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Foreword

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

This document is closely related to ISO 8529-1 and ISO 8529-2 concerning the calibration of
and doserate meters for neutron radiation. ISO 8529-1 specifies the reference neutron radi

in the energy range from thermal up to 20 MeV, and their production methods. ISO 8529-

3:2023(E)

dosemeters
ation fields,
2 describes

the calibration fundamentals of radiation protection devices related to basic quantities characterising
the radiation field and specifies the procedures to be used for realising the calibration conditions
of radiation protection devices produced by calibration sources with emphasis on correction for

extraneous effects.

(C W O [1AIVIAUd [10] Ol O UI C

d [ d d dI10 .
"dosemeter" always refers to both. Area dosemeters are often called area moni

in te
qua

rms of the International Commission on Radiation Units and Measurements (ICRU)
tities. These are defined in ICRU Report 391 and ICRU Report51[2], For’ radiation
purposes, these operational quantities are considered to be a sufficientlyaccurate appro
the protection quantities. For the purposes of this document, the emphasis will be on the
of the operational quantities at 10 mm depth defined in the body-uSing conversion co¢
the appropriate phantom. Cold neutrons may present special problems in dosimetry and
the $cope of this document, as are the photon calibrations of igstruments designed to mjd
photons and neutrons.

The
qua
the
the
by t

determination of the response of dosemeters is essentially a three-step process. First
mtity such as the neutron fluence is determined at the point of test. Second, the refere

evice being calibrated is then placed at the point'of test to determine the fluence resp
response of the device with respect to the appropriate operational quantity is then
he application of conversion coefficients-that relate the physical quantity (the flue
opetfational quantity (the dose equivalent). This document describes the methods and the
coefficients to be used for the determination-of the response of area and personal dosemet
of thle respective ICRU operational quantities for neutrons.

y specified,
ors or area
emeters or
he response
operational

protection

Kkimation to

evaluation
pfficients in
are outside
pasure both

, a primary
hce point of
bnse. Third,
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INTERNATIONAL STANDARD ISO 8529-3:2023(E)

Neutron reference radiation fields —

Part 3:
Calibration of area and personal dosemeters and
determination of their response as a function of neutron

This| document provides guidance for those who calibrate protection-level.dosemeters apd doserate
meteérs for area and individual monitoring with reference neutron radiatigm fields. This includes the
detefmination of the response as a function of neutron energy and anglé of incidence. The joperational
quantities recommended in ICRU Report 51[2] are considered. In dddition to the degcription of
prodedures, this document includes appropriate definitions and cofiversion coefficients and provides
guidiance on the statement of measurement uncertainties.

2 Normative references

The [following documents are referred to in the text\id such a way that some or all of their content
condtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 8529-1, Neutron reference radiations fieldsy— Part 1: Characteristics and methods of prodjction

ISO B529-2, Reference neutron radiations' — Part 2: Calibration fundamentals of radiation protection
deviges related to the basic quantitiesicharacterizing the radiation field

[SO [12789-1, Reference radiation-fields — Simulated workplace neutron fields — Part 1: Chqracteristics
and nethods of production

ISO [12789-2, Reference.kadiation fields — Simulated workplace neutron fields — Part 2:| Calibration
fundamentals related tothe basic quantities

ISO 29661, Reference’radiation fields for radiation protection — Definitions and fundamental ¢oncepts

ISOYIEC Guide'98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
meafuremeént(GUM:1995)

3 I‘Cl J U I N dlld dcfiuitiuua
For the purposes of this document, the terms and definitions of ISO 29661 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

free-field neutron fluence

P

fluence that would be present at a point in absence of any dosemeter, calibration phantom if present,
and scattering from the room and the air

©1S0 2023 - All rights reserved 1
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3.2

uniform irradiation
irradiation of an area (extending over an area dosemeter or phantom with personal dosemeter) in
which the uncertainty component introduced by differences in fluence or its energy distribution does
not significantly impact the overall uncertainty of the calibration procedure

Note 1 to entry: The calibration laboratory determines the impact that can be regarded as significant.

4 Procedures applicable to area and personal dosemeters

4.1 Neutyon fields

This docunjent deals with neutron reference radiation fields that shall be chosen from and ‘prod

in accordanjce with ISO 8529-1 and characterized using the techniques of ISO 8529-2. In general, ¢

appropriate neutron field, it will be useful to take into account the specifiéd energy
b rate ranges of the dosemeter to be tested. The basic quantities characterizing the radig
by and direction distribution of the neutron fluence) shall be determined and all neces
shall be considered in accordance with ISO 8529-2 to allow the use’of the recomme;

selecting a
dose or dos
fields (ener
corrections
conversion

4.2 Conv

The convery
energy dist

All of the cq
neutron be:
purposes, t
item to be @
parallel or

as describe
irradiation

The fluence]

If the fluen|
equivalent

If not, corrg
personal dg

coefficients.

ersion coefficients

ion coefficients given in this document refer to the monoenergetic energies or the contin
Fibutions given in ISO 8529-1 and were derived fronithose recommended by ICRUI3].

nversion coefficients given in Tables 1 to 4 have'been determined assuming broad pafy
ims or fields composed of such beams. If these coefficients are used for calibration and
he neutron fields used should be uniform evér a broad area, i.e. extending over the w
alibrated (area dosemeter or phantom with personal dosemeter) and also should be alj
composed of almost-parallel beams. For calibrations of large devices in divergent bg
d in detail in ISO 8529-2, geometric;corrections shall be used to correct for non-uni
bf the item at close distances fromypoint sources.

to which the conversion coefficients refer should be measured at the point of test.

ce is uniform on the whole front face of the dosemeter or phantom the fluence-to-
onversion coefficient can be applied without any further considerations.

ections should be“applied for all influencing factors, especially for calibrations of mul
semeters:

— the calipration af'multiple personal dosemeters in broad spectrum reference neutron fields, w
nce anid-direction vary across the face of the phantom[4l;

the flud

hiced
yhen

and
ition
sary
nded

lous

allel
test
hole
most
ams
form

dose

[tiple

here

here

Numerical values of fluence-to-dose-equivalent conversion coefficients for various irradiation
conditions are given in Clauses 5 and 6.

If the calibration field differs in energy distribution from the reference fields given in ISO 8529-1,
the average fluence to dose equivalent conversion coefficient, hg, should be derived from the energy
distribution of the neutron fluence, @, and the energy-dependent fluence to dose equivalent conversion

coefficients

1
By = —
"o

h(E)[3] using Formula (1):

[ho (B)®gaE

M
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where
@ is the neutron fluence;
hg(E) is the energy-dependent fluence to dose equivalent conversion coefficients.

4.3 Determination of the response

The response or calibration factor of a dosemeter is a unique property of the dosemeter,

3:2023(E)

and will, in

general, depend on the energy and direction distributions of the radiation field, but should not be a

fun
Henge, the procedures for calibration or determining the response should ensure that the
independent of the technique, and other factors such as the source-to-device distance, and
For ¢letermining their response or calibration factor, dosemeters are placed with thejr refe
at tHe point of test of a reference radiation field with known energy distribution and free-f
valup. Personal dosemeters should be positioned on the appropriate phantom.

In a¢cordance with the above, the dosemeter indication shall be corrected-for all extrang
inclyding neutrons scattered by the air and by the calibration roomAsee ISO 8529-2) ar
havipng other than the desired energies, such as the target-scattered-heutrons in accele
refefence monoenergetic neutron fields. These are type-S influence quantities for which
need to be applied when deriving the "corrected indication" defined in ISO 29661.

Onc¢ the free-field fluence and the corrected indicationsare obtained, the response or
fact¢r can be calculated. If the calibration is performed interms of the ICRU-recommended
quantities, the operational quantities are obtained ¢y multiplying the free-field fluen
corrpsponding fluence-to-dose-equivalent conversion.coefficients.

Sincg the dose equivalent response of neutron @osemeters is generally energy dependen
usefjul to obtain a calibration factor that is not in one of the reference fields specified in
but is in a field that closely simulates the fields that exist in the workplace. These are calle
workplace neutron fields. To derive such-calibration factors, ISO 12789-1 and ISO 12789-2 s}
This| is especially the case for the albedo neutron personal dosemeter, for which a calibr
can pnly be valid for a field identical to the calibration field and can depend on parameters
sourfce-detector distance or thesxoom size. An investigation of this kind serves to test the s

s employed.
results are
| room size.
rence point
ield fluence

ous effects,
d neutrons
rator-based
corrections

calibration
operational
ce and the

, it is often
[SO 8529-1,
d simulated
1all be used.
htion factor
such as the
uitability of

the dosemeter in these workplace neutron fields rather than to determine a unique calibration factor or

respjonse.

4.4 | Calibration procedures

Diffgrent calibration procedures are applied in radionuclide or reactor- and accelerator-basg
neutron fields:

d reference

For radienuclide reference neutron fields the quantities characterizing the field (fluence an
and [direction distribution) should be known from previous investigations of the radia
charks : : L s "

d its energy
ion source
eeded such

. )
as monitoring variations in fluence or dose equivalent rate during the calibration procedure.

As explained in ISO 29661, the calibration procedure can rely on the usage of a standard instrument,
either sequentially or simultaneously exposed with respect to the dosemeter to be calibrated.

Calibrations at reactor- or accelerator-based reference neutron fields require the use of a monitor to
transfer the quantity value and to monitor variations of the fluence or dose equivalent rate during the
calibration procedure. The monitor and the dosemeter are simultaneously exposed. The monitor and
dosemeter should be placed such that each does not influence the response of the other.

© IS0 2023 - All rights reserved
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5 Procedures for calibrating and determining the ambient dose equivalent

response

of area dosemeters

5.1 Quantity to be measured and conversion coefficients

The quantity to be measured in area monitoring is the ambient dose equivalent, H*(10). Tables 1 and 2
contain conversion coefficients, h*;, converting neutron fluence to ambient dose equivalent for the
reference fields recommended in ISO 8529-1.

5.2 Required response characteristics

Ideally, the
response, R

Formula (2]:

Ry (E)

To properly]
that of the f]

5.3 Dosemeter conditions

The measu
manufactuy
conditions :

5.4 Irrad

Calibration
a uniform ij
i.e.ideally,

With the u{

the dose rate is.constant across the beam diameter.

response of area dosemeters should be isotropic. Under this assumption the"fld
5, only depends on the energy distribution of the incident field, @5, and can be denived y

Jro (&

)@ dE

is the incident neutron fluence;

is the response to monoenergetic neutrons of energy E, usually derived via a combinati
measurements and simulation.

measure the ambient dose equivalent, the energy~dependence of R;(E) should be simil
luence-to-ambient dose equivalent conversion coefficient[3l.

rement should be performed under a controlled set of conditions required by
er in the accompanying documents or by a product standard. Annex A lists standard
ind reference conditions for anrelectronic direct-reading area dosemeter.

iation geometry

radiation of thetotal area of the dosemeter or, more precisely, of the parts to be irradi

only be ach
being depel
developed

be simulate

fllowing smaller dlstances between source and dosemeter (see ISO 8529 2) If a naf
collimated b A B

eved hyhaving a sufficient distance between source and dosemeter, the minimum dist
dention the size of the dosemeter. For spherical devices, a geometry correction has

ane

sing

(2)

bn of

ar to

the
test

5 or determinationsofthe response are ideally performed in broad, parallel beams providing

hted,

e of point.sources (accelerator targets, radionuclide neutron sources), this can, in genleral,

ance
pbeen

row,

d by movmg the dosemeter approprlately across the beam[6]

5.5 Evaluation of measurement

The response (or calibration factor) of the area dosemeter under the conditions specified above is
obtained by determining

— the dosemeter corrected indication. The influence of the scattering from the room and the air on the
dosemeter indication shall be considered as indicated in ISO 8529-2;

the free-field neutron fluence, @;

© IS0 2023 - All rights reserved
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and applying the appropriate fluence-to-ambient-dose-equivalent conversion coefficient referred
to in 4.2 and given in Tables 1 and 2 for the ISO-recommended neutron reference fields.

Table 1 — Conversion coefficient h”,(10; E) from neutron fluence @ to ambient dose equivalent
H*(10) for monoenergetic neutron reference fields

Neutron energy h* 5(10; E)
MeV pSv cm2
2,53 x 1082 10,6
0,002 7,7
0,008 9,4
0,024 19,3
0,144 127
0,250 203
0,565 343
1,2 425
2,5 416
2,8 413
50 405
14,8 536
17,0 563
19,0 584
a  The reported value refers to a monoenérgetic field at 2,53 x 108 MeV. Any
practical thermal neutron facility typically exhibits a continuous Maxwellian
spectrum superposed to an epithermal and a fast neutron continuum. Therefore
specific calculations are needed to-detive the field-specific fluence to ambient dose
equivalent conversion coefficient{Z][8],

Table 2 — Conversion coefficient/h*;(10; E) from neutron fluence @ to ambient dose ¢quivalent
H*(10) for ISO-recommended broad spectrum neutron reference fields

Neutron field h*5(10; E)
pSv cm2
252Cf(D,0-moderated) 2 114
252Cf 385
241Am-Be small source 393
241 Am-Be large source 387
241Am-Be P 391
a At 100 cm distance from the source centre. As explained in ISO 8529-1, different
distances or assembly constructions may lead to different coefficients.
b rormer versioIns oI IS dOCUIIerit.

6 Procedures for calibrating and determining the personal dose equivalent
response of personal dosemeters
6.1 Quantity to be measured and conversion coefficients

The quantity to be measured for individual monitoring is the personal dose equivalent, H, (10). Tables 3
and 4 contain conversion coefficients, h 4, for converting neutron fluence to Hp(10) for the neutron
reference radiation fields recommended in ISO 8529-1.

The quantity H,(10), being defined in a body, only exists when the person or phantom is present.
This means that the body becomes part of the irradiation situation and, in some cases (particularly

© IS0 2023 - All rights reserved 5
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for neutrons), the radiation field can be modified at the position of the person or phantom by multiple
scattering. This can be of special concern when considering calibration in simulated workplace fields!2]
(101, For the calibration of a dosemeter in such radiation fields of broad direction distribution and/or
scattered components, H (10) will need to be calculated using the energy and direction distributions
of the field incident at depth d in the phantom. The conversion coefficients tabulated in this document
cannot be applied for such irradiation situations and a complete simulation of the irradiation set-up
shall be done in accordance with ISO 12789-2, and as indicated in Reference [10].

6.2 Required response characteristics

Ideally, persona ,
similar to that of the fluence to personal dose equwalent conversion coeff1c1ent if it is flxed o1]
appropriatgd phantom (see 6.3). It is then assumed that it measures the personal dose equiv:
when fixed |on the body. The range of angles within which the tests are performed is given'by nati
regulations|or other standards.

6.3 Calibration phantom

For whole-lpody neutron personal dosemeters, the water-filled slab phantormrspecified in ISO 29661
should be uped.

Routine callibrations can be performed, under simplified conditions;~€ither to check the calibration

carried out
continued 1
phantom b
different to
applied, shd
those from
This may b
sensitive to

by the manufacturer or to check whether the calibratior factor is sufficiently stable dy
bng-term use of a dosemeter. These need not always be performed on the recommel
It may sometimes be done more simply (e.g. freein-air) or even with a radiation
that which the dosemeter is intended to measute! Such simplifications, if they are t
1l be justified prior to their adoption by demonstrating that they lead to results identid

e done on the basis of type test. Calibration on a phantom is necessary if the dosemef]
the radiation backscattered by the phaftom.

6.4 Dosemeter conditions

The measu
manufactuy
conditions :

6.5 Irrad

The point o
sufficiently

Ideally, the
front surfad

rement should be performed under a controlled set of conditions required by
er in the accompanying documents or by a product standard. Annex A lists standard
ind reference conditions.for an electronic direct-reading personal dosemeter.

iation geometry

f test shall bé/chiosen at a distance from the source such that the field size at this positi
large to allew the irradiation of the entire front surface of the phantom.

irradiation shall be done in broad, parallel fields, providing a uniform irradiation of

ring
nded
field
0 be
al to

procedures described in this document, or that any differences can be reliably corrected for.

er is

the
test

bn is

the

sources), th

source and the point of test.

e-of'the phantom. With the use of point sources (accelerator targets, radionuclide neutron
. 1y | hieved . Iy by havi ffici 1 ] ﬂthe

If a narrow, collimated beam of neutrons is used, such as is usual at reactors, a broad-beam irradiation
shall be simulated by moving the phantom appropriately across the beamlel,

The variation of the angle of incidence is realised by rotating the phantom around a vertical axis which
passes through the point of test.

For a simultaneous determination of the response of several dosemeters as a function of the angle,
ideally the dosemeters should be positioned on their axis of rotation.

© IS0 2023 - All rights reserved
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If several personal dosemeters are irradiated simultaneously on the front face of the phantom, their
spatial distribution shall be chosen after considering the following factors of influencel#!:

— fluence variations across the face of the phantom;

— effects of changes in backscatter from the phantom caused by partial shielding of the phantom by
the array of dosemeters;

— mutual perturbation between dosemeters;

— further corrections are needed when calibrating multiple personal dosemeters in monoenergetic

eference neutron fields, where the energy and direction distributions vary across th

6.6
The

obtaiined by determining:

and
in 4.

phantom!2] in addition to the fluence.

Evaluation of measurement

response (or calibration factor) of the personal dosemeter under the conditions specif

Hosemeter indication should be considered as indicated in ISO 8529-2;
the free-field neutron fluence, @;

applying the appropriate fluence-to-personal-dose-equivalent conversion coefficients
D and given in Tables 3 and 4 for the [SO-recommendedneutron reference fields.

Table 3 — Conversion coefficient h,,(10; E, @) from neutron fluence ¢ to H(10)
monoenergetic and paralfel neutron radiation (expanded field)

face of the

ed above is

the dosemeter corrected indication. The influence of the scatteringfrem the room and the air on the

referred to

for

Neutron energy h,(10; E, @)
MeV pSv cm2
for angles of incidence «, of
0° 15° 30° 45° 60° 75°
2,53 x 1082 11,4 10,6 9,11 6,61 4,04 1,73
0,002 8,72 8,22 7,27 5,43 3,46 1,67
0,008 10,4 9,89 8,36 6,43 3,99 1,73
0,024 20,2 19,9 17,2 13,6 7,85 2,38
0,244 134 131 121 102 69,9 22,9
0,250 215 214 201 173 125 47,0
0,565 355 349 347 313 245 115
1,2 433 427 440 412 355 210
2,5 437 434 454 441 410 294
2.8 433 431 451 441 412 302
5,0 420 418 437 435 409 331
14,8 561 563 581 572 576 517
17,0 587 587 609 600 606 549
19,0 600 596 621 614 620 568
a  The reported value refers to a monoenergetic field at 2,53 x 108 MeV. Any practical
thermal neutron facility typically exhibits a continuous Maxwellian spectrum superposed to an
epithermal and a fast neutron continuum. Therefore specific calculations are needed to derive the
field-specific fluence to personal dose equivalent conversion coefficient!Z1[8],

© IS0 2023 - All rights reserved
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Table 4 — Conversion coefficient h,;,(10; a) from neutron fluence @ to H,(10) for parallel neutron
radiation (expanded field) and the ISO-recommended broad spectrum neutron reference fields

Neutron field h,(10; a)
pSv cm2
for angles of incidence «, of
0° 15° 30° 45° 60° 75°
252Cf(D,0-moderated) 2 119 118 119 111 95,0 60,6
252Cf 400 397 409 389 346 230
241Am-Be small source 412 410 426 416 385 294
241Am-Be large source 406 404 419 409 377 287
241Am-Be P 411 409 424 415 383¢ 293
a At 100 cm distance from the source centre. As explained in ISO 8529-1, different distances or assembly
consfructions may lead to different coefficients.
b Hormer versions of this document.
¢ Valuerecalculated after detecting an error in the former versions of this document.
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