dose
used in this)test are 100 % correlated. If this is not the case this shall be taken into a
when talCulating Uggp,-

NOTE The maximum is built over the two possibilities |51 751 +Um| and |(_?, 7(_?1 -Unl-

15 Mechanical performance requirements and tests

15.1 General requirement

Mechanical disturbances are mainly influence quantities of type S, they may be of type F. For
the sake of simplification, the mathematical treatment is done as if all influence quantities
were of type S.
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The absolute value of the deviation due to mechanical disturbances shall not exceed 0,7-H),,,
for every single influence quantity (see Table 16). Exception: The absolute value of the
deviation may be larger than 0,7-H,,,, for one indicated value, if the dosimetry system delivers
an error message assigning that a specific indicated value is faulty.

It is not allowed to have more than one indicated value lost or accompanied by an error
message due to any occurrence of abnormal operation, see 10.5.

15.2 Drop (dosemeter)

15.2.1 Requirements

A dosemeter shall be able to withstand drops from a height of 1,0 m onto a flat ani hard
surface made of concrete or steel (IEC 60068-2-31) without the deviation~'exc¢eding

+ 0,7 after the drop. These tests shall be on each face of the dosemeter.

LIlow

The dpsemeter shall not be damaged, neither on the inside (for examplg Joosening of filter
material) nor on the outside.

15.2.201 Method of test

As thg tests described in this clause are performed using rather’|ow doses such as 7-H|,,, the

consideration of the natural background radiation is of special importance, see 5.2.4.

For these tests two groups of n (> 6) dosemeters shalllbe’exposed to a reference sourde with
a dos¢ equivalent of 7-H,,,. In case the coefficient ‘of variation of the indicated value|is too
large {o judge whether the requirements are met ornot, the dosemeters may be irradiatgd at a
highen dose equivalent in case the influence quantity acts as a type F influence qupantity.
Otheryise, the number of dosemeters should be“increased, see Clause A.1.

Group| 1: reference group.

Group| 2: each of the dosemeters shall be subjected to a test consisting of drops on epch of
the 6 faces of the dosemeter.

The dosemeters shall be, inspected and the physical condition documented, for example
whethpr the filter materials*are fixed and in position.

After all the tests,.the dosemeters shall be read out and the indicated values be determined.

For gfoups<Iyand 2, the mean indicated value (_;, and the standard deviation s; shall be
determined.’In case any indicated values were marked by the dosimetry system as [faulty,
these lvalies shall be excluded from the determination of 5 and s.

NOTE As stated above, also the influence quantities that may be of type F are limited by a maximum permitted
value for the deviation: £ 0,7-H,, . As the conventional quantity value of the dose equivalent is 7-H,_ , a deviation
of +0,7-H,,, is equivalent to a change of the response of + 10 %. Therefore, by this method of test, it is
simultaneously ensured, that the deviation and the variation of the response from unity are not larger than the
figures given above (£ 0,7-H,,, and = 10 %, respectively).

15.2.3 Interpretation of the results

If for the two groups the inequality |G, — Gy + Ucom| < 0,7 Hyo,, is valid, then the requirement of

15.2.1 is considered to be met.
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U.om is calculated according to formula (A.5). This calculation presumes that all dose values

used in this test are 100 % correlated. If this is not the case this shall be taken into account
when calculating Uggp,-

16 Documentation

16.1 Type test report

At the request of the customer, the manufacturer shall make available the report on the type
tests performed according to the requirements of this document.

16.2 |Certificate issued by the laboratory performing the type test

A certificate shall be issued to each dosimetry system, providing at least_the™ following
informiation:

Dosimetry system in general:

— mgnufacturer's name or registered trade mark (if the system is manufactured as a whole);
— type of dosimetry system and principle of operation;

— stgtement that the equipment is tested according to\this document and that the
requirements are fulfilled;

— name of the software of the dosimetry system and idéntification number (see 10.3);

— if the evaluation algorithm is not additive, a comment according to Note 3 of 12.1.
Readgr:

— mgnufacturer's name or registered trade mark;
— type of the reader and serial number of the reader under test.

Dosemeter:

— m3anufacturer's name or registered trade mark;

— type of dosemeter and serial numbers of the dosemeters under test;
— tyge of detector or detectors;

— types of radiation(the"dosemeter is intended to measure.

Dosimetric characteristics:

— maqgasuringsquantity;
— maasuring range and variation of the response due to non-linearity;

o

— cocfficientof varratiomdependingom the doseequivatent;

— maximum rated measurement time;

— relative response as a function of radiation energy and angle of incidence (for both beta
and photon radiation);

— rated ranges of all other influence quantities and the corresponding variation of the
response or deviation (see 7.2 to 7.6, an example is given in 7.7).
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Table 6 — Symbols

Symbol Meaning Unit
a Angle of radiation incidence Degrees
nax Maximum value of the rated range of the angle of radiation incidence Degrees
b Number of signals of one dosemeter that are used to evaluate the indicated dose —
value
C Conventional quantity dose value Sv
C; Conventional quantity dose value of irradiation group i Sv
C Conventional quantity value of (delivered) dose equivalent for irradiation condition K Sv
C Conventional quantity value of (delivered) dose equivalent for irradiation condition L Bv
C Conventional quantity value of (delivered) dose equivalent under reference Bv
conditions: that means, all influence quantities have their reference value, except
the value of the dose equivalent is different from its reference condition: C, # Cd
o As C, but only for reference dose equivalent, see Table 7, line 1 BV
; Change in indication caused by subsequent and mixed exposure, see 119 Bv
d Depth in ICRU 4-element or soft tissue. Recommended depths are 20 mm, 3 mm, m
and 0,07 mm
D Deviation BV
Dephe Deviation due to electromagnetic disturbances Bv
mhx Maximum permitted variation of deviation due to an infldence quantity BV
mdeh Deviation due to mechanical disturbances BV
D Deviation due to influence quantity no. p of type’S; p = 1..1 BV
Epha Beta energy keV ¢r MeV
Em Photon energy keV ¢or MeV
fS, §)= Function representing the evaluation,algorithm inside the dosimetry system to Bv
A8 evaluate the indicated value
g Designator for a specific signal“delivered from one dosemeter; g =1..b —
gl Indicated value BV
Gl Mean indicated value.of group i BV
Gl Mean indicated\Wvalue of group i prime (background indications subtracted) Bv
G I1ndicated value of the j-th dosemeter of several dosemeters irradiated equally; j = BV
N
Gjl. Indicated value of the j-th dosemeter of group i BV
Indicated value due to a single irradiation with Cy¢ BV
Gl Indicated value due to a combined irradiation with C, + C_ BV
G, Indicated value due to a single irradiation with C Sv
G, Indicated value of a dosemeter irradiated with C, Sv
G.o Indicated value of a dosemeter irradiated with Cio Sv
hpK(d;R,a) Conversior_1 c_oefficie_nt from air kerma to the personal dose equivalent at a depth d Sv
for the radiation series R
h'(d;R, ) Conversion coefficient from air kerma to the directional dose equivalent at a depth d Sv
for the radiation series R
H Synonym for dose equivalent, may be Hp(10), Hp(0,07) or H*(10) Sv
Hyg Lower dose limit of the range of measurement Sv
Hup Upper dose limit of the range of measurement Sv
H*(10) Ambient dose equivalent at a depth 10 mm Sv
H*(d) Ambient dose equivalent at a depth d Sv
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Symbol Meaning Unit
Hp(0,07) Personal dose equivalent at a depth 0,07 mm Sv
Hp(3) Personal dose equivalent at a depth 3 mm Sv
Hp(10) Personal dose equivalent at a depth 10 mm Sv
Hp(d) Personal dose equivalent at a depth d Sv
i Designator for a group subjected to a specific influence quantity —
j Designator for a specific dosemeter out of » dosemeters irradiated equally —
k Coverage factor —
K Symbol of radiation condition K, e.g. 3 mSv, N-80 and 60° —
/ Number of influence quantities of type S —
L Symbol of radiation condition L, e.g. 4 mSv, S-Co and 0° —
Number of influence quantities of type F —
M Measured value bV
n Number of dosemeters in one group that are equally irradiated —
M Pointer to the table entry containing the signals (N’s row) —
N, (Reference) calibration coefficient —
Nl Number of rows in the table containing the signals —
Designator for a specific influence quantity of type S out of\"ype S influence —
quantities
q Designator for a specific influence quantity of type-F out of m type F influence —
quantities
r Relative response —
g Relative response due to energy and angte“of incidence —
Tody Relative response due to environmental influences —
rody Maximal permitted value of the relative response due to an influence quantity —
el w Maximal permitted value of the relative response due to an influence quantity for a —
' mixed irradiation
i Minimal permitted value of the relative response due to an influence quantity —
il w Minimal permitted value of the relative response due to an influence quantity for a —
i mixed irradiation
7 Relative response due to non-linearity —
r Relativettesponse due to influence quantity no. ¢ of type F; ¢ = 1..m —
R Symbotof radiation series R, for example, N series or S series —
R Response —
R Reference response —
R Reaosnonse-Underreferance-conditions—exceptthevalue-ofthe-dose-eaaguivalentis
L Response-underroferen AditioRs: ptthe-valve-ofthe-d guivatent
different from reference conditions
s Standard deviation As quantity
s Standard deviation of group i As quantity
S Signal of a detector; from one detector more than one signal can be derived Depending
Sg Signal number g of a dosemeter; g=1..b Depending
oK Signal number g due to the radiation quality K Depending
Sg L Signal number g due to the radiation quality L Depending
max Maximum rated measurement time Month
tq Students ¢-factor for » measurements —
U Expanded uncertainty As quantity



https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 © IEC 2020 -63 -
Symbol Meaning Unit
Uc com Expanded uncertainty of a combined quantity of conventional quantity values. This As quantity
' uncertainty is equivalent to the half-width of the confidence interval about the
combined quantity at a confidence level of 95 %
Uc el Relative expanded uncertainty of the conventional quantity value —
com Expanded uncertainty of a combined quantity. This is equivalent to the half-width of As quantity
the confidence interval about the combined quantity at a confidence level of 95 %.
See Annex A, formula (A.5)
Un, Expanded uncertainty of a mean value. This is equivalent to the half-width of the As quantity
confidence interval about a mean at a confidence level of 95 %
Urg Relative expanded uncertainty —
14 Coefficient of variation As'\guantity

Table 7 — Reference conditions and standard test conditions

abiantity to be measured: Reference conditions (unless Standard test conditions (unjess
ntity . ’ otherwise indicated by the otherwise indicated by the
influence quantity
manufacturer) manufacturer)
Refereince dose equivalent C_ , for
p(0,07) and H'(0,07)
Photor] radiation energy for
H_(10), H*(10), H_(3), H'(3), S-Cs (ISO 4037)2 S-Cs (ISO 4037)2
Hy(0,0f), and #'(8,07)
Beta radiation energy for 90Q /90 ab 90 /90 ab
Hp(3)’ 1(3), Hp(0’07)’ and H'(0,07) Sr/20Y (1SO 6980) Sr/20Y (1SO 6980)
Referegince point of a dosemeter See 3.34 See 3.34
Refergnce orientation See 3.33 See 3.33
Angle pf incidence of radiation Reference direction given by the | Reference direction + 2°
manufacturer
Ambiept temperature 20 °C 15°Cto25°C*°¢
Relatiye humidity 65'% 50 % to 75 % °
Atmospheric pressure 101,3 kPa 86,0 kPa to 106,6 kPa °
Power|supply voltage Nominal power supply voltage Nominal power supply voltage + | %
Frequgncy Nominal frequency Nominal frequency £ 1 %
AC poyer supply waveform Sinusoidal Sinusoidal with total harmonic
distortion less than 5 %
Electrgmagnetic field of external Negligible Less than the lowest value that chuses
origin interference
Magnetie induction of external origin | Negligible Less than twice the induction dug to
the-earth s-meagnretiefietd
Dosemeter controls Set up for normal operation Set up for normal operation
Radiation background Ambient dose equivalent rate of Less than ambient dose equivalent rate

0,1 uSv/h or less if practical

of 0,25 uSv/h

Contamination by radioactive
elements

Negligible

Negligible

a

Obey the third paragraph in 11.1 regarding dosimetry systems intended to measure both photon and beta

radiation.

For beta dosemeters, alternatively a photon radiation quality may be chosen as reference radiation quality.

The actual values of theses quantities at the time of test shall be stated. The conventional quantity value of
the dose equivalent shall be corrected for the deviation from reference conditions. A lower limit of pressure of
70 kPa may be permitted at high altitudes.
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Table 8 — Performance requirements for Hp(10) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
i . clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
system quantities; ¢ ; model manufacturer for the type test
function
2 Requirements to the design of Dose indication; information | To be documented by the 8
the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test
3 Tfects of radiation not ntended | Response (o thermal Response 1o be stated by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be documented by the
information about the manufacturer for the type test
performance of the system | and checked during-type test
5 Software, data and interfaces Authenticity of the software; | To be documented by the 0
correctness and integrity of | manufacturerfarithe type test
data and checked dudring type test
6 Coefficient of variation, v H< 0,1 mSv 15 % 1.2
0,1 mSv<H<1,1mSv (16 # H./0,1mSv) %
H>1,1 mSv 5 %
7 Relative response due to non- 0,1mSv < H < 18Sv =13 % to +18 % 1.3
inearity
8 Dverload, after-effects, and 10 times the upper limit/of Perception to be off-scale on 1.4
Feusability the measuring range: the high end side of the
1O-Hu , however at measuring range, after-effects
maximum 20 Sy. may not cause fault
Reused doseméters shall measurements and v(H,,,) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 80 keV o 1,25 MeV and Pin = 0,71 tor = 1,67 1.5.1
bhoton radiation energy and 0° to.x60°
angle of incidence
10 Relative response due to mean 0,8 MeV Indicated value maximal 10 % of | 11.5.2
beta radiation energy Hp(0,07) dose equivalent
11 As in lines 9 and 10 but new See lines 9 and 10, if no See lines 9 and 10, if no 4 e)
reference direction opposite‘to statement by the statement by the manufacturer
hat one used manufacturer
12 Radiation incidence from the side | Radiation incidence from Indication less than 2 times of 1.8
bf the dosemeter a to 180°-¢ indication due to irradiation free
max max . .
in air from the front
13 Response to mixed irradiations Irradiation with different Response within ranges of 2
radiation qualities radiation qualities under test
14 Total effect due to environmental | Temperature, light, time; See Table 14 3
berformance requirements for details, see Table 14
15 Deviation due to electromagnetic | See Table 15 See Table 15 14
performance requirements
16 Deviation due to mechanical Drop; +0,7-H,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,_,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]



https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 © IEC 2020

— 65 —

Table 9 — Performance requirements for Hp(3) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/

Line Characteristic under test y g a Sub-
range or mandatory range the rated range

i R clause
of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; ¢ ; model manufacturer for the type test
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test

3 gffects of radiation not intended | Response to thermal Response 1o be stated by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Ihstruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system and checked during type test

5 Yoftware, data and interfaces Authenticity of the software; | To be documented, by the 1P
correctness and integrity of | manufacturer for(the type test
data and checkedduring type test

6 Goefficient of variation, v H< 0,3 mSv 15 % 1M.2
0,3 mSv < H < 3,3 mSyv (16 »1\L0,3 mSvV) %

H>3,3mSv 5 %

7 Relative response due to non- 0,3mSv < H < 18Sv 418 % to +18 % 11.3

linearity

8 Qverload, after-effects, and 10 times the upper limit of Perception to be off-scale on 11.4

reusability the measuring rangex the high end side of the
1O-Hu , however at measuring range, after-effects
maximum 20 Sv, may not cause fault
Reused dosemeters shall measurements and v(H,,,) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV to’,1,25 MeV and Pin = 0,71 tor . = 1,67 101.6.1
photon radiation energy and 0° to £\60°
gngle of incidence
10 Qnly if the dosemeter is specified )\A: 0,8 MeV and Arrin=071tor . =167 11.6.2
for beta radiation: 0° to + 60° . . .
Relative response, r, due to B: Iondlcated value maximal
mean beta radiation energy.and | B: 0,24 MeV 10 % of HF(O‘W) dose
dngle of incidence equivalen
11 As in lines 9 and 10.but/new See lines 9 and 10, if no See lines 9 and 10, if no 8|4 e)
reference direction‘opposite to statement by the statement by the manufacturer
that one used manufacturer
12 Radiation incidence from the side | Radiation incidence from Indication less than 2 times of 11.8
gf the dosemeter a to 180°-¢ indication due to irradiation free
max max . .
in air from the front

13 Response to mixed irradiations Irradiation with different Response within ranges of 1P
radiation qualities radiation qualities under test

14 Total effect due to environmental | Temperature, light, time; See Table 14 13

performance requirements for details, see Table 14

15 Deviation due to electromagnetic | See Table 15 See Table 15 14

performance requirements

16 Deviation due to mechanical Drop; +0,7-H,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,_,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 10 — Performance requirements for Hp(0,07) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/

Line Characteristic under test y g a Sub-
range or mandatory range the rated range

i R clause
of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; ¢ ; model manufacturer for the type test
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test

3 gffects of radiation not intended | Response to thermal Response 1o be stated by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Ihstruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system and checked during type test

5 Yoftware, data and interfaces Authenticity of the software; | To be documented, by the 1P
correctness and integrity of | manufacturer for(the type test
data and checkedduring type test

6 Goefficient of variation, v H<1mSv 15 % 1M.2
1mSv<H<11 mSv (16 —H\A mSv) %

H>11mSv 5 %

7 Relative response due to non- 1mSv < H < 38v 418 % to +18 % 11.3

linearity

8 Qverload, after-effects, and 10 times the upper limit of Perception to be off-scale on 11.4

reusability the measuring rangex the high end side of the
1O-Hu , however at measuring range, after-effects
maximum 20 Sv, may not cause fault
Reused dosemeters shall measurements and v(H,,,) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV. t0r250 keV and Pin = 0,71 tor = 1,67 11.7.1
photon radiation energy and 0° to £\60°
gngle of incidence
10 Qnly if the dosemeter is specified \0,24 MeV to 0,8 MeV and Pin = 0,71 tor = 1,67 11.7.2
for beta radiation: 0° to = 60° for extremity For whole body dosemeters: If
Relative response due to medn dosemeters and not met, line 13 applies
beta radiation energy and anglé | 0,8 MeV and 0° to + 45° for
df incidence whole body dosemeters
11 As in lines 9 and 10-but/new See lines 9 and 10, if no See lines 9 and 10, if no 8|4 e)
reference direction‘opposite to statement by the statement by the manufacturer
that one used manufacturer
12 Radiation incidence from the side | Radiation incidence from Indication less than 2 times of 11.8
df the dosemeter a__ 1o 180°-« indication due to irradiation free
max max . .
in air from the front
13 Hor'whole body dosemeters: 0,8 MeV at 0° angle of Pin = 0,71 tor = 1,67 10.9
|ndication-of the presence of incidence
beta dose

14 Response to mixed irradiations Irradiation with different Response within ranges of 12
radiation qualities radiation qualities under test

15 Total effect due to environmental | Temperature, light, time; See Table 14 13

performance requirements for details, see Table 14

16 Deviation due to electromagnetic | See Table 15 See Table 15 14

performance requirements

17 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,_,
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Table 11 — Performance requirements for H*(10) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/

Line Characteristic under test y g a Sub-
range or mandatory range the rated range

i R clause
of influence quantity

1 Capability of the dosimetry Measuring range; influence | To be documented by the 7

system quantities; ¢ ; model manufacturer for the type test
function

2 Requirements to the design of Dose indication; information | To be documented by the 8

the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test

3 gffects of radiation not intended | Response to thermal Response 1o be stated by the 8|7

tp be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)

4 Instruction manual Information for correct use; | To be documented by the 9
information about the manufacturer for the type test
performance of the system | and checked during type test

5 Yoftware, data and interfaces Authenticity of the software; | To be documented, by the 1P
correctness and integrity of | manufacturer for(the type test
data and checkedduring type test

6 Goefficient of variation, v H<0,1 mSv 15 % 1.2
0,1 mSv<H<1,1mSv (16 —H\L0,1 mSv) %

H=1,1mSv 5%

7 Relative response due to non- 0,1mSv < H < 18v £18 % to +18 % 1.3

linearity

8 Qverload, after-effects, and 10 times the upper limit of Perception to be off-scale on 11.4

reusability the measuring range: the high end side of the
10-Hup, however at measuring range, after-effects
maximum 20 Sv, may not cause fault
Reused dosemeters shall measurements and v(H,,,) shall
fulfil the requitements be according to line 6

9 Relative response due to mean 80 keV to 1,25 MeV and Pin = 0,71 tor . = 1,67 10.5.1

photon radiation energy and 0° to £\60° and d

gngle of incidence 180%to (180°+ 60°) an _ B
and.-for environmental Tmin = 0,67 10 7, = 2,00
dosemeters
from + 60° to + 120°

10 Relative response due to mean 0,8 MeV Indicated value maximal 10 % of | 1{1.5.2

beta radiation energy Hp(0,07) dose equivalent

11 Response to mixed irradiations Irradiation with different Response within ranges of 1p
radiation qualities radiation qualities under test

12 Tlotal effect due'to environmental | Temperature, light, time; See Table 14 1B

performance.requirements for details, see Table 14

13 Qeviation-due to electromagnetic | See Table 15 See Table 15 14

performance requirements

14 Qeviation due to mechanical Drop; + 0,7 -H,_ . at a dose of 1p

performance requirements

for details, see Table 16

H=TH

low

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 12 — Performance requirements for H'(3) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
i R clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
system quantities; ¢ ; model manufacturer for the type test
function
2 Requirements to the design of Dose indication; information | To be documented by the 8
the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test
3 Tfects of radiation not ntended | Response (o thermal Response 1o be stated by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be documented by the
information about the manufacturer for the type test
performance of the system | and checked during-type test
5 Software, data and interfaces Authenticity of the software; | To be documented by the 0
correctness and integrity of | manufacturerfarithe type test
data and checked dudring type test
6 Coefficient of variation, v H< 0,3 mSv 15 % 1.2
0,3 mSv < H< 3,3 mSv (16 # H./0,3 mSv) %
H>3,3mSv 5 %,
7 Relative response due to non- 0,3mSv < H < 18Sv =13 % to +18 % 1.3
inearity
8 Dverload, after-effects, and 10 times the upper limit/of Perception to be off-scale on 1.4
Feusability the measuring range: the high end side of the
1O-Hu , however at measuring range, after-effects
maximum 20 Sy. may not cause fault
Reused doseméters shall measurements and v(H,,,) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV @0 ™,25 MeV and Pmin = 0,71 tor = 1,67 1.6.1
bhoton radiation energy and 0° to.x60° and and
bngle of incidence 180¢ to (180°+ 60°)
and for environmental "min = 0,67 to rax = 2,00
dosemeters
from + 60° to + 120°
10 Dnly if the dosemeter is specified | A: 0,8 MeV and Argin=071t0r, . =167 1.6.2
or beta radiation: 0° to £ 60° . . .
Relative response duéto mean B: Iondlcated value maximal
beta radiation energy-and angle | B: 0,24 MeV 10 % of HF(O’W) dose
bf incidence equivalen
11 Response ta mixed irradiations Irradiation with different Response within ranges of 2
radiation qualities radiation qualities under test
12 Totaleffect due to environmental | Temperature, light, time; See Table 14 3
pberformance requirements for details, see Table 14
13 eviation-due-te-elestromagnetic—-SeeTable16 SeeTFable15 4
performance requirements
14 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,_,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 13 — Performance requirements for H'(0,07) dosemeters

Main characteristics or

mandatory measurin Performance requirement for Clause/
Line Characteristic under test y g a Sub-
range or mandatory range the rated range
i . clause
of influence quantity
1 Capability of the dosimetry Measuring range; influence | To be documented by the 7
system quantities; ¢ ; model manufacturer for the type test
function
2 Requirements to the design of Dose indication; information | To be documented by the 8
the dosimetry system on reader, dosemeter and manufacturer for the type test
evaluation algorithm and checked during type test
3 ffects of radiation not intended | Response (o thermal Response 1o be stated by the 7
o be measured neutrons, 252Cf and 252Cf manufacturer
(D,0-moderated)
4 nstruction manual Information for correct use; | To be documented by the
information about the manufacturer for the type test
performance of the system | and checked during-type test
5 Software, data and interfaces Authenticity of the software; | To be documented by the 0
correctness and integrity of | manufacturerfarithe type test
data and checked dudring type test
6 Coefficient of variation, v H<1mSv 15 % 1.2
1mSv<H<11 mSv (16 # H/1mSv) %
H>11 mSv 5 %
7 Relative response due to non- 1mSv < H < 38v =13 % to +18 % 1.3
inearity
8 Overload, after-effects, and 10 times the upper limit/of Perception to be off-scale on 1.4
Feusability the measuring range: the high end side of the
10-Hup, however at measuring range, after-effects
maximum 20 Sy. may not cause fault
Reused dosemeéters shall measurements and v(H,,, ) shall
fulfil the requirements be according to line 6
9 Relative response due to mean 30 keV #0250 keV and Pin = 0,71 tor = 1,67 1.71
photon radiation energy and 0° to.x'60° and
bngle of incidence 180% to (180°+ 60°) and =067t =200
and for environmental Tmin = 0710 gy = 25
dosemeters
from + 60° to £ 120°
10 Only if the dosemeter is specified | 0,24 MeV to 0,8 MeV and Frin = 0,71 t0 7 = 1,67 1.7.2
for beta radiation: 0° to + 60°
Relative response dug&\te mean
beta radiation energy-and angle
pf incidence
11 Response te’ mixed irradiations Irradiation with different Response within ranges of 2
radiation qualities radiation qualities under test
12 Total,effect due to environmental | Temperature, light, time; See Table 14 3
performance requirements for details, see Table 14
13 eviation due to nlnr\frnmagnnfir\ See Tabhle 15 See Tabhle 15 4
performance requirements
14 Deviation due to mechanical Drop; +0,7-H,,,, at a dose of 15

performance requirements

for details, see Table 16

H=TH,,

NOTE The non-symmetrical borders of relative responses r are derived from symmetrical borders of correction
factors (1/r), for example: + 40 % for 1/r € [0,6 .. 1,4] & r € [1/1,4 .. 1/0,6] = [0,71 .. 1,67]
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Table 14 — Environmental performance requirements for dosemeters and readers

Maximum permitted Clause/

Line Characteristic under Mandatory range of influence variation of relative Sub-

test quantity response 2 and deviation, clause
D, ® for the rated range

1 Relative response and e Personal dosemeters: Type F: 13.2
deviation due to ambient -10 °C to +40 °C Poin = 0,83 7, = 1,25
temperature and relative .
humidity (dosemeter) e Environmental dosemeters: Type S: D, = 1,4 H,, ata

—20 °C to +50 °C
dose of H=7H,,
and 10 % to 90 % relative humidity,
not condensing

2 Relative response and 0 W/mZ2 to 1 000 W/m? (spectrum Type F: 13.3
deviation due to light corresponding to bright sunlight) Ponin = 0,915 7 = 1,11
exposure (dosemeter)

Type S: D, = 0,7 H qata
dose of H=7 H,,,,

3 Dose build-up, fading Maximum rated measurement time: Type F: 134
and self-irradiation fmax 2 1 month Toin = 0,915 rig = 1,11
(dosemeter)

Type S: Dy /= 0,7 H,,, ata
dose-of #=7 H,, and for
type F and type S

v(H,,, ) according to line 6 of
Table 8 to Table 13

4 Sealing (dosemeter) Ingress shall be prevented Precautions to be stated 135

5 Relative response and Stability over ¢ Type F: 13.6
deviation due to reader Tonin = 0,915 7 = 1,11
stability (reader)

Type S: D, = 0,7 H, ata
dose of H=7 H,,,

6 Relative response and +15 °C to +25.%C for at least 4 h but | Type F: 13.7
deviation due to ambient |long enough-to ensure temperature Tonin = 0,915 7 = 1,11
temperature (reader) equilibrium with the environment.

Type S: D, =07 H, ata
dose of H=17 H,,,

and for type F and type S
v(H,,,,) according to line 6 of
Table 8 to Table 13

7 Relative response.and 0 W/m? to 1 000 W/m? (spectrum Type F: 13.8
deviation due to light corresponding to bright sunlight) Poin = 0,915 7 = 1,11
exposure (reader)

Type S: D, = 0,7 H, ata

dose of H=7 H,,,

and for type F and type S

v(H according to line 6 of
low

Tabla-8 tag Tahlg 13

8 Relative response and Power supply voltage: —15 % to Type F: 13.9
deviation due to a +10 % from nominal value (for Poin = 0,915 7 = 1,11
change in the primary example 110 V or 230 V) ] _
power supply (reader) Type S: Dy, = 0,7 H,, ata

Frequency: =2 % to +2 % B
from nominal value (for example dose of # =7 H,,
50 Hz or 60 Hz) and for type F and type S
v(H, according to line 6 of
low
Table 8 to Table 13

2 Valid in case the influence quantity is assumed to be of type F.

b

Valid in case the influence quantity is assumed to be of type S.
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Table 15 — Electromagnetic disturbance performance requirements for
dosimetry systems according to Clause 14

Mandatory range of influence

Test according

Maximum
permitted
deviation, D,

Line| Influence quantity quantity Criterion? to for the rated
range at a
dose of
H= 7H|ow
Electrostatic 2kV to £ 8kV air discharge B IEC 61000-4-2 +0,7H,,
discharge 2kV to + 4kV contact discharge
o tad 1AL L Al ta) 2 L. a41000.4.4 el Z Lo
uuuuuuuu — & NV(d. L. dimu-u. o MUYUWTUT PYUTLO ) L= =Y U TUUU T U, 71 |OW
d|sturbances: + 1 kV (signal ports) °
fgst transients + 1 kV (functional earth ports)
5/50 ns (t/t,)
5 kHz repetition frequency
Clonducted 0,5kV to £ 2kV (a.c. power ports, line- B IEC 61000-4-5 0,7 How
d|sturbances: to-earth)
spirges 0,5kV to + 1kV (a.c. power ports, line-
to-line)
0,5kV to + 0,5kV (d.c. power ports)
0,5kV to + 1kV (signal ports, line-to-
earth) ©
1,2/50 (8/20) us (¢ /1)
Clonducted 150 kHz to 80 MHz A IEC 61000-4-6 +0,7H,.,
d|sturbances: 10 V (rms, unmodulated)
rgdio-frequencies 80 % AM (1 kHz)
cpmmon mode (signal ports, a.c. power ports and
functional earth ports)
Ppwer-frequency 50 Hz, 60 Hz A IEC 61000-4-8 +0,7H,,,
magnetic field 30 A/m
Conducted 100 % reduction for 1 period (20 ms at B IEC 61000-4-11 +0,7 How
d|sturbances: 50 Hz) C
Vpltage dips 30 % reduction for 500’ms Cc
Vpltage interruptions |60 % reduction for 200 ms C
100 % reduction\for 5 000 ms
Rladio-frequency 80 MHz to 2,4 GHz: A IEC 61000-4-3 £ 0,7 How
aplitude modulated |30 V/mA(tms, unmodulated)
electromagnetic field |80 % AM/(1 kHz) impinging to at least For badges: test
twa,sides of the device under test and at 30 V/m with a
With both polarities of the radio- frequency sweep;
frequency field For all other parts
of the dosimetry
system containing
electronic
components such
as the reader: test
at 30 V/m with at
least the
frequencies

stated below €; if
that test leads to
a failure then test
at 10 V/m from all
six sides.

A: Device works properly during and after the test;
B: Device works properly after the test;

C: Device may be shut down during the test but it shall be possible to switch it on after the test;
For details, see IEC 61000-6-2.

Only if cables above 3 m are allowed by the manufacturer.
Only if cables above 30 m are allowed by the manufacturer.
30 V/m is used as with this the number of orientations of the device under test can be reduced.

Frequencies for the Radio-frequency test:
98 /202 /434 /550/710/873/903/915/947/1472/1800/1890/2035/2150/2 450 MHz.
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Table 16 — Mechanical disturbances performance
requirements for dosemeters

Line | Influence quantity Mandatory range of Maximum permitted deviation, D, for the | Subclause
influence quantity rated range at a dose of H =7 H,,,
1 Drop on surface 1,0 m onto concrete surface +0,7 H,, 15.2
(dosemeter) (IEC 60068-2-31)

Table 17 — List of abbreviations

Abbreviation Mnaning

CRC cyclic redundancy check

DIS direct ion storage

TLD thermoluminescence detector
WLAN wireless local area network
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Annex A
(normative)

Confidence limits

A.1 General

If the magnitude of the random uncertainty of an indicated value is a significant fraction of the
permitted tolerances of this indicated value, the random uncertainty shall be considered by
performing more than one measurement (see 5.2.1). The number of measurements or the
sample size shall be chosen in such a way that the confidence interval obtained foJ each
mean,| X, for a confidence level of 95 % (that is the expanded uncertainty of the indicated
value,| U) lies either within the limits of variation of the indicated value permitted“in the test
(test pgassed, triangle in Figure A.1) or outside of these limits (test failed, circle;'in Figurg¢ A.1).
If one|of the permitted limits of variation, x, or x,, lies within the confidence(intérval (squares
in Figure A.1), the number of measurements or the sample size can bhe increased up to a
number of 25 to reduce the width 2-U of the confidence interval, in order‘Mo reach one|of the
two cgses mentioned above, which are necessary for an unequivocal decision of passihg the
test on not.

In case the number of measurements or the sample size is alr€ady 24, the test is pagsed if
the mean Xx lies inside the permitted limits of variation (filled square) and the test is failed if
the me¢an x lies outside the permitted limits of variation_(open square).

)

2U

o

-
iy
()

IEC

Key
1 Conffidence interval of the mean, width 2 U
2 Permitted upper limit of variation, x

3 Permitted4ower limit of variation, x,

Figure A.T — lTest Tor confidence interval

The test is passed if the confidence interval of width 2-U around x lies between the permitted
upper and lower limit of variation, x, and x;:

<X xU<x, (A.1)

If it turns out to be necessary to reduce the width 2-U of the confidence interval, the number
of measurements should be increased.

A.2 Confidence interval for the mean, x

The confidence interval for the mean X is:
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(¥ = Uy, ¥ + Uy) (A.2)

where U, is the half-width of the confidence interval of ¥ which is the expanded uncertainty
of a mean value. When calculating x from n» measurements, the half-width of the confidence
interval at a confidence level of 95 % is given by (see ISO/IEC Guide 98-3:2008, C.3.2 and
G.3, formula G.1d):

Up =225 (A.3)

where| s is the standard deviation for the specific group of measurements, and ¢,_4 (coyerage
factor| for the double sided confidence level of 95 %) is taken from Table A, 1| for n

%-SZOJz-S.

J10

Table A.1 — Student’s #-value for a double sided 95 % confidence interval

measyrements. For example, for n = 10, U, =

n L tE n g tE

2 12,71 8,98 15 2,14 0,554
3 4,30 2,48 20 2,09 0,468
4 3,18 1,59 24 2,06 0,410
5 2,78 1,24 25 2,06 0,413
6 2,57 1,05 30 2,05 0,373
7 2,45 0,925 40 2,02 0,320
8 2,36 0,836 60 2,00 0,258
9 2,31 0,769 120 1,98 0,181
10 2,26 0,715 o 1,96 1,96/\/;

A.3 [Confidence interval for a combined quantity

Suppdse the mean’ values of w quantities X; (i=1..w) and the half-widths of the

corregponding-eonfidence intervals U; (i = 1..w) to be given; the U, are calculated according to
formula (A.3)xket ¥ be a combined quantity from these w mean values:

=) (A.4)

Then the half-width of the confidence interval Uy, for the combined quantity x represents
the expanded uncertainty of X and is approximately given by:

Y (o 2
Ucom ® Z g'Ui (A.5)
1

i=1

This is only valid, if the w quantities are normally distributed (see ISO/IEC Guide 98-3:2008,
E.3.3) and not correlated. The correct way to determine the confidence interval for the
combined quantity x is described in the ISO/IEC Guide 98-3:2008, G.4.1. Nevertheless, for
the purpose of this document, formula (A.5) can be used as a good approximation. The
following examples use formula (A.5).
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EXAMPLE 1 X=X+, hence Ugyy ~ yUZ +U3
n n
in general ¥=>% hence Ugom = .| U?

— — 2 2
_ U
EXAMPLE 2 F=-91 hence Ugpy ~ 1. || Y1 | 4] 20
r0 Gro G

NOTE 1 U, and U, are calculated according to formula (A.3).

Suppgse group 1 of » = 10 dosemeters was irradiated to a conventional quantity vdlue of
Cqy = 0,1 mSv. The reference group of » = 5 dosemeters was irradiated to C; 453 mSv.

The inldicated values for the two groups are, for group 1:

0,094 mSv; 0,097 mSyv; 0,086 mSv; 0,091 mSyv; 0,092.mSv;
0,103 mSv; 0,093 mSy; 0,087 mSyv; 0,087 mSyv; 0,094-mSv.

and for the reference group:

2,82 miSv; 2,97 mSy; 3,04 mSyv; 2,96 mSy, and 2,96 mSv.

From | the above values, G;=0,0924, (_;r70:2,950, s1=0,00517 and s, =0,080p are
calculgted. Using formula (A.3) leads to U= 0,00370 and U,y = 0,0993. For the qyotient

Gr,o 1

0,940 = 0,049 representing the gonfidence interval of the relative response at a confidence
level qf 95 %: 0,89 to 0,99.

G - G4 Cro -
21 _0,0313, it results Ugyy =#0,00164". Thus, the term | ——+Ucyn o resylts in

NOTE 3 The response values.are R, = 0,924 and R, = 0,983 leading to a relative response of r = 0,940.

Assunpe, that the relative response is allowed to be between 0,91 and 1,11. Assuming the
expanded uncertainties of the conventional quantity values Cy and C, o to be U¢ o). ¢ =|2,5 %

and Yg rel: 1 I(2)5 %, respectively, leads to Uc com = \/Uérekr,o +Uére|;1 =0,035. This lepds to
the following~allowed limits: 0,87 to 1,15.

Cr,O

In conclusion, the inequation 0,91-U¢ ¢om s{_Gi iUcomJ‘ <111+ U com becomes

r,0 i

0,87 < 0,89.. 0,99 < 1,15 and is fulfilled. This test is passed.
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Annex B
(informative)

Causal connection between readout signals,
indicated value and measured value

The causal connection between (readout) signal(s) (see 3.40), indicated value (see 3.14) and
the measured value (see 3.22) is shown in the following Figure B.1.

Stored dose information in the detector(s) of a dosemeter

l Readout of the detector(s) in the reader

One or more signals Sg, g=1.b

Evaluation of the indicated value G with the
l algorithm inside the dosimetry system:

G =1(S,,..,S,); Abbreviated: G = f(Sg)

Indicated value G (in routine monitoring used as final ¥alug)

Evaluation of the uncertainty of Onlyin special cases to reduce the
G using a model function, see uncertainty: application of the model function,
l 325 and results of a typé test l see3.25, using detailed information on the

irradiation conditions

M: measured value and
U(M), the assigned uncertainty

C

hcertainty U(G) of the indicated value

IEC
Figure B.1 —Data evaluation in dosimetry systems
The sfarting point of data evaluation is the stored dose information in the detector(s).

This information is redd )out and the reader generates one or more signals, for example the
charge measured in ‘a_photomultiplier tube due to TL-light, called S;: 5 = 1. In the case|b > 1,
this infdicates thatsmore than one signal can be present from one dosemeter.

Using|this signal as a basis, the dosimetry system (computer or whatever) evaluates thel value
that will bejindicated. To determine this indicated value G from the signal(s), a num
steps [arg,automatically done inside the dosimetry system. Examples for these steps
application of corrections for Y € application
of a computer algorithm for combining more than one signal. These steps are summarized in
the function f{(S,) (see 8.6). In routine monitoring, the indicated value G is used as the final
result. In other words: the instrument constant, c;, is unity, see 3.18. However, the uncertainty
of G is not known up to this point.

The uncertainty U(G) of the indicated value can be determined using a model function
(see 3.25) and further information, for example results of a type test according to this
document.

In case a very precise dose value shall be determined, for example in an accidental situation,
detailed information on the irradiation conditions can be used to correct the indicated value.
This can be done using a model function (see 3.25). The result is called measured value M
because it is quite close to the traditionally called true dose value with a small uncertainty.

The two latter steps are explained in detail in IEC TR 62461.
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Annex C
(informative)

Overview of the necessary actions that have to be performed
for a type test according to this document

In Table C.1 a schedule for a type test for a dosemeter, that fulfils this document for the
mandatory ranges, is given. Extending the rated ranges means that more irradiations have to
be performed.

—Tablte€-+=Schedute foratypetestof-adosemeterforH (10—
e i b P
fulfilling the requirements within the mandatory ranges
. Number of groups / | [Clause/
Line Characteristic under test Action to be taken dosemleters Sub-
for the type test N ¢
to be irradiated clause
1 Capability of the dosimetry Documentation of the manufacturer: check |0/ 0 f
system whether the mandatory ranges are covered
2 Requirements to the design Documentation of the manufacturer: check .0/ 0
of the dosimetry system whether the requirements are fulfilled and
the evaluation algorithm is given
3 Effects of radiation not Documentation of the manufacturef; check [0/0 7
intended to be measured whether the response to neutron radiation
is given
4 Instruction manual Check the manual 0/0 D
5 Software, data and interfaces | Check the documentation-of the 0/0 0
manufacturer and perform simple tests
6 Relative response due to Perform irradiations 9/72 1.3
non-linearity
7 Coefficient of variation, v 1.2
8 Overload, after-effects, and Perform irradiations 4/26 1.4
reusability
9 Relative response due to Check whether the construction of the Sym. Constr.:24 /96 | 11.5.1
mean photon radiation dosemeter is symmetrical with respect to Non-sym.: 48 / 192
energy and angle of rotation, then perform irradiations
incidence
10 Relative response due to Perform irradiations 1/5 1.5.2
mean beta radiation energy
11 As in line 9 and~10 but new Check whether the information is given on | Mostly 0/ 0 4 f)
reference diréction opposite the dosemeter or whether the dosemeter is
to that one used symmetrical with respect to detector plane;
if both is not the case, perform irradiations | Maybe as line 9
12 Radiation incidence from the | Check by looking at the construction of the | Mostly 0/ 0 1.8
|side”of the dosemeter dosemeter: side walls thicker than front?
If not, perform irradiations Maybe 6 / 24
13 Response to mixed Check by understanding the evaluation Mostly 0/ 0 12
irradiations algorithm; if it is not additive, use
irradiations from Clause 11 and perform Maybe 3/ 12
calculations according to Clause 12 and
Annex F
14 Relative response due to Perform irradiations and additional 21/126 13
environmental performance influences, for example
requirements storing of three groups for a time of 7
15 Deviation due to Perform irradiations and additional 8/130 14
electromagnetic performance | influences
requirements
16 Deviation due to mechanical Perform irradiations and additional 4/ 24 15

performance requirements

influences
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Annex D
(informative)

Uncertainty of dosimetry systems

It is advisable that the dosimetry system is in line with the recommendations on accuracy
stated in paragraph 251 of ICRP 75:1997. That means, the response of the dosimetry systems
in routine use shall lie within a factor of 1,5 in either direction for photon radiation at a 95 %
(k= 2) confidence level. This is the case if the dosemeter is worn correctly at the
representative part of the body, if all influence quantities are within their rated ranges, and if
the standard uncertainty determined according to IEC TR 62461 is less than or equal to 17 %
(k=1}.
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Annex E
(informative)

Conversion coefficients h,,(0,07;source;a), h'y(0,07;source;a),
hpD(3;source;a), and h';(3;source;a) from personal absorbed dose in
0,07 mm depth, Dp(0,07), to the corresponding dose equivalent quantities
for radiation qualities defined in ISO 6980-1

In Tables E.1 to E.5 conversion coefficients from personal absorbed dose in 0,07 mm depth,
D_(0,07), to the different dose equivalent quantites are given for radiation qualities defined in

ISO BFﬂmmrwmmm
absorbed dose to tissue (embedded in a slab phantom), see Behrens and Buchholz(

Corre
phant
spher
stated

The v
includ

Table
in(

in

the tables.

radiation qualities defined in l§

tions to account for the difference from the slab (used to determine Dp(0,07)) tg
ms (to be used during calibration and irradiation of dosemeters) and™to the
were taken into account, see Behrens (2015). The standard uncertainties (k =

E.1 - Conversion coefficients 7,,(0,07;source;a)g,, tffom personal absorbed
,07 mm depth, Dp(0,07), to the dose equivalent H,(0;07) for the slab phantom

0 6980-1

rd for
P011).
other
ICRU
1) are

blues given in the following tables shall only be used as long'as such values afre not
bd in ISO 6980-3 or in any other documents or scientific publications.

dose
for

Source hpD(o’07;source;a)slab for an angle of incidence «a of
Beam Distance
Nuclide | flattening ot 0° 15 30° 45° 60° 75°
filter
147pm no 11 (1)888 * n.a n.a. n.a. n.a. n.a.
147ppm os 20 1,0004 [0960% 0870+ |0720%+ [0,530% | _
y 0,000 0,002 0,007 0,013 0,016 a
85K, os 30 1000+ [0,990+ [0,960+ [0,880+ [0,720+ |0,490 +
y 0,000 0,001 0,005 0,010 0,014 0,015
85Kr yes 50 (1)888 £ |na n.a. n.a. n.a. n.a.
90599y no 11 (1)888 * n.a. n.a. n.a. n.a. n.a.
903r/9%y o 20 1,000+ |1,020 [1,060% [1,140% |1210% |
0,000 0,001 0,006 0,013 0,024 a
90gr/99y NS 30 1,000+ [1,010+ |[1,060+ [1,130+ [1,160+ |0,910+
0,000 0,001 0,006 0,013 0,023 0,027
905 /90 no 20 5000= 010 = 050= 5100= 5100= 0;840=
0,000 0,001 0,006 0,013 0,022 0,025
90gy/90y os 30 1,000+ [1,010+ [1,060+ [1,120+ [1,140+ |0,860 +
y 0,000 0,001 0,006 0,013 0,023 0,025
90gy/90Y 1,000 +
yes 50 0,000 n.a. n.a. n.a. n.a. n.a.
106Ru/198Rh | no 11 (1)888 * n.a. n.a. n.a. n.a. n.a.
106Ru/198Rh | no 20 1,000+ [1,011+ [1,06+ 1,151+ (1,256 |
0,000 0,001 0,006 0,013 0,025 -a.
1060, . 1106 1,000+ [0,998+ [1,039+ [1,127+ [1,195+ [1,003+
Ru/™"Rh | yes 30 0,000 0,001 0,006 0013 0,024 0,030
"°Ru/19%Rh yes 50 1,000 & n.a n.a n.a n.a n.a
0'000 a. a. a. a. a.
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Table E.2 — Conversion coefficients ,,(0,07;source;a),,q from personal absorbed dose
in 0,07 mm depth, Dp(0,07), to the dose equivalent H,(0,07) for the rod phantom for
radiation qualities defined in ISpO 6980-1

Source hpD(O,07;source;c()rod for an angle of incidence « of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
147pm no 11 (1)382 * n.a n.a n.a. n.a n.a
147 20 1,000+ [0,960+ |0,870%+ |[0,720% |0,534
Pm yes 0.005 0005 0008 0013 0018 n.a.
85, os 30 1,000+ [0,990+ 0,960+ [0,880% 0,728+ |0,506%
y 0,005 0,005 0,007 0,013 0,016 0,015
85Kr yes 50 (1)882 * n.a n.a n.a. n.a A.a
90g5/99y no 11 833; * n.a n.a. n.a n.d\ n.a.
90sr/99y o 20 0,987+ 1,006+ [1,042% [1,122% )| $227+ |
0,005 0,005 0,008 0,014 0,025 e
90sr/°qy o 30 0,987+ 0,996+ [1,042% |1412% |1,176% |1,052%
0,005 0,005 0,008 0,014 0,024 0,032
903r/99y o 50 0,987+ |0,996+ 1,032+ (})1,082+ |1,115+ 0,971+
0,005 0,005 0,008 0,014 0,023 0,029
905r/9%y os 30 0,987+ |0,996 + 14042+ 1,102 1,156 + [ 0,994 *
y 0,005 0,005 0,008 0,014 0,024 0,030
90gr/99y 0,987 +
yes 50 0’005 n.a n.a n.a. n.a n.a
106Ru/|98Rh | no 11 883; * na. n.a. n.a. n.a. n.a.
106Ru/|%Rh | no 20 0,987 £1°(0,993+ 1,037+ |1120% |1251% |
0,005 0,006 0,008 0,014 0,026 4
1060, o6 0987+ 0,980+ |1,016+ 1,097+ [|1,190% |1,156¢
Ru/l™Rh | yes 30 0,005 0.006 0,008 0.014 0.025 0,035
108RU/|%®Rh | yes 50 0,987 +
01005 n.a n.a n.a. n.a n.a
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Table E.3 — Conversion coefficients 1',(0,07;source;a) from personal absorbed dose in
0,07 mm depth, Dp(0,07), to the dose equivalent H'(0,07) for the ICRU sphere for
radiation qualities defined in ISO 6980-1

Source H'D(0,07;s0urce;a) for an angle of incidence « of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
147pm no 11 (1)888 * n.a n.a n.a. n.a n.a
147 1,000+ |0,960+ |0,870% |[0,720% |0,530 %
Pm yes 20 0008 0007 0012 0014 0018 n.a.
85, os 30 1,000+ [0,990% |0,96 0,88 + 0,720 = | 0,490
y 0,006 0,007 0,009 0,013 0,019 0,016
85Kr yes 50 (1)882 * n.a n.a n.a. n.a A.a
90g5/99y no 11 (1)882 * n.a n.a n.a. n.d n.a
90gr/99y o 20 1,000+ [1,020+ (1,060 |1,140+ )| D210+ |
0,005 0,005 0,008 0,016 0,025 e
90gr/99y o 30 1,000+ [1,010+ [1,060+ [1430% [1,160+ |0,910 +
0,005 0,005 0,008 0,015 0,024 0,028
90sr/°qy o 50 1,000+ [1,010+ |[1,050% (1,100 |1,100% |0,840 =
0,005 0,005 0,008 0,015 0,023 0,026
90gr/99y os 30 1,000+ [1,010+ |1060+ [1,120+ [1,140+ |0,860 +
y 0,005 0,005 0,008 0,015 0,024 0,027
90gr/99y 1,000 +
yes 50 0.005 n.a n.a n.a. n.a n.a
106Ru/|98Rh | no 11 (1)883 * na n.a n.a. n.a n.a
106Ru/|%Rh | no 20 1,000 +1%[1,011+ 1,060+ 1,151+ |1,256+ |
0,007 0,008 0,010 0,016 0,026 4
1065, )06 1ooo+ [0,998+ [1,039%+ [1,127+ |1,195% 1,003z
Ru/l™Rh | yes 30 0,007 0,008 0,010 0,016 0.025 0,031
108RU/|%®Rh | yes 50 1,000 +
01007 n.a n.a n.a. n.a n.a
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Table E.4 — Conversion coefficients h;,(3;source;d)¢yjinger from personal absorbed dose
in 0,07 mm depth, Dp(0,07), to the dose equivalent H, (3) for the cylinder phantom for
radiation qualities defined in I%O 6980-1

Source hpD(3;source;a)cylinder for an angle of incidence a of
Beam Distance
Nuclide flattening em 0° 15° 30° 45° 60° 75°
filter
90gr/90y no 11 8881 * n.a n.a n.a. n.a n.a
90sr/%0%Y 0,495 +
no 20 A ang n.a. n.a. n.a. n.a. n.a.
90gr/99y 0,476 +
no 30 0.004 n.a n.a n.a. n.a n.a
90gr/99y 0,440 +
no 50 0.004 n.a n.a n.a. n.a n.a
90sr/99y os 30 0,431+ [0,407+ [0,321+ |0,210% |0,106% 0,037 &
y 0,004 0,004 0,004 0,004 0,004 0,002
e yes 50 0,384 & n.a n.a n.a n.a n.a
0,003 e
106Ru/|%®Rh | no 11 8(7)82 * n.a n.a néar n.a n.a
198Ru/|%RhA | no 20 0,771+ |0,743+ |0,659% (}0,500% [0,291+ |
0,006 0,006 0,008 0,010 0,009 o
1060 hos 0,757+ |0,716+ |0@4v+ |0486+ [0,284% |0,114¢
Ru/I™Rh | yes 30 0,006 0.006 0,607 0.010 0,009 0,005
108RU/|%®Rh | yes 50 0,715 +
0,006 n.a n.a n.a. n.a n.a

Table E.5 — Conversion coefficientsi",(3;source;a) from personal absorbed dosg¢ in
0,07 mm depth, Dp(0,07), to the dose ,equivalent H'(3) for the ICRU sphere for radiation
qualities defined in ISO 6980-1

Source H'[(3;source;a) for an angle of incidence a of
Beam Distance
Nuclide flattening n 0° 15° 30° 45° 60° 75°
filter
905r/90y no 11 888; * n.a n.a n.a. n.a n.a
908y/9%y 0,495 +
ng 20 0’004 n.a n.a n.a. n.a n.a
90sr/99y 0,476 +
no 30 0’004 n.a n.a n.a. n.a n.a
90gr/® 0,44 =
no 50 0.004 n.a n.a n.a. n.a n.a
90gy/90y es 30 0,431 ¢ 0,402 + 0,320 0,208 0,104 0,035 +
y 0,004 0,004 0,004 0,004 0,004 0,002
90gy/90y 0,384 +
yes 50 0003 n.a. n.a. n.a. n.a. n.a.
106Ru/1%Rh | no 11 8833 * n.a n.a n.a. n.a n.a
196Ru/1%8Rh | no 20 0771+ |0,743+ |0,657+ |0,496+ [0284% |
0,007 0,006 0,008 0,010 0,009 o
106m. 1106 0,757+ |0,716+ 0639+ |0483+ |0277% |0,107+
Ru/TPRh Tyes 30 0,007 0.006 0.008 0.010 0.009 0.005
106Ru/1%8Rh | yes 50 0,715 +
0,006 n.a n.a n.a. n.a n.a
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Annex F
(informative)

Computational method of test for mixed irradiations

In Figure F.1 a flow chart of a program performing the method of test according to 12.2 is
shown. The following notations are valid:

N =1,2,..., Nyax is the pointer to the table entry containing the signals (element
responses) S_(K) for the radiation quality K (g = 1,.5). For example, N = 2 corresponds to
“N-20: 15° up".

j =11, 2, ..., (Nnax — N) is the offset from N to point to the table entry containing the\dignals
(glement responses) S, (L) for the radiation quality L (g = 1,.b). For example, for\y =|2 and
Jj § 3 corresponds to row 2+3 = 5: “N-20; 15° right”.

i is[ the weight index from 1 to 9, equivalent to 10 % to 90 % for the dose Ivalues dx and
90 % to 10 % for C|, respectively. For the above given example, i =|2 correspofpds to
20 % dose of “N-20; 15° up” and 80 % dose of “N-20; 15° right”.

An example of a dosemeter signal table is given in Table F.1.

Table F.1 — Example of dosemeter response table and range limits
N Radiation Quality 7min  Fmax S+ S5 S
1 N-20; 0° 0,67 2,00 080/ 1,20 ... 3,50
2 N-20; 15° up 0,67 2,00 20,72 1,08 ... 3,15
3 N-20; 15°down 0,67 2,00~ 0,70 1,05 ... 3,10
4 N-20; 15° left 0,67 ~2,00 0,63 0,95 ... 2,79
5 N-20; 15°right 0,67\ 2,00 0,65 0,99 ... 2,85
6 N-20; 30° up Q@7 2,00 0,70 1,03 ... 3,10
0,67 2,00
N-30; 0° 0,69 1,82
N-30; 15°.up 0,69 1,82
0,69 1,82
N-80; 0° 0,71 1,67
N-80; 15° up 0,71 1,67
0,71 1,67
S-Co; 0° 0,71 1,67
S-Co; 15° up 0,71 1,67
0,71 1,67
0sr/?Y; 0° 0,67 2,00
Og/0y: 15° yp 067 200
Nrax - 0,67 2,00

The required range of response weighted with i and (10 — i) is calculated from the ranges of
response for the radiation qualities K and L, 7pink - "maxk a@nd 7min i - maxLs bBY

_ Tmink i+ 7mint - (10-4) d _ TmaxK i+ maxL - (10—1)
min,w = 10 ana fmax,w = 10
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Dosimeter _
signal Get two signal sets
(element Sg(K) = Table(») and
response) Sg(L) = Table(N+j)

table

o

( ¢

e

Sg(K+L) = i-O,1-Sg(K) +
(10—i)-0,1-Sg(L) forg=1..b
belonging to the dose
L =#0,1-C +(10-i)0,1-C_
7
Submit these signals
Sg(K+L) to the evaluation

algorithm to get the
indicated value G,

Vi

Calculate the range of
response r . to T max W
weighted with 7 and (10-i) for
the radiation qualities K and L
respectively

Cy

+

Relative response infange?
K+L K+L{
G

in W — SFmax,W

r,0 r,0,

Test Failed

Test
passed

j=j+

i=

i=1

Report for which cases the

N=N+1 |~
=1

testisTaitedorpassed

IEC

Figure F.1 — Flow chart of a computer program to perform tests according to 12.2
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I’objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 62387 a été établie par le sous-comité 45B: Instrumentation pour
la radioprotection, du comité d'études 45 de I'l[EC: Instrumentation nucléaire.

La présente deuxiéme édition annule et remplace la premiére édition de I'l[EC 62387 parue en
2012. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Modification du titre.
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e Ajout d'exigences de performance pour que les dosimetres mesurent H'(3) pour les
rayonnements photoniques et béta.

e Adoption du fantéme cylindre en lieu et place du fantéme plaque pour la grandeur Hp(3).

e Correction et clarification de plusieurs paragraphes pour obtenir une meilleure
applicabilité.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
45B/945/FDIS 45B/954/RVD

Le ragport de vote indiqué dans le tableau ci-dessus donne toute information sur lewotel ayant
aboutila I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2

Le comité a décidé que le contenu de cette publication ne sera pas maddifié avant la date de
stabilité indiquée sur le site web de I''EC sous "http://webstoredec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

* reg¢onduite,

* supprimée,

* remplacée par une édition révisée, ou

* anjendée.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de|cette
publi¢ation indique qu'elle contient des couleurs qui sont considérées comme utjles a
une Honne compréhension de son_contenu. Les utilisateurs devraient, par conséduent,

imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Un systéme dosimétrique peut comporter les éléments suivants:

a) un dispositif passif, appelé ici détecteur qui, aprés exposition au rayonnement, mémorise
un signal a exploiter pour la mesure d'une ou plusieurs grandeurs du champ de
rayonnement incident;

b) un “dosimétre”, qui comprend plusieurs moyens d’identification, qui contient un ou
plusieurs détecteurs et qui peut contenir des composants électroniques, par exemple,
pour la lecture (par exemple, dans un dosimétre a DIS (direct ion storage);

c) un ‘lecteur” utilisé pour lire les informations mémorisées (signal) provenant du détecteur,
afin de déterminer la dose de rayonnement;

d) un|“ordinateur” comportant le “logiciel” adéquat pour contrbéler le lecteur, mémerider les
signaux fournis par le lecteur, calculer, afficher et mémoriser la dose évaluée spus la
forime d’un fichier électronique ou d’'une copie papier;

e) un| “équipement supplémentaire” et un document décrivant les jproeédures (nmanuel
d’ipstructions) pour réaliser des opérations associées telles que-la suppression des
informations de dose mémorisées, le nettoyage des dosimétres, ou les opénations
négessaires pour garantir I’efficacité de 'ensemble du systeme.
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INSTRUMENTATION POUR LA RADIOPROTECTION -
SYSTEMES DOSIMETRIQUES AVEC DETECTEURS INTEGRES
PASSIFS POUR LE CONTROLE RADIOLOGIQUE INDIVIDUEL,

DU LIEU DE TRAVAIL ET DE L'ENVIRONNEMENT
DES RAYONNEMENTS PHOTONIQUES ET BETA

omaine d'application
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hu du corps entier et de la peau locale et des extrémitésy);

uivalent de dose ambiant A*(10) (pour le contrbéle radiologique du lieu de travai
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Tableau 1 — Plages d’énergie obligatoires et maximales
couvertes par le présent document

Grandeur Plage d’énergie Plage d’énergie Plage d’énergie Plage d’énergie
mesurée | moyenne obligatoire | moyenne maximale | moyenne obligatoire | moyenne maximale pour
pour le rayonnement pour l'essai du pour le rayonnement | I’essai du rayonnement
photonique rayonnement béta 2 béta 2
photonique

%(11%))’ 80 keV a 1,25 MeV 12 keV a 7 MeV - -

Iifg; 30 keV a 250 keV 8 keV a 7 MeV 0,8 MeV*® 0,7 MeV® a 1,2 MeV
H_(0]07), R R b ; d 4 e
h?’(o 07) 30 keV a 250 keV 8 keV a 1,25 MeV 0,24 MeV a 0,8 MeV 0,07 MeV® a 1,2'MeV

a Lgs sources de rayonnement béta suivantes sont proposées pour les différentes valeurs~d’é

ergie

moyennes: Pour 0,06 MeV: 147Pm; pour 0,8 MeV: 90Sr/90Y; pour 1,2 MeV: 106Ru/106Rh,
b 1,p5 MeV est I’énergie moyenne du rayonnement photonique a partir de 60Co.
¢ Pqur le rayonnement béta, une énergie de 0,7 MeV est exigée pour atteindre |€s couches du crigtallin
sdnsibles au rayonnement sur une profondeur d'environ 3 mm (approximativenient 3 mm de tispu de
I'"CRU).
d Pqur le rayonnement béta, une énergie de 0,07 MeV est exigée pour traverser’la couche cornée de Ig peau
dgq 0,07 mm (approximativement 0,07 mm de tissu de I'lCRU).
e Lgs valeurs d’énergie moyenne béta 0,08 MeV, 0,7 MeV et 1,2 MeV sont’presque équivalentes a une yaleur
El.. de 0,225 MeV, 2,27 MeV et 3,54 MeV, respectivement.
NOTE 1 Dans le présent document, “dose” signifie équivalent’de'dose, sauf indication contraire.
NOTE 3 Pour Hp(10) et H*(10), aucun rayonnement béta_ n’est considéré. Raisons:
a) Hp( 0) et H*(10) sont des estimations prudentes dela'dose effective qui n’est pas une grandeur pertinerte pour
les fayonnements béta.
b) Les|normes ICRU 56, ICRU 57 ou ISO 6980-3 ne spécifient aucun coefficient de conversion.
NOTE § Les plages d'énergie maximales(sont les limites d'énergie a l'intérieur desquelles il est possible
d’effecter des essais de type selon le présent document.
NOTE 4 Les dosimetres a DIS sonttraités dans le présent document étant donné qu’ils sont souvent utilisgs sans
affichade en ligne, mais avec un lectelr séparé.
Les methodes d’essai relatives a la conception (Article 8), au manuel d'instructions (Article 9),
au lopiciel (Article d0); aux influences de I'environnement (Article 13), aux inflyences
électrgmagnétiques\(Article 14), aux influences mécaniques (Article 15) et a la documentation
(Article 16) ne dépendent pas du type de rayonnement. Par conséquent, elles peuven{ aussi
étre dppliquées)*a d’autres systemes dosimétriques, par exemple pour les neutrons, en
utilisapt le type de rayonnement correspondant lors des essais.
Le présent document est destiné aux systémes dosimétriques capables d’évaluer desldoses

dans la grandeur et 'unité (Sv) exigées a partir des signaux de lecture dans chaque grandeur
et unité. La seule correction qui peut étre appliquée a la dose évaluée (valeur indiquée) est
celle qui résulte de la radiation de bruit de fond naturel en utilisant des dosimétres
supplémentaires.

NOTE 5 La correction due a la radiation de bruit de fond naturel peut étre effectuée avant ou aprés le calcul de la

dose.

2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).
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IEC 61000-4-2, Compatibilité électromagnétique (CEM) — Partie 4-2: Techniques d'essai et de
mesure — Essai d'immunité aux décharges électrostatiques

IEC 61000-4-3, Compatibilité électromagnétique (CEM) — Partie 4-3: Techniques d'essai et de
mesure — Essai d'immunité aux champs électromagnétiques rayonnés aux fréquences
radioélectriques

IEC 61000-4-4, Compatibilité électromagnétique (CEM) — Partie 4-4: Techniques d'essai et de
mesure — Essais d'immunité aux transitoires électriques rapides en salves

IEC 61000-4-5, Compatibilité électromagnétique (CEM) — Partie 4-5: Techniques d'essai et de
mesune — Essal dimmunite aux ondes de choc

IEC 61000-4-6, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d‘eéssal et de
mesune — Immunité aux perturbations conduites, induites par les champs radioélectriqugs

IEC 61000-4-8, Compatibilité électromagnétique (CEM) — Partie 4-8: Techniques d’essal et de
mesune — Essai d’immunité au champ magnétique a la fréquence du réseau

IEC 61000-4-11, Compatibilité électromagnétique (CEM) — Partie-4-11: Techniques d'es$sai et
de mesure — Essais d'immunité aux creux de tension, coupures bréves et variatiogns de
tension

IEC 61000-6-2, Compatibilité électromagnétique (CEM)y~ Partie 6-2: Normes génériques —
Norme d'immunité pour les environnements industriels

ISO 4037 (toutes les parties), Radioprotection.— Rayonnements X et gamma de réfg¢rence
pour lletalonnage des dosimetres et des débitmetres, et pour la détermination de leur rélponse
en fonction de I'énergie des photons

ISO 4037-3:2019, Radioprotection ,~ "Rayonnements X et gamma de référence| pour
I'étalopnage des dosimeétres et des debitmeétres, et pour la détermination de leur répornse en
fonctign de I'énergie des photons — Partie 3: Etalonnage des dosimétres de zdne et
indiviquels et mesurage de ledr,;réponse en fonction de I'énergie et de I'angle d'incidencg

ISO 6980 (toutes les parties), Energie nucléaire — Rayonnement béta de référence

ISO 6980-3, Energie nucléaire — Rayonnement béta de référence — Partie 3: Etalonnage des
dosimptres individuels et des dosiméetres de zone et détermination de leur réponjse en
fonctign de I'énergie et de I'angle d'incidence du rayonnement béta

ISO 8529/(toutes les parties), Rayonnements neutroniques de référence

ISO/IEC Guide 98-3:2008, Incertitude de mesure — Partie 3: Guide pour l'expression de
I'incertitude de mesure (GUM:1995)

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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Plusieurs grandeurs avec des indices spécifiques sont explicitées dans le Tableau 6.

3.1

équivalent de dose ambiant

H*(d)

équivalent de dose en un point d’'un champ de rayonnement, qui serait produit par le champ
unidirectionnel et expansé correspondant dans la sphére de 'lCRU a une profondeur, d, sur le
rayon qui fait face a la direction du champ unidirectionnel

Note 1 a l'article: La profondeur recommandée, d, pour la surveillance dosimétrique en termes de H*(d) est
10 mm et H*(d) peut alors s’écrire H*(10).

[SOURCE: IEC 60050-395:2014, 395-05-43 — La Note 1 & I'article correspond & la nat¢ 3 de
la soufce]

3.2
coefficient d’étalonnage
No
quotient de la valeur conventionnelle d’'une grandeur a mesurer et de-Findication corrigée du
dosimetre, G, 5, normalisé aux conditions de référence

Note 1 [a I'article: Le coefficient d’étalonnage pour la qualité de rayonnement de référence U et pour|l'angle
d’incidgnce o est équivalent au facteur d’étalonnage multiplié par le coefficient/de I'instrument. Il est donné par

Cr,O

Ng = =Cy (U, @) ¢
=Gy t(Ua) g
ou
Co est la valeur conventionnelle d’une grandeur, veijr 3.5
G est I'indication corrigée, voir 3.14

r,0
C(U,) est le facteur d’étalonnage pour la qualité:de rayonnement U et I’angle d’incidence «, voir 3.3, et

¢ est la constante de I'instrument, voir-3.18.

Concerpant la dimension du facteur d’étalonnage et du coefficient d’étalonnage, voir les notes en 3.3 et 3.1
Note 2 g I'article: L’inverse du coefficient d’étalonnage est la réponse dans les conditions de référence. La valeur

du fact¢ur d’étalonnage peut varier'selon I’expression quantitative de la grandeur a mesurer. Dans de tel$ cas, il
est adnlis que le dosimétre a une réponse non constante (ou une indication non linéaire).

[SOURCE: ISO 296612012, 3.1.5, modifié — La Note 3 a I'article a été supprimée]

3.3
facteur d’étalonhage
(U, g)

facteur par-lequel le produit de l'indication corrigée, G, , et de la constante de l'instqument
assoc|{é dud dosimeétre, ¢;, est multiplié afin d’obtenir la valeur conventionnelle d’une grgndeur
a mesurer dans les conditions de référence

Note 1 a l'article: Le facteur d’étalonnage n’a pas de dimension.

[SOURCE: ISO 29661:2012, 3.1.7]

3.4
coefficient de variation
%

rapport de I'écart type s a la moyenne arithmétique G pour une série de n valeurs indiquées

G; (valeur indiquée)
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K 1 1 <
v G G n_’]Z( J )2
J=1
3.5
valeur conventionnelle d’une grandeur
C

valeur attribuée a une grandeur par un accord pour un usage donné

Note 1 a l'article: La valeur conventionnelle d’une grandeur C est la meilleure estimation de la grandeur a
mesurer déterminée par un étalon primaire, un étalon secondaire, ou encore un étalon de travail tragcable a un
étalon primaire.

[SOURCE: ISO/IEC Guide 99:2007, 2.12]

3.6
corre¢tion de non-linéarité
Tn
rappoft de la réponse R, dans des conditions dans lesquelles seule la-valéur de I'équivalent
de doge varie, a la réponse de référence R

Note 1 p l'article:  Pour un systéme dosimétrique linéaire, r est égalela I'unité.

3.7
facteyr d'élargissement
k
facteuf numérique utilisé comme multiplicateur’de l'incertitude type composée pour gbtenir
I'incertitude élargie

Note 1 p l'article: Un facteur d'élargissement £ a sa valeur typiquement comprise entre 2 et 3.

Note 2 [a I'article: Dans le cas d’une lei.normale, l'utilisation d’un facteur d'élargissement de 2 engendire une
incertityde élargie qui définit un intervalle autour du résultat de mesure qui contient approximativement 95 [t de la
distribufion des valeurs qui peuvenf étre raisonnablement attribuées au mesurande. Pour d’autres lois, le|facteur
d'élargipsement peut étre plus grand:

[SOURCE: GUM 2.3.6:1995, modifié — Le symbole & a été ajouté]

3.8
détecteur

détecteur de.rayonnement
apparegil oo substance permettant de convertir I’énergie du rayonnement ionisant incident en
un signal afin de donner une indication et/ou de fournir une mesure; appareil ou subsgtance
qui, eh—pbresence—dunrayonnement—fournit directementouindirectementun-signalod toute
autre indication permettant de mesurer une ou plusieurs grandeurs liées au rayonnement
incident

Note 1 a l'article: Le détecteur exige habituellement un lecteur séparé pour lire le signal. Cela signifie que le
détecteur n’est généralement pas capable de fournir un signal sans un processus de lecture externe.

Note 2 a l'article: Un détecteur passif ne nécessite pas une alimentation externe pour recueillir et mémoriser les
informations de dose.

Note 3 a l'article: Lire dans '|EV “détecteur de rayonnement”.

[SOURCE: IEC 60050-881:1983, 881-13-01, modifié — Le terme “détecteur” a été ajouté en
tant que premier terme préférentiel]
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3.9

écart

D

différence entre les valeurs indiquées de la méme valeur du mesurande d’un systéme
dosimétrique, lorsqu’une grandeur d’influence prend successivement deux valeurs différentes

D=G-G,
ou
G valeur indiquée sous l'effet, et
G, valeur indiquée dans les conditions de référence

Note 1 p I'article: Le terme original de I'lEV 311-07-03 est “variation (due a une grandeur d’influence)”."Afin de ne
pas corjffondre la variation (de la valeur indiquée) et la variation de la réponse, dans la présente norme cg terme
est appglé "écart".

Note 2 b l'article: L’écart peut étre positif ou négatif selon qu’il entraine respectivement une@ugmentation|ou une
diminut|on de la valeur indiquée.

[SOURCE: IEC 60050-300-311:2001, 311-07-03, modifié — “écart” a remplacé “variation (due
a une|grandeur d’influence)” et “systéme dosimétrique” a remplacé [“Un appareil de npjesure
indicateur ou entre les valeurs d’une mesure matérialisée” et les Notes 1 et 2 a l'artigle ont
été ajoutées]

3.10
équivalent de dose directionnel
H'(d)
en un|point d’'un champ de rayonnement, équivalent de dose qui serait produit par le ¢ghamp
expangé correspondant, dans la sphére de I'lCRU a une profondeur, d, sur le rayjpn de
direction spécifiée

Note 1 p l'article: La profondeur actuellement reeommandée, d, pour le contrdle radiologique de I’environnement
par rapport a la peau locale et au cristallin de_{'eeil est de 0,07 mm et 3 mm, respectivement, et H'(d) pept alors
s’écrire|H'(0,07) et H'(3), respectivement.

[SOURCE: ICRU 51:1993, modifie'= La Note 1 a I'article a été ajoutée]

3.1
dosimétre
radiammétre destiné a, la_mesure de grandeurs telles que la dose absorbée ou I'’équivalent de
dose

Note 1 p I'articley~Dans un sens plus large, ce terme est utilisé pour les appareils destinés a la mesure ¢'autres
grandeyrs relatives’aux rayonnements, telles que I'exposition, la fluence, etc. Un tel emploi est déconseillé.

Note 2 [a d'article: Cet appareil peut nécessiter I'utilisation d’'un lecteur séparé pour lire la dose absolbée ou
I’équivglentvde dose. 1

Note 3 a l'article: Un dosimétre est composé habituellement d’'un détecteur et d’'un badge, par exemple les
détecteurs a thermoluminescence (TLD — thermoluminescence detector) avec des filtres.

Note 4 a I'article: Un dosimétre peut contenir des composants électroniques (par exemple pour la lecture (par
exemple, dans un dosimétre a DIS).

[SOURCE: IEC 60050-395:2014, 395-05-02, modifié — Les Notes 3 et 4 a l'article ont été
ajoutées]

3.12

systéme dosimétrique

dosimétre, lecteur et tous les équipements et procédures associés utilisés pour évaluer la
valeur indiquée
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3.13

incertitude élargie

U

grandeur définissant un intervalle, autour du résultat d’'un mesurage, dont on puisse
s’attendre a ce qu’il comprenne une fraction élevée de la distribution des valeurs qui
pourraient étre attribuées raisonnablement au mesurande

Note 1 a l'article: L’incertitude élargie est obtenue en multipliant I'incertitude type composée par un facteur
d'élargissement.

Note 2 a I'article: Un niveau de confiance de 95 % est recommandé pour I'utilisation du présent document.

[SOURGE-GUM:1886:—2-3-5}

3.14
valeur indiquée
indicgtion

G
valeur|du mesurande donnée directement par un appareil de mesure sur/la base de sa qourbe
d’étalonnage

Note 1 p I'article: Dans la présente norme, la valeur indiquée est celle donnée’én unités d’équivalent de dqdse (Sv)
par les|systemes dosimétriques comme résultat final de l'algorithme d’évaluation (par exemple, I'afficHage du
logiciel] I'impression), voir 8.2.

Note 2 p I'article: Pour des informations détaillées, voir I’Annexe B.

[SOURCE: IEC 60050-300-311:2001, 311-01-08, modifié — La note originale a été remplacée
par leg nouvelles Notes 1, 2 et 3 a I'article]

3.15
grandeur d’influence
grandeéur qui n'est pas le mesurande, majs qui a un effet sur le résultat du mesurage

Note 1 p l'article: Par exemple, la température d’un instrument de mesure.

Note 2 g l'article: Si I'effet d’'une grandeur d’influence sur le résultat d’'un mesurage dépend d’une autre gfandeur
d’influepce, ces grandeurs d’influence*sont traitées comme une grandeur d’influence unique. Dans la présente
norme, fil s’agit de deux couples de grandeurs d’influence:

a) énefgie du rayonnement effangle d’incidence,

b) température ambiante/€t humidité relative.

[SOURCE: GUM:;1995, B.2.10, modifié — Les Exemples 1, 2 et 3 ont été supprimés [et les
Notes|1 et 2 a-tarticle ont été ajoutées]

3.16
grandeur/d’influence de type F
grandeur d’influence dont I'effet sur la valeur indiquée induit une modification de la réponse

Note 1 a l'article: L’énergie du rayonnement et I’angle d’incidence du rayonnement en sont des exemples.

Note 2 a l'article: F représente le facteur. L'indication due au rayonnement est multipliée par un facteur dd a la
grandeur d’influence.

3.17

grandeur d’influence de type S

grandeur d’influence dont I'effet sur la valeur indiquée est un écart indépendant de la valeur
indiquée

Note 1 a I'article: La perturbation électromagnétique en est un exemple.

Note 2 a l'article: Toutes les exigences concernant les grandeurs d’influence de type S sont exprimées en
fonction de la valeur de I’écart D.
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Note 3 a l'article: S représente la somme. L’indication est la somme de l'indication due au rayonnement et de
celle due a la perturbation.

3.18

constante de I'instrument

Ci

constante par laquelle l'indication du dosimetre G ou — en cas de corrections ou de
normalisation — I'indication corrigée G, est multipliée afin de la convertir en la méme unité

que le mesurande

Note 1 a I'article: Adaptée du rapport ICRU 76.

Note 2 A l'article: Si l'indication de l'instriiment est d::’-j:‘: pxprimép dans la méme unité que le_mesurande, la
constarfte de I'instrument, ¢, est inutile. Tel est le cas dans la présente norme.

[SOURCE: ISO 29661:2012, 3.1.17]

3.19
limite|inférieure de I'étendue de mesure
Hmin ) i
plus bpsse valeur de la dose incluse dans I'étendue de mesure

Note 1 p l'article: H,,,, est équivalent a H, dans I'lSO 14146:2018.

3.20
plage|obligatoire
plage|obligatoire d'utilisation
plus petite plage spécifiée d’'une grandeur d’influenee ou d’'un paramétre d’instrument dans
laquelle le systéme dosimétrique doit fonctionner, pour étre conforme au présent documegnt

Note 1 p Il'article: La seconde colonne du Tableau 8.,au~Tableau 16 donne les plages obligatoires des grandeurs
d’influepce traitées dans le présent document.

3.21
tempg de mesure maximal assigné
tmax
durée|continue la plus longue:pendant laquelle la dose est accumulée et pendant ldquelle
toutes|les exigences du présent‘document sont remplies

Note 1 | l'article: Le temps~de* mesure maximal assigné dépend de la limite inférieure de I'étendue de |[mesure

H_.,, d¢ I'effacement et d’autres influences.

Note 2 p l'article: Lewdeébut de cette durée peut par exemple étre I'effacement de la dose par chauffage (pour les
TLD) o4 une remise_a-zéro de la dose par logiciel (pour les DIS).

3.22
valeulr mesurée
M
valeur qui peut étre obtenue a partir de la valeur indiquée G en appliquant la fonction modeéle
du mesurage

Note 1 a I'article: Pour la fonction “modele”, voir 3.25.

Note 2 a I'article: Pour des informations détaillées, voir I’Annexe B.

3.23

étendue de mesure

plage définie par deux valeurs du mesurande, ou grandeur a fournir, dans laquelle les limites
d’incertitude de I'appareil de mesure sont spécifiées

Note 1 a l'article: Dans la présente norme, I'étendue de mesure est la plage d’équivalent de dose pour laquelle
les exigences de la présente norme sont satisfaites et, par conséquent, I'incertitude limitée.
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[SOURCE: IEC 60050-300-311:2001, 311-03-12, modifié — La note originale a été remplacée
par une nouvelle Note 1 a I'article]

3.24

équivalent de dose individuel

Hy(d)

équivalent de dose dans le tissu mou, a une profondeur appropriée, d, au-dessous d’un point
spécifié du corps

Note 1 a l'article: Les profondeurs recommandées sont 10 mm pour les rayonnements fortement pénétrants,
3 mm pour le contrble radiologique de la dose dans un cristallin et 0,07 mm pour le contrdle de la dose sur la peau.

Note 2 p I'article: Tissu mou signifie élément de tissu ICRU 4, voir le Rapport ICRU 39.

[SOURCE: ICRU 51:1993, modifié — Les Notes 1 et 2 a I'article ont été ajoutées]

3.25
fonction modéle
modéle mathématique du mesurage qui transforme [I'observation).ou I’ensemblg¢ des
obseryations en résultat de mesure

Note 1 p I'article: La fonction modéle combine la valeur indiquée G avec le coefficient d’étalonnage de référence
Ny, la gorrection de non-linéarité r , les | écarts D, (»p = 1..1) pour les grandeurs d’influence de type S qt les m
valeurs|de réponse relative r, (¢ = 1..m) pour les grandeurs d’influence dé type F. Un exemple de fonction|modeéle
est

N !
M=—07?"— {G—ZDP}

=

Une forjction modéle est nécessaire pour évaluer l'incertitude de la valeur mesurée selon le GUM (voir GUM:1995,
3.1.6, 3l4.1 et 4.1).

Note 2 p l'article: Les calculs selon la fonction modele ne sont généralement pas réalisés, seulement dang le cas
ou des prandeurs d’influence spécifiques sont-bien connues et ou une correction appropriée est appliquée.

Note 3 h l'article: Pour des informations-détaillées, voir ’Annexe B.

3.26
point de mesure
point du champ de rayonnement auquel la valeur conventionnelle de la grandeur a mgsurer
est copnue

[SOURCE: ISO 29661:2012, 3.1.23, modifié — “a mesurer” a été ajouté]

3.27
prépa;afinn
traitement normal des dosimétres ou détecteurs avant une mesure de dose, auquel il est
prévu que les dosimeétres ou détecteurs soient soumis en utilisation normale

Note 1 a l'article: Par exemple une procédure d’effacement des informations de dose mémorisées, de
réinitialisation des informations de dose au moyen d’un logiciel ou de nettoyage.

3.28

plage assignée

plage assignée d’utilisation

plage des valeurs spécifiées qu'une grandeur d'influence peut prendre sans que I’écart ou la
variation de la réponse ne soit supérieur aux limites spécifiées

Note 1 a l'article: Dans 'lEC 60050-300-311:2001, 311-07-05, le terme est “domaine nominal d’utilisation”. Dans
le présent document, le terme “plage assignée” est utilisé pour éviter les termes compliqués comme “la plage
d’utilisation d’'une grandeur d’influence” et pour avoir des termes plus aisément compréhensibles comme “plage
assignée d’une grandeur d’influence”.
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Note 2 a I'article: Les grandeurs d’'influence peuvent étre soit de type S, soit de type F.

[SOURCE: IEC 60050-300-311:2001, 311-07-05, modifié — “plage assignée” a remplacé

“‘“domaine nominal” et “I’écart ou la variation de la réponse” a remplacé “variation"”; les
Notes 1 et 2 a l'article ont été ajoutées]

3.29

lecteur

lecteur de dosimeétre

instrument qui permet de lire un ou plusieurs détecteurs dans un dosimétre

Note 1 a l'article: Le signal d’'un dosimeétre passif peut étre une quantité de lumiére, une quantité de charges, la
transpafence d’un film, et ainsi de suite. Ainsi, chaque type de dosimétre passif possede un type tres diffgrent de
lecteur.

Note 2 |a I'article: La lecture peut également étre effectuée par des composants de lecture~automatique du
dosimefre, par exemple, des dosimétres a DIS.

3.30
lecture
procédié de mesure de I'information de dose mémorisée d’'un détecteur’dans un lecteur

Note 1 [a I'article: S, le dosimétre comporte des composants de lecture automatique, par des exemples des

dosimefres a DIS, le signal obtenu peut étre corrigé pour les influences télles que la température, I'effagement,
etc.

3.31
conditions de référence
ensenpble de valeurs et/ou de plages de valeurs .spécifiées des grandeurs d’influencg¢ pour
lequellles incertitudes admissibles d’un systéme dosimétrique sont les plus petites

[SOURCE: IEC 60050-300-311:2001, 311-06<02, modifié — Aprés “incertitudes”, les motg “, ou
les linpites d’erreur,” ont été supprimés et*“systéme dosimétrique” a remplacé “appateil de
mesure”]

3.32
direction de référence
directipn, dans le systéme des.coordonnées du dosimétre, par rapport a laquelle I'anglg de la
directipn d’incidence du rayonnement est repéré dans des champs de référence

[SOURCE: ISO 2966(1:2012, 3.1.29]

3.33
orienflation_de-référence
orientation"du dosimétre selon laquelle la direction du rayonnement incident coincide gvec la
directipnde référence du dosimeétre

[SOURCE: ISO 29661:2012, 3.1.31]

3.34

point de référence d’un dosimeétre

marque(s) physique(s) sur la surface extérieure du dosimétre (éventuellement décrites dans
le manuel) utilisée(s) pour positionner celui-ci par rapport au point de mesure; en I'absence
de marques sur la surface extérieure du dosimeétre, il convient de considérer le centre
géométrigue comme le point de référence

3.35

réponse de référence

Ro

réponse pour une valeur de référence, C, (, de la grandeur a mesurer dans les conditions de
référence
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ou G, g est la valeur indiquée correspondante

Note 1 a l'article: La réponse de référence est I'inverse du coefficient d’étalonnage de référence.

Note 2 a I'article: Les valeurs de référence pour la dose sont données dans le Tableau 7.

3.36

incertitude relative élargie
Urel ———————— ,
incertifude élargie divisée par le résultat de la mesure

3.37
réponjse relative
-

rappoft de la réponse R sur la réponse de référence R

R
P
Ry
3.38
réponjse d’un ensemble de mesure de rayonnement
R
rapport, dans des conditions spécifiées, donné par la‘relation:
G
R =~
C

ou
G pst la valeur indiquée de la grandeur mesurée par 'équipement ou 'ensemble en essai
systéme dosimétrique), et

C bst la valeur conventionnelle de cette grandeur

Note 1 |a I'article: La valeur de fa réponse peut varier avec la dose a mesurer. Dans ce cas, le 4ystéme
dosiméfrique est dit non linéaire:

[SOURCE: IEC 60050-395:2014, 395-03-72, modifié — Les lettres représentant des grandeurs
ont été modifiéés;" “valeur indiquée de la grandeur” a remplacé “valeur”, “(sylstéme
dosimptrique)~a‘eté ajouté et les notes originales ont été remplacées par une nouvelle Note 1
a l'article]

3.39
résultat de mesure

ensemble de valeurs attribuées a un mesurande, incluant une valeur, [lincertitude
correspondante et I'unité du mesurande

Note 1 a l'article: La valeur centrale de I’ensemble de valeurs peut étre sélectionnée comme valeur mesurée M
(voir 3.22) et un paramétre caractérisant la dispersion peut étre sélectionné comme étant I'incertitude (voir 3.43).

Note 2 a l'article: Le résultat de mesure se rapporte a la valeur indiquée donnée par I'instrument G (voir 3.14) et
aux valeurs correctives obtenues lors de I'étalonnage et par I'utilisation d’'un modele (voir 3.25).

Note 3 a l'article: L’estimation de M peut étre basée sur une ou plusieurs valeurs indiquées.

[SOURCE: IEC 60050-300-311: 2001, 311-01-01, modifié — “incluant une valeur, I'incertitude
correspondante et I'unité du mesurande” a été ajouté, les Notes 1, 4 et 5 originales ont été
supprimées et les termes des Notes 1 et 2 a l'article ont été harmonisés avec les termes
utilisés dans le présent document]
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3.40

signal

S

grandeur obtenue par un lecteur a partir de la lecture d’un détecteur dont la valeur indiquée
de I'équivalent de dose est évaluée

Note 1 a l'article: Par exemple, la charge mesurée dans un tube photomultiplicateur par la lumiére émise par un
TL; la surface d’'une certaine région de la courbe de luminescence d’un TLD; un paramétre de comparaison évalué
a partir de I’'analyse de la courbe de luminescence.

Note 2 a l'article: En principe, il est possible d’obtenir plus d’un signal a partir d'un méme détecteur (par exemple
plusieurs paramétres de comparaison a partir de I’analyse de la courbe de luminescence).

Note 3 p I'article: L’utilisation de plus d’un détecteur conduit toujours a I'utilisation de plus d’un signal.
Note 4 p I'article: Dans I'I|SO 12794:2000, 3.13, “signal” est assimilé a “valeur de lecture”.

Note 5 h l'article: Pour des informations détaillées, voir ’Annexe B.

3.41
écart type

écart fype expérimental
A
pour yne série de n mesurages du méme mesurande, grandeur sycaractérisant la dispersion
des résultats

1 < —
5= n_1Z(Gj—G)2
j=1
ou
Gj bst le résultat du j-éme mesurage, et

G

st [a moyenne arithmétique des-a, résultats considérés

Note 1 [a l'article: En considérant la série de n valeurs comme échantillon d'une loi de probabilité G |est un
estimatpur sans biais de la moyenne ji;et's? est un estimateur sans biais de la variance o2 de cette loi.

Note 2 p I'article: L’expression s/\/; est une estimation de I'écart type de la loi de G et est appelée “échrt type
expérimental de la moyenne’.

Note 3 p l'article: “L’écart type expérimental de la moyenne” est parfois appelé a tort “erreur type de la moyenne”.

[SOURCE: GUM:4995, B.2.17, modifié — Le terme préférentiel “écart type” a été ajouté| ainsi
que lel symbale 3, et la formule a été modifiée]

3.42
conditiensnormales—d'essai
conditions représentées par la gamme des valeurs correspondant aux grandeurs d’influence
dans lesquelles un étalonnage ou une détermination de la réponse sont mis en ceuvre

Note 1 a I'article: |l convient d’apporter les corrections appropriées aux conditions de référence

Note 2 a I'article: Idéalement, il convient d’effectuer les étalonnages dans les conditions de référence. Du fait que
cela n’est pas toujours réalisable (par exemple, pour la pression de I'air ambiant) ou pratique (par exemple, pour la
température ambiante), un (faible) intervalle autour des valeurs de référence est acceptable. Les valeurs des
conditions normales d’essai ainsi que les conditions de référence sont fournies dans le Tableau 7.

Note 3 a l'article: Pendant les essais de type, toutes les valeurs des grandeurs d’influence qui ne sont pas I'objet
de I'essai sont fixées dans le domaine des conditions normales d’essai.

[SOURCE: ISO 29661:2012, 3.1.36, modifié — La Note 3 a 'article a été ajoutée]
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3.43

incertitude type

u

incertitude du résultat d'un mesurage exprimée sous la forme d'un écart type

Note 1 a l'article: L'incertitude type est un terme plus général que |'écart type. L'incertitude type peut contenir
également par exemple des contributions a l'incertitude évaluées en utilisant des méthodes non statistiques.

[SOURCE: GUM:1995, 2.3.1, modifié — La Note 1 a l'article a été ajoutée, ainsi que le
symbole u]

3.44
essailde type
essai fle conformité effectué sur une ou plusieurs entités représentatives de la productign

[SOURCE: IEC 60050-151:2001, 151-16-16]

3.45
limite|supérieure de I'étendue de mesure

H
max
valeur|de la dose la plus élevée incluse dans I'étendue de mesure

3.46
controle radiologique de zone
contrgle radiologique d’un lieu de travail ou d’une zone de I'environnement par mesurages de
(débit|de) dose

Note 1 p I'article: Le contréle radiologique de zone est effectué pour H'(0,07), H'(3) ou H*(10).

Note 2 p I'article: Définition orientée CIPR 103 et CIPR16.

3.47
contrple radiologique du lieu de travail
contrdle radiologique de =zone ‘Ppar mesurages de (débit de) dose effectués| dans
I’envirpnnement de travail

Note 1 p l'article: Généralement opposé au contrble radiologique individuel.

Note 2 f I'article: Le contr@leyradiologique du lieu de travail est effectué pour H'(0,07), H'(3) ou H*(10).

3.48
contrple radiologique de I’environnement
contrgle radialogique de zone par mesurage de (débit de) dose externe effectué| dans
I’envirpbnnement

Note 1 p ['article: Le contrble radiologigue de I'environnement est effectué pour A'(0,07), H'(3) ou H*(10).

3.49

contréle radiologique individuel

contrble radiologique par mesurages de (débit de) dose effectués par I'équipement porté par
les travailleurs ou mesurages des quantités de matiéres radioactives présentes dans leur
organisme ou sur leur corps

Note 1 a l'article: Egalement appelé contréle radiologique du personnel. Généralement opposé au contrdle
radiologique du lieu de travail.

Note 2 a I'article: Le contréle radiologique individuel est effectué pour Hp(0,07), Hp(3) or Hp(10).

[SOURCE: Glossaire de I'lAEA:2016, modifié — “(débit de) dose” et la Note 2 a I'article ont été
ajoutés]
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4 Unités et symboles

Dans le présent document, les unités du systéme international (SI) sont utilisées. Néanmoins,
les unités suivantes peuvent étre acceptées comme d’'usage courant:

— pour I'énergie: I'électronvolt (symbole eV). 1 eV = 1,602 x 10-19 J;

— pour le temps: année, mois, jour, heure (symbole h), minute (symbole min).

Les multiples et sous-multiples des unités Sl peuvent étre utilisés selon le systéme SlI.

L’unité Sl d’équivalent de dose est 1 J kg=".

Le noin spécial de I'unité d’équivalent de dose est le sievert (symbole Sv). 1 Sv = 18 kg

Une li

Une li

5 P

5.1
5.1.1

Les ¢
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Les eg
voir I'4

5.1.3
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ce do
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bte des symboles est donnée dans le Tableau 6.

ste des abréviations est donnée dans le Tableau 17.

rocédures générales d'essai

Procédures d’essai de base

Consignes d’utilisation

uité dans le manuel, voir I'Article 9. Ces cansignes doivent étre les mémes pour
rties de I'essai de type et également pouritjutilisation normale.

Nature des essais

sais énumérés dans le présent,document sont considérés comme des essais de
A\nnexe C.

Conditions de référence et conditions normales d'essai

nditions de référence sont données dans la deuxiéme colonne du Tableau 7 (a la

ons normales_d'eéssai données dans la troisieme colonne du Tableau 7.

spécification contraire donnée dans la procédure d’essai, toutes les grar

i données dans le Tableau 7, sauf pour les grandeurs d’influence actuellemsg

bnsignes d’utilisation des systémes dosiméttiques doivent étre données sans aucune

toutes

type,

fin de

cument). Sauf~ spécification contraire, les essais doivent étre effectués danps les

deurs

ence-doivent étre maintenues dans les limites établies pour les conditions nofmales

nt en

5.1.4

Production du rayonnement de référence

La nature, la construction et les conditions d’utilisation du rayonnement ionisant doivent étre
conformes aux recommandations des documents suivants:

a) la série ISO 4037 pour le rayonnement photonique,

b) la série ISO 6980 pour le rayonnement béta, et

c) la série ISO 8529 pour le rayonnement neutronique.

5.1.5

Choix du fantome a des fins d’essai

Pour les essais impliquant l'utilisation d’'un fantéme, les fantdbmes ISO décrits en 7.3.1 de
I'ISO 4037-3:2019 doivent étre utilisés. La géométrie d’irradiation exigée est spécifiée dans la
norme ISO de référence appropriée (ISO 4037-3 ou ISO 6980-3).
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5.1.6 Position du dosimeétre a des fins d’essai

Pour les essais impliquant l'utilisation de rayonnement, le point de référence du dosimétre
doit étre placé au point de mesure, et le dosimétre doit étre orienté dans |'orientation de
référence. Cela ne s‘applique pas aux essais destinés a déterminer la réponse selon I'angle
d’incidence.

5.2 Procédures d’essai applicables a tout essai
5.21 Nombre de dosimeétres utilisés pour chaque essai

Le nombre n de dosimétres (ou d'irradiations) utilisé pour chaque essai peut ne pas étre le
méme| pour chaque essal, mais Il peut etre determine en utilisant 'Annexe A. Cependant, il
peut Btre pratique d’utiliser de maniére arbitraire 4, 5, 8, 10 ou 20 dosimetrgs (ou
irradigtions), nombres pour lesquels la valeur ¢+ de Student, donnée dans le Tableau A.1 de
’Annexe A, est égale a 3,18; 2,78; 2,37; 2,26; ou 2,09 respectivement.

NOTE |[L'utilisation de I'Annexe A démontre que les exigences de performances sont satisfaites avec un intervalle
de conflance de 95 %.

5.2.2 Considérations relatives a I’incertitude de la valeur conventionnelle d’une
grandeur

L'inceftitude relative élargie U, . de la valeur conventionhelle d'une grandeur |C de
I’équivalent de dose doit étre prise en compte. Elle doity*étre inférieure a 8 % pqur un
intervalle élargi de 95 %. Le laboratoire d’essai doit déterminer U .o selon le GUM.

NOTE |Conformément a 3.13, le niveau de confiance est 95 %.
5.2.3 Considérations relatives a la non-linéarité

L’effef de la non-linéarité di a la dépendangée vis-a-vis de la dose doit étre considéré.

Une nméthode pratique consiste a commencer les essais par la non-linéarité et a réaliger les
autreg essais dans une région de” dose dans laquelle la non-linéarité est négligeable
(1% 4 2 %).

5.2.4 Considérations relatives a la radiation de bruit de fond naturel

Pour Ie mesurage des.€quivalents de faible dose ou des débits d’équivalents de faible dose, il
est ndcessaire de ienir compte de la contribution apportée par la radiation de bruit d¢ fond
naturgl a I’équivalent de dose. Cette prise en compte s’effectue généralement en utilispnt un
nombre important de dosimétres (10 au minimum) comme dosimetres de bruit de fond. Ces
dosimptres sont' traités dans les mémes conditions que les dosimétres en essai, mais ne sont
pas irfadiésy'La valeur moyenne indiquée de ces dosimétres doit étre soustraite de la yvaleur
indiqugepar les dosimétres en essai.

5.2.5 Considérations relatives a un dosimétre avec plusieurs détecteurs ou signaux

Si plusieurs signaux (voir 3.40) ou détecteurs (voir 3.8) sont utilisés pour évaluer la valeur
indiquée, chaque signal ou détecteur doit étre soumis séparément aux essais. Des essais
séparés sont nécessaires quand les différents signaux sont utilisés pour évaluer la valeur
indiquée dans différentes régions de I'étendue de mesure ou dans différentes régions d'une
grandeur d’influence.

NOTE Si cela s’applique, ceci signifie que le nombre total d’essais selon le présent document est multiplié par le
nombre de signaux utilisés dans différentes étendues.

EXEMPLE 1 Si un second détecteur ou signal est utilisé pour évaluer un équivalent de dose supérieur a 200 mSy,
pour ce détecteur ou signal, toutes les exigences du présent document doivent étre mesurées dans sa plage de
fonctionnement, c’est-a-dire au-dessus d’un équivalent de dose de 200 mSv.
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EXEMPLE 2 Si un second détecteur ou signal est utilisé pour évaluer la dose pour des particules de tres faible
énergie (par exemple un détecteur trés fin pour les rayonnements béta de faible énergie), pour ce détecteur ou
signal, toutes les exigences du présent document doivent étre mesurées dans sa plage de fonctionnement, c’est-a-
dire les particules de faible énergie.

5.2.6 Réalisation optimale des essais

Pour les essais concernant I'effet de plusieurs grandeurs d’influence, différents groupes de
dosimeétres sont irradiés: un groupe de référence et un ou plusieurs groupes d'essai pour
lesquels l'effet de la grandeur d’influence est mesuré. Pour limiter le nombre d’irradiations
nécessaires, il est approprié de combiner les essais de 11.9 a I'Article 15 avec seulement
deux ou trois groupes de référence.

Une liste d’actions nécessaires pour réaliser un essai de type selon le présent documgnt est
donnée a 'Annexe C.

6 Exigences de performances: synthése

Pour Jes types de dosimétres suivants, les grandeurs suivantes deivent au moing étre
mesurées:

— dopimétres individuels du corps entier: Hp(10) dd au rayonnement photonique,

— dopimeétres individuels de cristallin utilisés Hp(0,07) ou Hp(3) dd au rayonngment
daps des champs de rayonnement photoniquef
purement photonique:

— dopimeétres individuels de cristallin utilisés Hp(3) dd aux rayonnements béfa et
daps des champs de rayonnement béta photonique,
et/pu des champs mixtes de
rayonnements béta et photonique:

— dopimétres individuels d’extrémités: Hp(0,07) dd aux rayonnements photonique
et/ou béta,

— dopimétres de zone pour I'estimation de la  H*(10) di au rayonnement photonique,
dope effective:

— dopimétres de zone pour l’estimation de la H'(0,07) ou H'(3) di au rayonnement
doge destinée au cristallin’ utilisée dans photonique,
le§ champs de rayonnement purement
phptonique:

— dopimeétres de zone pour I'estimationde la AH(3) di0 aux rayonnements béta et
dope destinéevau cristallin utilisée dans photonique,
le§ champs.de rayonnement béta et/ou
dep chanmps’mixtes de rayonnements béta
et photonique:

— dopimétres de zone pour I'estimation de la H’(0,07) d0 au rayonnement photonique}
dose destinée a la peau locale:

Des reglements nationaux peuvent exiger que des types spécifiques de dosimétres mesurent
un plus grand nombre de grandeurs.

NOTE 1 Behrens et Dietze (2010) fournissent des informations de base concernant le choix des grandeurs a
mesurer pour la dosimétrie de cristallin.

NOTE 2 Dans le présent document, le terme “rayonnement béta” est utilisé comme synonyme des rayonnements
d'électrons et béta.

Les exigences de performances des systémes dosimétriques sont données dans les
Tableaux 8 a 13 selon la grandeur a mesurer: Hp(10): Tableau 8; Hp(3): Tableau 9; Hp(0,07):
Tableau 10; H*(10): Tableau 11; H'(3): Tableau 12; H'(0,07): Tableau 13.
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Les informations détaillées concernant certaines entrées des Tableaux 8 a 13 (a la fin du
document) sont données dans les autres Tableaux 14 a 16 (a la fin du document).

Dans certains pays, la présence d'une dose de rayonnement béta doit étre indiquée par des
dosimétres portés sur le tronc. Une telle indication de la présence d'une dose de
rayonnement béta ne constitue pas un mesurage. Pour cette raison, un paragraphe spécifique
(11.9) concerne l'indication de la présence d'une dose de rayonnement béta.

Un systéme dosimétrique n'est généralement pas capable de mesurer toutes les grandeurs
indiquées ci-dessus. Ainsi, le systéme n’est soumis a I'’essai qu'en ce qui concerne les
grandeurs et les types de rayonnements pour lesquels il est destiné a étre utilisé.

La pleline conformité au présent document est assurée si les exigences concernant.les*plages
obligajoires indiquées dans les Tableaux 8 a 13 sont satisfaites. Si le client oulle-"falyricant
exige |des plages étendues, il convient alors d'effectuer également I'essai comme spécifié
dans le présent document, c'est-a-dire que les exigences indiquées dans les~Tableaux B a 13
s'appllguent également. La plage de toute grandeur d'influence mentionnée par le fabricant
est appelée plage assignée. Ainsi, les systémes dosimétriques peuvent étre classigs en
fonctign d'un ensemble de plages (par exemple pour les doses, les énergies, la tempénature)
dans lesquelles les exigences établies par le présent document sont satisfaites (Capacifés du
systeme, voir Article 7).

Pour |les systémes dosimétriques décrits ci-dessus, le~présent document spécifle les
caractgristiques générales, les procédures généralés “d’essai et les exigencds de
performances, les caractéristiques des rayonnements,)de méme que les caractéristiques
environnementales, électriques, mécaniques, des logiciels et de sécurité.

Un systéme dosimétrique peut étre soumis a I’essai en ce qui concerne différentes grandeurs
a des |moments différents. Si le systéme dosimétrique a été modifié depuis I'essai précgdent,
un nodivel essai concernant les grandeurs_précédemment vérifiées peut s'avérer nécesshpire.

L’étalgnnage absolu du systeme dosimétrique n’est pas vérifié au cours d’un essai de type
selon [le présent document, puisquevseules les propriétés du systéme présentent un iptérét.
L’étalgnnage absolu est vérifié péndant un essai individuel de série.

7 Capacité d’un systéeme dosimétrique

7.1 Généralités

Les plages préséntées dans les paragraphes suivants doivent étre définies par le fabficant.
Elles doivent étre équivalentes ou plus étendues que les plages obligatoires qui sont données
du Tapleal 8 au Tableau 13. Le systéme dosimétrique doit satisfaire aux exigences de ces
plageg assignées.

Les plages assignées doivent étre indiquées dans la documentation (manuel d’instructions)
du systéeme dosimétrique pour que son utilisateur soit informé des capacités de I'instrument.

7.2 Etendue de mesure et type de rayonnement

Selon la grandeur de dose, les limites de I'étendue de mesure doivent couvrir au moins les
plages obligatoires données a la ligne 7 du Tableau 8 au Tableau 13.

Le ou les types de rayonnements pour lesquels le systéme dosimétrique est congu doivent
étre indiqués.


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 © IEC 2020 - 113 -

Si le systéme dosimétrique n'est pas capable de mesurer Hp(0,07) dd au rayonnement béta
en raison de toutes les énergies et de tous les angles d’incidence exigés (ceci signifie qu'il ne
satisfait pas a 11.7.2), mais est en revanche capable d'indiquer la présence d'une dose de
rayonnement béta (ceci signifie qu'il satisfait a 11.9), ceci doit étre indiqué.

7.3 Plages assignées des grandeurs d’influence

La plage assignée de toute grandeur d’influence doit étre indiquée par le fabricant dans la
documentation. La plage obligatoire de chaque grandeur d’influence est donnée dans la
troisieme colonne du Tableau 8 au Tableau 16. Toutes les exigences du présent document
doivent étre satisfaites sur toutes les plages assignées.

7.4 |Temps de mesure maximal assigné ¢,,.,

Le falricant doit indiquer la durée maximale d’'une mesure de dose t,,, pour faquelle les
exigences du présent document sont satisfaites. Plus particuliérement,/les exigences
concefnant le coefficient de variation doivent étre satisfaites.

Cette durée doit étre d’au moins un mois.

7.5 Réutilisation

Un dgsimétre est considéré comme réutilisable tant que&sés performances satisfont aux
exigernces du présent document. Si le dosimétre ne peut pas étre réutilisé indéfiniment} ou si
leur ufilisation dépend de I'historique du dosimétre, ceci‘doit étre indiqué par le fabricdnt. Le
fabricant doit préciser les limites pour des utilisations répétées, c’est-a-dire une paleur
maxinmjale de dose a laquelle le dosimétre a été exposé et au-dela de laquelle il ne pept pas
étre re¢utilisé. En particulier, les exigences relatives au coefficient de variation doivent étre
satisfgites pour tous les dosimétres réutilisés.

NOTE |Un exemple de limitation de la réutilisation;est I'augmentation du signal zéro d’un détecteur TL aprés avoir
regu unfe dose élevée.

7.6 Fonction modéle

Le fabricant doit indiquer la ferme générale de la fonction modele pour un mesurage avec le
dosimptre. Le fabricant peut“utiliser 'exemple donné en 3.25 ou d’autres fonctions. Le
fabricant doit indiquer leS\interdépendances éventuelles entre les variables de la fonction
modéle. Les variables sont le coefficient d’étalonnage, les réponses relatives et les écarts.

NOTE |D’autres informations détaillées relatives a la fonction modéle et a la détermination de l'incertijude de
mesure|sont fourni€s‘dans I'lEC TR 62461.

7.7 |Exemple des capacités d’un systéme dosimétrique

Les nombres suivants sont choisis arbitrairement; ils couvrent au moins les plages
obligatoires et ’ils different d'un systéme dosiméirique a un aufre.

Le systéme dosimétrique peut étre utilisé pour la mesure de H,(10) di au rayonnement
photonique:

Etendue de mesure: 0,05 mSv < Hp(10) <4 Sv. Le systéme dosimétrique est capable
d'indiquer la présence d'une dose de rayonnement béta.

Les plages d’utilisation pour les différentes grandeurs d’influence sont les suivantes.

e Energie des photons et angle d’incidence: 50 keV a 1,4 MeV et 0° a + 60°

e Température ambiante et humidité relative (pour les dosimétres): —15 °C a 50 °C et 40 %
a 90 % HR
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mpérature ambiante (lecteur): +10 °C a +40 °C
position & la lumiére (dosimétres et lecteur): jusqu’a 1 000 W/m?2
rturbations électromagnétiques (lecteur): plages obligatoires, voir Tableau 15

rturbations mécaniques: plages obligatoires, voir Tableau 16

Temps de mesure maximal assigné: 6 mois.

Les dosimétres du systéme dosimétrique sont réutilisables jusqu’a une irradiation a un
équivalent de dose de plus de 200 mSv.
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est la valeur mesurée;

est le coefficient d’étalonnage de référence;

est la réponse relative due a la non-linéarité;

est la réponse relative due a I'énergie et a I'angle d’incidence;
est la réponse relative due aux influences de I'environnément;
est la valeur indiquée par le systéme dosimétrique;

est I’écart d0 aux perturbations électromagngtiques;

est I’écart d0 aux perturbations mécaniques:

es informations détaillées, voir 3.22 et ’Ahnexe B.

Kigences pour la conception du systéme dosimétrique
Généralités

formations exigées dans‘cet Article 8 doivent étre présentées par le fabrican
écrite en vue de I'essai de type (pas nécessairement dans le manuel d’instruc
Kigences indiquées-peuvent étre facilement vérifiées par examen visuel du sy
Btrique en fonctionnement.

Indicationmyde la valeur de la dose (systéme dosimétrique)

La v

microgieyverts (uSv). L’affichage ou I'enregistrement de dose doit aussi clairement indig
grande¢urimesurée.

leur indiquée doit étre donnée en unités d’équivalent de dose, par exemp

sous
fions).
stéme

e, en
uer la

Si le lecteur permet une modification de la plage, cette modification doit étre automatique.

A des valeurs de doses supérieures ou égales a dix fois la limite inférieure de I'étendue de
mesure, c’est-a-dire pour H 2 10-H,,,;, la valeur indiquée doit étre affichée avec une résolution
de plus de 2 %. A la limite inférieure de I'é¢tendue de mesure, H,,,, une valeur de 10 % est
suffisante.

NOTE Une solution technique possible est un affichage numérique: au moins deux chiffres significatifs sont
affichés a la limite inférieure de I'étendue de mesure H ;. Par exemple, pour A _; = 0,1 mSy, I'affichage indique

0,10 mSv. Au-dessus de 10-H

min’ trois chiffres significatifs s’affichent: 1,00 mSv.
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8.3

Attribution de la valeur de dose au dosimétre (systéme dosimétrique)

Chaque valeur indiquée doit étre attribuée individuellement au dosimétre (numéro) selon son
origine.

NOTE Une solution technique possible est la suivante: I'attribution, lors du retrait des détecteurs du dosimetre,
s’effectue avec la plus grande attention. Aprés évaluation des données, le numéro du dosimetre et la valeur
indiquée constituent un ensemble de données qui est toujours manipulé d’un seul bloc.

8.4

Informations données sur ’instrumentation (lecteur et dosimétre)

Les informations suivantes doivent étre clairement visibles sur le lecteur (a) a d)),

NOTE |Par exemple, pour les points b) a%d): 0,1 mSv<H(0,07)<3Sv; 65keV<E, <1
p ph
0,24 MgV < E

8.5

Dans |a mesure ou la pratique le"permet, il convient que le dosimeétre soit congu pour r|
le plug possible la rétention de Ja contamination et faciliter son élimination. Un dosimetr
étre ¢quipé d'une couverture protectrice supplémentaire. Toutefois, méme avec
protegtion, il doit toujours-satisfaire aux exigences du présent document.

8.6

Pour |’essai de\ type selon le présent document, le fabricant doit fournir l'algo
d’évalpation_pour la valeur indiquée, a partir du ou des signaux du ou des détecteu
docunjentation doit étre sous une forme permettant la bonne compréhension des calculg
de l'anbre de décision.

identification attribuant le lecteur et le dosimeétre au systéme dosimétrique;
randeur mesurée et I'étendue de mesure;

le type de rayonnement (par exemple photonique et/ou béta) correspondant“au dosir
la[plage assignée d’énergie des particules;

sur les dosimeétres individuels uniquement: s’il est possible .de~I'utiliser dans
orlentations ou plus, le dosimétre doit alors satisfaire aux exigences du présent doc
dans toutes les orientations ou il doit étre clairement indiqué,sur ce dosimeétre la

orientation ou que son utilisation dans la mauvaise orientation peut conduire

résultats erronés;

sur le dosimétre uniquement: le point de référence et l'orientation de référen
dosimétre (ou dans le manuel);

sur le dosimétre uniquement: un numéroy d’identification lisible par [utili
(obligatoire);

< 0,8 MeV.

beta

Rétention et élimination de lascontamination radioactive (dosimeétre)

Algorithme d'évaluation de la valeur indiquée (systéme dosimétrique)

sur le

netre;

deux
ument
bonne
A des

ce du

sateur

4 MeV,

Eduire
e peut
cette

rithme
rs. La
et/ou

Si plus d’un signal est utilisé pour évaluer la valeur indiquée pour I'essai de type, le fabricant
doit prévoir la possibilité de lire séparément les signaux du ou des détecteurs.

NOTE Des informations détaillées sur le signal, la valeur évaluée et I'algorithme d'évaluation sont données a
I’Annexe B.

Cet algorithme peut étre confidentiel et étre utilisé uniquement par le laboratoire d’essai pour

les

besoins des essais de type.
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8.7 Utilisation des dosimétres en champs mixtes de rayonnement (systéme
dosimétrique)

Si un dosimétre est utilisé dans des champs de rayonnement pour lesquels il n'est pas congu,
par exemple un dosimétre photonique utilisé dans un champ mixte photonique et neutronique,
I'effet du rayonnement non destiné a étre mesuré doit étre établi par le fabricant dans le
manuel, voir I'Article 9. Dans I'exemple mentionné, le rayonnement neutronique est une
grandeur d’influence pour le dosimétre congu pour le rayonnement photonique. Le fabricant
doit indiquer la réponse au rayonnement neutronique pour les neutrons thermiques et un ou
plusieurs domaines de sources de radionucléides de référence définis dans I'lSO 8529.

A partjr de cette information. l'utilisateur. avec I'aide d’un second dosimétre destiné & mesurer

le raycﬁnnement neutronique, peut déterminer I'influence sur la dose totale.

9 Manuel d’instructions

9.1 Généralités

sans ambiguité au systéme dosimétrique décrit. De telles consignés ‘d’utilisation doivent étre
fourni¢s pour chaque systéme dosimétrique. Les consignes d’utilisation doivent conténir la
description de la construction, de la fonction, du fonctionnement et de la manipulation du
systéme dosimétrique et de ses composants, y compris de-llutilisation du logiciel utilisg pour
le confrole du systéme dosimétrique et des données mémorisées.

Un mInueI d’instructions doit étre fourni. Il doit é&tre marqué de telle Sorte qu’il se rapporte

9.2 |Spécification des données techniques
Systéme dosimétrique en général:

— nom du fabricant ou marque déposée (si le systeme est fabriqué comme un tout);
— type de systéme dosimétrique et pringipe de fonctionnement;

— schéma de principe du systéemg"dosimétrique comportant le matériel, le logiciel |et les
dohnées;

— nom du logiciel du systéme dosimétrique et numéro d’identification (voir 10.3);
— depcription des fonctionnalités et de tous les menus et sous-menus du logiciel;

— infprmations détaillées de fonctionnement, maintenance et procédures d'étalonnage;

— si|algorithme d’évaluation n’est pas additif, un commentaire selon la Note 3 de 12.1
Lectedr:

— nom du-fabricant ou marque déposée;
— typgede lecteur;

— exigences d’alimentation électrique;
— temps de stabilisation du lecteur;

— référence a la nécessité d’'un balayage de gaz sur le dosimeétre ou sur des parties du
dosimeétre au cours de sa lecture;

— mise en garde contre un stockage prolongé, si I'humidité élevée de l'air peut étre source
de détérioration.

Dosimetre:

— nom du fabricant ou marque déposée;

— type de dosimétre;

— type de détecteur(s);

— type de rayonnement pour la mesure duquel le dosimétre est congu;
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— point de référence du dosimétre;
— direction de référence pour I'étalonnage;

— orientation de référence par rapport aux sources de rayonnement et orientation de
référence par rapport au porteur;

— dessin des dosimétres incluant les détecteurs et les matériaux de filtrage;
— épaisseur physique des parois autour des volumes sensibles (mg cm-2);
— masse et dimensions du dosimétre;

— méthode de nettoyage et de séchage du dosimétre;

— méthode d'effacement de la dose (“remise a zéro”) du dosimeétre.

Caraciéristiques dosimétriques:

— grandeur mesurée;

— étendue de mesure et variation de la réponse due a la non-linéarité;
— coegfficient de variation en fonction de I’équivalent de dose;

— temps de mesure maximal assigné,;

- réionse au rayonnement environnemental naturel, voir 13.4;

— réponse relative en fonction de I'énergie du rayonnementfet de I'angle d’incidence| (pour
leq rayonnements béta et photonique);

— plgges assignées de toutes les autres grandeurs d’ibfluence et variation correspondante
de|la réponse relative ou écart (voir 7.2 a 7.6, un exemple est donné en 7.7);

— réponse relative due au rayonnement non destiné a étre mesuré (par exemgple, le
rayonnement neutronique), voir 8.7;

10 Logiciels, données et interfaces du'systéme dosimétrique

10.1 |Généralités

La version finale des logiciels doit'étre disponible des le début de I'essai de type, étant donné
qu’ung grande partie de I’essainconcernant les logiciels est indirectement couverte par |'essai
métrologique. Pour cette raisen, une modification de la partie dépendant des donndes du
logicigl aprés I'essai de type n’est pas admise (voir ci-dessous pour la partie dépendapt des
donnégs).

NOTE |Les exigences.\suivantes sont basées sur le guide logiciel 7.2 de la European cooperation |n legal
metrology (WELMEC).(Coopération européenne dans le domaine de la métrologie Iégale) et mettent en oguvre la
classe ¢le risque C du guide 7.2. Le guide WELMEC peut servir d'information complémentaire. Toutefois, sejles les
exigendes spécifiees dans cet Article 10 sont pertinentes.

igences doivent empécher toute modification involontaire des logiciels ou des do

des logiciels ou des données.

Les exigences doivent étre appliquées uniquement lorsque le systéme dosimétrique est utilisé
dans un cadre officiel, par exemple le contrble radiologique individuel exigé d’un point de vue
égal.

Lorsque l'essai de type selon le présent document a démarré, aucune donnée, aucun tableau
ou aucun logiciel ne peuvent étre modifiés ou supprimés.

L’'essai de la partie dépendant des données du logiciel peut étre trés complexe. Toutefois, il
ne doit pas monopoliser une partie importante du temps d’essai. Par conséquent, une grande
part de responsabilité est laissée au fabricant, par l'intermédiaire de sa documentation,
voir 10.10, pour la réalisation des essais. Néanmoins, quelques essais simples et pratiques
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sont réalisés pour assurer que les fonctionnalités correspondent a celles décrites dans la
documentation.

10.2 Conception et structure des logiciels
10.2.1 Exigences

Le logiciel doit étre congu de maniére a ne pas étre affecté par d’autres logiciels a moins que
I'utilisation correcte du systéme ne I’exige.

NOTE Une solution technique possible consiste a séparer le logiciel en deux parties. Une partie contient toutes
les fonctions nécessaires pour contréler le lecteur et pour évaluer, mémoriser et afficher les valeurs indiquées.
Cette rtie est [a "partie dependant des donnees”. L’autre partie du logiciel, la "partie ne dependant pas des
donnéep”, contient, par exemple, des statistiques relatives a la fréquence de certaines valeurs de la.dpse. La
partie dépendant des données comporte des fonctions bien définies (interface de logiciel) qui sont~utilisées pour
commupiquer avec les parties ne dépendant pas des données du logiciel. Ce concept technique de fogiciell séparé
présente 'avantage de permettre des modifications de la “partie ne dépendant pas des données” 'sans influgncer la
“partie fiépendant des données”.

10.2. Méthode d’essai

Documentation: Les mesures décrites pour protéger le logiciel doivent €tre plausibles compte
tenu du type de systéme d’exploitation de I'ordinateur.

Reéaligation de I'essai: Garantir que le logiciel est un fichier €xécutable. En cas de sépgration
du logiciel (voir la Note en 10.2.1), les différentes parties du logiciel doivent étre des fichiers
séparg¢s (par exemple, des bibliotheques de liaisops<dynamiques (DLL — dynamic link
librarigs)).

10.3 |ldentification du logiciel
10.3.1 Exigences

La “pgrtie dépendant des données” du lagiciel (voir la Note en 10.2.1) doit étre identifiee par
un nyméro. Il doit étre possible~ d’afficher ce numéro d’identification au coufs du
fonctignnement du logiciel. Cette identification peut étre comparée a celle donnée dans le
rapport d'essai ou dans la ngatice d’utilisation. Le numéro d’identification doit changer
autompatiquement en cas de (modification du logiciel (un simple numéro de version nqg suffit

pas).

NOTE 1 Dans le cas d’un‘code modulaire, plusieurs identifications peuvent étre constituées pour les différents
moduleg.

NOTE 4 Une solufion® technique possible est une somme de contréle, au moins un contrbéle de reddndance

cycliqug utilisant(une' longueur polynomiale de 17 bits (CRC-16) avec une valeur de départ secréte cachée|dans le
fichier gxécutable portant sur la totalité du logiciel.

10.3.2 .“Meéthode d’essai

Documentation: La méthode permettant de garantir que l'identification du logiciel est modifiée
par toute modification du logiciel doit étre plausible.

Réalisation de I'essai: Garantir que les identifications peuvent étre affichées pendant que le
logiciel est en fonctionnement comme décrit dans le manuel d’instructions et qu’elles sont
identiques a celles données dans ce manuel.

10.4 Authenticité du logiciel et présentation des résultats
10.4.1 Exigences

La protection doit couvrir aussi bien les actions involontaires (erreur d’utilisation) que les
actions intentionnelles (manipulation) au moyen d’un éditeur. En cas de modification du
logiciel, le programme doit s’arréter au démarrage avec un message tel que “Violation de
I'authenticité du logiciel, modification du programme non autorisée!”. L’authenticité des
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résultats présentés doit étre garantie et les résultats doivent étre clairement identifiés comme
résultats pertinents du mesurage. lls doivent par ailleurs étre clairement distincts de toute
information complémentaire.

Cette exigence a pour objet d’empécher toute commande du lecteur ou du dosimétre par un
logiciel autre que celui soumis a I’essai de type.

NOTE Une solution technique possible est la suivante:

Le code programme est un format exécutable (.exe). Une signature numérique est vérifiée au démarrage du

logiciel. En cas de non-conformité, le logiciel ne démarre pas. La fenétre du programme en cours est rafraichie
périodiquement et contréle qu'il est toujours visible.

10.4. Méthode d’essai

Documentation: Les mesures destinées a empécher toute modification du logiciel‘doivent étre
plausiples (par exemple, I’évaluation d’'une somme de contrdle). Vérifier que.les ensgmbles
de dgnnées légalement applicables peuvent étre uniquement produits™par le Ipgiciel
dépenjdant des données soumis a I'essai de type.

Reéaligation de I'essai: Modifier la suite des valeurs (par exemple afficher des "mSv" au ljeu de
"uSv") dans le code exécutable a l'aide d'un éditeur et faire_fanctionner le Iogicni.II. S'il

démaifre, I'exigence n’est pas satisfaite. Estimer par un contréle_visuel que des informiations
complgmentaires sur I'écran ou l'impression ne peuvent, pas étre confondues avgc les
informations appartenant aux données de mesure pertingntes et que toutes les données
pertingntes sont présentées.

10.5 |Alarme et arrét du systéme dans des conditions anormales de fonctionnemept
10.5.1 Exigences

Dans Je cas de conditions anormales de fa@nctionnement apparaissant dans les compgsants
du systéme, le fonctionnement du; systéme dosimétrique doit étre interfompu
automjatiquement et une alarme (sonore et/ou visible) doit avertir 'opérateur. Ces condlitions
anornElIes de fonctionnement comprennent celles qui induisent de fausses lectures|ou la
perte [de l'information de dose, -par exemple une coupure de haute tension pour unp tube
photomultiplicateur, I'absence-‘de” papier dans I'imprimante, la température de chauffdge du
lecteur inférieure ou supérieure a la plage normale de températures de fonctionnement, le
passape hors de portée d'un‘réseau local sans fil (WLAN — wireless local area network)} voire
I'arrét|du logiciel qui commande le mesurage.

Pas plus d'une _valeur indiquée ne doit étre perdue du fait de conditions anormales de
fonctignnementi&Si la valeur indiquée ne satisfait pas aux exigences du présent documgnt en
raison| de conditions anormales de fonctionnement, cette valeur doit étre accompagnép d'un
messgge d'erreur. Une valeur au maximum doit étre acceptée comme erronée par occufrence
dition anormale de fonctionnement si une réévaluation du dosimétre n’est pas possible.

WY, . . T : o : [es du

10.5.2 Méthode d’essai

Documentation: Les mesures pour reconnaitre un fonctionnement défectueux doivent étre
plausibles.

Réalisation de I'essai: Simuler des dysfonctionnements du matériel au cours de la lecture, par
exemple déconnecter I'alimentation du systeme de chauffage, mettre un réseau local sans fil
(WLAN) hors de portée, ou déconnecter le cable de transmission des données entre le lecteur
et I'ordinateur. Si plusieurs valeurs indiquées sont perdues ou accompagnées d'un message
d'erreur par défaillance simulée du matériel du fait d'une condition anormale de
fonctionnement, I'exigence n’est pas satisfaite. Si une réévaluation est possible, la nouvelle
valeur indiquée doit satisfaire aux exigences du présent document.
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10.6 Controle des données d’entrée par le systéme dosimétrique
10.6.1 Exigences

Toutes les valeurs utilisées pour la détermination de la valeur indiquée, par exemple les
coefficients d’étalonnage, le courant d’obscurité d’'un photomultiplicateur ou la haute tension
d’un photomultiplicateur doivent étre sous le contrdle du systéme dosimétrique.

NOTE Une solution technique possible consiste a garantir que ces valeurs relévent des plages fixées.

10.6.2 Méthode d’essai

ument

t de leurs plages admises doit étre plausible.

Réaligation de I'essai: Tenter de modifier certains parametres de I'instrument(pour qufils ne
relevent plus de leur plage, par exemple la haute tension du tube photomultiplicateurf ou la
pressipn d’azote. Si plusieurs détecteurs sont lus par erreur simulée deé |plage, I'exigence
n’'est pas satisfaite.

10.7 |Mémorisation des données

10.7.1 Exigences

a) Parameétres des instruments: L’utilisateur ne doit pas pouvoir modifier les paramétrg¢s des
ingtruments (par exemple les coefficients d’étalonnage, la plage de haute tension d’un
tule photomultiplicateur). Exception: Il doit n’étrepessible de modifier les parameétr¢s des
ingtruments que par I'intermédiaire des acces prévus par le logiciel (par exemple, mesure
d’dtalonnage ou entrée de données par un utiliSateur autorisé par un mot de passe dont la
valeur par défaut est définie dans le manuel® d’instructions et qui peut étre modifié par
I'utilisateur). Un historique des valeurs ef modifications de tous les paramétres ddjit étre
digponible pour I'utilisateur.

NOTE 1 Une solution technique possible est lastivante:

Toutes [les données constituent des ensembles de données bien définis. La totalité de I'ensemble de donngées est
protégéle par une signature numérique. (e logiciel lit 'ensemble de données, calcule la signature numérighe et la
comparg a sa valeur nominale contenue-dans I’ensemble de données. Si une modification quelconque est détectée
dans ur] ensemble de données, celui-ci est marqué par le programme comme étant invalide et n’est plus utiljsé.

b) Résultats de mesure:\Tous les résultats de mesure, y compris toutes les informlations
pertinentes nécessaires pour assurer la tragabilité et reconstituer le mesurage |ayant
produit le résultat mémorisé (authenticité) doivent étre enregistrés ou mémporisés
aufomatiquement ‘aprés chaque mesurage, sans aucune modification. lls contienn¢nt au
mqins la date-et I'heure de la lecture, I'identification du dosimeétre (par exemple son
numéro) et_du lecteur, la valeur indiquée et les coefficients d’étalonnage utiliség. Ces
dophnées peuvent étre produites sur des documents imprimés ou mémorisées sous|forme
élgcttonique sur un disque dur en liaison avec un logiciel pour I'affichage des do

en 10.2.1. Ce logiciel ne doit pas utiliser (par exemple, afficher ou imprimer) des données

modifiées. De plus, la mémorisation a long terme doit avoir une capacité suffisante pour

I'utilisation prévue. Les données doivent étre protégées contre les risques de perte.

NOTE 2 Une solution technique possible est la suivante:

Toutes les données spécifiques a un mesurage particulier constituent des ensembles de données bien définis et
mémorisés dans un format binaire automatiquement aprés le mesurage. La totalité de 'ensemble de données est
protégée par une signature numérique. Cet ensemble de données ne doit pas contenir les parametres des
instruments, mais uniquement les informations permettant d’indiquer les conditions de mise a disposition des
paramétres réels des instruments, par exemple le nom de fichier, I'emplacement et la date et I’'heure du fichier. Le
programme de visualisation lit les données mémorisées et vérifie leur signature numérique. Si une modification
quelconque est détectée dans un ensemble de données, celui-ci est marqué par le programme comme étant
invalide et n’est plus utilisé. Les données sont mémorisées sur deux disques durs supervisés par un contrdleur
RAID. Le logiciel active la protection en écriture du systeme d’exploitation.


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

IEC 62387:2020 © IEC 2020 -121 -

10.7.2 Méthode d’essai

Documentation: Le mode de mémorisation des données et des mesures destinées a prévenir
toute modification ou perte de ces données, par exemple la procédure d’évaluation d’une
somme de contrble, doit étre apparemment efficace (par exemple, il doit couvrir la totalité de
I’ensemble de données et une formule permettant de calculer la capacité de mémoire restante
doit étre appliquée). Toutes les informations pour assurer la tragabilité et reconstituer le
mesurage doivent étre incluses. En cas d’utilisation d’une signature numérique, le logiciel de
lecture et d’affichage des données (programme de visualisation) doit la vérifier.

Réalisation de I'essai:

a) Gdrantir la mémorisation dans un fichier de données de toutes les données pertimentes
négessaires pour reconstituer le mesurage juste aprés un mesurage. Garantir€galement
I'apsence de bouton ou de menu pour interrompre ou désactiver la mémorisation
aufomatique.

b) Tenter de modifier les paramétres de [linstrument ou les valeurs” indiquées par
I'intermédiaire du logiciel lui-méme. Si cette opération est possible/sans connaisgdances
particulieres, par exemple un mot de passe ou des informations défaillées sur la strjucture
dullogiciel, I'exigence n’est pas satisfaite.

c) Odvrir un fichier de données a I'aide d’'un éditeur et modifieér, quelques bits isoléq, puis
femer le fichier. Si le logiciel du systéme dosimétriqué/continue a lire le fichjer de
dopnées et fournit les valeurs modifiées, I’exigence n’estlalors pas satisfaite.

d) Tenter d'effacer le fichier de données du disque durlen utilisant une commande ngrmale
dul systeme d’exploitation. Si cette opération,jest possible sans avertissemegnt ou
cohnaissances particuliéres, par exemple un mot'de passe ou des informations détgillées
suf la structure du logiciel, I'exigence n’est pas‘satisfaite.

e) Vérifier qu'un avertissement est donné et que le mesurage est interrompu dans le ¢as ou
la mémoire est pleine ou retirée.

f) Dans le cas ou les données sontcimprimées et mémorisées, assurer leur carpctére
idgntique dans les deux cas.

Pour |la mémorisation des données a long terme, il est nécessaire de prendfe en
considération la durée limitée.«de lecture (par exemple quelques années) des formats de
donnéges particuliers (par exemple un CD ou un DVD).

10.8 |[Transmission des‘données
10.8.1 Exigences

Dans [le cas oUyles données sont transmises d’un dispositif & un autre (par exempl¢ d’un
lecteuf a un—PC), ces données doivent contenir toutes les informations nécessaire$ a la
poursuite ‘correcte de leur traitement. La modification, la suppression ou I'ajout de quielque
éIémeTﬂ que ce soit a ces données ne doit pas étre possible. De plus, la partie réceptrice du
systeme dosiméirique, par exemple T'ordinateur, doit garaniir que les données regues sont
authentiques. Cela signifie que la provenance éventuelle des données d’un autre appareil que
le lecteur ou le dosimétre attribué au systéme dosimétrique doit étre reconnue. Dans le cas
ou la connexion entre les parties impliguées dans une transmission est indisponible ou
retarde la transmission, une valeur indiquée au plus doit étre perdue. Dans le cas d'un
ensemble de données transmis de maniére incorrecte (bien que le protocole de transmission
ait tenté de répéter la transmission jusqu'a ce qu’elle aboutisse), cet ensemble de données ne
doit pas étre utilisé.

NOTE Une solution technique possible est la suivante:

Toutes les données transmises constituent des ensembles de données bien définis incluant la date et I'heure de
création de I’ensemble de données, un numéro d’exécution, une identification de la partie émettrice, par exemple
le numéro de série du lecteur et les données correspondantes. La totalité de I'ensemble de données est protégée
par une signature numérique. Le lecteur chiffre les données transmises au logiciel avec une clé connue
uniquement du logiciel soumis a I'essai de type (par exemple son code de hachage) lors d’'une séquence
d'établissement de liaison. La partie réceptrice, par exemple I'ordinateur, vérifie les données en garantissant


https://iecnorm.com/api/?name=4f348b6b1f099c44f31fc1a61dd177b2

-122 - IEC 62387:2020 © IEC 2020

qu’aucun numéro d’exécution ne manque (ou est en double) et que l'identification de la partie émettrice est
correcte. Dans le cas d’'un ensemble de données transmis incorrect, celui-ci est marqué par le programme comme
étant invalide et n’est plus utilisé.

10.8.2 Méthode d’essai

Documentation: Toutes les informations nécessaires pour assurer la tracgabilité et pour
poursuivre le traitement des données de mesure doivent étre contenues dans I'ensemble de
données. En cas d’utilisation d’'une signature numérique, le logiciel de réception des données
doit la vérifier. Les données secrétes (par exemple la valeur initiale de la clé le cas échéant)
doivent le rester vis-a-vis d’outils simples d’espionnage (piratage). Vérifier que les données
possédent une signature numérique pour garantir leur identification correcte et leur
authentification.

Réalilation de l'essai: Des vérifications ponctuelles doivent indiquer qu’aucune, dpnnée
pertingnte n’est perdue du fait d’'une interruption de transmission (par exemple; déconmexion
d’un cpble ou mise hors de portée d’un réseau local sans fil (WLAN)).

10.9 |Interfaces matérielles et interfaces logicielles
10.9.1 Exigences

L'influence des commandes saisies ou des valeurs regues avec-les interfaces (par exémple,
des interfaces utilisateur telles qu’un clavier, des interfaces logiCielles, un lecteur de cqdes a
barreq, un lecteur RFID et des mises a jour par liaison radio) sur les données et fonctigns de
instryment doit se limiter aux seules influences admissibles. Toutes les commandes ou
valeurs doivent étre définies, c’est-a-dire soit elles doivent avoir un sens et leur traitemgnt par
'instryment doit étre possible, soit l'instrument . doit les identifier comme invalideg. Les
commpndes invalides ne doivent avoir aucun effet, quel qu’il soit, sur les données et forjctions
de l'inptrument.

NOTE 1 En principe, il est possible de contourner._tne interface logicielle. Cela peut habituellement étre exclu par
séparatjon du logiciel (voir Note en 10.2.1), quandjla partie dépendant des données du logiciel est réalis¢ge dans
un fichigr binaire séparé.

NOTE 3 Une solution technique possibleest:

Interfacges utilisateurs: Un module dans‘le logiciel dépendant des données élimine les commandes inadmigsibles.
Seul cg module regoit des commandes et il n'y a pas de dérogation possible. Toute entrée erronée est bloquée.
Quand |l entre des commandesy)|'utilisateur est sous le contréle d’'un module logiciel spécifique ou guidé par celui-
ci. Ce module de guidage est.ifidissociable du module qui élimine les commandes inadmissibles.

Interfaces logicielles: Un module logiciel regoit et interpréte les commandes de I'interface. Ce module appargient au
logiciel|dépendant des\'données. Il ne transmet que les commandes autorisées aux autres modules Ipgiciels
dépendpnt des donnhées. Toutes les commandes inconnues ou non autorisées sont rejetées et n’¢nt pas
d’incidgnce sur leTogiciel dépendant des données ou sur les données de mesure.

10.9.2 Méthode d’essai
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matérielles et les interfaces logicielles doit étre apparemment compléte. Par exemple, s’il
n‘est pas possible de réaliser un étalonnage sur la base de cette liste et des informations
concernant la structure du logiciel, la liste ne peut étre compléte.

Réalisation de l'essai: En utilisant le logiciel fourni et les équipements périphériques,
effectuer les essais pratiques (vérifications ponctuelles) avec les commandes documentées et
également les commandes non documentées, et vérifier par essai toutes les commandes de
menus éventuelles. Si un logiciel accessoire accompagne le systéme dosimétrique pour
utiliser l'interface avec un ordinateur supplémentaire, pour certaines des commandes
disponibles, il doit étre vérifié que le systéme dosimétrique fonctionne comme indiqué dans la
documentation. De plus, certaines autres commandes doivent étre fournies. Si ces
dispositions affectent le systéme dosimétrique, I'exigence n'est pas satisfaite.
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10.10 Documentation pour I’essai concernant le logiciel

10.10.1 Exigences

a) Documentation du manuel d'instructions: Toutes les parties concernant la dosimétrie, les
menus et sous-menus du logiciel, y compris le programme de visualisation pour la lecture
et I'affichage des données mémorisées, doivent étre décrits dans le manuel d’instructions,
voir I'Article 9.

b) Documentation pour I'essai de type: Outre la documentation du manuel, les informations
suivantes doivent étre données par le fabricant pour I'essai de type:

— une description de la structure du logiciel, incluant les fonctions logicielles dépendant
des données et la signification de ces données; en cas de séparation logicielle, une
description de l'interface logicielle; les mesures pour protéger le logiciel; voir 10.2;

— | la méthode pour reconnaftre le numéro d’identification, voir 10.3;

— |les mesures pour empécher toute modification du logiciel et des données prés¢ntées
et comment leur authenticité est garantie, voir 10.4;

— | les mesures pour reconnaitre les pannes de fonctionnement, voir 410.5;

— | une liste de tous les paramétres, leurs plages et leurs valeurs’nominales, la methode
permettant de garantir que les paramétres relévent des- plages autoriséeq, leur
emplacement de mémorisation et comment ils peuvent étre visualisés, y compr]s leur
historique; voir 10.6;

— |la méthode de mémorisation automatique des donp€es; une description de tous les
champs d’un ensemble de données; la méthode utilisée pour garantir leur authenticité;
la gestion des cas exceptionnels lors de la njémorisation de données (par exemple
mémorisation compléte); la méthode du programme de visualisation pour détecier les
corruptions; les mesures pour empécher toute modification ou perte des données
mémorisées; voir 10.7;

— | la méthode de transmission des données; une description de tous les champ$ d'un
ensemble de données; la méthodetutilisée pour garantir leur authenticité; la gestion
des cas exceptionnels lors de la’transmission de données (par exemple un]|cable
déconnecté); les mesures peur empécher toute modification, perte ou ajoyt aux
données transmises, voir 10.8;

— |une description de l'interface logicielle, en particulier quels domaines de données
réalisent l'interface; une liste compléte des commandes et parameétres acceptés par
les interfaces matérielles et les interfaces logicielles, comportant une déclgration
d’exhaustivité decette liste et une description succincte de chaque commande;
voir 10.9;

— |les caractéristiques nécessaires du systéme d’exploitation et du matériel de
I'ordinatéur;

— | une presentation générale des aspects de sécurité du systéme d’exploitatiop, par
exemple, la protection, les comptes ou priviléges des utilisateurs.

Ces iffformmations—peuvent—¢&treconfidentiettes—etutitisees—uniquement—par —te—taboratoire
d’essai pour les besoins des essais de type.

10.10.2 Méthode d’essai

Documentation: Vérifier que toute la documentation exigée en 10.10.1 est compléte,
disponible et conforme a son objectif.

Réalisation de I’essai: En utilisant le logiciel au cours de I’essai de type, de nombreux menus
sont utilisés. Tous les menus doivent étre documentés dans le manuel d’instructions. Le reste
des menus doit étre vérifié en “jouant” sur le logiciel en fonctionnement et en comparant les
parties correspondantes du manuel d’instructions. Si tous les menus figurant dans le logiciel
et dans le manuel d’instructions ne correspondent pas, I'exigence n’est pas satisfaite.
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11 Exigences de performances et essais sous rayonnement (systéme

dosimétrique)

11.1 Généralités

Toutes les grandeurs d’influence considérées dans cet article sont de type F, voir 3.16.

Si le systéme dosimétrique utilise plusieurs signaux pour I’évaluation de la valeur indiquée,
I’Article 12 doit étre considéré. Les informations nécessaires pour lI'essai selon I'Article 12
doivent étre obtenues au cours des essais selon I’Article 11.

Si le gysteme dosimétrique est destiné a mesurer a la fois le rayonnement photoniqug¢ et le
rayonfement béta et s'il utilise le méme signal pour I'évaluation de la valeur indiquée paur les
deux {ypes de rayonnements, la méme qualité de rayonnement de référence doit-alofs étre

choisig¢ pour les deux types de rayonnements.

Ceci ¢orrespond a la pratique: Si un seul signal (et donc un détecteur) ‘est utilisé, up seul
coeffigient d'étalonnage peut étre appliqué. Ce coefficient est le méme a la fois ppur le
rayonfiement photonique et le rayonnement béta. Ainsi, la qualite’ du rayonnemgnt de
référence doit étre la méme pour la dépendance en énergie des particules, I'angle d'incidence

et le type de rayonnement.

11.2 |Coefficient de variation

Les fluctuations statistiques de la valeur indiquée ,dojvent satisfaire aux exigences|de la

ligne § du Tableau 8 au Tableau 13.

L'essgi doit étre réalisé conjointement avéc I'essai concernant la non-linéaritd. Par

consépuent, la méthode d’essai est décrite au 11.3 suivant.

11.3 |Non-linéarité

11.3.1 Exigences

La variation de la réponse due a une modification de I'équivalent de dose ne doit pds étre
supérieure aux valeurs donnees a la ligne 7 du Tableau 8 au Tableau 13 sur 'ensemple de

I'étenque de mesure dessrayonnements de référence photoniques et/ou béta.

11.3.

a)

b)

Méthode d’essai
Sdurce a utiliser

Lep essais-doivent étre réalisés avec un rayonnement de sources de '37Cs or 80Co ou
aufres( qualités de rayonnements spécifiées dans la série I1SO 4037. Si le dos
comporte des détecteurs séparés pour le rayonnement photonique et le rayonn
béta; i it—8 Satise & : t, par
exemple 90Sr/90Y. Dans le cas ou le signal des détecteurs dépend fortement de I'énergie
des particules, c’est-a-dire max(r ,)/min(ry ,) > 2, I'essai doit également étre réalisé en
utilisant différentes qualités de rayonnements, par exemple, en plus avec des qualités de
rayonnement photonique de faible énergie. Durant les essais, le dosimétre doit étre irradié
au rayonnement sur le fantéme exigé (voir 5.1.5) dans la direction de référence.

NOTE 1 Les irradiations peuvent étre effectuées a l'air libre si le facteur de correction pour I'exposition a I'air
libre est appliqué au lieu de celui appliqué sur le fantdme. Ce facteur de correction est spécifique au dosimeétre
en essai et a la qualité de rayonnement utilisée. Il est donc déterminé spécifiquement. Les irradiations a I'air
libre peuvent étre effectuées a des distances plus courtes donnant lieu a des diamétres de champs plus petits
du fait que le fantdme omis ne doit pas étre éclairé.

Essais a réaliser

Les essais doivent étre réalisés séparément pour les rayonnements photoniques ou les
rayonnements béta (le type de rayonnement pour lequel le systéme dosimétrique est
spécifié).
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La réponse doit étre mesurée pour au moins les valeurs de dose suivantes: a chaque
limite de chaque ordre de grandeur de I'étendue de mesure, a environ 30 % de chaque
ordre complet de grandeur, aux limites de I'étendue de mesure et étre par ailleurs proches
des variations de plage (si elles sont connues). Au total, n mesurages répétés de chacune
des w valeurs de dose doivent étre effectués.

NOTE 2 Lorsque, par exemple, I’étendue de mesure est comprise entre 0,1 mSv et 2 Sv au plus, les valeurs

de

dose correspondantes sont 0,1 et 0,3 mSv; 1 et 3 mSv; 10 et 30 mSv; 100 et 300 mSv; 1 Sv et 2 Sv

Pour chaque dose C;, la valeur moyenne indiquée C_}, et I'écart type s; doivent étre
déterminés.

11.3.3
Si l'ut
dans |
e po

ind
e po

les

Interprétation des résultats

lisation des w valeurs du coefficient de variation et des valeurs de c; eti¢s dog
e Tableau 2 indique que

Lr les valeurs de dose w — 2, le coefficient de variation est inférieur .al¢; fois les
iquées a la ligne 6 du Tableau 8 au Tableau 13 et

ur les deux valeurs (de débit) de dose restantes — qui ne doivent'pas étre adjace
coefficients de variation sont inférieurs a c, fois les limitestindiquées a la lign

Tapleau 8 au Tableau 13,

alors |

NOTE 1
la biblig
précisig

exigence de 11.2 est considérée comme satisfaite.

Cette méthode d’essai est expliquée en détail dans le document de Brunzendorf et Behrens (20(
graphie. Elle prend en compte le fait qu’il n’est pas possible de mesurer le coefficient de variati
n et facilement. Par conséquent, I’essai incorpore la méthode statistique d’un test de Khi-carré un

Un sysfeme dosimétrique ayant un coefficient de variation equivalent a 0,9 fois la limite exigée réussit I'ess

une prd
limite e

NOTE 3

que la
systém

une prd
est plug
variatio
Si, p3
"min —

consid

U

com

babilité d’environ 80 %. Un systéme dosimétriquefayant un coefficient de variation équivalent a 1,
igée échoue a I'essai avec une probabilité d’environ 80 %.

limite exigée indiquée a la ligne 6 du~Tableau 8 au Tableau 13 (méthode d’essai en cours)”, g
e dosimétrique ayant un coefficient dé yariation équivalent a 0,9 fois la limite exigée échoue a I'ess
babilité d’environ 98 %. Cela peut.également s’expliquer ainsi: Si I’exigence de la méthode d’essa|

élevée que la valeur exigée”estsatisfaite avec une probabilité d’environ 85 %, alors le vrai coeffi
h n'est pas plus élevé que 0{63,fois la limite exigée.

G,

G . .
U c.com <| = Udom '%Ogrmax"‘UC,com est valide, alors I'exigence de 11.3
140, i

érée comnie satisfaite.

est Galculée selon I'Equation (A.5), Exemple 2. U con est I'incertitude relative ¢

nnées

imites

htes —
e 6 du

7), voir
n avec
latéral.
ai avec
fois la

Si l'interprétation des résultats est telle_ que “pour chaque dose C,, la valeur si/a,- n'est pas plug élevée

lors un
ai avec

“s, /G,
ient de

r ailleurs, pour €hacun des groupes résultants (valeurs de dose C;), linggalité

1 est

largie

composee de C

Cro [

) rz 22 22

— . UcCcom —\YCrel;r,0 TUCrel;i avec Ies Incertiiudes relaiives el
1

argies

Ucrel: r.0 € Ucrel. ; des valeurs conventionnelles de grandeur respectivement de C,, et C;
pour les différentes qualités de rayonnement. Si U¢ (¢ 1o €t Uc o). ; SONt corrélées, ceci doit
étre pris en compte. Pour U (¢, VOir 5.2.2.
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Tableau 2 — Valeurs de ¢, et ¢, pour w valeurs de dose différentes
et n indications pour chaque valeur de dose

w Valeur de ¢, pour n égal a Valeur de ¢, pour » égal a
4 7 10 15 20 25 © 4 7 10 15 20 25 ©

5 1,000 | 1,007 | 1,009 | 1,009 | 1,009 | 1,009 | 1 1,499 | 1,400 | 1,344 | 1,290 | 1,255 | 1,231 | 1
6 |1,058|1,051|1,046 | 1,039 | 1,035 1,032 | 1 1,572 | 1,454 | 1,389 | 1,326 | 1,287 | 1,261 | 1
8 |1,147 {1,117 {1,100 | 1,084 | 1,074 | 1,067 | 1 1,687 | 1,536 | 1,458 | 1,383 | 1,336 | 1,304 | 1
10 |1,215(1,166 | 1,141 | 1,117 | 1,102 | 1,092 | 1 1,772 11,597 | 1,508 | 1,423 | 1,372 | 1,335 | 1
12 126911205 (1173 11143 [ 1124 11 112 1 184011645 | 1548 11455 |1 399 11 360 1
14 |]11,315( 1,238 | 1,200 | 1,164 | 1,142 | 1,128 | 1 1,895 | 1,684 | 1,578 | 1,480 | 1,421 | 1,379)|| 1
16 || 1,351 (1,265 (1,222 | 1,182 | 1,158 | 1,142 | 1 1,940 | 1,716 | 1,605 | 1,502 | 1,440 [4,396 || 1
18 |]1,388 (1,289 | 1,242 | 1,211 | 1,171 | 1,153 | 1 1,980 | 1,743 | 1,628 | 1,409 | 1,453+1,409 || 1
20 |[1.418 1,311 1,259 | 1,233 | 1,183 [ 1,164 | 1 |2,015|1,767 | 1,646 | 1,394 {1,466 | 1,421 || 1
25 || 1,483 (1,355 (1,295 | 1,240 [ 1,210 [ 1,186 | 1 [2,081|1,812|1,683 | 1,663"| 1,445 | 1,444 || 1
50 [|[1,683 | 1,494 1,407 [ 1,328 (1,283 [1,252 | 1 [2,275|1,945 | 1,789( 1,646 | 1,561 | 1,504 || 1

11.4 |Caractéristiques de surexposition, rémanence, et réutilisation

11.4.1 Exigences

Les exigences se subdivisent en trois parties:

a) Rgconnaissance d’une surexposition
Lorsque le dosimétre est irradié aveciune forte dose, comme indiqué a la ligng¢ 8 du

Tdbleau 8 au Tableau 13, le systeme“doit afficher une dose indiquée plus grande

lim

b) Rémanence

Si
su
du

c) R@utilisation

Si
led
de

ite supérieure de dose de I’étendue de mesure, H,,, Ou un message de surexposi

up’

un dosimeétre irradié a des doses élevées présente une rémanence sur les mesy
vants, des dispositions appropriées doivent étre prises pour assurer que les exig
présent document.sont satisfaites dans les mesurages suivants.

les dosimefres ne peuvent étre réutilisés indéfiniment ou si leur utilisabilité dépg
r historique, le fabricant le précise, voir 7.5. Souvent, une dose élevée au cours
niére rradiation affecte négativement la réutilisation.

jue la
tion.

rages
ences

nd de
de la

11.4.2

Méthode d’essai

Pour cet essai, quatre groupes de dosimétres doivent étre exposés a une source de
référence. Les essais doivent étre réalisés avec un rayonnement des sources 137Cs ou 60Co
ou autres qualités de rayonnement spécifiées dans la série ISO 4037.

Group
Group

Group

e 1:  groupe de référence: n (>5) dosimetres doivent étre irradiés a C;,, voir

le Tableau 7.

e 2: au moins un dosimétre doit étre irradié a un équivalent de forte dose ¢
indiqué a la ligne 8 du Tableau 8 au Tableau 13.

e 3: n(210) dosimétres doivent étre irradiés a un équivalent de dose égal a la
inférieure de I'étendue de mesure, H,.

omme

limite
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