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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.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 21909-1 provides laboratory-based type tests, and performance requirements for passive neutron
dosimetry systems to be used for measurement of personal dose equivalent, H,(10), for neutrons
ranging from thermal energy to approximately 20 MeVI[ll. No distinction between the different
techniques available in the marketplace is made in the description of the tests. ISO 21909 (series) aims
at covering all passive neutron detectors that can be used as a personal dosemeter in parts of, or in the
complete above-mentioned neutron energy range.

The main objective of ISO 21909 series is to achieve correspondence between performance tests and

confditions of use at the workplaces. Dosimetry systems complying totally with ISO 2190
give¢ consistent dosimetry results in workplace environments without the requireniént
infgrmation on the characteristics of the radiation fields (neutron energy and direction'distt

For[the case that a dosimetry system does not comply with the full range of requiremeénts in I
with regard to the dependence of the response on the energy and direction distributions of §
flugnce, it remains necessary to evaluate the performance of the dosimetry system for the

of

dosjmetry system that does not fulfil the criteria of ISO 21909-1 on the dependence of the r
neuftron energy and direction of incidence.
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dep
con|
wol
Sys
cor
Sys
In g
to
isa
but

No
Sys

All
GU]

e workplace. That means that this document is systematically used to qualify at wd

5 document aims to address dosimetry systems with responses that show energy and
endencies that do not comply with the test requirementstin ISO 21909-1, but that are ¢
Kistent and reliable dosimetry results at selected workplaces. In this case, a specific s
kplace where the dosimetry systems are used is mecessary to demonstrate that the

‘ections to be applied. This document gives requirements for the qualification of the
em as well as methods for evaluating its performance and qualifying it for use in the wo

ases where the dosimetry system meets the requirements of ISO 21909-1, it may still b
erform a similar study at the workplaceto improve the performance of the neutron dog
so recommended that this document'may be implemented, not only for passive dosimeti
for active dosimetry systems as(well.

qualification or correction«of-the dosimetry system at a workplace is required if the
em fulfils the criteria of ISO 21909-1.

he estimations of theé uncertainties in this document have to be considered in accordan
(2], Uncertainties.qUoted in this document are provided using a coverage factor k=2.

9-1 should
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Passive neutron dosimetry systems —

Part 2:
Methodology and criteria for the qualification of personal
dosimetry systems in workplaces
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ling with the energy and angle dependence of the response, some tests of the ISO 21909-1

Scope

5 document provides methodology and criteria to qualify the dosimetry system ativorkpl
used. The criteria in this document apply to dosimetry systems which do ngtymeet the ci
hrd to energy and direction dependent responses described in ISO 21909x1-

qualification of the dosimetry system at workplace aims to demonstrate that:

either, the non-conformity of the dosimetry system to some ofithe requirements on the
direction dependent responses defined in ISO 21909-1 doesmnotlead to significant discr
the dose determination for a certain workplace field;

or, that the correction factor or function used for this specific studied workplace €
dosimetry system to accurately determine the convéntional dose value with uncertainf
to the ones given in ISO 21909-1.

E This document is directed at all stakeholders who are involved: IMSs, accreditation o}
es, and users of the particular dosimetry (the usét is meant as the entity which assigns the dosim

metry system are given in Annex A. Annex B is complementary as it gives the practical
pw, once one methodology is chosen.

provider of the dosimetry system shall provide the type test results corresponding to I
vever, when the dosimetry system to be qualified does not comply with all the criteria of |

formed.
links betweenS0 21909-1 and ISO 21909-2 are described in Annex E.

5 documentionly addresses neutron personal monitoring and not criticality accident conc

Normative references

hces where
iteria with

b energy or

bpancies in

nables the
ies similar

regulatory
etry system

methodologies to characterize the work place field in order to perform the qualification of the

methods to

0 21909-1.
50 21909-1
can be not

litions.

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

ISO 21909-1:2021, Passive neutron dosimetry systems — Part 1: Performance and test requirements for
personal dosimetry

IS0 8529-2:2000, Reference neutron radiations — Part 2: Calibration fundamentals of radiation protection
devices related to the basic quantities characterizing the radiation field

ISO 8529-3:1998, Reference neutron radiations — Part 3: Calibration of area and personal dosimeters and
determination of response as a function of energy and angle of incidence
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3 Terms, definitions and symbols
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 General terms and definitions

3.1.1

detector
radiation fetector
apparatus [or substance used to convert incident ionizing radiation energy into a sigfial suitable| for
indication pnd/or measurement

[SOURCE: ﬂEC 60050-394:2007, 394-24-01, modified — the term “detector” has been added as the first
preferred ferm]

3.1.2
dosemeter
dosimeter
device haying a reproducible, measurable response to radiation ‘that can be used to measure|the
absorbed dose or dose equivalent quantities in a given system

[SOURCE: ISO 12749-2:2013, 5.5]

3.1.3
personal dosemeter
meter designed to measure the personal dose equivalent (rate)

Note 1 to gntry: A personal dosemeter can be.wern on the trunk (whole-body personal dosemeter), atf the
extremities|(extremity personal dosemeter) or\close to the eye lens (eye lens dosemeter).

[SOURCE: ISO 29661:2012, 3.1.21]

3.1.4
individual monitoring service
IMS
organizati¢n that operatesa-personal-dosimetry system which includes the evaluation of the reading of
dosemeterf after their Gse’and may include:

— providing the user with dosemeters;

— recordlingthe results;

— reportmg the results to the user

3.1.5

dosimetry system

system used for measuring absorbed dose or dose equivalent, consisting of dosemeters, measurement
instruments and their associated reference standards, and procedures for the system’s use

[SOURCE: ISO 12749-4:2015, 3.1.3, modified — the wording of the definition was slightly modified.]

2 © IS0 2021 - All rights reserved


http://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=a4a0df1a9a733b524f6d0c8bd9a4a8ef

3.2

3.2.

ISO 21909-2:2021(E)

Quantities

1

dose equivalent

H

product of the absorbed dose D to tissue at the point of interest and the quality factor Q at that point:

H=DQ

Note 1 to entry: The unit of dose equivalent is joule per kilogram (J-kg™1), and its special name is sievert (Sv).

[SO

3.2
ney
D

diff
cro

Not
[SO
3.2

JRCE: ISO 80000-10:2019, 10-83, modified — Note 1 to entry added.]

2
tron fluence

erential quotient of N with respect to a, where N is the number of neutrohsincident on
bs-sectional area a:

_dN

d=—-
da

b 1 to entry: The unit of neutron fluence is m=2, a frequently unitused is cm=2.
JRCE: ISO 80000-10:2019, 10-43, modified — the wording of the definition was slightly 1
3

endrgy distribution of the neutron fluence

D,
quo

Not
(cm

Not
the
unit]

3.2

tient of d® by dE, where d@ is the fluence-6fneutrons with energy between E and E + dE
_do
FTdE

b 1 to entry: The SI unit of theenergy distribution of the neutron fluence is (m=2-J-1); a widely-
[2-MeV-1).

e 2 to entry: The energy-distribution of the neutron fluence rate ¢y is the quotient of d®; by dt, v
ncrement of the energy-distribution of the fluence in time interval d¢. The unit is (m=2-]-1-s71); a
is (cm=2-MeV-1.s71).

4

endrgy and direction distribution of the neutron fluence

Dy
qu

ient'ofd® by dE and dQ, where d@ is the fluence of neutrons with energy between E and

propagating within a solid angle d2 around a specified direction, (2, expressed as

h sphere of

hodified.]

used unit is

Uhere d@p; is
videly-used

E + dE and

d’d
D, =
EQ ™ 4EQ

Note 1 to entry: The SI unit of the energy and direction distribution of the neutron fluence is m=2-J-1.sr-1; a widely-
used unitis (cm=2-MeV-1.sr 1),

Note 2 to entry: The energy and direction distribution of the neutron fluence rate @ g, is the quotient of d @ g

by dt, where d®y, , is the increment of the energy and direction distribution of the fluence in time interval d¢. The
unit is (m=2-J-1.sr~1.s71); a widely-used unit is (cm=2-MeV-1.sr-1.s71),
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3.2.5

personal dose equivalent

Hy(d)

dose equivalent in soft tissue at an appropriate depth, d, below a specified point on the human body

Note 1 to entry: The unit of personal dose equivalent is joule per kilogram (J-kg=1) and its special name is sievert

(Sv).

Note 2 to entry: The specified point is usually given by the position where the individual’s dosimeter is worn.

[SOURCE: I

3.2.6

ambient d
H*(10), H'(
dose equiv]
sphere at a

[SOURCE:
Standards

3.2.7

conversio
hp(p(lO,E,aj
quotient of
the radiati
the ICRU ti
at an angle

Note 1 to en
is pSv-cm?2.

3.3 (Calil

3.3.1

conventio
HC()HV

quantity vz

Note 1 to en|
primary st

Note2toe
[SOURCE: 1

3.3.2
calibratio

!

CRP 103:2007]

pse equivalent

),07) or H’(3)

alent that would be produced by the corresponding aligned and expanded fieldlin the [
depth, d, on the radius opposing the direction of the aligned field

AEA - Radiation Protection and Safety of Radiation Sources: International Basic Sa
- Interim Edition [AEA Safety Standards Series GSR Part 3, 2011]

h coefficient
the personal dose equivalent at 10 mm depth, H,(10), and’thie neutron fluence, ®, at a poir
bn field used to convert neutron fluence into the personal dose equivalent at 10 mm dept]

Ksue slab phantom, where E is the energy of the incident neutrons impinging on the phan
a

kry: The unit of the conversion coefficient is Sv-m2-A'commonly used unit of the conversion coeffid

pration and evaluation

hal true value for the neutren‘personal dose equivalent

1lue attributed by agreement to a quantity for a given purpose

try: The conventionalvalue H"V is the best estimate of the quantity to be measured, determined
dard or a secondary or working measurement standard which are traceable to a primary stand

y: in this doctument, the quantity is the neutron personal dose equivalent.

SO/IEC Guide 99:2007, 2.12, modified — the term was changed.]

CRU

fety

It in
h in
fom

ient

by a
hrd.

1

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
readings with associated measurement uncertainties and, in a second step, uses this information to

establish a

relation for obtaining a measurement result from an indication

Note 1 to entry: Calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly

called “self-

calibration”, or with verification of calibration.

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

© IS0 2021 - All rights reserved
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[SOURCE: ISO/IEC Guide 99:2007, 2.39]

3.3.3

calibration factor

N

quotient of the conventional quantity value, H®°", (3.3.1) divided by the reading, M, derived under
standard test conditions, given by the formula:

HCOI’]V

M

N =

Note 1 to entry: mathematical functions, in some cases families of functions, can be used to providg calibration
factprs over a range of conditions. Several different calibration functions can be defined for the.samg dosimetry
systlem and possibly be used for different conditions of exposure.

3.34

corfection factor or function
numerical value or function by which the indication is multiplied to compensate for the deviation of
megsurement conditions from reference conditions or for a systematic effect

Notg¢ 1 to entry: In this document, it corresponds to the factor or function,hoted kn_E_Q, defined f¢r a specific
workplace field, that is applied to the value of the measured dose equivalent in order to take intofaccount the
systlematic effect induced by the dose response of the dosimetry systém.

[SOPRCE: IS0 29661:2012, 3.1.9, modified — the wording of the definition was slightly modified.]

3.3|5

measured dose equivalent
Hy
product of the reading, M, and the calibration factor, N:

Hy=M-N

Note 1 to entry: More elaborate algorithms may also be used.

Note 2 to entry: This definition isconly valid for a calibration field. To extend it to any other field, the correction
factpr of function k, g o, needs t be added. In that case, the formula becomes:

HM = M.N.kn,E,.Q

3.3l6

phdntom
objé¢ct constructed to simulate the scattering and absorption properties of the human body(for a given
ionjzing radiation

Note 1-to entry: For callbratlons for whole body radlatlon protectlon considerations, the ISO water slab phantom
i valls 10 mm

thlck) of outer dlmensmns 30 cmx 30 cm x 15 cm and filled w1th water.

Note 2 to entry: In the cases of very non-uniform irradiation conditions, an extremity cylinder, pillar or rod
phantom may be used as described in ICRU report 66.

[SOURCE: ISO 12749-2: 2013, 4.1.6.1 modified — Notes 1 and 2 to entry added]

3.3.7
reading
M

quantitative indication of a detector or dosemeter when it is read out, generally corrected for
background, ageing, fading and non-linearity of the process or the read out system

© IS0 2021 - All rights reserved 5
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3.3.8

dose equivalent response
response

R

measured dose equivalent, Hy;, divided by the conventional quantity value, H®°", (3.3.1) of the dose

equivalent, as given by the following formula:

Hy

conv
H

Note 1 to en . The reading, M, i into dose equiva

d QNVE c(l
conversion foefficient or by using a more elaborate algorithm.

H,! (10)

ry: In this document, the quantity is personal dose equivalent: R=———
H;D”V (10)

ry: In this document, for the sake of brevity, Hy, = H is used.
ry: The reciprocal of the response at reference conditions is equal to the calibration coefficient.

Note 5 to entry: In radiation metrology, the term response, abbreviated for this.application from “resp
characteristfic” (VIM), is defined as the ratio of the reading, M, of the instrument, te'the value of the quantity t
measured bly the instrument, for a specified type, energy and direction distribution of radiation. It is neces
in order to 4gvoid confusion, to state the quantity to be measured, e.g. the “fluence response” is the response \
respect to the fluence, the “dose equivalent response” is the response with/respect to dose equivalent.

[SOURCE: SO 8529-3:1998, 3.2.10, modified]

nse
o be
ary,
vith

3.4 Symbbols
The list of the symbols used in this document is giveniinh Table 1.
Table 1 = List of symbols
Symbol Meaning Unit
a angle of incidence of the irradiation field degree
d Depth in ICRU 4-element pr'soft tissue. Recommended depths are 0,07 mm, 3 mm,
mm
and 10 mm.

E Neutron energy eV

@ Neutron fluencg m-2

H Dose equivatent Sv

H*(10) Ambientdose equivalent at 10 mm depth Sv

Heonv Conventional true value for the neutron personal dose equivalent Sv

u Personal dose equivalent whose value is chosen in the range: s

\4
b 0,8 MSV< Hyp < 2 SV

Hy Measured dose equivalent Sv

H,(d) Personal dose equivalent at a depth d Sv

H,(10) Personal dose equivalent at 10 mm depth Sv

H™™ Conventional true value for the neutron personal dose equivalent. Sv

h,(d,E,a) Fluence-to-personal-dose-equivalent conversion factor Sv-m?

R Dose-equivalent response -

UHM Expanded uncertainty of the measured personal dose equivalent As quantity

Expanded uncertainty of the conventional true value for the personal dose equiva- A .
s quantity
HL‘OI‘IV lent

6 © IS0 2021 - All rights reserved
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Table 1 (continued)
Symbol Meaning Unit
Expanded uncertainty of a combined quantity of conventional quantity values.
Ucom This uncertainty is equivalent to the half-width of the confidence interval about As quantity
the combined quantity at a confidence level of 95 %

This document uses SI units. However, the following units of practical importance for time and energy

are

used when necessary:

days (d) and hours (h) for time;

The

(Sv].

4

The
Sys
If tH
in v

electron-volt (eV) knowing that 1 eV = 1,602 x 107197,

SI unit of dose equivalent is J-kg1 but the dedicated name for the unit of dose equivaler

Documentation and communication to the users

IMS (individual monitoring service) shall specify in its documéntation whether the
em complies or not with requirements in ISO 21909-1 in terms ofits energy and angular d
e dosimetry system is not in compliance, the dosimetry system-shall be qualified for the
Fhich it is to be used. The IMS should inform the user (respensible for the workers mon

t is sievert

dosimetry
bpendence.
workplace
toring, i.e.,

employer, RPO...) on the energy and angular range for which’ the dosimetry system does n¢t fulfil the

crit
use
doc

The
dos
req
Sys
wol

Int
all g

5

Wh
the
sho
mat

In d

eria of ISO 21909-1 and that the dosimetry system shall:\be qualified for the workplace in
1. The qualification of the dosimetry system at the workplace shall be done in accordang
Lment.

IMS should also indicate the need to qualify=the dosimetry system in the situation in
metry system is deployed to different.workplaces or even different worker’s loca
1iring a unique correction. A specific note shall be given to the users, explaining that a
em for which the response is corrected for one specific workplace cannot be used
kplaces except if it is qualified globally for those several workplaces.

he situation where the IMS is not in charge of performing the qualification, it shall give
he results of the characterisation in accordance with ISO 21909-1.

Recommendations about the workplace to consider

bn characterizing’/a specific workplace, the variability in energy or directional distr
neutron field-shall be taken into account. To achieve this objective, the exposure situ
v the highest differences in terms of neutron fluence rate or neutron dose rate, differer
erials andthicknesses, surfaces of scattering, have to be considered.

asé that the spectral neutron fluence can be significantly different for the possible locaf

wo

which it is
e with this

which the
fions, each
dosimetry
at several

to the user

butions of
htions that
t shielding

ions of the

kers in one given workplace, the effect of these different exposure situations on the resp

onse of the

dosimetry system shall be considered. If needed, several workplaces can be defined taking the different
worker’s locations into account. The attention to this issue is essential to insure the robustness and
reliability of the dosimetry system at this workplace.

Moreover, in case that the workplace field varies with time, i.e., neutron sources and/or shielding and/or
locations of exposure change, the effect of the new exposure situation on the response of the dosimetry
system shall be considered. Only different exposure situations for which it was already shown that the
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dosimetry system fulfils the requirements with the same correction function (if needed) are acceptable
without a new study.

NOTE 1

The definition of the workplace is conceptually simple. In the case when a worker is working in front

of a glovebox, it is easy to define one specific workplace. However, in some situations, for example around a
transport container, the spectrum can be very different at the edge of the container compared to the middle of
the container.

The workplace conditions have a significant impact on the neutron fluence, energy and direction
distributions. The following shall be considered in any evaluation of the performance of the dosimetry
system in this environment: emission rate and energy distribution, mass, density, geometry, shielding,

materials

NOTE2 4
modified at
the geomet
sum up, the
variations i

6 Meth
certain v

6.1 Chot

Two methg
Choose ang
a) The fir
of the
impacf
of the

TESENt at the WoTRplace, tocation of work, typical orfentation of Worker; etc.

the same workplace is for storage facilities. Indeed the amount of neutron sources may vary, but
[ical configuration and the composition of the neutron emitters and the surrounding materials
type, the number and the locations of stored sources may vary. These modifications:may induce

) terms of fluence rate, energy and directional distributions of the neutron field in’such a workpl

pdologies and criteria to qualify the personal dosimetry system at a
yorkplace

ce of the methods to be used for the qualification-at workplaces

ds a) and b) are described below to qualify the dosimetry system at a specific workpl
| apply one of these two methods (see also Figure 1),

st approach is based on a characterization in terms of the energy and direction distribu
neutron fluence encountered at the workplace. The method consists of evaluating
of the non-compliance of the dosimetry‘system to the requirements of the depende
response on energy or direction of incidence defined in ISO 21909-1. For such dosim

syste

consid
requir

The se|
at the

b)

, specific correction at workplaces-shall not be performed if it has been demonstrated

S
the n%-compliance does not lead to significant discrepancies in the dose determination for

red workplace field. The impactshall be quantified and the dosimetry system shall fulfil
bments of 6.2.

cond approach is based(on a qualification of the dosimetry system itself performed dire
considered workplade.)In that case, it should be demonstrated that the correction facto

funct
equiv
tests a

ent quantity with uncertainties similar to the ones required in ISO 21909-1. The requ
d the performiance limits are given in 6.3.

i{n used for the specific workplace enables to accurately determine the conventional ¢
I

An example where the neutron fluence, energy and direction distributions can be significantly
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See 6.2

ISO 21909-2:2021(E)

Qualification at workplace

1%t approach

Quantification
of the impact of the
non-correct behaviour

2" approach
@

Qualification of the
dosimetry system in
the neutron field

Fig

6.2

in term of energy and
angle responses of the

three

at workplace

Possible to do it at the

directly

levels of dose?

dosimetry system
OR
Experimental .
approach Calculations
approach +

See
6.2.3

ire 1 — Decision diagram to determine the method to use to qualify the dosimetry

6.2.

Knowledge of
the dosimetric
system
according-to
ISO 21909-1

See
6.2.2

YES NO
e Qualification
QuﬁllflclatIOIII at one or two
a‘;‘(ci ree levels level(s) of
0 fose + telsts dose + tests of
ob the angle the angle
ehaviour behaviour
See See
6.3.3 6.3.4

a workplace

system at

Quantification of the impact of the non-correct behaviour in terms of energy and
angrle responses of the dosimetry system

1 General

This approach is restricted to dosimetry systems that show under-responses in regard to the criteria of

ISO

21909-1:

— for the lower energies and/or the higher energies of the minimal rated energy range as defined in

[SO 21909-1;

— or, for the higher angles of the angle range as defined in ISO 21909-1.

To demonstrate in this specific case, the small impact on dose equivalent measurement, two methods
can be used: calculations (6.2.2) or experimental tools (6.2.3).
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The location(s) at which the dosimetry system is qualified in the workplace shall be, at minimum,
the one(s) representative for the usual locations of the workers in the room. In both approaches, it is
acceptable to consider to characterizing the workplace field in terms of the energy dependence of the
neutron fluence without taking into account the direction distribution of the neutron fluence (i.e., usual
neutron spectrometers allowing the determination of H*(10) can be used.)

6.2.2 Computational approach
The approach consists in using both:

the inf ons
of the |neutron fluence from calculations. Apply the numerical approach described in (A.2:2)) to
deternpine this information.

ormation onthe characteristics ofthe \Amrkplarp interms nfpnprgv and direction distribut

and all psts

define

the results of the tests of performance of the dosimetry system obtained from thetype t
1 in ISO 21909-1, in order to qualify the dosimetry system at the workplace.

The dosemleters can be used at the workplace without corrections under the following conditions:

a range of acceptable energy/angle responses against ISO 21909-1 shall-be/found by defining an
upper j|and or lower energy limit; only mono-energetic beams demanded-in ISO 21909-1 shall be
considered for defining the limits;

e to
Wer

it shal|] be demonstrated by workplace calculations that H,(10)‘neutron dose contribution du
neutrgns corresponding to energies/angles outside of the aforementioned defined range is lo
than 1P % of the total neutron dose.

The criterip given in ISO 21909-1 for the mono-energetic neutron fields shall be used to define the lower

or upper li

6.2.3 Ex

The exper
contributic

mit in useful energy response of the dosimetry'system.

perimental approach

imental approach is similar in.concept to the computational approach but the d

for high emergies is assessed using experimental tool. Apply (A.2.1) to have the information on

energy dis

As stated |
one(s) repr

6.3 Qua
workplac

6.3.1 Ge|

ribution.

previously, the workplace(s) in which the dosimetry system is to be qualified shall be
esentative of the usuallocations of the workers in the room.

lification basédon experimental tests of the dosimetry systems at the
e

neral method

This appra

aeh is based on the assessment of H;(10) at the workplace. This personal dose equiva

ose

n due to neutrons with energiescelow a threshold for low energies and/or above a threshold

the

the

ient

value determined by the dosimetry system is compared to a reference value obtained from a reference
measurement.

Firstly, the reference value H;,(10) shall be assessed. To do so, apply Annex A to define which methodology
to use, and apply the corresponding practical method in Annex B.

When a dosimetry system uses different correction functions or factors, choose the system that is the
most adapted to the specific workplace.

Secondly, for the measurement of H), by the dosimetry system to be qualified, a minimum of four
dosemeters shall be placed on a phantom. Use the same phantom, and at the same position and at the
same directional incidence, used to determine the reference value of H,(10), denoted as Hc°", The value
Hy, to be considered in the calculation of the response is the average OFthe four measurements.
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The dosemeters shall be placed on the front face of the phantom. The phantom and irradiation geometry
used in the experimental irradiation shall be in accordance with ISO 8529-3:1998, 6.2.

The phantom shall be positioned in order that the 0° incidence corresponds to the orientation the most
representative of the worker’s position.

NOTE 1

The correction factor or function can be estimated using several methods. The experimental results

from this on-site qualification can be used, but supporting published information (see Annex D) or tests using
simulated workplace fields can also be used, to help determine the appropriate correction factor or function.

The response R, is defined as the quotient of the mean measured dose equivalent value H,, of the

irr
HCO

Thd
The

NOTI
worj

Thd
bas

6.3
The

ith H,,, =.0,2'mSy,

daaiad i L R | o £ 4 £ iy Liod L P A | 41 £
UIATTU UUSTIIITTICT S WILIT LIIT LUTTTULIVITN TatTUT UT TUTICTIVIT AP PIICTU IT TITTUTY, dIIU THT TTIT
v .

Hy

conv
H

value of the response, R, shall meet the following criteria defined in 6.3.2,

tests shall be performed at either one (see 6.3.4) or three (see 6.3.3) levels of dose equiv|

kplace.

tests performed according to this method have to be €ompleted by supplementary v¢
bd on tests performed following ISO 21909-1:

In any case, it shall be checked that all the requirements of ISO 21909-1, except the ones

correction factor or function is applied (see 6:3.4);

Depending on the number of levels of personal dose equivalent chosen for the qualifics
workplace, complementary requireménts regarding tests performed following ISO 21
to be fulfilled to validate the reliablé performance of the dosimetry system in terms
dependence and linearity of theTésponse (see 6.3.3 or 6.3.4).

2 Performance test criteria
value of the response, R-shall meet the following criteria:

2-Hyy,, /1,5
Hypy /1,5+HO™W

2-Hgw /1,5
0,3(1- tovs /. ]+O,3SRiUcom < +1,7

Hy oo M,5+H™

ence value

hlent Heonv,

E2 The choice between these two solutions depends mainly on the personal dose equivalenf rate at the

brifications

concerning

the dependence of the response on energy and direction of incidence, are still fulfilledl when the

tion at the
D09-1 have
of angular

and

) 51/2
With v, <[ \”UHM 1 +(UHC°HV ) W

™ S | LA™ T ]

Such performance limits are illustrated in Figure 2.
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Figure 2 — Performance limits

st solution: tests at three levels of-dose at the workplace

ication following the general( method (see 6.3.1) is performed experimentally v
ents performed at three levels of dose:

se within the range [H 0 Hpi, + 40 %),

se within the range [(H,;,+ 0,1 mSv) - 20 %; (H,,;,

+0,1 mSv) + 20 %],
se within the range [0,8 mSv; 2 mSv].

t shall be demonstrated that, using a specific correction factor or function depending
Kidered.fieutron energy, the tests and the criteria of ISO 21909-1 are fulfilled for the tk
nergies; 144 keV, 250 keV, and 252Cf or 241 Am-Be sources.

b that, using a specific correction factor or function depending only on the considered ene]

vith

nly
ree

I‘gy,

the criteria oI the depemndernce of the TeSPOoNSe O energy and direction of incidence described

ISO 21909-

1:2021, 7.5.3, shall be fulfilled.

mn

Figure 3 gives the mandatory series of irradiations from the of ISO 21909-1:2021, Table 2 to perform, in

addition to

NOTE

the tests performed directly at the workplace.

These tests provide confidence in the angle dependence of response of the dosemeters.

To illustrate this, one unique correction factor or function can be applied for all the tests described in columns C
and K of ISO 21909-1:2021, Table 2. Another correction factor or function can be used for the tests of columns D
and L. A third correction factor or function can be defined to fulfil the tests of columns J, M and N.

12
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6.3.4 Second solution: tests at one level of dose at the workplace

If the qualification at the workplaces cannot be performed experimentally at the three levels of dose as
specified in the first solution (see 6.3.3), then the following criteria shall be fulfilled:

All the tests of ISO 21909-1 shall be performed at the three levels of dose (see ISO 21909-1:2021, Table 2).
Moreover, it shall be demonstrated that, using one unique correction factor or function depending only
on the considered energy, all the tests and criteria defined in ISO 21909-1 are fulfilled.

NOTE At some workplaces, the personal dose equivalent rate can be very low and it might be very difficult
for practical reasons to integrate the high level of dose [0,8 to 2] mSv. That is why this second method can be used
instpad:

Figiire 3 gives the mandatory series of irradiations from ISO 21909-1:2021, Table 2~te perform, in
adgﬁ'tion to the tests performed directly at the workplace.

The tests shall be performed at minimum for the “mandatory” range as defined/in ISO 21909-1:2021,
Tabje 3 giving the mandatory series of irradiations as a function of the stated energy rgnge of the
dosjmetry system. This means that the tests of all the columns from C to Ndncluded in the “mandatory”
range shall be fulfilled, even if a different correction factor or function'is required for each test field.
If the neutron field encountered at the workplace has a thermal‘component, and/or fast energy
respectively, then the dosimetry system shall comply with the tests.of the columns A, B and Q (and/or
respectively the column O).

©1S0 2021 - All rights reserved 13
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Qualification of the dosimetry system in the
neutron field, directly at workplace

Possible to do it at the three levels of dose?

YES

NO

Qualification at three levels of dose
+ tests of the angle behaviour

Y

Performed the following series of
irradiations (See Table 2 of
ISO 21909-1):

C,D,J,K L Mand N
(ie. 144 keV, 250 keV and #2Cf or
21Am-Be sources) for the different
angles (0°, 30° and 60°) and for all
different levels of doses.

Y

ol

ind different correction coefficient or

fuinction:

one unique for columns C and K
one unique for columns D and L
one unique for columns J, M and N

Qualification at one or two level(s)
of dose
+ tests of the angle behaviour

Use the same stated energy range of
the dosimetry systemrthat was chosen
to test according‘to ISO 21909-1 (see
table 3 of IS0 21909-1)

Mandatory energy range

+ if optional thermal energy range

|

A

Y

Find different correction coefficient or
function:

- one unique for column E

- one unique for column F

- one unique for column G

- one unique for column H

- one unique for column I

+ if optional fast energy range

|

Find one unique correction coefficient
or function for columns A, B and Q

Find one unique correction coefficient
or function for column 0

Figure 3 — Mandatory irradiations from ISO 21909-1 and specific requirements to fulfil, in
addition to the tests performed directly at the workplace

6.3.5 Complementary tests based on ISO 21909-1

When defined and applied, the correction factor or function shall be verified. First, all the criteria of the
tests of ISO 21909-1 shall be checked and fulfilled, except the ones concerning the dependence of the
response on neutron energy and direction of incidence.

14
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To do this verification, a recalculation of all the doses measured for all the tests of ISO 21909-1, shall
be done, considering the correction factor or function. It shall be demonstrated that the dosimetry
system fulfils all the requirements of ISO 21909-1 (except the ones on the dependence of the response
on energy and direction of incidence). For dosimetry systems using correction factor or function, a
general verification can be performed before any workplace qualification considering all the potential
correction factors or functions routinely used by the IMS.

NOTE To illustrate the importance of doing this verification, consider the case of the tests for effects
on unexposed dosemeters required by ISO 21909-1. To be more precise, the example of the test described in
[SO 21909-1:2021, 8.3, which deals with the effect of storage for unexposed dosemeters, can be considered.
Indeed, if a correction factor is applied after the qualification at the workplace, the result of this test can change
and|the criteria can be not fulfilled anymore. Before applying the correction factor or function, such p test would
be fulfilled, but after the application of the correction factor or function, the test criteria wouldnot be met any
morfe.

6.3/6 Unique correction for several workplaces

Thip subclause addresses the specific case where the same dosemeter is wornby a worker at different
workplaces. In that case, one unique correction factor or function should-beised for all the fonsidered
wortkplaces.

A qualification shall be performed at each workplace. For each workplace, the most appropriate method
for gualifying the dosimetry system shall be used. For instance5the choice is partly determjned by the
dosg equivalent rate of each workplace. The methods are des¢ribed in 6.3.

Forleach workplace, a correction factor or function is defined (if needed). But in order for thg dosimetry
system to be used by a worker at all these different workplaces, the applied correction factor pr function
on the dose reading is necessarily unique. As a consequence, one unique correction factor pr function
neefds to be defined.

It shall be demonstrated that the value of-the correction factor or function is acceptalle at each
wotkplace. To do so, it shall be shown (by recalculations) that the dosimetry system satisfies the
performance test described in 6.3.1 at each workplace.

NOTE For instance, a single correction factor or function can be determined as the weightled mean of
cortlection factors or functions (weighted by the dose equivalent rates). Another solution that can pe used, for
insthnce, is to take estimations-efithe percentage of duration of stay at the various workplaces as weighting
factprs.
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Annex A
(normative)

Methodologies to characterize the workplace field

A.1 General

A neutron| workplace field can be characterized completely by experimental studies and/or V
computer §imulations, i.e., to determine the energy distribution and direction distribution of the pre
neutron flyence rate. Depending on the objectives, however, a complete characterization ismnot alw
necessary pr feasible. For the purpose of the validation or the correction of personal dosimetry syst¢
sometimes| the knowledge of the energy distribution without detailed information ‘en the directi

distributio
its energy
equivalent
dose-equiv

can be sufficient. Of course, only the complete characterization of thg neutron field v
and direction distribution allows for the determination reference ¥alues of personal
H_(10) by folding the neutron fluence with energy and angle dependeént fluence-to—perso
alent conversion coefficients as specified by the ICRU and ICRP.reports (ICRU report n

vith
ent
ays
ms,
nal
vith
ose
hal-
°57,

ICRP Publitation 74).

The reference instrument shall be adapted to the specific context (énergy range, pulse source term/.).

The follow|ng sub clauses give a description of the different appreaches.

Choose ong s at

the workpl

e of the approaches (A.2) or (A.3), according to the technical capabilities and possibilitid
ace.

A.2 Determination of energy and direction distribution of the neutron fluence

A.2.1 Experimental approach

Ideally, thg | be

performed

determination of the enefgy and direction distribution of the neutron fluence shoulg
through spectrometers-in.capacities to measure such distributions.

NOTE In the past, one experinmental campaign was performed using such a type of spectrometer.|See

informative]Annex C.

1 to
any

For the ne
perform d
other expe

itron energy-distribution, spectrometers that are commercially available shall be use
rect measurements: Bonner Sphere systems, ROSPEC, Bubble Detector Systems ... or
Fimental\means provided there is enough control of the uncertainties.

When the be

performed

knowledge of the direction distribution is needed, then a complete analysis shall

But, no commercial system allows the determination of the directional distribution. Simultaneous
measurements of the energy and direction distribution of the neutron field are complicated and
systems dedicated to do such measurements are unavailable. However, ISO 12789-2 explains that some
pragmatic methods can be used, such as positioning several dosimetry systems on the different faces of
a phantom.

Without access to an experimental system allowing the direct determination of the directional
distribution, choose one of the three methods described in B.1 and then comply with it.

A combination with calculations can be used to complete the experimental results, complying with
(A.2.2) in that case.
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A.2.2 Numerical approach

Numerical tools exist to determine the energy and direction distributions of the neutron fluence, such
as Monte Carlo codes. Only internationally tested computer codes, or those that have been compared to
measurements, shall be used. The version, or update number, of the code shall be indicated, and also the
version of the cross-section data set which is used. The initial conditions shall be documented in order
to facilitate the inter-comparison of results between laboratories.

NOTE1 AsstressedinISO 12789-2:2008, 6.1, it is difficult to estimate the overall uncertainty associated with
Monte Carlo calculations.

NO a minimum, sulficient histories shall be accumulated to reduce the statistical uncertainty. However,
a snjall value for the statistical uncertainty does not necessarily indicate a small overall uncertainty|These tools
cannotably be used to complete experimental systems in order to get the directional distribution:

An ¢xperimental check of the numerical tools shall be performed.

NOTE 3  This enables verification that the physical models, geometrical description; source desdription, etc.
are forrect. Such a check can be the comparison of the fluence dose rate or fluenceyrate at a specific goint.

A.3 Determination of the reference value for H,(10)

A.3l1 General

Sevpral approaches are proposed to assess the referencesalue of H,(10). One of the three approaches
desfribed in (A.3.2), (A.3.3) or (A.3.4) shall be chosen and used. The corresponding method described
in Annex B shall be applied for the practical implementation.

A.3l2 From complete characterization ofthe neutron field
Thif method, based on the complete characterization of the neutron field, involves two stepq:

Firgtly, perform a complete characterization of the energy and direction distribution of the neutron
flugnce according to (A.2.1).

Secpndly, determine referencesvalues for the personal dose equivalent H,(10) by folding the neutron
flugnce with energy and angle dependent fluence-to-personal-dose-equivalent conversion ¢oefficients
as gpecified by the ICRU andICRP reports[18][19],

Calgulations using Moiite Carlo codes can also be used to determine the neutron fluence. They can also
proyide values forH;(10). However, calculated results have to be validated by experimental rhecks.

NOTE Suchta-method was used during the EVIDOS project (see Annex C).

A.3l3 From neutron energy distribution or H*(10) measurement and basic infdrmation
on fhé'direction distribution

This method consists in using the neutron energy distribution or H*(10) measurement and basic
information on the direction distribution.

The neutron field at the workplace can be complex. In some cases, the neutron radiation comes mainly
from one direction (one located neutron source). In more complex cases, the field is a superposition
of direct neutrons from a source and scattered neutrons from walls, floor and ceiling. Conceptually,
a measurement of H*(10) is conducted with an adequate instrument and this value is corrected to
determine the conventional value of H,(10) from basic information on the direction distribution of the
neutron field[20-
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In the situation of a directed neutron field where the contribution to H,(10) from non-AP directions is
negligible, H,(10) is determined from a measured value of #*(10) with minor adjustments. To determine
the reference values for the personal dose equivalent H;(10), apply (B.1.2) or (B.1.3).

NOTE Indeed, the fluence-to-personal dose-equivalent conversion coefficients and fluence-to-ambient-
dose-equivalent conversion coefficients for neutrons are quite similar for normal incidence. At higher angles of
incidence, the fluence-to-personal dose equivalent conversion coefficients decrease.

In the complex situation (non-direct neutron field), some quantitative information about directional
distribution of neutrons in every direction shall be estimated. Practically, dosemeters are fixed on
different sides of a phantom. In that case, to determine the reference values for the personal dose
equivalent[H TT0], apply (B-L3]J.

A.3.4 From direct H(10) reference measurements

This meth¢d consists in the determination a reference value for the personal dose equivalent H(|10),
using a perfsonal dosemeters that measure H,(10). In that case, (B.2) shall be applied,
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Annex B
(normative)

Determination of the neutron personal dose equivalent Hp(10) -

Practical methods

B.]I Determination of H*(10) and the basic directional distribution

B.1]
As

.1 General

Hescribed in A.3.3, a method to assess the reference value of H (10) isyto measure |

estimate H,(10) via hypothesis on the direction distribution of the field.

Tw(
dirg
bot
cor
dist
situ

B.1

For
are
flug

situations are distinguishable: the first one where the neutron field is coming mainl
ction and a more complex situation where the neutrons are incident from several diy
 situations, it is possible to determine a reference value of H((10) from a H*(10) meas
rection factor shall be applied to estimate the reference valuedf H;,(10) as a function of t
ribution of the field. The estimation of this correctiondfactor or function is different
ations.

.2 Directed neutron field

a directed neutron field, the 0° incidence isi'defined by the direction from which th
emitted. The values of fluence-to-personal-dose equivalent conversion coeffig
nce-to-ambient dose equivalent conversion coefficients for neutrons are quite similar

inci

ence. At higher angles of incidence, the'fluence-to-personal dose equivalent conversion (

decfease (see Figure B.1).

NOTE 1

per
sou

Ac

the
by
coe
coe

This example is typical for a worker standing in front on a glove box. Indeed, the m
ormed to estimate H,(10) with« phantom directed towards the main direction of incidence of
ce corresponds also with the way the worker usually stands.

rrection factor, calléd)R, applied to H*(10) measurement is deduced from the basic info
directional distribtition of the field. Then, the reference value of H,(10) is equal to H*(10)
. This coefficient'R is deduced from the ratio of the fluence-to-personal-dose equivalent
ficients at apangle to be defined, h,(10,a), on the fluence-to-ambient dose equivalent
ficients, h*[10) and according to the information on the energy spectrum.

s

H*(10) and

y from one
ections. In
irement. A
direction
r the two

b neutrons
ients and
for normal
oefficients

easurement
the neutron

Fmation on
multiplied
conversion
conversion
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Figure B.| — Ratio of the fluence-to-personal-dose;equivalent conversion coefficients h (10}a)

and fluenfe-to-ambient-dose equivalent conversion coefficients h*(10) for neutrons in funct

A rough e§timation of the importance of (the scattered neutron field at this specific workplace
coming from all the other directions shall be estimated, according to the following steps:

a)

b)

The mpin direction where the néutrons are emitted shall be defined according to the knowledg
the pré¢sence of the sources at ‘the workplace (i.e., the 0° incidence is defined).

Then
equiv

than 2P %. Availableinformation on the energy distribution of the neutron fluence at the workp
should

M.
Then,

with a|shadow cone placed between the radiameter and the source (see ISO 8529 for the choid

of the neutron energy and for different angle o

h measurement of-H*(10) is performed using a radiameter. This neutron ambient ¢
dlent meter shall‘be able to measure H*(10) at the workplace with an uncertainty sms

h sécond measurement is performed at the same position, using the same radiameter

jon

and

e of

ose
ller
ace

be used to\choose one radiameter rather than another one. This first measurement is callled

but

e of

the adapted shadow cone). This second measurement is then called M. The specifications for the
shadow cone technique are detailed in ISO 8529-2:2000, Annex E.

These two measurements shall be done with a sufficiently long integration time in order to minimize
the statistical uncertainties.

20
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The part of the field measured with the shadow cone, Mj, is reasonably estimated to come from angles
between 15° and 60° and the part directly from the source, (M - Mg), between 0° and 15°. With these
considerations the reference value of H,(10) is calculated as:

H,(10) = (M - Mg) + Ry x Mg (B.1)

Where R; a coefficient corresponding to the average ratio of the fluence-to-personal-dose equivalent
conversion coefficients, h (10,a) on the fluence-to-ambient-dose equivalent conversion coefficients,
h*(10) considering a flat directional distribution between 15° and 60°.

T1 3 LI 100 15} LV 5] 1 (Mg /N4 (P 1) BZ
TIICTT, STIICT llpLJ.UJ = 1\ VI, 1U— L+ (VIG/ TV |CAY e .

Accprding to Table B.2, R; can be estimated to 0,75 for instance.

R=1-0,25x (Mg/My) (B.3)

It ifthen possible to give a reference value for Hp(10) according to Formuld (B.4):

Tlable B.2 — Values of R, in function of the neutron energy - For information, the values of R
fqr the main neutron field coming from 0° and 15° are‘also given as a function of the|neutron
energy

For scattered neutrons, distributed between 15° and 60° in a homogeneous way

Neutron energy
10 keV 100 keV 500 keV 1 MeV
<h,(10)/h*(10)> 0,66 0,72 0,84 0,88

For direct neutrons, distributed between 0° and 15° in a homogeneous way

Neutron energy
10 keV 100 keV 500 keV 1 MeV
<h,(10)/h%(10)> 1,05 1,01 1,03 1,01

NOTE 2  Spectrometer measurement results could supplement the measurement of H*(10). The rafios R and R;
can [then be estimated more precisely taken into account the energy distribution of the neutron field

B.143 Complex neutron field

B.1|3:1 " General

To determine the neutron personal dose equivalent H_(10) in a complex neutron field (i.e. non
directional), choose and apply one of the two methods below (B.1.3.2) or (B.1.3.3).
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B.1.3.2 Method using 6 dosemeters on a phantom

A method to estimate the reference value of H (10) in a complex neutron field is based on the
measurement of H*(10) and on the estimation of the direction distribution via dosimetry measurements
on the different faces on a phantom i.e. ISO water phantom or a PMMA phantom.

NOTE1  Such method is used in References [7], [8], [9] and [20]. In these articles, the ambient dose equivalent
H*(10) was determined at workplaces at power plants using commercial neutron monitors, whose readings were
corrected taking into account spectral information in rough energy intervals from a commercial spectrometer.
Basic information on the directional distribution of neutron fluence was obtained from the readings of several
personal neutron dosemeters attached to a phantom.

This sub (i:]ause describes a practical method to estimate the conventional dose equivalent.f;[10)
reference Value when the neutron field is not directional, or when no information is available a(priorj on
the directipn distribution of the neutron field to qualify. The following steps shall be applied:

a) First, ¢stimate the ambient dose equivalent H*(10).

To do $0, neutron spectrometry shall be performed in order to determine the,energy distribufion
of the|neutron fluence (e.g., using spectrometers such as Bonner sphere System, ROSPE( or
Microgdpec-2 Nprobe, etc.). With the neutron spectrum, the value of H*(18)"is then deduced u$ing
the flupnce-to-ambient-dose-equivalent conversion coefficients from the TCRP Publication 74.

Howeyer, performing neutron spectrometry is very time consuming and it could be impossible to
do at spme workplaces. In order to simplify the method, it is allowed to measure the ambient dose
equivalent H*(10) with a radiometer instead. In that case, a néutron ambient dose equivalent meter
shall be chosen in order to measure H*(10) at the workplacewith an uncertainty smaller than 25 %.
Available information of the energy distribution of the néuitron fluence at the workplace should be
used t¢ choose one radiameter over another one.

b) Then, ¢xpose six dosemeters on a PMMA phanton

The dgsemeters should preferably be in accordance with ISO 21909-1. Otherwise the dosemefers
used should be able to indicate the personal dose equivalent with uncertainties in the same rdnge
as reqyiired in ISO 21909-1.

NOTE 4 These measurements enable the estimation of the directional contribution of the neufron
spectrym.

Six dogemeters should be lgcated above, below and on the four different sides of a PMMA phanfom
to get $ix readings of H,(10) (see Figure B.2).

NOTE3 The sum ofithe value of these readings associated with a geometrical correction factor allows
determfining a value elose to an estimation of H*(10).

NOTE4 It was'demonstrated that a separation into 6 directions is slightly conservative compared|to a
separafion jnite-18 directions[23l,
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>~

4 6
Key
1 |dosemeter “up” 90° up * da°
2 |dosemeter “Back” 180° £ da®
3 |dosemeter “Right”  90° right + da®
4 |dosemeter “Front” 0°+da®
5 |dosemeter “Left” 90° left + da®
6 |dosemeter “Down” 90° down #* da®

Figure B.2 — Position of the dosemetersion the PMMA phantom

If H (10 x) is noted with x = 0°, 180°, 90°Left, 98°Right, 90°Up, 90°Down the six vallﬁes of dose
equlvalent measured by the six dosemeters placed on the PMMA phantom, then a “simillar H*(10)”
is calculated with a geometrical correction factor:

4-H - (o} o o o
Hp(10.4H):6—Q-|:Hp(10,O°Front)+Hp(10,90°R1ght)+Hp(10,90 Left) +H, (10,90°Up) + H,, (10,180°Back ) +{H, (10,90 Down)]
(B.5)

Q=211 [1—cos(ﬂ-1§00 ﬂ (B.6)

NOTE5  This corrpection factor means that each dosemeter measure the personal dose equivalent under a
solid angle of (2, defined by the angle £.

For practicabreasons, it is also allowed to use only 5 dosemeters (with no dosemeter Heneath the
phantom),'the measurement at 90°Down being assumed to be equal to the one at 180°. Tlhe formula
to be used'is:

411 . . o o
Hp(10,4H):E-[Hp(10,O Front)+ H,, (10,90°Right) + H,, (10,90°Left) + H, (10,90°Up) +2- H,, (10,1§0°Back) |
(B.7)

c) Estimate the reference for the personal dose equivalent, i.e. the conventional dose equivalent, using

the Formula (B.8):

H*(10) s ame :
reference — Hp (113’:11?3 = 'Hp (10,0 ) (B.8)

H, (10)

It is highly recommended to place at least 2 dosemeters (preferably 3) on each face in this method, in
order to avoid the risk of any outlier measurements that could occur. If several dosemeters are used, the
average measurement could be used, enhancing the statistical quality of the value.
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B.1.3.3 Single sphere method for albedo dosemeters with TL detectors

NOTE1 The technique for albedo dosemeters with thermoluminescence detectors (TLD) to obtain an
indication for the personal dose equivalent in workplace fields was proposed by Burgkhardt and Piesch[101[11](12],
It is used by all individual monitoring services in Germany[13] for the characterization of unknown workplace
fields. The method is also suited for other types of dosemeters as shown in Reference [14] based on evaluation
of the results of the EVIDOS project [4]. In accordance with cited literature, it is here denoted as single-sphere
method.

Use the following method, developed by Reference [10]:

calibration| factor N, . determined in neutron reference fields (e.g., 2°2Cf, 252Cf(D,0 mady); 241 Am- Be

the neutro readlng H - Calibration measurements in these fields have shown thatV) is varying ¢nly
by +20% (k = 2) and thls method can be used therefore for determining a referenée Value for H*(10).

The neutrgn ambient dose equivalent H *(10) obtained from the central TL‘detectors, divided by|the
sum of thg neutron albedo readings of the two albedo dosemeters, H, , yiand H, , ,, yields the field-
specific cofrection factor k, 1 . The albedo dosemeter on the front of the'sphere (A.1), is aligned with
the main dlose direction. In workplace fields, where the main dosé ‘direction is not known, albedo

dosemeter
reading ca
kn, Eq 8ives

kn,E,.() =

H,(10) [

In directed
personal d
percent an
equivalent|i

In isotropif
H (10 0°)
has been ¢

5 can be fixed on four sides of the sphere and the dosemeter with the maximum neut
h be used as front dosimeter. The neutron reading of.the dosemeter in front multiplied
an indication of the personal dose equivalent H,(10)of neutrons in the workplace field:

Hn*[lo)/(Hn,A,l + Hn,A,Z)

na1Hy*(10)/(Hy a1 + Hy A 2) (B

radiation fields, where the neutrons are strongly directed towards the front dosemeter,

pse equivalent H,(10) is similar te’the neutron ambient dose equivalent H*(10) within a
d no reading is expected for the dosemeter at the back (A.2). In this case, the personal g
is obtained with a good accuracy.

C neutron radiation fields, H,(10) is up to a factor four smaller than H*(10) or the quan
for the corresponding directed and aligned field. The ratio H,(10; isotropic) / H,(10;

0,24 (ther
neutron r

alculated by Hollnagell15], It depends on the neutron energy and typical values are 0,2p
al to 100 keV9/ 0,24 to 0,32 (100 keV to 1 MeV), and 0,32 to 0,57 (1 MeV to 5 MeV).
dings H, jrand H, 5 , of the two dosemeters mounted onto the front and the back of

ron
| by

B.9)

10)

the
few
ose

tity
0°)
to
The
the

reference gphere are equal in isotropic radiation fields. The field-specific correction factor k, ¢ ; is then
determinedl by relating one albedo dosemeter reading to a value of H*(10)/2. H*(10)/2 is a conservafive
estimate of H7{10; isotropic) for workplace fields with neutrons having energies lower than a fewifﬂev
and the ov restlmate can reach a factor of two (see values of H,(10; isotropic) / H,(10; 0°) as given for
neutrons with energies between thermal and 100 keV in Reference [15]).

NOTE 2 Since most practical fields are a combination of a directed and an isotropic part it can be anticipated
that overestimates of H,(10), which are expected in isotropic fields, are further reduced in the workplace field
and over- and under- estlmates are much lower in workplace fields with broad energy distributions. In workplaces
of the nuclear industry and at radionuclide sources, the contribution of thermal neutrons is usually less than
15 %l26l. Thus, an overestimate of H,(10) by a factor of 2 is not expected in workplace fields.

It is highly recommended to place at least 2 dosemeters (preferably 3) on each position in this method,
in order to avoid the risk of any outlier measurements that could occur. Moreover, if several dosemeters
are used, the average measurement could be used, enhancing the statistical quality of the value. If it is
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not possible for practical reasons to put at least 2 dosemeters (preferably 3) on each position, then it
could be possible to repeat the experiment twice.

NOTE 3

The single-sphere method was even used successfully in the high-energy neutron field of CERF (Cern-

EU high-energy Reference Field), because the scattered field has a considerable amount of neutron dose in the
region of 100 keV to 1 MeV (roughly 50 %). These neutrons provide the readings of albedo dosemeters, which are
generally not sensitive to neutrons with energies higher than 5 MeV[17],

The method is also applicable to pulsed radiation fields because of the use of passive integrating TL
detectors. It also can be used at workplaces with a low neutron dose rate because the sphere can be
placed for a time period of several weeks.

B.2

The
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Direct H,(10) reference measurements

dosemeter used for the direct H,(10) reference measurements shall fulfil theleriteria
21909-1. The specification of the chosen instrument shall be adapted to theineed (ener
and uncertainties).

measurements shall be performed on a phantom at the same pgsition used for the
em to be qualified.

rence value of H,(10), they should be performed at values-6f the personal dose equiva
h 0,5 mSv.

E1 Ahighervalue is indispensable to obtain a smallefxuncertainty on the value.

bn possible, it is recommended to use the methodun B.1 as a more accurate method.

E2 Inthe main part of the document, criteriaare given to ensure an appropriate correction
kplaces, with some tests performed at three:levels of dose equivalent. In this sub clause, t
prent: to estimate the reference value for'H,(10) using a reference dosemeter, different from
ify at the workplace. Thus, it is suggested to determine the reference value with such a dog
onal dose equivalent higher than 0,5mSv, to limit the uncertainty of the reference. The duratiot
bration enables to estimate the persohal dose-equivalent rate and then, it is possible to define ea
b equivalent for all the measurements done by the dosimetry system that is qualified in accordan
lment.

defined in
by range of

dosimetry

bn measurements are performed with passive individual dosemeters for the assessnpent of the

lent higher

for specific
he target is
the one to
emeter at a
of the dose
th reference
ce with this
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Annex C
(informative)

Example of a complete characterization of the workplace field

The combmatlon ofthe use ofa spectrometer anda dlrectlonal spectrometer in order to have the neutron

energy dis
can be perf
Moreover,

Such a mjd
spectrome

in Europe in order to derive reference values for the ambient dose equivalent H*(10)‘@nd personal g

equivalent
dose equiv|

For the det
and, for th
of 24 silicq

The respomse of the directional spectrometer had been determirted ‘with respect to neutron ensg

and direct
(Physikalig
region, wh
performed
obtained w

The ratios

the p0551ble range of ratios that can be potentidlly found at the workplace. They are calculated for

directions;
dose equiv
(LEFT and
Please not¢
Venus ressd

ormed Such measurements are very complex and may not be adapted to routme constra
no directional spectrometer is commercially available.

bthod was used within the EVIDOS project [41l3]. In this project, measurements V
Lers (energy and direction) were performed at several workplaces of the nuclear indu

ints.

ith
btry
ose

H,(10) and to compare them to readings of dosemeters (personal dosemeters and ambjent

alent meters) for neutrons.

ermination of the reference values H*(10), a well-characterised Bonner sphere spectrom
e determination of H,(10), a newly developed directional spectrometer which consi;
n detectors mounted in six capsules on the surface of a'polyethylene sphere, were u

ion in the neutron reference fields available at the)German standard laboratory
ch-Technische Bundesanstalt) and had been calculated by MCNP in the intermediate ene
bre measurements were not feasiblel4l. Unfolding-6f the measured pulse height spectra
using the MAXED unfolding code and prior information on the energy distribution
ith the Bonner sphere spectrometer.

H,,(10)/H*(10) as derived from these distributions are given in Table C.1 in order to illust

the FRONT direction was in most.eases the direction with the highest contribution to
alent. The other directions were-the opposite direction (named BACK), the side direct
RIGHT), and TOP and BOTTOM which correspond to upwards and downwards directi
e that at the position belowythe control rods (BWR SAR) of the Kriimmel reactor and at

bter
ted
sed.
rgy
PTB
rgy
was
vas

Fate

six
the
ons
bns.
the

arch reactor, the highest)value for the ratio H,(10)/H*(10) is determined for TOP. Alnpost

similar valpes for different directions are an indication of an isotropic field, and large differences fpr a
more diredted field.
Table C.1] — Ratios H,{10)/H*(10) as determined in the workplaces investigated in the EVIDDS
project for different directions (numerical values of Figure 10 of [3])
FRONT TOP BOTTOM LEFT RIGHT BACK

CANEL 0,83 0,36 0,26 0,18 0,19 0,07
SIGMA 0,9t 0,26 044 0,20 0,19 0;18

BWR SAR 0,22 0,37 0,30 0,20 0,23 0,16
BWRT 0,60 0,26 0,24 0,21 0,19 0,04
VENUSF 0,29 0,39 0,29 0,34 0,35 0,33
PWRL 0,47 0,28 0,21 0,23 0,24 0,08
PWRA 0,31 0,23 0,20 0,16 0,35 0,18

Cask NTLM 0,70 0,30 0,30 0,26 0,26 0,05

Cask NTL S 0,52 0,29 0,33 0,16 0,41 0,14

Cask TN N 0,61 0,25 0,21 0,15 0,18 0,06

Cask TN D 0,73 0,22 0,31 0,17 0,20 0,03
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