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Abstract

This paper gives information on the facilities used by the irradiating laboratories, how the irradiations in both Phase II and
Phase III were performed, as well as the procedures followed to ensure that all irradiations were done so that any
uncertainty in the dose estimates of the irradiating laboratories, for the purpose of this intercomparison, can be negligible.

1. INTRODUCTION

The irradiations, details of which are given in this section, were carried out for Phases II and
III of the Co-ordinated Research Project (CRP).

In Phase II, a 'mini type test' was performed. This had two purposes, firstly to provide some
calibration data in terms of //p(10) for the dosimetry services participating in the CRP,
secondly to assist in the harmonization of procedures at secondary standards laboratories in
Eastern European States to type test in terms of /7p(10). In addition an intercomparison was
carried out of the dosimetry of the participating irradiating laboratories including PTB, ARCS
and NRPB. Further details of the Phase II programme are given in section 3 and [1].

In Phase HI, an intercomparison was carried out of the performance of dosimeters in simulated
workplace fields. In some cases where complex algorithms are applied and where there is
limited information on the workplace field, the dosimeter performance characteristics
determined using narrow spectral width calibration fields do not give a reliable indication of
its performance in fields of broad energy and angle distribution. This could be tested in Phase
HI. More generally, however, the purpose of the Phase III intercomparison was to examine the
performance of the dosimetry systems in radiation fields which were similar to those
encountered in practical routine monitoring (see the paper on workplace fields [2]). The
simulated workplace fields used in Phase in were devised to reproduce features of fields
encountered in practice including higher energy direct components with lower energy broad
angle scattered components; photons in the 4 MeV to 7 MeV energy range with and without
secondary electron equilibrium; and for a range of doses. The radiation fields used were
selected from the ISO recommended fields, either individually or in combination, plus
indium-192.
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2. OPERATIONAL QUANTITIES AND PHANTOMS

Effective dose [3, 4] is the radiation protection quantity assessed for control purposes in
respect of stochastic effects of ionizing radiation. Operational quantities have been defined [5]
which provide, in general, conservative estimates of the protection quantity, effective dose.
The operational quantities are used in the routine monitoring of occupational exposure. For
the individual monitoring of photon external radiation, the relevant operational quantity is the
personal dose equivalent, Hp(l0). Personal dosimeters are, in this approach, characterized and
routinely calibrated in terms of Hp(l0) [6]. The dosimeter reading is then used as an estimate
of Hp(\0) to be compared with dose limits or investigation levels expressed in terms of
effective dose [3], and entered in dose records as an estimate of effective dose.

Hp(\0) is defined primarily in the human body. The definition is extended [7] to calibration
phantoms. In this case Hp(l0) is the dose equivalent at 10 mm depth in a phantom of the same
size and shape as that used for calibration but composed of ICRU 4-element tissue equivalent
material. The assumption is made that a personal dosimeter whose response matches the
energy and angle dependence of response of Hp(l0) in the calibration phantom will determine
adequately Hp(l0) in the human body when worn, and provide an estimate of effective dose of
sufficient accuracy. A phantom is, in general, required for the calibration of personal
dosimeters in terms of//p(10) (but see [6] on routine calibration) because the radiation field at
the wearing position of the dosimeter on the body comprises an incident component and a
backscattered component, the characteristics of which depend on the energy and angle of the
incident photons, and also on the body itself, and where on it the dosimeter is positioned. The
response of a dosimeter will, in general, depend on both components of the radiation field,
incident and backscattered.

A solid material having the composition of the ICRU 4-element tissue equivalent material has
not been fabricated. A number of tissue substitute materials are available, among which are
polymethyl methacrylate (PMMA), water and a various specially fabricated plastics. The
important property of tissue substitute materials is their ability to replicate the backscatter
from tissue. The backscattered field, its magnitude and its energy and angle distribution
depends not only on the material but on the shape of the phantom (see [8] and references
therein). The International Organisation for Standardization (ISO) and the IAEA recommend
the use of a calibration phantom which is a 300 mm x 300 mm x 150 mm slab made of thin
PMMA walls and filled with water [9] (see also reference [6]), the backscattered field of
which adequately matches that calculated for a phantom of the same shape and size, but of
ICRU 4-element tissue. Dosimeters are then calibrated on this phantom in terms of Hp(\0)
calculated for a 300mmx300mmx 150 mm slab of ICRU 4-element tissue, HPiS\^(l0).
Account may need to be taken for the variation across the face of the phantom of both the
incident and backscattered components of the field [9].

3. RADIATION QUALITIES, CONVERSION COEFFICIENTS

In Phase II, for the 'mini type test', radiation qualities of the ISO narrow spectrum series [10]
were selected to allow detailed information to be determined of the energy and angle
dependence of the response, see Table I. In addition, from the readings of the dosimeters
No. 24 to 26 the free-in-air calibration with respect to air kerma Kz can be checked.

The conversion coefficients for all radiation qualities were taken from ISO 4037-3 [9] and the
irradiation protocols given therein followed.
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In Phase HI, the performance of dosimeters in simulated workplace fields was to be deter-
mined. To simulate the scattered radiation component of workplace fields, radiation qualities
of the ISO wide spectrum series [10] were selected and the dosimeters were irradiated for
angles of incidence between + 80° and - 80° about the vertical. Depending on the technical
equipment at the different irradiating laboratories this was done in one of two ways:
oscillating with a constant angular velocity (NRPB, ARCS) or irradiation at discrete angles
with step increments of 5° (PTB). These "wide angle" irradiations (WA ± 80°) were done for
four different radiation qualities, see Table II.

For this kind of irradiation condition, there are no conversion coefficients /JPK(10) from air
kerma Ka to personal dose equivalent i/P;Siab(10) given in the relevant standard, ISO-4037-3.
Therefore, appropriate values were calculated using the following algorithm:

Interpolation of missing ftp^OO; E; a,) data between the given values (a = 0°, 10°, 20°, ...) for
intermediate angles of incidence using a spline or 4-point Lagrangian (linear-linear) inter-
polation [11] either for 1° steps (oscillating method) or 5° steps (discrete angle method) and
determination of the mean value ftpx(10; E; WA ± 80°) (over the corresponding angular range
from - 80° to + 80°) of these calculated data points. Figure 1 gives an example for this
procedure to determine ftp*(10; W-300; WA ± 80°) for the discrete angle method.

The resulting conversion coefficients and their estimated standard uncertainties for an
oscillating phantom (phantom rotating in the angular range from -80° to +80°) are given in
Table m together with those for S-Ir.
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TABLE I. RADIATION QUALITIES, ANGLES OF INCIDENCE AND NOMINAL DOSE
VALUES SELECTED FOR PHASE H OF THE CRP TOGETHER WITH SOME
ADDITIONAL INFORMATION. THE ABBREVIATIONS OF THE IRRADIATING
LABORATORIES AND MORE DETAILS ARE EXPLAINED IN SECTION 4. ALL
IRRADIATIONS WITH NOMINAL #P,SLAB(10) DOSE VALUES WERE DONE WITH
DOSIMETERS POSITIONED ON THE FRONT SURFACE OF AN ISO WATER SLAB
PHANTOM, THOSE WITH NOMINAL KA VALUES FREE IN AIR.

Dosi-
meter
No.

01

02
03
04
05
06

10

11
12
13
14

15
19
20
21
22

23
24

25
26

30
31
32

ISO
quality

N-40

N-40
N-40
N-60

N-60
N-60

N-100

N-100
N-100
N-250
N-250
N-250
S-Co

S-Co

S-Co
S-Co
S-Co
S-Co

S-Co
S-Co

R-F
R-F
R-F

Irrad.
lab.

OMH

OMH

OMH
OMH
OMH
OMH

VNIIM

VNHM
VNIIM
VNIIM

VNIIM
VNIIM
JINR

JINR
JINR
JINR
JINR

JINR
JINR

JINR

PTB
PTB
PTB

Mean
energy

keV

33

33
33
48
48
48

83

83
83

208
208
208
1250

1250

1250
1250
1250

1250
1250
1250

6610
6610
6610

Angle of
radiation
incidence

0°

30°
60°
0°
30°
60°

0°
30°
60°
0°
30°
60°

0°

0°
0°

30°
60°

0°
0°
0°
0°
30°
60°

Nominal dose
value

//o(10) = 3.0mSv

#o(10) = 3.0mSv
//o(10) = 3.0mSv
//D(10) = 3.0mSv
/fD(10) = 3.0mSv
#p(10) = 3.0mSv

#D(10)=1.0mSv

#D(10)=1.0mSv
/fD(10) = 1.0mSv
//D(10) = 1.0mSv
i/p(10)=1.0mSv
tfD(10)=1.0mSv
#p(10) = 3.3mSv

//0(10) = 3.3mSv
Z/D(10) = 3.3mSv

#p(10) = 3.3mSv
//D(10) = 3.3mSv

K& = 8.6 mGy

#a = 8.6mGy
Kti = 8.6 mGy

^tfp(10) = 3.0 mSv
tfo(10) = 3.0mSv
#D(10) = 3.0mSv

Conversion
coefficient

V (10)
Sv/Gy

1.17

1.12
0.85
1.65
1.59
1.27

1.88

1.82
1.53
1.48
1.55

1.38
1.15

1.15
1.15
1.15
1.14
—
—

—

1.12
1.12
1.12

ISO 4037-3 does not give a conversion coefficient hp/c(l0; S-Ir, 0°) from air kerma Ka to
personal dose equivalent Hp(\0) for S-Ir. Therefore this coefficient was calculated from the
published values for mono-energetic radiation taking the emission probability for each photon
energy into account. For normal incidence a conversion coefficient /JPA:(10; S-Ir, 0°) of
1.317 Sv/Gy was obtained.

For the wide angle irradiation the corresponding conversion coefficients #PA;(10; S-Ir, a,) - for
different directions of incidence a - were calculated as described, interpolated (by spline
interpolation) between 0°, 10°,..., 70°, 80° and the mean value used.
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TABLE H. RADIATION QUALITIES, ANGLES OF INCIDENCE AND NOMINAL DOSE
VALUES SELECTED FOR PHASE HI OF THE CRP TOGETHER WITH SOME
ADDITIONAL INFORMATION.

Dosi-
meter
No.

01
02

03
04
08
09
10
11

15

16
17
18

Radiation quality

S-Ir (WA ± 80°)
S-Ir (0°) + S-Ir (WA ± 80°) [50 % + 50 %]

S-Ir (0°)

S-Ir(0°)
S-Co (0°) + W-80 (WA ± 80°) [50 % + 50 %]
S-Co (0°) + W-80 (WA ± 80°) [80 % + 20 %]
S-Co (0°) + W-80 (WA ± 80°) [80 % + 20 %]

W-80(WA±80°)
R-F (0°) + W-300 (WA ± 80°) [20 % + 80 %]

R-F (0°) + W-300 (WA ± 80°) [50 % + 50 %]
R-F (0°)

R-F (0°) without electronic equilibrium

Irrad.
lab.

ARCS
ARCS

ARCS

ARCS
NRPB
NRPB
NRPB

NRPB
PTB

PTB
PTB
PTB

Nominal
i7p(10) dose

value

lOmSv
lOmSv

1.0 mSv

40mSv
3.0 mSv
80mSv
1.0 mSv
0.4 mSv

7.2 mSv

1.0 mSv

1.0 mSv
1.0 mSv

The //p(10) dose value for R-F (0°) irradiations without electronic equilibrium was estimated
from the measurement of the charge Q of a 3 cm3 cylindrical graphite ionization chamber with
a wall thickness of 6 mm (corresponding with 1 g/cm2) when exposed to the field. The same
ionization chamber was used for the determination of the air kerma free in air in the R-F field
(see sect. 4.2.3). The absorbed dose to air £>AIR in the chamber cavity is given by DAIR = No Q,
where No is the absorbed dose to air chamber factor. If the air cavity is replaced by ICRU
4-element tissue equivalent material the absorbed dose ACRU can be estimated by
ACRU = (jIp)ICRUiAIR ^AIR where (jIp),CRU/AIR is the mean value of the stopping power
ratio of ICRU 4-element tissue equivalent material and air averaged over the electron fluence
spectrum in the cavity. //p,siab( 10) was then estimated from the product ACRU k where k is a
factor which accounts for the difference between the absorbed dose to ICRU tissue measured
at the geometrical centre of the chamber and the absorbed dose at 10 mm depth in the ICRU
slab phantom when irradiated with R-F radiation.

4. DOSIMETER IRRADIATIONS

4.1. Irradiations at the JINR, Dubna

4.1.1. Irradiation facilities
60,The irradiations were carried out with a Co calibration unit. The source has sufficient

shielding and a variable size collimator. The reference 60Co source used was of the activity
(on October 13, 1995) to produce an exposure rate of (1.27 ± 0.06)10"4 R/s at a distance of
1 m with a collimator of 60 mm in diameter.
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4.1.2. Irradiation conditions

The source exposure position is in a cylindrical lead shield, having a ring-collimator with a
diameter of 60 mm. For all irradiations the distance between the source and the reference
point of the dosimeter was 150 cm. The field homogeneity over the area of the dosimeters was
better than 0.5%.

A carriage system was used to position the dosimeters' reference points at the calibration
distance from the source centre. The dosimeters were fixed with adhesive tape at the centre of
the front face of the ISO water slab phantom. The variation of the angles of incidence was
performed by turning the phantom about a vertical axis through the front surface of the
phantom. To provide electronic equilibrium for all irradiations, a 4 mm thick PMMA build-up
layer covering the whole dosimeter was used. The average distance between the build-up layer
and dosimeter was a few centimetres.

TABLE m. CONVERSION COEFFICIENTS FROM KA TO HP(\0) FOR THE
RADIATION QUALITIES SELECTED FOR PHASE HI OF THE CRP.

Radiation quality

S-Ir (0°)
S-Ir (WA ± 80°)

W-80 (WA ± 80°)

S-Co (0°)
R-F (0°)

W-300 (WA ± 80°)

R-F (0°) without electronic equilibrium

Conversion coefficient
hpK(10)
Sv/Gy

1.317
1.262
1.523

1.15
1.12

1.355

1.41

Standard
uncertainty

0.03
0.035
0.025
0.02

0.029
0.025

0.086

4.1.3. Calibration

Table I details the irradiation of individual dosimeters provided by the participants of the CRP
at the JINR calibration facility.

The conventional true value of the personal dose equivalent Z7PjSlab(10,a) at the reference point
was calculated for each individual irradiation time. //p(10,a) was obtained by:

p , a ) = hKX-hpK{\0;S-Co,a)kPMMAX

where

Hp(l0,cc) is the conventional true value;

hgx is the conversion coefficient from exposure to air kerma;

hpK{\0;S-Co,a) is the conversion coefficient from air kerma to personal dose equivalent;

kpMMA ' s t n e correction factor for PMMA build-up plate.

The value of Xrej- in the certificate, traceable to the primary standard VNIIM, is given for the

reference date. This value was reduced for the actual date as follows:



X=Xrercxp\-—• In 2

where

X is the actual exposure rate at the point of test;

Xrej is the exposure rate at the point of test at the reference date;

t is the time since the reference date;

Tm is the half life of the source.

4.2. Irradiations at the PTB, Braunschweig

4.2.1. Irradiation facilities

The irradiations were carried out at a 3.5 MeV Van-de-Graff accelerator and a 420 kV X ray
unit. The Van-de-Graff accelerator is used to produce the R-F radiation quality and the
420 kVXrgy unit to produce the W-300 radiation quality.

The R-F radiation quality is produced through the nuclear reaction I9F(p,ay)16O by bom-
barding a CaF2 layer, 6 mg/cm2 to 7 mg/cm2 evaporated onto a 2 mm thick carbon substrate,
with 2.7 MeV protons from the accelerator. The proton current can be varied between 50 nA
and 10 uA yielding air kerma rates at 1 m of 7.5 uSv/h to 1.5 mSv/h. To avoid destruction of
the target at high proton currents through beam heating the beam is defocused and the target is
rotated and cooled with water. These precautions allow irradiations cycles at constant dose
rates lasting many days. Details of the method of production and field properties are described
by Buermann et al. [12]. The X ray unit has a constant potential high voltage generator
(Seifert Isovolt-420 D) with a voltage divider to measure directly the high voltage. All
irradiations were performed using an automatic dosimeter changer with rotational table. The
nominal distance and the angle of radiation incidence were measured with high resolution of
0.1 mm and 0.1° respectively.

4.2.2. Irradiation conditions

All irradiations were performed on an ISO water slab phantom. The R-F irradiations were
done at 0.5 m distance from the target with 4 dosimeters simultaneously. The dose rate was
about 3 mSv h'1 and the dosimeters were fixed on the phantom with adhesive tape. According
to ISO 4037-3 [9] a 25 mm PMMA plate in front of the dosimeters was used for the R-F
irradiations (dosimeters Nos. 15 to 17) to establish secondary electronic equilibrium
conditions, for dosimeter No. 18 a PMMA plate was not used. The W-300 irradiations were
done at 2.5 m distance from the focus with a beam diameter of 43 cm with one dosimeter at a
time. The rotation was done in steps 5° from - 80° to + 80° and the time for every 5° step was
constant. The dosimeters were put in small bags made of 0.1 mm PE foil and fixed in PMMA
frames to be handled by the automatic dosimeter changer.

As agreed by all irradiating laboratories for Phase III of the CRP the reference point for the
irradiations was the geometric centre of the phantom surface and the axis of the rotation was a
line on the phantom surface through this point and parallel to one edge.
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ISO water
slab phantom

FIG. 2. Experimental setup for R-F irradiations of Phase II.

4.2.3. Calibration

The Xray irradiation facility uses a calibrated monitor chamber which is calibrated in terms of
air kerma Ka free-in-air using a secondary standard ionization chamber which is directly
calibrated against the PTB national standard. The standard uncertainty of the value of the air
kerma Ka free in air is less than 1.3 % and those of the personal dose equivalent Hp(\0) less
than 2.5 %. So the expanded uncertainty (k = 2) of the stated value of Hp(l0) is less than 5 %.

The R-F radiation field is calibrated in terms of air kerma Ka free-in-air using a 3 cm3 graphite
ionisation chamber. Details of the calibration procedure are described by Buermann et al. [8].
A Geiger-Miiller (GM) counter (Valvo, type 1100) positioned at a distance of about 50 cm
from the target and at an angle of about 30° with respect to the beam axis served as a monitor
during the irradiations. The standard uncertainty of the value of the air kerma Ka free in air is
less than 2,8 % and those of the personal dose equivalent Hp(\0) in the cases with and without
electronic equilibrium are respectively less than 4 % and 9 %. So the corresponding expanded
uncertainties (k = 2) of the stated values of Hp(\0) with and without electronic equilibrium are
respectively less than 8 % and 18 %.

4.3. Irradiations at the NRPB, Chilton

4.3.1. Irradiation facilities

The radiation standards of the facility are based upon those recommended by the International
Organization for Standardization (ISO 4037-1, [10]). The air kerma rates are determined by
the use of secondary ionization chambers which have been directly calibrated by the U.K
National Physical Laboratory. Conversion coefficients from air kerma to //p,siab(10) were taken
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from ISO 4037-3, [9]. The 60Co source used was of activity of 250 GBq approximately. The
beam is highly collimated, collimator angle of 20°. Filtered (transmission) X ray's are
produced by a high frequency 300 kV constant potential generator. The ISO filtration is
selected from a filter wheel assembly. The stability of the X ray intensity is monitored
continuously by means of a transmission parallel plate ionization chamber.

4.3.2. Irradiation conditions

All irradiations were performed with dosimeters mounted singly on the front surface of the
ISO water slab phantom. The point of test was the geometrical centre of the front face of the
phantom and the axis of rotation, the vertical line through this point. For the S-Co irradiations,
a 3 mm thick plate of PMMA was put in the beam to ensure secondary electron equilibrium
(as described in ISO 4037-3). For this source, the irradiation distance was 1.25 m, air kerma
rate 4.4 mGy h'1 and the conversion coefficient applied 1.15 Sv Gy"1. For the W-80 (58 keV
mean energy) wide angle (- 80°to + 80°) irradiations the phantom was rotated at a constant
speed between the angle limits, one complete oscillation taking 20 s. The irradiation distance
was 2 m, air kerma rates from 3.3 mGy h"1 to 127 mGy h'1 with the irradiation time being kept
constant at 300 s, conversion coefficient 1.523 Sv Gy"1 (calculated as described in section I.I
above).

4.3.3. Calibration

The air kerma rate at the point of test was determined using Exradin ionization chambers, an
A6 of volume 800 ml for the S-Co beam and an A5 of volume 100 ml for the W-80 beam.
The calibration of these chambers for the ISO series of reference radiation is carried out
periodically at the UK National Physical Laboratory (NPL). The electrometer used to monitor
the ionization current for the X ray generator monitor chamber is also calibrated at NPL. The
dosimetry procedures followed are those recommended in ISO 4037-2, [13].

4.4. Irradiations at the OMH, Budapest

4.4.1. Irradiation facilities

The primary standard dosimetry laboratory of Radiation Physics Section at National Office of
Measures (OMH) was chosen to irradiate the dosimeters of participating laboratories using
low energy X ray beams. One of the main task of the Phase II of the CRP was to investigate
the energy and angular dependence of different type of personal dosimeters below 50 keV
photon energy, because the recent investigations of the spectrum of the real working place
radiation field show large amount of scattered low energy photons. Details of the significant
over response of some types of TL and film type of personal dosimeters at low energy photon
radiation are shown in reference [8] for example.

The selected beam qualities for the investigation were the N-40 and N-60 from the narrow
spectrum series X rays (ISO 4037 Part 1, Table IV, [10]). The radiation parameters of these
beam qualities are given in the Table I. The collimated X ray beams were generated by a
constant potential X ray system MG 324, using Philips MCN 321 roentgen tube. The air
kerma rate at the reference point of measurement without the water phantom was measured
using a secondary standard ionization chamber, type ND 1001 No.7808.

4.4.2. Irradiation conditions

One hundred and twenty personal dosimeters provided by the participants of the CRP were
irradiated. For the irradiations, an ISO water slab water phantom was used and conversion
factors V ( 1 0 ) of tfP,siab(10) to Kaaccording to ISO 4037-3 [9].
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Arrangement for the irradiation of personal dosimeters at angle a were done according to
ISO 4037-3 [9]. The reference point of each dosimeter was taken to be in the mid-plane of the
dosimeter unless stated otherwise by the participant.

Three different angles (0° 30° 60°) for both N-60 (48 keV) and N-40 (33 keV) were used, that
is 6 irradiation conditions, for each of which 20 dosimeters were irradiated. The irradiation
distance was 2.0 m. The beam diameter at the phantom front surface was 25 cm. The personal
dose equivalent rate was from 22 mSvh'1 to 56 mSvh"1. The delivered dose for each dosimeter
was controlled by a monitor ionization chamber. The conventional true //p,siab(10) values for
all the dosimeters were equal to the nominal 3 mSv within 1 % repeatability.

4.4.3. Calibration

The secondary standard ionization chamber type ND 1001 No.7808 was calibrated again to
the primary standard of air kerma. The standard uncertainty of the calibration factor is 0.7 %.
The uncertainty of the Ap^(10) conversion coefficients is less than 2 % (see e.g. section 7.2 d)
of ISO 4034-3). The uncertainty calculation of the delivered personal dose equivalent
(conventional true value) was done according to the ISO 4037 part 3 point 7.2 and EAL-R2
(Guide to Expression of Uncertainty in Calibration). The expanded (k = 2) uncertainty of the
personal dose equivalent values are less than 5 %.

4.5. Irradiations at the VNIIM, St. Petersburg

4.5.1. Irradiation facilities

For the irradiations of personal dosimeters at the VNIIM, an X ray machine ISOVOLT-400
(from Rich. Seifert & Co) with a Z 400/3 tube (AEG, inner filtration of the tube 4 mm Al) was
used. The irradiation plan for VNIIM, see Table I, consists of one irradiation of each of the
two radiation qualities: N-100 and N-250 (by ISO 4037-3) at angles of incidence of 0°, 30°
and 60° for 20 personal dosimeters. In total 120 personal dosimeters were irradiated.

4.5.2. Irradiation conditions

The irradiations of all personal dosimeters were made in a distance of 260 cm from the X ray
tube. The personal equivalent doses, calculated from the measured air kerma rates free in air
were:

Hp (10)« 0,49 uSv/s for N-100 (cc=O°);

Hp (10)« 1,5 uSv/s for N-250 (a=0°).

A laser system was used to position the dosimeters at the reference point at the calibration
distance. Each dosimeter was irradiated separately, the irradiation time being, depending on
the angle of radiation incidence, between 35 min and 43 min for N-100 and between 33 min
and 38 min for N-250. The field homogeneity over the dosimeter was better then 0,3 %.

The backs of the dosimeters were fixed with adhesive tape at the centre of the front face of an
ISO water slab phantom.

4.5.3. Calibration

The air kerma rate at the point of test was determined by means of the Xray primary standard
of the VN1TM - a free air plate parallel ionization chamber IK 70-300. The combined type A
and type B uncertainties of the measured values of air kerma Ka for the radiation qualities
N-100 and N-250 are estimated to lie between 0,4 and 0,6 %.
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In 1998, the Xray primary standard of the VNIIM was compared with the BIPM standard in a
field of medium X ray energy. The results were in good agreement with the results of other
laboratories in the intercomparison.

4.6. Irradiations at the ARCS, Seibersdorf

4.6.1. Irradiation facilities

A 192Ir irradiation facility was used from the multi-source facility, the selected 192Ir source is
raised from an underground storage container to the exposure position in a cubic lead shield,
having a conical ring-collimator (ISO 4037) with an angular aperture of 15°. For the intercom-
parison an 192Ir source of 1.5 TBq activity was used.

4.6.2. 4.6.2. Irradiation Conditions

The irradiations with the indium source were made at a distance of 2000 mm. This radiation
quality is referred as S-Ir (note: the quality S-Ir is not given in ISO 4037-3). A carriage system
was used to position the reference point (which was assumed to be on the front surface of the
slab) at the calibration distance from the source centre. For the wide angle irradiations the
vertical axis was also located on the front surface of the phantom.

Each dosimeter was irradiated separately, the irradiation time being between 75 s and 3100 s.
For irradiations with the oscillating phantom a device with adjustable rotational speed was
used and the number of full oscillations during an irradiation was between 10 and 20. The
field homogeneity over the dosimeter was better than 0.3 %.

The dosimeters were fixed with tape at the centre of the front face of the PMMA phantom. A
PMMA plate to ensure full secondary electronic equilibrium was not used.

4.6.3. Calibration

The air kerma at the reference point was determined by means of a 1000 cm3 air equivalent
secondary ion chamber, type LS01, operated at - 400 V chamber voltage. The energy depen-
dence of this standard chamber is very well known from measurements in the accredited
ARCS calibration laboratory. The calibration factor for air kerma for this chamber varies less
than ± 0.5 % over the relevant energy range from 100 keV to 600 keV. The calibration factor
for S-Ir was determined from the energy dependence of the calibration factor considering the
emission probability for each photon energy. The air kerma rate in the reference point covered
the range of 30 mGy/h to 40 mGy/h due to the mean half live time of 73.8 d for l92Ir.

The expanded (k = 2) and combined uncertainty of the air kerma Ka at the reference point is
estimated to about 1.5 %. The corresponding conversion factors APk(10; S-Ir; d) from air
kerma Ka to personal dose equivalent //p(10) for S-Ir are not stated in ISO-4037-3. Therefore
these factors were calculated from the published values for mono-energetic radiation, see
section 3.

5. CHECK OF IRRADIATION FACILITIES

All irradiating laboratories in Phases II and III of the CRP were checked using a thermolumi-
nescence dosimetry (TLD) system of the Physikalisch-Technische Bundesanstalt (PTB). The
check was carried out between November 1996 and July 1998 as a quality control measure to
reduce the likelihood of serious errors in the irradiations by the irradiating laboratories. It was
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not the aim of the check to detect differences of a few percent in //p>S]ab(10) values stated at
different laboratories. It was done to demonstrate that, if the dosimeter irradiations had been
performed at the PTB, the dosimeter readings would have been the same, within the limits of
uncertainty.

The TL dosimeters used were irradiated on ISO water slab phantoms with all radiation
qualities that were intended to be used during the intercomparison, but only with 0°
(perpendicular) radiation incidence. Each irradiating laboratory irradiated the TL dosimeters
on the front surface of the ISO water slab phantom with a dose whose value //p,Siab(10)LAB was
stated including all corrections to their best knowledge. The PTB evaluated the TLDs using a
carefully calibrated system resulting in a value MPTB. From this value, the //p,siab(10)PTB value
stated by the PTB as conventional true value is calculated as follows:

The "energy correction factor" At ( £ , 0°) depends on the radiation quality (characterized by
the mean photon energy E ) and the angle of radiation incidence, which was always 0°. The
values of At (E , 0°) have been determined for all the irradiation conditions of the intercom-
parison by at least 5 measurements.

The dosimetry system used was the same as described in [14]. The system uses TLD-700
detectors (LiF with 99.93 % Li, dimensions 0 4.5 mm and 0.38 mm thick) manufactured by
Bicron NE Technologies. Each TL dosimeter has one TL detector that is completely contained
in an aluminium casing made from two disks and one ring. The front and back disks are 1 mm
thick, the wall thickness of the inner ring is 2 mm. In addition the aluminium casing is
surrounded on all sides by about 3 mm PMMA. Details of the badge are shown in the sketch
in Figure 1 in [14].

The check of the irradiating laboratories included all handling parameters for 'on phantom
irradiations'. The TL dosimeters were irradiated in the centre of the front surface of the
phantom, and 3 cm above and below the centre of the phantom. No effect of this displacement
could be determined. Under ideal conditions the quotient r, r = //PjSiab(10)LAB//fpisiab(10)PTB,
should be unity for all irradiating laboratories. For the PTB this value for S-Co is unity
because this value was used for normalization. The results of the check are shown in Figure 3.
The error bars give twice the coefficient of variation of the measured mean values of the TLD
system. Any additional uncertainties of the dose values of the irradiating laboratories and the
PTB have to be added, see data given in section 4. According to ISO 4037-3 these standard
uncertainties are for the measurand //PtSiab(10) at least 2 %. The PTB irradiated with W-300
and R-F. For R-F no check was possible because no other irradiating laboratory could provide
that quality, but for W-300 a check of the PTB irradiations was possible with the help of the
NPRB. A W-300 irradiation at PTB would of course give a r-value of unity because the
energy correction factor kg for that quality is determined with the PTB facility, but the fact
that the r-value of the NRPB as shown in Figure 3 was also close to unity assures, that the
PTB irradiation facility is in accordance with that of the NRPB.

All r values are within 1 ± 0,03 so that the check of the irradiating facilities demonstrates the
agreement of the irradiating facilities of all irradiating laboratories with those of the PTB.
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FIG. 3: Results of the check of the irradiation facilities, Phases II and III.
The quotient r is given byr = H^IO)"" /Kp(I0)FTB and the radiation quality is indicated

according to ISO 4037-3. See text for the error bars.
The irradiating laboratories are indicated besides the measured values.
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