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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 +SO—alse—take—part—in—the—werk—SO—collaberates—elosely—with—theInternational—Hleetrptechnical

Commission| (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

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

Attention is @irawn to the possibility that some of the elements of this part of ISO 8529-may be the subjec} of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

International Standard [SO 8529-2 was prepared by Technical Comnittee 1SO/TC 85, Nucleal energy,
Subcommittge SC 2, Radiation protection.

ISO 8529 cgnsists of the following parts, under the general title Reference neutron radiations:
— Part 1: Characteristics and methods of production

— Part 2: Calibration fundamentals of radiation protection devices related to the basic quantities chafacterizing
the radigtion field

— Part 3: [Calibration of area and personal deSimeters and determination of their response as a flinction of
neutron|energy and angle of incidence

Annex C forins a normative part of this partof ISO 8529.

Annexes A, B, D, E and F are for information only.
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Introduction

This part of 1SO 8529, and its companion standards ISO 8529-1 and ISO 8529-3, apply to the calibration of
personal dosimeters and to area-survey instruments.

Reviews of the physical characteristics of personal dosimeters are given by Griffith et al. [1]. Reviews of calibration

d a A A ahaer-at-al-Il21 Baa-b e Piraarand Calbhaorts TD]
pI’OCB urgs—afe YT Oy CISTTITautCT CTArTZT arnua vy DurgCTr almu OCTrvWaIrtZ 797

More details concerning the characteristics of area-survey instruments, and of their calibration(requifements and
procedurgs are given in publications [3,4,5] in the bibliography. Complete definitions of radiation qyiantities and
units can |pbe found in ICRP 51, ICRP 74, ICRU 33, ICRU 39, ICRU 43, ICRU 47, ICRU 51, ICRU 57 (see [24] and
[28] to [32] in the bibliography) and ISO 8529-1. The actual procedures for calibrating these devices|are given in
ISO 852913.

© 1SO 2000 — Al rights reserved \
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Reference neutron radiations —

Part 2:
Calibration fundamentals of radiation protection devices related to
the basic quantities characterizing the radiation field

1 Scope

This part|of ISO 8529 takes as its starting point the neutron sources described-in 1SO 8529-1. It $pecifies the
procedurgs to be used for realizing the calibration conditions of radiation protection devices in ngeutron fields
produced|by these calibration sources, with particular emphasis on the corrections for extraneous effects (e.g., the
neutrons gcattered from the walls of the calibration room).

In this paft of ISO 8529, particular emphasis is placed on calibrations using radionuclide sources (clguses 4 to 6)
due to thgir widespread application, with less details given on the use of accelerator and reactor sourges (8.2 and
8.3).

This part|of 1SO 8529 then leads to ISO 8529-3 which gives conversion coefficients and the genenal rules and
procedurgs for calibration.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part df 1ISO 8529. For dated referenges; subsequent amendments to, or revisions of, any of these| publications
do not apply. However, parties to agreements based on this part of ISO 8529 are encouraged to inyestigate the
possibility] of applying the most (recent editions of the normative documents indicated below. For undated
referencesg, the latest edition of'the normative document referred to applies. Members of ISO and IEC maintain
registers ¢f currently valid Intetnational Standards.

ICRU Report 33:1980, Radiation Quantities and Units.
ICRU Report 60:1998; Fundamental Quantities and Units for lonizing Radiation.

ISO 852941:-< 1) Reference neutron radiations — Part 1: Characteristics and methods of production.

ISO 8529-371T998, Reference neutiron radialions — Part 3;. Calibration of area and personal dosimeters and
determination of their response as a function of neutron energy and angle of incidence.

ISO 12789:—1), Reference neutron radiations — Characteristics and methods of production of simulated
workplace neutron fields.

BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML:1993, International vocabulary of basic and general terms in metrology.

1) To be published.

© I1SO 2000 — All rights reserved 1
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3 Terms

, definitions and symbols

For the purposes of this part of 1ISO 8529, the terms and definitions given in ICRU Reports 33 and 60 and the

International

vocabulary of basic and general terms in metrology, and the following apply.

The symbols used in this part of ISO 8529 are listed in annex A.

3.1
reading
M

value of the quantity indicated by an instrument

3.2
convention
best estimat

NOTE A

bl true value of a quantity
b of the value of the quantity to be measured

conventional true value is, in general, regarded as being sufficiently close to the true yalue for the diffe

insignificant fgr the given purpose

3.3

dose equivalent

H
product of Q

3.3.1
[ambient do
H{(d)

se equivalent

and D at a point in tissue, where D is the absorbed dose at that\point and Q the quality facton:

ence to be

QD

dose equivalent at a point in a radiation field that would be produced by the corresponding expanded anfd aligned

field in the Iq

3.3.2
personal dg
Hy(d)
dose equiva

NOTE T
3.4

fluence

D

guotient of d

CRU sphere at a depth, d, on the radius opposing-the direction of the aligned field

se equivalent

ent in soft tissue below a point on the body at an appropriate depth, d

ne unit of the dose equivalent is-joule per kilogram (J-kg-1) with the special name sievert (Sv).

N by da, where*dN is the number of neutrons incident on a sphere of cross-sectional area da

da

@ =dN
3.5
response
R

reading divided by the conventional true value of the quantity causing it

NOTE

M
A

The type of response should be specified, e.g., “fluence response”:

@

© 1SO 2000 — All rights reserved
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or “dose equivalent response™:

R‘|=

M
H

or “photon dose equivalent response,”:

R}/:ﬂ
Hy

)

©)

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

dose equivialent rate (H ), respectively.

3.6
calibratio
N
reciprocal

NOTE
measured.

3.7

energy d
R (E) or
response
energy E

3.8
photon s
change in

cf. photon

3.9
free-field
guantity W

3.10
point of t
point in th

3.11
referencdq
point of th

NOTE

n factor
of the response, when the response is determined under reference conditions

The calibration factor is the factor by which the reading M is multiplied to gbtain the value of the

bpendence of response
RH (E)
R, with respect to fluence @ or dose equivalent H, to menoenergetic neutrons as a functioj

bnsitivity
the neutron reading of a device when photons are added to a neutron field

dose equivalent response (3.5)

quantity
hich would exist if irradiations 'were performed in free space with no scatter or background ef

St
e radiation field atwhich the conventional true value of the quantity to be measured is known

point
e instriment which is placed at the point of test for calibration or testing purposes

The measurement distance is the distance between the centre of the radiation source and the referen

fuantity to be

n of neutron

ects

Ce point of the

instrument.

3.12

effective centre
point within the instrument for which its reading behaves as if it were a point detector; that is, its reading varies with
the inverse square of the distance from a point source

EXAMPLE

© 1SO 2000
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— All rights reserved


https://standardsiso.com/api/?name=92e957b38610c898cba98253b0bc9091

ISO 8529-2:2000(E)

4 Calibration and traceability of the reference radiation field

4.1 General considerations

The neutron fluence rate of a radiation field established for a calibration in accordance with this part of ISO 8529
shall be traceable to a recognized national standard. The method used to provide this calibration link is dependent
upon the type of reference radiation field, but measurement traceability is usually achieved through the utilization of
a transfer standard. This may be, for example, a radionuclide source (4.2) or an agreed-upon transfer instrument
(4.2). The calibration of the field is valid in exact terms only at the time of the calibration, and thereafter can be
inferred, for example, from a knowledge of the half-life and isotopic composition of the radionuclide source or

knowledge q

f the properties of the transfer instrument

The measur

be approved as required by national regulations. An instrument of the same, or similar, type’ t0”tha

calibrated by
approval bo
laboratory u
achieved, th
obtained by

The frequen
outside the
radionuclide
and the che|
every five y§g

4.2 Trace

For calibrati
by usingar
5.2.1 for ang
an agreed-u
the recomm
source is s
fluence-to-d
recommend
spectra caug

4.3 Trace
Traceability
reference la
when it was

The laborat

bment technique used by a calibration laboratory for calibrating a neutron-measuring device

the calibration laboratory shall be calibrated by both a reference laboratory recoghized by 3
ly or institution, and the calibration laboratory. These measurements shall be-pérformed w
Eing its own approved calibration methods. In order to demonstrate that adequate traceability
e calibration laboratory should obtain the same calibration factor, within agreed-upon limit
the reference laboratory.

cy of field calibrations should be such that there is reasonable confidence that its value will
limits of its specification between successive calibrations. <Fhe frequency of calibrati
neutron sources is given in ISO 8529-1. The calibration of the‘laboratory-approved transfer iy
ck on the measurement techniques used by the calibration<aboratory should be carried o
ars, or whenever there are significant changes in the laboratory environment.

ability for radionuclide neutron sources

ns using neutron fields produced by radionuclide neutron sources, traceability shall be provi
dionuclide source whose angular source strength has been determined by a reference labor

bon transfer instrument, calibrated at & reference laboratory. If the source is encapsulated ac
bndations in 1ISO 8529-1:—1), 4.1.2; itmay then be assumed that the spectral neutron fluenc
Ufficiently similar to the appropriate spectral fluence given in 1SO 8529-1 that the reco
pse equivalent conversion coefficients may be used. The uncertainties in the conversion c
bd in 10.2.9 reflect both uncertainties in the spectra given in ISO 8529-1, as well as variati
ed by differences in source’ construction and encapsulation.

ability for accelerator-produced neutrons

hall be proyided by using a transfer instrument which has been agreed upon by the calibratid
pboratories—~Tthe transfer instrument should be used in the same manner, for similar neutron
calibrated,and the proper corrections should be applied.

pries“transfer and monitoring instruments shall be checked at intervals as required by

shall also
routinely
country's
ithin each
has been
s, as that

not move
bn of the
strument,
it at least

ded either
atory (see

ular source strength), or by determining the fluence rate at the position of the tested instrumpent using

cording to
b from the
mmended
befficients
bns in the

n and the
fields, as

national

regulations

Aareascananl oo an anmeopiodt o po i ol o ke oo N _ond thha roc e relad
Ul TAAITIYIC, Uy UosiTy AT QupPITupiiatc tauiuriueiiut TIicutrult SUUTULC ), Aaliu Uit TCoulto TCLUTUTU.

4.4 Traceability for neutron beams produced by reactors

The same general principle of traceability to a recognized standard shall be applied to the calibration of these
specialized reference radiation fields (thermal or filtered neutron beams). For example, the thermal-neutron fluence
rate may be measured by the activation of gold foils, for which the measurement is traceable to a primary standard.

© 1SO 2000 — All rights reserved
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5 Calibration principles for calibrations with radionuclide neutron sources

5.1 General principles

The response or calibration factor of a device is a unique property of the type of device, and may depend on the
dose-equivalent rate, the neutron source spectrum or the angle of incidence of the neutrons, but should not be a
function of the characteristics of the calibration facility or experimental techniques employed. Hence, in this part of
ISO 8259, detailed procedures are given for the calibration of neutron-measuring devices which should ensure that
their calibration is independent of the technique, and of such factors as the source-to-device distance and
calibration-room size.

For simplicity, general principles are given for the calibration of devices such as area-survey instruments, but most
of the principles apply to other devices as well. The instrument is placed in a radiation field of:known free-field
fluence rdte and the instrument reading is noted. In accordance with the above paragraph, the)reading should be
corrected|for all extraneous neutron-scattering effects, including neutron scattering by the air‘and by thge walls, floor
and ceiling of the calibration room (see 5.3). It may also have to be corrected for effeets due to the source or
detector size (see the discussion of the geometry correction factor F(l) in 6.2).
The free-fjeld fluence response, Ry, of the instrument is then given by
MC
=— 4
p 4)
where M_|is the measured reading corrected for all extraneous effects. If M is a count-rate measurement, then
M
={—¢ (4a)
@
The free-fleld fluence rate, ¢, (see 3.9) to which the instrument has been exposed is calculated from
B
0= : Zg (%)
where
I is the distance from the centre of the source to the point of test (3.10);
B, i the neutron angular-source strength defined in ISO 8529-1. It is calculated from
BF, (0
s, =21 ©
4r
wherg
is the neutran saurce cfrnngth (i e the total neutran-emission rate into 4x cr);

F1(@) s the source anisotropy correction factor (see reference [6]).

Anisotropy functions for two types of sources are shown in ISO 8529-1.

It is sometimes convenient to introduce the source-detector characteristic constant, k, fully corrected for all

scattering

effects (see 5.3).

In general,

k=M x12

© 1SO 2000
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Then, from equations (4a) and (5), we obtain,

k=Rgp x

k=R x

go><|2

Bo

®)
(8a)

The constant k is specific to each source-detector combination, since it depends on the quantities B, and Ry,

Finally, the dose-equivalent response is obtained from

T

where hy, is
ISO 8529-3
calibration re

5.2 Impo

[/

the fluence to dose equivalent conversion coefficient. Recommended values of hr, are
port.)

tant features of a neutron calibration facility

5.2.1 Souice

The calibrat
minimize an
approximate
(see ISO 85
as possible,
sources. Fo
emission. If
anisotropy W
10.2.3. See

The source
above the ¢
possible.

In order to
magnitude T
impractical g

on field of the radionuclide source shall be traceable to a~reference laboratory (see clay
sotropic neutron emission, the source should be spherical, or cylindrical with the diameter ¢
y the same. For cylindrical sources, the detector should-be calibrated at &= 90° to the cylin
P9-1). The anisotropy should be measured for each seurce used. The encapsulation should
consistent with relevant national and international\ standards for the integrity of sealed r
r heavily encapsulated sources, there may he\spectral changes associated with the 3
t is not practical to measure the anisotropy, it./may be possible to calculate it, bearing in mir]
ill depend on the location of the radionuclide material within the source capsule (reference
SO 8529-1:—1), 4.3 and Eisenhauer et alf2] for a more complete discussion.

should be located at the centre of the room or, in the case of an open facility, as high af
round. The source should be supported by a non-hydrogenous structure with as small &
perform a complete linearity check, a variation in dose-equivalent rate of more than three

p cover this range-by’ varying only the distance, |. Rather, two (or more) sources, varying

strength by factors of 10 to 100, will generally be required. The anisotropy factor, F, (¢), will not necessa

same for the

5.2.2 lrrad

A support sy

different sources, even if they are nominally similar in construction.

jation set-up

stem. should be used to position the instrument under test at a known distance and angle

the calibrati

©)

given in

for ISO standard sources. (The value of h,, and an appropriate reference, should’be stated in any

se 4). To
ind length
drical axis
be as light
hdioactive
nisotropic
d that the
[6]). See

5 practical
mass as

orders of

nay be required (e.g.(from approximately 1 uSv-h-1 to approximately 10 mSv-h-1). It will disually be

in source
rily be the

relative to

bn-Source. The support shall be rigid, but designed to minimize scattered radiation. |t

should be

possible to move the detector such that the detector-to-source separation distance can be varied. When a
calibrated device is used to determine the fluence rate, its support system should satisfy the same requirements.

5.2.3 lIrrad

iation room

The response of the device to room-scattered neutrons will vary with the size, shape and construction of the room.
The room should be such that scatter contributions are as low as possible, but in any case they should not cause

an increase

in instrument reading of more than 40 % at the calibration point (see annex B).

© ISO 2000 — All rig
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5.3 Sources of scattered neutrons

5.3.1 Introduction

Calibration factors shall be a unique property of the instrument type and neutron-source spectrum; and, for the
purposes of this part of ISO 8529, shall not be a function of the characteristics of the calibration facility. All
calibrations should therefore refer to the free-field quantities, and corrections shall be made for the influence of
scattered neutrons upon the reading of the device. For calibrations which make use of scattered neutrons, see
ISO 12789. In general, the following scattering effects may occur:

5.3.2 Room-scatter

Neutrons [are scattered by the floor and walls of the laboratory in a complex way. Their contribution’ tq the reading
of a devi¢ge can be determined by transport calculations or by measurements for specific laboratory conditions.
Room sc3tter is likely to be the most important source of scattered neutrons.

5.3.3 Aif attenuation (air outscatter)

Neutrons emitted by the source are attenuated by nuclear reactions with the air (see annex C). The aif attenuation
increases|approximately linearly with the source-detector distance.

5.3.4 Aif inscatter

Neutrons |from outside the direct source-to-detector path are scattered by the air and may be detg¢cted by the
device unfder test. The relative inscatter also increases approximately linearly with source-detector distance. Annex
D gives the net effect (inscatter minus outscatter) on several nettron-measuring devices for the ISO-rqgcommended
radionuclige neutron sources.

The relative magnitude of room scatter and air inscattér-and air outscatter depend upon the size of the room and

the separftion distance between the neutron sourcg_and the device to be calibrated. In all cases, theif effect upon
a calibratipn can be reduced by minimizing this distance.

5.3.5 Sqattering from support structures

Support gtructures should be as light™as is reasonably possible, with little or no hydrogenous matetials. Special
care should be taken to minimize the mass of support structure nearest the source or detector.

5.3.6 Spectral effects
For all sgatter contribgtions, the spectral and angular distribution is different from that of the original source

spectrum/ Thus, the_relative contribution of scattered radiation to the reading of the device is dependgent upon the
energy and angulardependence of response of the device.

5.4 Effeet.of photon radiation

The response of the device to photons should be determined, and it should also be determined whether the
presence of photons affects the response of the device to neutrons. When calibrating a device with a radionuclide
neutron source, the effect of the associated photon radiation shall be evaluated and a correction applied with an
uncertainty compatible with the required accuracy of the calibration. The response to gamma rays shall be
determined with a 137Cs or 60Co gamma-ray source, and with other photon sources if appropriate.

© I1SO 2000 — All rights reserved 7
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6 Correction for scattering effects for radionuclide sources

6.1 Initial measurements

The influence of room-scattered neutrons on the reading of a device will, in general, depend upon the type of
device, its distance from the source, and the size, shape and construction of the calibration room. The reading of a
device, M1, due to the total radiation field (source neutrons plus scattered neutrons) can be written in general as
follows (see reference [7]):

M%(l)—— JFl(') E()— 11 (10)
1=~ [Fa()

where
I is the distance between the centre of the source and the reference point (3.11);
k is the characteristic constant [cf. equation (8)];

FL is the linearity correction which corrects for any deviation from linearity between the reading of the
instrument and the dose-equivalent rate causing the reading;

F. () is the geometry factor;
Fall) is the air attenuation (air outscatter) correction;
F() is the correction function which describes the additional contribution from inscattered neutrops.

The referenge point of an instrument should be chosen to c@ihcide with the effective centre (3.12) of the instrument.

For a device whose sensitivity is spherically symmetric with its reference point at the geometric centre, the
geometric centre is the effective centre. A cylindrical device, such as an Andersson-Braun survey meter, when
calibrated with the cylindrical axis perpendicular to the incident radiation, has its effective centre on the [cylindrical
axis. When s$uch an instrument is calibrated with'its cylindrical axis parallel to the direction of incidence, thHe position
of the effective centre may be a function ef the neutron energy. For this case, the Padé method (referencg [8]) may
be useful, although at this time there has been little use of the method.

Before detefmining the correction ‘for scatter effects, corrections should first be made for all non-linear ¢ffects, so
that M4(1) in equation (10) may-be'replaced with M+ (1), where:

M4 ()

M ()= 3

11)

The measurpments-should be performed under carefully controlled conditions. Since it is desired to maasure the
intrinsic respanse of the instrument itself, independently of any idiosyncrasies of its instrument package, it is

preferable fer—the—ettput—sigrals—from—thedetector—unitto—be—processed—with—laboeratery-grade—electronics

equipment. If this is not practical, care should be taken to ensure that the electronics package itself does not
introduce any instabilities or non-linearities. Dead-time corrections should be made, and linearity between count
rate and dose-equivalent rate should be tested, starting with the highest count rate to be expected during the
calibrations. The linearity can be tested by interchanging two radionuclide neutron sources, of the same type and of
known angular source strength but differing by about an order of magnitude, at the same distance, and then
repeating the procedure at different distances. In general, the performance requirements and methods for the
assessment of portable neutron ambient dose equivalent ratemeters given in the recommendations of IEC 1005 [5]
shall be taken into account.

This clause recommends four different approaches to the problem of correcting for scatter effects. The first three
methods (6.3.1, 6.3.2 and 6.3.3), denoted as the shadow-cone method, the generalized fit method, and the
semi-empirical method, usually involve an initial set of careful measurements as a function of the distance between

8 © 1SO 2000 — All rights reserved
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neutron source and detector. These measurements, however, need only be made once for a particular instrument
type, and need not be repeated each time that an identical device is calibrated.

A fourth, simplified method, known as the reduced-fitting method (6.3.4), does not require this initial set of
measurements nor, since small irradiation distances are not used, the geometry corrections described in 6.2. For
the shadow-cone method, the initial set of careful measurements may also not be necessary, since the technique
allows a scatter correction to be determined for any device at the chosen irradiation distance by performing a
measurement at this distance with, and without, the shadow cone. This approach has the advantage of not
depending on the assumption that all devices of the same type have the same response as a function of energy.
The remainder of this subclause does not apply to the reduced fitting method, nor to the shadow-cone method

when used without an initial set of measurements.

The range
linearity ¢
limitationg
particular
obtained.

The reas

somewhal among the three methods, and each method has its own advantages-and disadvantages

applicatio

Whicheve
may give

6.2 Ge

Before an
measured
means of
the follow

Fi()

In this sulpclause, it is assumed(that the reference point is located at the geometric centre of the instru

placed at
the detect

Fi()

of distances used for the initial set of measurements should be at least as great as thatreq
heck for the complete instrument types usually calibrated, subject to the source-deted
to be indicated in 6.4. That is, the range of distances should be such that, with the'sources
laboratory, dose-equivalent rates from approximately 1 uSv-h-1 to approximately’10 mSv
The data should also include an estimate of the uncertainties in the reading and inthe distan

bns for the requirement of the initial set of measurements and the (nterpretation of th

ns, as will be indicated below.

Calibration factors differing by as much as 3 % to 4 % (see réference [7]).

bmetry correction

y of the first three methods described in 6.3.1 t0,6.3.3 is used to determine the neutron r
data should be corrected for the effect of the fihite size of source or detector. The correctio
the geometry factor, F(l). For a point source-irradiating a spherical detector, F4(l) may be ca
ng equation (see reference [9]):

4k

S
-5

2
% 1-
't

=1+4

the point of test. The_guantity | is therefore the distance from the source centre to detector

2
D,
?)

:1+§(

The quan

lired to do a
tor distance

used in the
h-1 may be
be.

data differ
nd range of

r method is used, it should be checked against one of the othermethods. Note that the diffejent methods

sponse, the
is made by
culated from

(12)

ment, and is
centre, rp is

or radius, and ¢-is’the neutron effectiveness parameter. For I/rp > 2, equation (12) can be simplified to

(13)

for all cases

ity”d has been shown to depend slightly on rp (see reference [9]); the recommended value

is6=0,5+0,1.

A more general form, which may also be used for a point source, but is the only one to be used for a spherical
source (i.e., D,O-moderated californium) is the following (see reference [7]):

F.(1)
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with:

| —rg—r
L=— S~ D

b

where rg is the source radius.

For a physi
8,=0,29+0

dimensions
D,0O-moder
For a spheri
a5 =0,76 £ (

Although it

used at valu
the count ra
greater than

Great care needs to be exercised when applying either equation (12) ©r (14) and (14a) to an “almost’

detector; i.e
geometry co
this type of i

There is no

cases, the minimum value for | should therefore be chosen so that the geometry correction factor F4(I)

unity. In pra
If it is neceq
should be in

By conventig
6.3 Analy

6.3.1 Shad
The accurac
the source-q
annex E.

If Ms(l) and

cally small *2Cf source acting as a point source, the recommended values for a4 an

,02and a5 =1,79£0,02 for8cm < 2 rp < 25 cm, setting rg = 0.

urces, rg should corresp
of the source, although the characteristic constant may not depend significantly upon’ rd
ted **’Cf source with rg = 15 cm, the parameters a, and as depend on the diameterlof the
al dose-equivalent ratemeter of radius 10,4 cm, the recommended values are a, ='0,093 +
,07 (see reference [7]).

as been demonstrated that either equation (12) (point source only) or equations (14) and (14
s of | such that the source and detector are actually touching (i.e. | =.fg3 rp). At such close
e varies very rapidly with distance, and therefore the minimum surface-to-surface distance
or equal to 1 cm, and the value of | should be determined very carefully.

, spherical moderator with cylindrical rather than sphetical central detector. For these d
rrection will be a function of the central-detector geometry and its orientation. At this time, th
nstrument are not complete enough to permit recommeéndations for ¢, or for a4 and as.

vell-tested analogue to equation (12) or (14) far,devices with other shapes (e.g. cylindrical).
tice, this means that | should be greater than twice the diameter of the device (see also refe
sary to use smaller | values in orderta-get a sufficiently high fluence rate, an additional U
cluded to account for the uncertaintyin Fq(1) (see 10.2.5).

n, no geometry correction is made for dosimeters irradiated on a phantom.
sis of data

ow-cone method

y of this methed depends strongly upon the design of the shadow cone and upon its position
etector geemetry. Details of the recommended construction and use of shadow cones ar

(14a)

d ag are:

imensions
nd to the
. For the
detector.
D,004 and

a) can be
distances
should be

spherical
ases, the
e data for

For these
s close to
rence [8]).
ncertainty

relative to
P given in

M(l) ‘are the detector readings obtained with and without the shadow cone placed between tlhe source

and the dete

[Mr()

ctor, then the Tollowing relationsnip nolds,

~Ms()]FaM) =MrM[1-Ms0)/MT(1)]Fal) :llz

(15)

where Fp (1) is the appropriate air-attenuation (air outscatter) factor (see references [9] and [10]). (Recommended
values of the average linear air-attenuation coefficient for the radionuclide neutron sources given in ISO 8529-1 are
given in annex C.)

Generally, measurements are made at a distance | greater than twice the shadow-cone length so that the
correction F4(1), for finite source or detector size, is essentially unity.

10 © 1SO 2000 — All rights reserved
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A series of measurements of the total detector reading M1(l) and the inscattered reading Mg(l) (using a shadow
cone optimized for each distance, in principle, but allowing the area shadowed to be up to a factor of 2 larger than
the projected area of the device), as a function of the effective calibration distance I, are then used to validate
equation (15). This validation involves confirming that the data have the form of equation (15), and that the
response Ry determined from k agrees with that obtained from one of the other scatter-correction methods. Once
equation (15) is validated, calibrations may be performed by measuring My(l) at just one, or a few, distances,
| within the range for which equation (15) has been validated. Knowing the value of Mg(l))/M+(l), one can then
calculate k from equation (15). The responses Ry and Ry can be deduced from equation (8a) and equation (9),
respectively.

6.3.2 Generalized-fit method

Equationg
equation

(10) and (11) are used, assuming that the inscattered neutrons can be represented.by
see reference [7]):

he following

Fs()=1+ Al +5:12 (16)
Measurements should be made at no less than 30 distances, subject to the distance limitations indicated in 6.4.2.
item d). The measurements should be fitted to equation (10), using equations’(11), (14), (14a) and (16). The
quantities| k, A’, s, a4 and ag are free parameters whose magnitudes and uncertainties are calculat¢d using the

least-squares techniques. Equations (10) and (11) can be written as
k
)= L—z} x F3(l)

Fu(l)
Fa()

M ( 17

where

Fa(l)= +Fa(1)-1 (18)

For a poir
(13), or (1
geometry

source at
one no lo

As equat
square la
value of

distance q
neutron s
points ind

and incre

have beeh

t source and spherical detector at-a'separation distance | > 2rp, F; can be calculated from e
4) [together with equation (14a)]..In-the former two cases, the equations are solved for ¢, to d
correction. In the latter casethe quantities a, and a5 determine the geometry correction. Fo
any value of |, only equations’(14) and (14a) can be used to determine the geometry corre
mger has a point source irradiating a spherical detector, equation 12 cannot be used.

ibn (17) implies, the function F3(I) corrects for the deviation of the count rate from the sin
v. At the largest-source-detector distances, F3 is determined by the effect of the scattered n
F3 then decreases with decreasing distance, reaches a minimum, and then increases witl
lose to the source, due to the geometry effect. The characteristic minimum occurs at | ~ 3rp

cated above should be taken in steps of 1 cm to 2 cm for distances less than this characteris
asing\to every 5cm to 10 cm for greater distances. Once the parameters A, s, and either a4

guation (12),
etermine the
r a spherical
ctions. Since

ple inverse-
eutrons. The

decreasing
for spherical

Lirvey meters and bare 2%2Cf, and at | ~ 2rg + rp for D,O-moderated californium. The thirty ¢r more data

ic minimum,
and as, or o,

aormed at any

distance within the measurement range for other detectors of the same type, and the necessary corrections
applied. For large distances (I > 80 cm), where F4(l) ~ 1, the generalized fit method corresponds to the polynomial
fit method (see reference [9]). The fluence response can be determined from equation (8a) and, knowing Rg
equation (9) can be used to obtain Ry and then using definition 3.6, gives the calibration factor N.

6.3.3 Semi-empirical method

This method (see references [2], [11]) is based on the assumption that the fraction of the instrument's reading due
to scattered neutrons can be deduced from a deviation of the reading from the inverse-square law. The various
contributions are characterized by a component independent of | due to room-return neutrons (see reference [11]),
and a component decreasing linearly with the separation distance, due to air-scattering (see reference [12] and

© 1SO 2000 - All rights reserved 11
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annex D). The instrument reading, M(l), as a function of distance, due to the total radiation field (source neutrons
plus scattered neutrons) is related to the fluence response Ry by the equation:

M ()

_ 2
R, (s A) e+ ST

(19)

The quantity Sis the fractional room-scatter contribution at unit calibration distance, and may be identified with sin
equation (16).

The total air- scatter correction (mscatter minus outscatter) |s given by (1 + AI) Note that Whl|e A |n equat|on (29)

and A’ in eqgs
whereas A’
inscattered

given in anng

Equation (1
Fa() in equ
outscatter),
equation (10
compared tg

for 12> (rg +

in 13, equatig

Within the lin
From a weig
the line will
calibrations
equations (6

If the requirg
Some curva
in the calibra
small values
to the uncer
reciprocal, th

D) may be compared with equation (10) and (11). The (1 + Al) term in equation<(19) is ana
ation (10), the important difference being that Al is the total air-scatter effect (i.e. inscat
whereas Fp (1) in equation (10) is just the outscatter, the inscatter being subsumed in the F;
. Thus, if T is the linear air-attenuation coefficient, then for | = < 1, Fa(l) ~ (1 + | X), whiq
the (1 + Al) term of equation (19). (Annex C shows that | £ < 1 forhless than a few metres|

rp)2, F1 ~ 1. [See equations (12) and (13), or (14) and (14a).] For such distances, and igno
n (19) corresponds to equation (10).

hitations to be indicated in 6.4.3, a plot of the left-side of €guation (19) vs 12 should yield a st

hted linear least-squares fit to the data, the intercept will be the fluence response Ry, and th

pive the fractional room-scattered component S. Once S has been determined for a particul

of similar devices may be performed by determining My (1) at one, or a few, distances |
and (19) to determine the fluence response, Rg.

ments indicated in 6.4.3 are not adhered to, the plot referred to above may not be a good st

ition factor (see subclause 10.2.6)( Since the relative room-scatter contribution varies as |5,
of I will keep the room-scatter, correction small, and hence the uncertainty in the calibration
ainty in this correction will alse*be small. Knowing R, equation (9) can be used to obtain
e calibration factor, N.

6.3.4 Reddiced-fitting method

A simplified
approximate
Rp. At thesg
equation (16
negligible cg
values of |.)

method (see teference [13]) may be used if the minimum value of | is not too small; in
y 1,5 times.the largest dimension of the device to be calibrated. That is, for a spherical dete

, or Alinrequation (19)] is negligible compared with the quadratic term. (This implies that aif
mpared with room scatter, which will certainly be the case in most calibration halls at reason
Thus, with these approximations, one can write, as a simplified version of equations (10) and

tscatter) ,

logous to
ter minus
[) term in
h may be
) Further,
ring terms

aight line.
e slope of
ar device,
and using

aight line.

ure in the "straight line" can be tolerated; this translates as an uncertainty in the value of S and hence

vorking at
factor due
Ry and its

this case,
ctor, | > 3

 distances) it may be assumed that F; (I) 1, and that the linear inscatter correction teqm [A’l in

scatter is
ably large
(11),

M()=k/1?+S

(20)

In this case, we do not assume that the reference point coincides with the geometric centre for a symmetric

instrument, in contradistinction with the assumption made in 6.2. Therefore, equation (20) may be written:
M) k +S (21)
T)="7""=
(d+a)?

with the quantity (d + a) used in place of |. The quantity d is the distance from the source centre to the surface of the
detector, and a is taken as a free parameter, to be determined by a fit to equation (21). (See Figure F.1 in annex F).
Experience with equation (21) indicates that, for a spherical device, a is nearly equal to the physical radius of the
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instrument. Thus, while a is, to some extent, a fitting parameter (see reference [13]), it is closely related to the
radius of the detector.

To use equation (21), measurements of Mt (I) are made at approximately 10 distances, approximately equally
spaced on a logarithmic scale. While high statistical precision is, of course, always desirable, useful results may be
obtained with statistical uncertainties as high as approximately 10 %. The parameters k, a, and S are then
determined by weighted least-squares fitting to equation (21). It is important, however, to choose the weights so
that the data points all have approximately the same influence, or "leverage," on the fit. This is achieved by
assigning weights, w;, which are proportional to the inverse square of the reading, regardless of, for example, the
actual statistical precision of the data. This is equivalent to doing a fit that minimizes the sum of the relative squares
of the residuals; i.e., minimizes the quantity G, where

e B w0 -90°) = 045 UZ =3, (- 5/)° @

where thg y; are the individual data points, the y; are the corresponding values givendyithe fit, the w; are chosen
to be progortional to the inverse square of the y;, and the sum is over the i data points.

There is an important difference in the philosophy of use between the methods\of 6.3.1, 6.3.2 and 6.3.3, and this
simplified|method. In 6.3.1, 6.3.2 and 6.3.3, as discussed in 6.1, one makes(@n initial careful set of m¢asurements
to determne the values of the parameters required to correct for scattering{and “geometry” effects. Foll subsequent
calibrations of similar instruments, one may then calibrate at just one;)or’a few, points, and make the corrections
using thege parameters. On the other hand, the simplified method* of this subclause essentially|treats each
calibration independently, and determines the parameters of:equation (21) for each individual instrument
separately. Of course, the results of earlier calibrations of similar, devices should serve as a check for consistency
and lineaiity.

Before this method is adopted, the results obtained shotld be checked against one of the methods [described in
6.3.1, 6.3]2 or 6.3.3.

6.4 Choice of methods

6.4.1 Shadow-cone method
Limitation:
a) room|size: large room préferred, as implied by item d);
b) room|shape: no limitation;

c) sourde/detector size: preferably small, since a D,O-moderated californium source, 30 cm in diameter, for
example, would require a large and cumbersome shadow cone;

d) sourde=getector distance: minimum distance greater than twice the shadow-cone length. (This implies that very
intense sources are needed to calibrate at high dose-equivalent rates.) The maximum distance is set by the
requirement that increased reading from room scatter should be less than 40 %.

The shadow-cone method requires an additional set of measurements with the appropriate shadow cone in place.
See annex E. These measurements should be made at exactly the same distances, |, as the measurements
without the cones:

— advantage: direct measurement of effect of scattered neutrons;

— disadvantage: a set of shadow cones and additional equipment are required.

© 1SO 2000 - All rights reserved 13
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6.4.2 Generalized fit method

room size: no limitation;

room shape: no limitation;

source/detector size: no limitations for spherical devices;

source-detector distance: minimum distance 1 cm between the surfaces of the source and the detector,

M distance 1S Set by the requirement that the Increased reading from room scatter should bé
be informative annex B);

source emission: isotropic or nearly isotropic;

ges: fewest limitations, method of choice for spherical moderating detectors| with spherig
s, may be used with any of the sources recommended in ISO 8529-1;

tages: Can only be used for spherical moderating detectors with“spherical central de

Feadings should be carefully corrected, since they can be masked by the fitting procedur
ng and good statistical precision are required.

-empirical method

re: no limitation;
ape: cubical or close to cubical;
letector size: no limit;

Jetector distance: minimum distance approximately the sum of source plus detector diam|
, maximum distance is set by the requirement that the increased reading from room scatter

less thah 40 % (see annex B);

source emission: isotropic or nearly isotropic;

ges: initial measdrements yield numerical value for room-scatter correction, which may the
e calibrations: of the same type of instrument, can be used to predict room scatter, usi
expressions' (see reference [2)]);

htages: Can only be used if the main sources of neutron scatter are the room walls, floor a

less than

al central

ectors. A

set of measurements needs to be made for each instrument type to be calibrated. Non-linear or

2. Precise

eters (but
should be

N be used
ng simple

nd ceiling.

be)appropriate for multi-detector instruments, nor for cylindrical devices irradiated parallel t

b the axis.

Limitations:
a)
b)
c)
d)
maximu
40 % (s
€) nheutron
f) advantg
detecto
g) disadv
comple
drifting
position
6.4.3 Sem
Limitations:
a) room si
b) room sh
c) source/
d) source-
see 6.2
€) nheutron
f) advantg
for futu
analytic
g) disadva
May no
Calcula

ed alr-scatter corrections are necessary.

6.4.4 Reduced-fitting method

Limitations:

a)
b)

c)

14

room size: no limitation;

room shape: no limitation;

source/detector size: no limit;
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d) source-detector distance: for point source, minimum distance is at least 1,5 times the largest dimension of the
detector, for a spherical source, minimum distance is at least 2(rg + rp);

e) advantage: does not require detailed, high statistical precision measurements;

f) disadvantages: since the source-detector distance cannot be too small, requires intense sources to calibrate at
high dose-equivalent rates. Requires complete set of data for each calibration. Fitting procedure may mask
drifts and non-linearities. Not distinguishing between air and room scatter and neglect of geometry correction
may limit accuracy.

7 Lingarity determination

Non-lineafities may be caused by drift and non-linearities in either the detector itself, or the instrume
and by pdise pile-up at high rates. The determination of linearity (i.e., the dependence of the‘instrumet
the dose-equivalent rate) is very important, particularly at high dose-equivalent rates.-Pwo to thre
decade should be measured to determine the linearity. These measurements should, however, be perf
the range| of distances used to test the technique originally. It will, in general, be_necessary to use
sources df different strengths, and to vary the source-detector distance, in order\to cover the compl
dose-equivalent rates which the instrument may be used to measure (see 5.2.1)-Since the scatter co
distance ¢lependent, the initial determination of these corrections using oneof the methods discusse
6.4 provides a convenient way to make the linearity measurements on a rautine basis.

If the sc
sources o

ter and geometry corrections are not known, linearity may<be checked by using two or m
f known angular source strength B, [see equation (6)], at selected distances. See 6.1.

8 Caliprations using accelerators and reactors

8.1 Intjoduction
Even tholigh accelerator-produced monoenergetic neutrons provide the best means of determining
dependerice of the response over a wide energy range, accelerator calibrations are less frequently pe
those with radionuclide neutron sources due to the cost and complexity of the required facility.
acceleratgr facilities are used for other purposes in addition to calibrations, and each has its oy

characteristics. The same is true for,reactor facilities. This part of ISO 8529 will, therefore, treat only

procedurds used for these types~of calibrations, and will not attempt to give as much detail as was
radionuclipe neutron sources.

8.2 Accelerator-produced neutrons

8.2.1 Infroduction

Calibratiopns~ should be und.ertaken fpllowing the gengrall principles given in clause 5,. t.he prd

ent package,
t reading on
2 points per
brmed within
two or more
ete range of
[rections are
d in 6.3 and

ore different

the energy
formed than
In general,
vn particular
the general
provided for

cedures for

determination’ of room and air scatter in 5 3, and determination of the effects of photon radiation as |

discussed in

5.4. For accelerator-produced neutron fields, scattering within the neutron target assembly should be minimized,

and corrections applied as necessary.

8.2.2 Neutron-fluence rate

The fluence rate is measured using a transfer device for which the calibration is traceable to a primary standard.

(See clause 4.) The same principles apply here as in 5.2.

8.2.3 Monitoring

The neutron output shall be monitored using a suitable instrument. The reading of the device under
reference measurements of the fluence rate may be normalized via the monitor readings. Dependi

© 1SO 2000 — All rights reserved
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monitoring device used (e.g., long counter), the monitor may scatter neutrons into the device being calibrated and
the device (or the shadow cone, if used) may scatter neutrons into the monitor. The former effect will be determined
along with the other components of scattered neutron background. The latter effect should be explicitly checked by
inserting and removing the device under test (or the shadow-cone) and observing any change in monitor reading,
while keeping the neutron-fluence rate constant. These problems do not arise for monitoring systems, such as the
associated particle technique, which are neither neutron-sensitive themselves nor act as scattering sources.

However, su

8.2.4 Ener

ch systems are normally restricted to particular energy ranges.

gy dependence of response

Specifications of the preferred neutron energies and their methods of production are given in 1ISO 8529-1.

Fluence-to-gd
coefficients
into account

8.2.5 Conf

It is possiblg
energy neut
lower energ
tritium or dg
background
large in som

If the contan
from the ne
shadow-con
the room an
in which ca
setup.

ose-equivalent conversion coefficients are given in ISO 8529-3. Note that, while the-g
hre given for monoenergetic neutrons, the actual energy spread of the neutrons may havetq
in determining the appropriate value of the conversion coefficient to be used.

aminant sources of neutrons

that other neutron sources will be present in the calibration neutron field,Gle., D(d,n) prog
ons from deuterium absorbed in the flight lines or on the target whilst-employing the T(d,n
neutrons produced via the C(d,n) and O(d,n) reactions from carbon _and oxygen absorbe
buterium-based solid targets, etc. Corrections can be applied for these effects by using
targets containing none of the primary neutron-producing material. These corrections car
e instances and have to be investigated carefully to keep the total uncertainty to a minimum.

ninant neutrons are produced when the accelerator beam:strikes components of the beam
itron-producing target itself (e.g. the energy-defining-slits), their effect can be determined
e method (6.3.1). In this case, Mg [equation (15)] wilt include these contaminant neutrons,

[ air in-scattered neutrons. The magnitude of this.effect may vary with each setup (see referg
be the ratio Mg(l)/M+(l) cannot be considered<constant, but should be explicitly measured

8.2.6 Neutron energy and energy spread

The neutron
factors, incly
The spectra
with energy,

spectral distribution associated with an accelerator-produced neutron field depends upon a
ding the energy of the incidént particle beam and its width, and the thickness of the targe
distribution should be either measured or calculated. If the response of the device chang
then a correction should be applied to the measured response to account for the effect.

8.2.7 Variation of neutron spectrum with emission angle

In general, {
the device is
minimize thg
with angle ig
to use other

placed close to the target then the neutron energy will vary across the face of the device. |
spread-in‘energies, it is recommended that calibrations be carried out at 0° where the energ
usuyally a minimum. For neutrons produced using the 3H(d,n) reaction, however, it may be
angles in order to obtain particular neutron energies.

onversion
be taken

ucing low
reaction,
1l in either
matched
be quite

line apart
using the
s well as
ence [10]),
for each

humber of
[ material.
es rapidly

he neutron energy varies as a function of the angle of emission from the neutron-producing target. If

n order to
y variation
hecessary

8.2.8 Targ

et-scatter corrections

The neutron-producing material will generally be deposited upon a backing disc, and this is also used to seal the
vacuum line. Neutrons emitted at angles other than that required can be scattered in the backing disc and affect
the response of the device under test. Obviously, the magnitude of this effect will decrease with decreasing
thickness of the backing disc. However, in order to sustain a vacuum, the minimum thickness will be about
0,25 mm. If calibrations are carried out at 0°, then there will be a component of lower energy neutrons, with a peak
at an energy approximately that of the neutrons emitted at 90°. Calculations should be made to determine the total
neutron spectrum at the calibration position, and a correction applied to the results to account for these effects. If
the response of the device increases with decreasing neutron energy then the correction can be as large as 10 %.
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8.2.9 Effects of neutron scattering

The effects of scattered neutrons from the room and its contents have been discussed for radionuclide neutron
sources in 5.3. Their effects should also be considered for accelerator-produced neutrons. In general,
accelerator-produced neutrons are monitored throughout the measurements. However, neutrons may be scattered
by the fluence-measuring device and the instrument under test into the monitor, and vice versa. These effects

should be

considered and corrections applied if necessary.

8.3 Neutron beams of reactors

8.3.1 In

roduction

At reacto
scandium
undertaksg
should be
photon ra

8.3.2 Fi

s, collimated beams of thermal neutrons or of intermediate-energy filtered neutrons (|
or 2%y filters) may be produced for calibration purposes (see references [14,15]). Calibratio
n following the general principles given in clause 6. For collimated beams, room scatter and

ron, silicon,
s should be
air inscatter

negligible, but corrections may need to be made for air outscatter (5.3.3). Determination of the effects of

Hiation should be performed as discussed in 5.4.

tered neutron beams

A proton fecoil or a *He spectrometer should be used for spectral measurements and the determinatia

current (i
instrumen
neutron b

8.3.2.1

The energ
scandium

8.3.2.2
There will

be of neg
5 % fluen

8.3.3 Th

Thermal 1
graphite

e., the number of neutrons per second passing through the~front plane of the detector).

n of neutron
To calibrate

ts with dimensions that are large compared with the beam{diameter, the response to a brgad, parallel,

pam should be determined by a scanning procedure (see references [16,17]).

Energy spread

y spread in filtered beams may vary from as littfe as approximately 1 % for **®

(full width at half maximum) (see reference [15]).

U to approxima|

Contaminant energies
in general, be other energies present in the filtered-beam spectrum besides the desired on

igible intensity, or represent a serious contamination. In a scandium filtered beam, for exam
e contamination of higher énergy neutrons can lead to a 25 % to 30 % dose-equivalent contg

ermal neutrons

eutrons are obtained by slowing down fast neutrons in a suitable moderating assembly, usu
br heavy water.” For calibration purposes, beams of thermal neutrons are required wi

tely 30 % for

e. They may
ble, a 4 % to
Imination.

ally made of
th minimum

be obtained

contamination from.neutrons of other energies. A suitable broad-beam source of thermal neutrons can
from a regctor thermal column.

At the callbration position, the thermal-neutron fluence rate in free air should be measured, as well as any variation
in its distributi i i i fluence-rate
measurements include the activation of gold foils, the use of BF; and *He proportional counters, and fission
chambers. The techniques shall be standardized in cooperation with a reference laboratory. The fluence spectrum
emerging from a thermal column may be assumed to have a Maxwellian shape with a 1/E high-energy “tail”. The
spectrum may be characterized by the temperature of the Maxwellian distribution and the value of the Cd-ratio. See
reference [18] and annex B of ISO 8529-1:—1). The effects due to the gamma-ray component should also be
determined.

In the case of a unidirectional beam, the fluence rate and distribution of the incident thermal and epithermal
neutrons shall be measured over the area of the instrument with the instrument not in the calibration position.
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9 Special considerations for personal dosimeters

Personal dosimeters shall be calibrated on the surface of an appropriate phantom. The type and shape of phantom
and the arrangement of the dosimeters on the surface of the phantom shall be in agreement with ISO 8529-3.
These calibrations may be done with radionuclide sources, accelerator target sources or reactor beams. Routine
calibration may also be conducted free in air, if the dosimeters are not based on the albedo principle.

The arrangement of the phantom and the source should be aligned so that the plane of front of the source is
perpendicular to the line between the source centre and the centre of the phantom face. The reading of a
dosimeter fixed to the phantom consists of a contribution due to the direct neutrons, a contribution due to
backscatter from the phantom and a contribution due to air- and room-scattered neutrons. In general, the same

principles a;iply as for active dose-ratemeters explained in clauses 6 and 7. However, the methods of-détermining
the paramefers describing the scatter contributions and the geometry effects may fail because of\the reading
uncertaintieg of passive personal dosimeters.
Therefore, as a practical approach and a compromise between the requirements of a low scatter’contribugion, good
irradiation hpmogeneity and small influence of the position of the effective centre, it is recommended [to set the
distance, I, petween the front face of the phantom and the source centre to 75 cm (see teferences [19, 20]).
By conventi@n, the calibration distance, |, is the distance between the source centre.and the point on the phantom
face directly] behind the dosimeter. Thus, if a single dosimeter is to be calibrated, it should be mountged on the
centre of the front face of the phantom, and | = |..
If several dogimeters are to be irradiated simultaneously, then
12

=12 -—x2) (23)
where I, =75 cm and x is the distance from the centre of’the phantom face to the point on the phaptom face
directly behipd the dosimeter. If accelerator neutron fields are employed, special care has to be taken t¢ allow for
the inhomogeneity due to non-isotropy of the target source (see reference [21]).
10 Uncerjainties
10.1 Introdluction
A value for the calibration factorZ{or response) should be accompanied by a statement of the uncertainty in the
value. Unceftainties are quotedjas standard uncertainties with a coverage factor of one (68 % confidence level), or
two (95 % cpnfidence level)sIn this part of ISO 8529, all uncertainties are standard uncertainties with a| coverage
factor of ond.
10.2 Components of the uncertainty applicable to radionuclide source calibrations
10.2.1 Geneérat

PN
LY

Subclauses 10.2.2 to 10.2.9 discuss the various components of the overall uncertainty for typical cases involving
radioactive sources. There may be special cases involving sources of uncertainty not considered here: more
judgement should then be used in assigning the uncertainty, guided by the considerations given in those
subclauses. It needs to be emphasized that this systematic approach to uncertainties is a relatively new
development, and is still a subject for research. Thus, while some of the components of the uncertainty are well
established, others are only estimates based on general experience and a few specific measurements.
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10.2.2 Uncertainty in neutron source strength B

The value of B can usually be determined by a primary standards laboratory to within a relative uncertainty of
approximately 1 %; hence this is usually one of the smaller components of the combined uncertainty (see reference
[22]).

10.2.3 Uncertainty in anisotropy function F, (6)

A careful measurement can result in a relative uncertainty of about 0,5 % or less in the correction factor F|(6). If the
amsotropy is not known an addmonal relative uncertainty should be associated with the fluence [cf equation (6)].
otropy itself.
nat if several
e), then that
part of the overall uncertainty due to uncertainty in the anisotropy function should be consideréd;as afising from a
systematif error.

10.2.4 Uncertainty in calibration distance |

The distapce uncertainty should be maintained at less than or equal to 1 mmgwhich is achievable|with careful
design. Al 1 mm uncertainty gives a relative uncertainty in the calculated fluence rate of (0,2 x 1-1)[%, with | in
metres. This is negligible at the usual calibration distances, but should be taken into account when working close to
the neutrgn source.

Note that|if several measurements are made at a single distance,\then the distance uncertainty afises from a
systematit error. If measurements are made at several distances; the uncertainty in | should be cgnsidered as
coming from random errors. In any procedure, which involves’fitting data taken as a function of distance, the
distance uUncertainty should be included as a part of the input data.

10.2.5 Uncertainty in geometry factor F4(I)

As indicafed in 6.2, when using equation (12) or-(13) (point source irradiating a spherical detector) to determine Fq,
there is g 20 % relative uncertainty in the-value of the effectiveness parameter 5, and hence a 30 % relative
uncertainty in the departure from unity of F{*(I). When using the more general form, equations (14) and (14a), the
relative uncertainty in F, (I) may be estimated from the quoted uncertainties in a4 and as.

10.2.6 Sqattering-correction uncertainty

The uncertainty in the scattefing correction can be deduced from the quality of the fit to the data taken ps described
in 6.3. When using the seatter parameters determined from initial measurements for performing routine calibrations
(6.1), alloyvance should be’made for the fact that supposedly similar instruments are not always identicgl and do not
always hpve the same response to scattered neutrons. It is very difficult to know, without doing many
measurements onwmany individual instruments, how much of an uncertainty to allow for this effect.|Without this
data base, an additional 10 % relative uncertainty in the scatter correction would seem reasonable.

If the comnk ] hnique, then
experience gathered over many years |nd|cates that thls can be determlned with a relatlve uncertainty of about
3 %. Thus, a correction of P % would lead to a contribution to the overall relative uncertainty of 0,03 P %. The air
attenuation correction, Fa(l), should introduce a negligible uncertainty since the air-attenuation effect is small.

The calculated values for the net increase in response due to air scatter (annex D) required for use with the
semi-empirical method [equation (19)] are estimated to have a relative uncertainty of approximately 15 %. The
corresponding relative uncertainty in the corrected response is less than 1 %. Since the relative room scatter
increases as |2, the uncertainty in this correction may be an important part of the overall uncertainty at large values
of I.
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10.2.7 Uncertainty in readings M

For an active pulse-counting instrument with a digital output, the determination of the uncertainty is, in principle,
very simple, since the uncertainty, evaluated from the Poisson distribution of counts, is just equal to the square root
of the (dead-time corrected) number of counts. For some types of instruments, however, it may be difficult to
determine the number of counts corresponding to a given output reading.

For instruments with an analogue output, the needle fluctuations which encompass most (i.e. 95 %) of the readings
may be noted, and assigned a standard uncertainty with a coverage factor of 2. This value is then divided by 2 to

get the standard uncertainty with a coverage factor of 1.

The uncertginty of the readings should thus be objectively correct for most digital instruments, and

subjective i

uncertainty at the lowest dose-equivalent rates, and negligible at higher rates.

The uncertajnty in “reading out” a passive dosimeter corresponds to the uncertainty of the(re€adings of

instrument.

is beyond the scope of this part of ISO 8529. In addition, in many cases the dosimeter is‘réad in a laborg

than the c
uncertainty.
of the combi

10.2.8 Timi

In general, the uncertainty in the irradiation time is significant onlytwhen irradiating a dose-equivalent i

device such
source from
negligible by

10.2.9 Unceértainty in spectrum-averaged values of fluence-to-dose-equivalent conversion coeffici

The convers

the case of instruments with only an analogue output. This uncertainty may be (the

hile this uncertainty may be quite significant, a discussion of the uncertainties in reading a

ibration laboratory, in which case the calibration laboratory may not. know the magnitu
n general, when known, the uncertainty in the readout should be stated,/and included as a ¢
hed uncertainty. When not known, this fact should also be stated.

ng uncertainty

as a passive dosimeter. In this case, the uncertainty is a function of the time it takes to
its shielded position to the irradiation position, and back again. This uncertainty should
having the irradiation time long compared with the transit time.

somewhat
dominant

an active
dosimeter
tory other
de of the
pmponent

ntegrating
bring the
be made

PNt

ion coefficients for the 1ISO-recommended source spectra are given in ISO 8529-3. To take account of

uncertaintieg in the fluence spectrum, a relative-uncertainty of 1 % should be allowed for the conversion toefficient
for °°Cf, and 4 % for the other sources. (D,O-moderated **°Cf, reference [23], **’Am-Be, **'Am-B). Heavy
encapsulatign may, however, introduce spectral changes and a consequent larger uncertainty in the donversion
coefficient.

10.3 Unceftainties for accelerators and reactors

10.3.1 Introduction

Accelerator-producedy."monoenergetic neutrons, reactor-produced neutrons and special radionuclid¢ neutron

sources are
should be w

produced and used for calibrations at specialized and well-equipped laboratories. These laporatories

ell-versed in the assessment of the uncertainty associated with the calibration of neutro

-sensitive

devices in t

+ £l ! +l HO £ Aol o H H +la hbal
CoT TICTULTUIT TITTUS, SU Uy tUTC TTTITImiurT Ur utiall 1o yivert mn tro ouutiauotT.

Most of the uncertainties discussed in 10.2 should be considered, and an assessment made of the magnitude of
the associated uncertainty component. However, additional components of uncertainty should also be considered
when using accelerators to produce neutrons.

10.3.2 Neutron energy and energy spread

In general, this correction will be small, and the associated uncertainty will make a negligible contribution to the
overall uncertainty.
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10.3.3 Variation of neutron spectrum with emission angle

In general

, the correction will be small, as will the associated uncertainty.

10.3.4 Target-scatter corrections

The uncertainty associated with this effect will depend upon the accuracy of the calculation and the quality of the
information concerning the energy dependence of response of the device under test, and could amount to 25 % of
the computed correction.

10.3.5 Ef

ects of neutron Qr‘attpring

The unceftainty associated with the effects of scattered neutrons from the room and its contents &

those disq

10.3.6 Fl

Laborator
associate
neutron e

In genera
— room
— scattg
— chan
— chan
— gamn
— spuri

— scattg

The calibrjation facility should.b& designed to minimize the overall uncertainty in the calibration.

ussed in 10.2.6.

lence determination

es carrying out this kind of calibration should have detailed knowledge of-all'the uncertainty
I with their neutron-fluence measuring devices. Depending upon the-technique employ
hergy, the relative uncertainty may be between about 2 % and 4 %.

, the following effects should be taken into account:

Lscattered neutrons;

er between device under test and monitor;

je in neutron output with neutron emission angle (uniform fluence rate);

he in neutron energy with neutron emissian_angle (uniform spectral quality);
ha-ray contamination of the field;

DUS neutron generation from the.target backing, beam-line components or bending magnet;

bring within the target assembly.
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Annex A
(informative)

List of symbols used in this part of ISO 8529

o Effectiveness parameter

@ Neutron-fiuenece—rate

@ Neutron fluence

o Laporatory angle

0 Solid angle

> Lirjear attenuation coefficient (energy averaged)

a Frg¢e parameter related to the radius of the detector (reduced-fitting/method)

ay, ag Fre¢e parameters used for geometry correction

dN Number of neutrons incident
he Flyence-to-dose-equivalent conversion coefficient
k Characteristic constant for detector-source conibination

I Separation distance

le Digtance between the front face of the-phantom and the source centre

X Digtance from the centre of the_calibration phantom front face

d Digtance from source centre to surface of detector

s Fre¢e parameter forinscattering correction varying as square of distance (generalized-fit method
W Weights used inweighted least-squares fit

y Vajue ofiindividual data point

v Value-given by least-squares fit

A Total air-scatter component

A’ Free parameter for inscattering correction varying linearly with distance (generalized-fit method)
B Neutron-source strength

Bo, Angular source strength

D Absorbed dose

E Neutron energy
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Geometry correction factor

Correction factor for inscattered neutrons

Correction for deviation of count rate from inverse-square law (generalized-fit method)
Air outscatter factor

Anisotropy correction factor

fearity Correcton
Sum of relative squares of residuals in weighted least-squares fit
Dose equivalent
Photon dose equivalent
Ambient dose equivalent
Personal dose equivalent at 10 mm depth and frontal incidence
Parameter used for geometry correction
Value of the quantity indicated by an instrument [see reading (3.1)]
nstrument reading under free-field conditions

nstrument reading due to inscattered neutrons alone, during a shadow-cone calibration procs
Total instrument reading during a calibration procedure
Uncorrected reading of a device
Calibration factor
Ruality factor
Response of aneutron-detecting instrument
Dose-equivalent response

Fluence response

bdure

etector radius
Radius of neutron source

Room back-scatter component
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Annex B
(informative)

Minimum room lengths for 40 % room return (reference [11])

The table below gives the room size, in metres, which will give approximately 40 % room return for each of the

ISO-recommended radioactive n

instruments
typical neutr

Three types
plan but heig
The first two

Note that the
40 % increa

of room are considered: a cubical room [length (L) = width (W) = height (H)]; a room.with a sd
ht equal to only half the width (L = W =2H); and a similar “half-cubical” room but with.a low-sg
cases have six concrete surfaces, and the third room has five.

e “40 % room return” is a 40 % increase in the instrument reading M due-to ‘room scatter, arn
be in fluence or dose equivalent.

Table B.1 — Minimum room lengths (in metres) for 40 % rgom return (I, = 75 cm)

eutron sources for a source-detector distance I, =75 cm. Values for two types of

eres, and

uare floor
atter roof.

dis not a

Source *2Ct+ D,O 22t AmBe or AMB

1  Cubicpl room (L=W=H)

small $phere or albedo dosimeter 4,2 7,5 8,2

large gphere or survey meter 3,0 3,0 3,0
2  Half-cpbical room (L=W=2H)

small $phere or albedo dosimeter 6,1 10,9 12,1

large gphere or survey meter 4.4 4.4 4.3
3 Open geiling (L=W=2H)

small $phere or albedo dosimeter 4,2 7,1 8,0

large gphere or survey meter 3,0 29 29
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