ANNUAL REPORT 2007

Radiation Protection and Dosimetry

THE ACTIVITIES OF THE RADIATION PROTECTION

MEASUREMENTS LABORATORY

B. Filipiak, N. Golnik, Z. Haratym, E. T. J6zefowicz, K. J6zefowicz, T. Pliszcziski, B. Snopek
Institute of Atomic Energy

The Radiation Protection Measurements Labora-

The research activities of Laboratory are described

tory (RPML) of the Institute of Atomic Energy is-re on the next pages of the Annual Report.
sponsible for handling all the problems concerninq.he technical activities of the RPML in 2007

radiation protection at the Institute and in theinity of
Nuclear Centre (NC$wierk and National Repository of
Radioactive Waste (NRRW) at Ran.

The main tasks of RPML are:

- Radiation monitoring of theSwierk and Réan
sites.

- Surveillance of radiation safety.

- Radioactive waste control. -

- Radiation protection in emergency conditions.

- Improvement of radiation protection measurements
and methods.

- Calibration of radiation protection monitoring-in -
struments.

- Personal dosimetry.

- Sewage and drainage water activity measurements.

- Environmental radiation monitoring.

The following laboratories and facilities are avalil
able in the Laboratory:
- Mixed radiation fields laboratory (MRF).
- Whole body counter (WBC).
- Counter of thyroid activity (TC).
- Calibration laboratory with standard
sources (Calibration Division, CD).
- Environmental measurements laboratory.
- Radiochemical laboratory (RL).

radiation

On December 31, 2007 the Laboratory employeﬁ'

19 graduate staff members and 9 non graduated.

Whole body (WBC), thyroid (TC) and “in vitro”
(RL) monitoring were carried out for radiation
workers from NCSwierk and external customers:
392 WBC, 161 TC and 170 RL measurements were
made in 2007 (Tables 1- 3). The collected restlts o
measurements of'Cs internal activity in people,
from 1986 and 2007, are presented in Fig. 1.
Regular monitoring of radiation workers was car-
ried out with TLD dose meters. Values of individual
dose equivalents registered are below the annual
dose limit.

The environmental monitoring within or outside th
NC and NRRW boundaries included the measure-
ments of direct or stray radiation due to the opera
tion of reactors, accelerators, etc. and the measur
ment of radioactivity in samples of air, rivers’dan
underground water, soil, sediment, mud and vegeta-
tion. In 2007 more then 1000 environmental sam-
ples were measured (Tables 4-6).

Table 1.Whole body counter measurements.

Dose  measurementpersons
< 1% By 392 282*
> 1% By - -

Total 392 282

37 persons were contaminated by iodine 131 inctudibhper-
sons measured by Thyroid Counter and calculateddtmenitted
dose equivalent.

In 2007 RPML continued successfully the activi-Fw = limit of annual effective dose.
ties concerning improvement of measurement procgable 2. Thyroid counter measurements.

dures in two main domains of Laboratory accredisgd

the Polish Centre for Accreditation (PCA):

- The determination of internal body contamination
(whole body, thyroid and excretions) — accreditatio
No. AB 567.

- Calibration of dosimetric instruments (gamma,
neutron and surface contamination monitors) — ac-

Dose

MeasurementsPersons < 1% By > 1% Ey
Total 161 32 24 8

Table 3.Measurements of biological probes.

Measure- Persons <1% By >1% By

creditation No. AP 070. — ments
Total a-activity 2 2 2
The improved versions of Quality Manual as well Total B-activity 126 103 103 -
as all the procedures were completed and someitechn  Activity of P-32 9 6 6 -
cal and organizational activities undertaken, eigfigc Activity of S-35 7 5 5 -
concerning validation, traceability and estimatioh  Activity of tritum (HTO) 23 19 19 -
uncertainties of the methods used. Activity of Sr-90 3 3 3 -

Several internal quality audits were performed,
opinions collected from experts, and in March 280y

The results of performed measurements indicate

that there is no contamination of the environmam a

yearly PCA audit took place for AB 567 and in Septe the human population in the vicinity of the NC and

ber 2007 for AP 070, both with positive results.
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Fig. 1. The activity of*’Cs in people after the Chernobyl accident (mean pesqn).
Table 4. Total activity gf-radiation of water samples from inside and outflthe — NRRW Ran in 2007.
Average Concentration [Bo/dr}
Type of probe and place of Number value : _
. min max medium
collection of probe
2006 2007 2007 2007
Ground waters 10p 0,09 < 0,08 0,15 0,10
Inside of NRRW Réan 11p 0,16 < 0,08 0,20 0,13
12p 0,29 < 0,08 0,29 0,18
17p 0,12 <0,08 0,34 0,16
18p <0,08 <0,08 0,10 0,09
131 0,54 0,60 0,74 0,66
Tap water (inside NRRW) F-R 0,11 < 0,08 0,13 0,10

Table 5.Activity of tritium (HTO) in water samples from iidis and outside of the NRRWz84 in 2007.

Type of probe and place of Number of Average value Concentration of trytium [Bo/dh
collection probe 2006 I Q 2007 I1Q 2007 111Q2007 IV Q2007

Ground waters 10p <4,0 <4,0 <4,0 19 7,0

Inside of NRRW Réan 11p 310 240 250 320 320
12p 3700 2400 1600 3000 1400
17p 680 680 580 660 620
18p <4,0 <4,0 10 15 50
130p 180 220 220 21 240
131p 16000 16000 14000 16000 18000
132p 43 <4,0 8,0 260 380

Ground waters F-1 24 10 36 42 27

Outside of NRRW R@AN

Tap water (inside NRRW) F-R <4,0 <4,0 <40 26 <4,0
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Table 6. Activity of environmental samples (soi gnass) from inside and outside the NRRVA&Rdn 2007 [Ba/kg].

Type of probe

. Place K-40 Cs-137 Ac-228 Ra-226
and place of collection
(Th-232) (U-238)
Soil - Il quarter
inside G 706 350 6,4 11 10
707 570 450 18 12
outside 701 640 34 22 20
703 470 58 17 10
Soil - lll quarter
inside G 706 400 50 17 20
707 510 400 11 15
outside 701 640 68 21 22
703 350 3,2 10 15
Grass - Il quarter
inside R 706 800 10 <70 <3,0
R 707 790 55 <70 <3,0
outside R 701 920 2,0 <70 <3,0
R 703 950 <1,0 <70 <3,0
Grass - Il quarter
inside R 706 1200 <1,0 <70 <3,0
R 707 1100 12 <70 <3,0
outside R 701 430 3,2 <70 <3,0
R 703 920 15 <70 <3,0

The Calibration Laboratory is maintaining and us-  Calibration Laboratory performs calibrations of
ing the standard fields of neutron and gamma riaxfiat surface contamination monitors, using referencecssu
The ®'Cs is the main calibration source of gamma rasf beta and alpha radiation. In 2007 a new standard
diation. Standard neutron fields, traceable to arim source®Cl for contamination monitors was introduced
standard laboratory National Physical Laborator?IN for routine use.

Great_ Britain) were established at the In;‘utute O{'otal number of monitors calibrated in 2007 was:
Atomic Energy (IAE) ten years ago. The fields are

formed by calibrated sources®fCf and**’Am-Be. For Surface contamination monitors -107

X . . - Gamma dose and dose rate monitors - 150
routine use, there is al$&’Pu-Be neutron source avail- _ Neutron dose equivalent Monitors 3
able calibrated against standard source*&4m-Be. q
Additionally, spherical filters made of iron or pdfin In 2007 the staff of CD performed the periodical
can be applied for modification of the neutron ¢peu  tests of dosimetric monitoring system of MARIA reac
and gamma component of absorbed dose. tor as well as the calibration of data lines of siygtem

The neutron sources are used mostly for resear\é\ﬂth the detectors.

purposes. However, since they form the only stahdar  The calibration of radiation monitors in liquid ra-
neutron fields in Poland, they are employed foibcal dioactive waste storage tanks of Radioactive Waste
tion of neutron dose meters used in radiation ptate. Management Plant was performed as well as theraalib
Maintenance of the fields includes periodic assessm tion of radiation monitoring personal gate.

of the dosimetric parameters, development of méagur

methods and international interlaboratory compasso

The parameters of neutron fields in the IAE calilora

hall have been periodically checked. In 2006 thbd-a

ratory participated in International Neutron Inteme

parison EUROMET Project No 608. The preliminary

results of the comparison were disclosed in 2007.

In the field of**'Cs gamma source the periodical
check measurements were performed applying spgciall
designed and constructed reference instrument. The
kerma rate in gamma radiation fields of new gamma
irradiator were measured by Central Office of Measu
The complementary tests with Laboratory own refer-
ence instrument, have started.
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DETERMINATION OF INITIAL RECOMBINATION
OF IONS CREATED IN QUASI-PULSED RADIATION FIELDS

M. Zielczynski, N. Golnik, M.A. Gryzinski
Institute of Atomic Energy

There are two main recombination processes influ- For pulse radiation, the ion collection efficiency
encing the ion collection efficiency in high pressu f,,, can be approximated by similar formula:
ionization chambers — initial recombination andwoé
recombination. fup :#
1+b,i/U

Initial recombination occurs between oppositely - )
charged ions from the same track of a chargedgiarti Both coefficients,a, and b, depend on the distance
It dominates at gas densities of several Rgitectrical Petween electrodes in the chamber and the gas param

field strength above 1 kV/m and the absorbed date r t€rs. For given ionization chambex, andb, are con-
in the gas below ca. 1 Gy/h. stant. The coefficieng, can be determined from the

o ) measurements of ion collection efficiency at difer
Volume recombination occurs between ions frongose rates in a steady radiation field [3]. Simjiaoce-

on the measured curremt,hence on the absorbed dosgantp, in a pulse radiation field.

rate in the gas cavity. It is independent neitHek BT, ) ] )
ionization particle energy nor of other parametees In the case of quasi-pulsed flelds when the ion col
scribing the radiation quality. This kind of recomd-  !ection time and the pulse repetition time are fu t
tion is a dominant process of ion recombinatiohigh ~Same order of magnitude or when both the steady and

dose rates, in ionization chambers with large dista the pulse components are present none of the above
between electrodes and at low gas density. The chafifluations is correct.

bers wit_h smaller distance between electrodes pan-o In our approach [4], we assume that the ion collec-
ate at higher dose rates, or at lower voltages. tion efficiency in the volume recombination processs

Initial recombination occurs in very short timeeaft the form
formation of the charged particle track, until tloms 1
diffuse to the distance of few hundreds nanomeieérs. fy :TF(U)
volume recombination is present all the time of ion
collection in the chamber. The initial and volume r whereF(U) is an unknown function of the voltage
combination are the consecutive processes, i.eotige Then, the ion collection efficienciU) should be

that recombine through volume recombination arse¢ho determined for two different dose rates of inveseg

which have avoided the initial recombination. radiation, without changing its time structure. Tdase
The ion collection efficiency in an ionization rates should grant the negligible volume recomimmat
chamber can be expressed as the ptoduct: at highest voltage applied to the chamber. Combinin
the first and the last of the above equations, aareget
f=f; Lf, LR, two equations for two values pfwith two parameters —
wheref; andf, are ion collection efficiencies of local F andf; to be calculated, for each voltageNo detailed
and volume recombination, respectivelyis the correc- information is needed about the time structureaolia-
tion factor for other effects including back diffois of ~ tion.
ions, radiation background, leakage current, and

temperature effects. References

For steady radiation and given polarizing voltagél] ~N. Golnik, Raport IAE-20/A (1996) _
U, the ion collection efficiency in the volume redaim J.W. Boag, in: Attix, F. M. Roesch, W. C. (ed®pdia-

nation procesd,s, can be expressed as [2]: tion dosimetryll , Acad. Press, (1968)
p VS P ) [8] M.A. Gryzinski et al., Nukleonika52(1) 7 (2007)

1 [4] N. Golnik et al., Nucl. Instr. and Meth. 38025 (2007)

Vs

1+a,i/U?
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NEUTRON-TO-GAMMA SENSITIVITY RATIO
OF THE RECOMBINATION CHAMBER AS A FUNCTION
OF NEUTRON ENERGY

N. Golnik, M. Zielczynski
Institute of Atomic Energy

Relative neutron sensitivity of the REM-2 chamber 2.0 rrmr——rrm——rrrm——rrrmr———m,

(versus reference gamma radiation) was determined { 1

from the measurements of saturation current in simo
monoenergetic neutron fields with energies ranging
The REM-2 chamber was positioned at a distance 0.1 1 10 100

from 75 keV to 19 MeV. The measurements were pef
formed in the low-scatter environment of the Physi- 1

of 2.5 m from the target. The reading of the chambe E [MeV]
was normalized to the beam charge.

=
ol

kalisch Technische Bundesanstalt (PTB, Braunschweig
Germany) accelerator facility [1]. A De Pangherqgire
sion long counter and #le detector served as neutron 0.5
monitors. In addition, the beam charge collectedhan
target was continuously monitored.

o
o

: : Fig. 1. Dependence of the relative neutron serityitto
The photon dose fraction of the mixed neu D*(10) on neutron energy, for REM-2 chamber.

tron/photon fields was determined with a Geigerdgtul

(GM) counter (type ZP1100). The photon contribution i .
to the absorbed dose was below 2% for all neutron. We found [4] that the REM-2 chamber calibrated

fields with nominal eneraies areater than 0.6 MeV with the **'Cs source, overestimates tb&(10) values
: Wi ! gesg ’ ' for neutrons of 0.05-4 MeV and in high energy regio

The measurements in high-energy neutron fielddig. 1). The effect at lower energies is due tghkr
were performed at CERF facility in CERN. The beamgontent of hydrogen in the gas in the chamber than
of 120 GeV/c positively charged particles (protamgl in tissue. The influence of the gas compositiorobees
pions extracted from the SPS accelerator) was tdidec less important at higher energies and the overagtm
onto a copper target. The target was placed eithgre  is caused mainly by higher contents of carbon amngt
position under a 40 cm thick iron roof shield (edliron content of oxygen in tissue equivalent materiaineo
position) or under an 80 cm thick concrete rookkhi pared to tissue.

(called concrete position). The beam was shieldeh f
the side by a concrete wall with the thickness @t
for the concrete position and of 160 cm for theniro
position. The time characteristic of the field rakeal the
pulse structure of the beam with the duration toh2 s
and repetition time of 14.4 s. Beam intensity wamin
tored with a Precision lonization Chamber (PIC}he
beam line located at the end of the beam pipe egustr
of the target positions. The reference values$it{fL0)
are based on calculations and evaluated resultheof

intercomparisons [2]. References

. [1] H. J.Brede et al., Nucl. Instrum. and Mett69 349
Measurements were performed also in frame of the” (19g0)

EURADOS benchmark experiment at Gesellschaft fijp] M. Héfert, G. R. Stevenson, Report CERN/TIS-
Schwerionenforschung (GSI, Darmstadt, Germany). RP/IR/94-02, CERN, Geneva, 1994

Beam of'“C ions with a specific energy of 400 MeV/u[3] H. Iwase et al., Radiat. Prot. Dosirh1,6 640 (2005)
and intensity of 2-10ions per spill was delivered by the[4l N. Golnik, M. Zielczyiski, IEEE Nuclear Science Sym-
heavy-ion synchrotron SIS-18 to _the experimentahar E‘:I:IL;T 3@6"?/'8(2;2?;:“;9[1?\lg\?enr;eg:pg,e’zgggf’wé%’_g
at Cave A. The measurement position, marked as @C-1

[3], was in forward direction to the target positidoe-

hind a 160 cm thick concrete shield. The prelimmnar

H*(10) values, determined with the Bonner spherespe

trometer NEMUS, by PTB group, were used here as the

reference values.

At the energies around 14 MeV, there is a narrow
minimum in the relative neutron sensitivity of the
chamber. The lowest value bf 0.76 was recorded for
14.8 MeV neutrons but the range of neutron energies
whereh is considerably below 1 is narrow and the influ-
ence of the region on the results of the measurtien
high energy radiation fields is usually very smatl
negligible.

27



Radiation Protection and Dosimetry ANNUAL REPORT 2007

MONTE CARLO CALCULATION OF Nal DETECTOR
FOR IODINE 4 IN THYROID

J. Osko, N. Golnik
Institute of Atomic Energy
The aim of our work was to calculate the iodine  The calculated and measured radiation spectra for
134 radiation spectrum registered by Nal(Tl) detecto23 mm thyroid depth are similar except the heidtihe
during measurement of iodifé' source immersed in 30 keV energy peak (Fig. 1). Since this part ofcspen
the water thyroid phantom. is not used in determination of the iodine activitye

The calculations were carried out for the thyroiod ifference is not of practical importance.

phantom used in Radiation Protection Measurements The method for calibration of the thyroid counter
Laboratory for thyroid counter calibration. The tbig  with **!i used in Radiation Protection Measurements
location inside the phantom can be altered in e&lti Laboratory takes into account the position of thedid
and horizontal plane [1]. The results of ffi# radiation inside human neck. The thyroid depth is determined
spectrum simulation can serve as an assessmehe of tising parameter S defined as the ratio of the 884 k
implementation of changes into the testing equigmen counts and number of counts in the spectrum regfon

Our calculations were performed with the MonteCompton scattering photons. This region is 100-

Carlo “Penelope” code using the appropriate modalific 150 keV’ (§) or 110-140 keV (§. The results of the

. ) o calibration process are two curves: values of the p
tion of “Penmain” program [2]. The modelled detecto )

) I L . rameter S versus the thyroid depth and values ticede
consists of cylindrical scintillator plate (40 mrrache- tion efficiency versus parameter S [1]
ter, 25 mm height) contained within 1 mm thick alom y P '
ium sheath (46 mm diameter, 32 mm height). Theespac = The Monte Carlo calculations were carried out for
between the scintillator and the wall is filled wihl,O;  six different values of thyroid depth. The calcathts
powder. Detector is sheltered with the cone shdgadl and $ parameters agree to those determined experimen-
collimator. The sphericdfl source was placed in cyl- tally (Fig. 2).
inder which was modelled as tissue and water. Tk~

results of measurements of iodine source in thewat £
. . 2
thyroid phantom and in the human neck should be-cor X
15 x Experimental
parable (7] t\*\ + Calc. - tissue
! o —— 4 a Calc. - water

0,5

0

20 30 40 50 60 70 80
thyroid depth [mm]
Fig. 2. The values of parameter @wer curve) and S(upper

curve) versus thyroid depth determined from measure
ments and calculations results.

2,50E-08

2.00E-08 Our results indicate that the Monte Carlo model
15008 can be used for pre-calibration research and thterwa
1,00E-08 thyroid phantom is a good model for the gamma ray
5.00E-08 absorption and scattering in human neck.
0,00E+00 S
References

Fig. 1. The iodine"* spectrum for thyroid depth 23 mm — ’

measured (upper) and calculated (lower). [1] J. Gko etal,, Raport IAE-122/A (2005)

[2] F. Salvat et al., Penelope-2006, Workshop Prbd.
July 2006, Barcelona, Spain
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RELATIVE NEUTRON SENSITIVITY OF IONIZATION CHAMBER
FILLED WITH HYDROCARBON GASES

M.A. Gryzi nski
Institute of Atomic Energy

Neutron sensitivity of the tissue-equivalent ioniza 12—
tion chamber is lower than its sensitivity to gamme
radiation. In order to increase the neutron seiitsifithe h =
chamber is filled with a gas mixture containing mor
hydrogen than the soft tissue. The hydrocarbonsgas
are suitable for this goal. It is preferable if thaization
chambers, especially the recombination chambers f
measurements in mixed radiation fields, have smila
sensitivity to gamma and neutron radiation, i.ee th
relative neutron sensitivityh, , is close to unity. The
following definition is used [1]:

0.7 — 1 - 1 - 1 - 1 - 1 1
HN:AN/AC 0 2 4 6 8 10 12
plkg/m’]

whereA, =i(Ug) / Dn is the sensitivity of the chamber

to neutrons with spectrum considerel; = D*(10) is  Fig. 1. Dependence of the relative neutron serissitineu-

the ambient absorbed dose rate at the point of uneas trons from?*®u-Be source) of the REM-2 chamber on

ment; andAc =ic(Us) / Dc is the sensitivity to the filling gas density for methane (the upper curvay a
sy ) propane (the lower curve).

reference gamma radiatio®’Cs source).i (U9 and

ic(Ug) are ionization currents in neutron radiationdiel The gases with high content of hydrogen (Cate

and in the reference gamma radiation field measatedmost convenient for the high pressure recombination

the voltageJs respectively. chambers used in mixed radiation fields, becaush wi

The value of relative sensitivitp, is necessary such gases it is easier to obtain similar sensitivi the
when the chamber is used for the determinatiorhef t Chamber to neutron and gamma radiations. Howeter, i
dose components in mixed (neutron + gamma) radiati¢> Not possible to havl, ~ 1 for all neutron energies.
field, using the twin-chambers techniques. The sdco FOr the REM-2  chamber filled with methane
chamber is usually a hydrogen-free chamber with loP = 1 MPa,Us = 1200 V) theh, changes from 0.6 up to
relative sensitivity to neutrons. The dependende,ain 15 in the neutron energy range from thermal to
gas density was determined [1] using referencetiati 200 MeV. However, in the case of the radiation of u
fields of *'Cs and®®*Pu-Be sources and subtracting théMOWN neutron energy, it is preferable to hayeess

earlier known contribution of gamma radiation frtme ~ €nergy dependent, even if the valuehgiconsiderably
Pu-Be source. differs from unity.

The recombination chamber of REM-2 type with ~ The maximum observed in the dependende, @in
tissue equivalent electrodes was used in the studilee  the gas density (Fig.1) is caused by increasingrican
chamber of ~1800 civolume and the distanag=7 tion of directly ionizing particles created in g@sthe
mm between electrodes was employed. The measuf@dization current, with increasing gas density.eTh
ments were performed with the chamber filed wittfiecrease off, with increasing density observed at
methane, ethane, ethylene or propane up to theyees hlg_her gas densities is due_to _the |n|t|al_ recoratim
of 1.8 MPa. The results are presented in the fdrthe of ions in tracks formed by ionizing particles puced
h, dependence on gas density instead of gas press@¥eheutrons.

(Fig. 1).
References
[1] M.A. Gryzinski et al., Nukleonik&2 7 (2007)
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RELATIVE LOCAL IONIZATION DENSITY — CORRELATIONS
WITH MICRODOSIMETRIC PARAMETERS

M. Zielczynski, N. Golnik
Institute of Atomic Energy

Local recombination of ions is the recombinatior2. Ratio of the mean lineal energies:

which occurs within a column or group of ions ceeht

by one charged particle. This type of recombination

occurs a short time after the primary ionizatiorrgs,
before the ion column spreads out due to the ddfus
and ion drift in the electrical field in the detect The

Y
yd Cs

The mean chord of the sitd, is in this case of about
25 nm, what corresponds to a sphere diameter aftabo

volume recombination may take place afterwardsalocg 15 im. The dose mean lineal energy*f&€s gamma
recombination of ions does not depend on the dai®e r agijation is about 5 keV/pm.

but it does depend on local ionization density he t
track of the charged particle, thus it depends Bif Lit
can therefore be used for determination of theataaf
quality factor. It was shown [1] that the ion calien

efficiency, f, of the ionization chamber with the local

recombination, defined as the ratio of the ionati
current at a given polarizing voltage to the satama
current, can be described by simplified formula:

1
f=@e  ———
1+IUD]:_f fCS
Cs

3. Ratio of the effective restricted LET of the simh

ered particles and the reference radiation:

L= L
LA Cs

with the cut-offA = 500 eV orA = 70 nm if the cut-off

is expressed in units of length. Effective restctET
means here the mean value of restricted LET weighte
by the transferred energy, taking into account fihie
mary particle and delta electrons with eneigy> A,
which are considered as the separate particlesiatesd

wherey is the relative local ion density of the considwith the primary ones.

ered charged patrticles, defined in such a waythatl
for gamma radiation in a reference radiation field

187Cs under conditions of initial recombination, while

ion collection efficiency in this field ifs. Thef andfcs
have to be determined at the same polarizing veltag

Although the parameten has not clear physical
meaning it is measurable quantity defined as:

The parametep is constant for given radiation for
the ionization chamber filled with pressurized gasa
definite range of density. Therefore, it is consideas a

4. Ratio of unrestricted LET of the considered ipart
cles and of the reference radiation:

H:L/Lo for L>Lg=Lc=35 keV/p.

H=085+018/L, for L<Lo

5. Ratio of the numbers of ion pairs generated in a
micro-site with the mass of about 1 fg crossed by a
particle track in the radiation fields of the cahsi
ered and reference radiations:

_ Vv
'u__
VCs

physical parameter which characterizes the radiati®5. Ratio of the proximity functioff (x) for the consid-

quality.

In different theories of ionization energy deposi-
tion, the value oft can be used as approximations of the

following quantities [2]:

1. Ratio of the linear ionization density of the con-
sidered ionizing particles to the mean linear ianiz

tion density of the standard gamma radiatigyt

The equation can be used atocs= 100 ion pairs/um 0.

ered and reference radiations.

_ T
M T Mee

atx=70 nm.

The equations given above may yield somewhat
different values ofi for the same, well defined radiation
but within inaccuracy range of about 10%, which is
usually acceptable in radiation protection. In aidn
fields of unknown composition can be determined
experimentally using a recombination chamber.

References
[1] N. Golnik, Raport IAE—20/A (1996)
[2] M. Zielczynski et al., IAE Report B-10 (2007)
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RADIATION FIELDS OF GAMMA IRRADIATOR IN CALIBRATION
ROOM OF RADIATION PROTECTION MEASUREMENTS
LABORATORY

K. Jézefowicz, B. Boimski, P. Tulik, M. Zielczyiski
Institute of Atomic Energy

In calibration hall of Radiation Protection Meas- To determine the gamma field 8fAm, emitting
urements Laboratory (LPD) a new gamma irradiatdr [160 keV gamma rays, two chambers of flat energy de-
for calibration of dosimetric instruments has béen pendence, Robotron VAJ with air chamber [4], and
stalled within a PHARE program PL2002/000-ionization chamber KG-2, developed in IAE [5], have
632.07.01. The computer operated irradiator costaitbeen applied. The air kerma rate determined with Ro
137Cs, ®%Co and®”'Am sources, recommended by Interbotron chamber at 1 m distance is (20 4@y h*
national Standard Organisation (ISO) for calibmatad (Fig.2). To dependence the air kerma rate on tke di
dosimetric instruments [2]. The sources are storeide tance from the source was determined with the KG-2
the heavy shield container and the pneumatic sy&emchamber. The full account of the results is givefsi.
used to transport a source into working positiorain
collimator. Computer program is applied to choose & s
source and to establish the mode of irradiation.

B
50.00 T

40.00

30.00

20.00 1 \

10.00

~ ==
—~— m o
T ——— - 4
R e S S N

kerma rate [uGy/h] and dose eq. rate [uSvi

0.00

o 05 1 15 2 25 3
distance, [m]

Fig. 2. The dependence of the air kerma rate (dolie) and
ambient dose equivalent rate (dotted line) on tise d
tance fron?*’Am gamma source.

The accuracy of measurements performed with
2IAm source is poorer than those witiCs and*°Co.
The estimated total uncertainty of air kerma rage i
5.2%.

The new gamma irradiator extends the possibility
of the gamma calibrations to three energies; wiitinér

A tensi K h b ¢ d tdose rates available. The whole set of gamma field
n exiensive work has Deen perlormed 1, o5 assembled in the calibration hall of L atooya
determine the dosimetric parameters of the gam

fields produced by irradiator [3]. Standard field ffovides an important tool for calibrations of i@tthn

L . rotection instruments and experiments with new de-
of gamma radiation in LPD are traceable to Centr ces P

Office of Measures, Poland (GUM). The measurements

of air kerma have been performed for source$* s

and "Co at several distances by the GUM OﬁicerSReferg:)?Jerze calibrator irradiator mod. IM6/M. Insttion

;:]Sg;ngioset%c;ndgg'\j ta::;;;i;?gslsatt'ﬁ: (;ri]?rrllt()e?rrr.]aAchac;(re and service handbook (Rev. 1.0 05/05). Tema Sinergie
' s.r.l.

at distance 1 m on 31 December 2007 was equa| 1S0-4037-3:1999

to  (29.39+0.28) mGyh for ¥Cs and [3] K.Jozefowicz et al., IAE Report B-14 (2007)

(2.834 + 0.028) mGyhfor ®°Co. From the results of the [4] Rontgen-Gamma Dosimeter 27 040 — Technische Be-
GUM measurements, the tables and graphs of air&erm :/lchreit?ul?tg ”r,‘l‘(j %et;jiesnu#gs’ggleiuéng \('159'38%°b°”°”‘
: f esseleKktroni 0 Schon resaen
rgte and ambient dose equivalent rate dependenttmor;[ts] M. Zielczynski, N. Golnik, Monografie IEA8 81 (2000)

distance from the source were constructed. The esti
mated total uncertainty of the air kerma rate is foho
137Cs and 1 + 2% (depending on the distance}®o.

Fig. 1. Gamma irradiator.
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