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ABSTRACT

The Centro Regional de Ciências Nucleares do Centro Oeste (CRCN-CO) has played an
important role in the environmental radiation monitoring program in Goiania city. The reduce
its dependence of others monitoring laboratories, the CRCN-CO acquired a model 28 JL
Shepherd & Associates irradiation  system with a 137Cs source for calibrations and frequent
quality control checks of radiation dosimeters. A characterization of the irradiation system
was carried out with the reference standard dosimeters that are maintained by the Centro de
Desenvolvimento da Tecnologia Nuclear (CDTN). The laboratory surrounding areas were
monitored to demonstrate the adequate radiation protection conditions and parameters as the
radiation field size, beam uniformity and the level of the scatter radiation were investigated.
Dosimetry of the 137Cs radiation beam in terms of air kerma rate was carried out at many
source-detector distances with 4 (four) different beam lead attenuators. Results demonstrated
that in spite of the radiation shutter automation is strongly recommended, the irradiation
system is adequate and it complies with the requirements to be used for dosimeter irradiations
and calibrations for the purpose of radiation protection.

1. INTRODUCTION

The Centro Regional de Ciências Nucleares do Centro Oeste (CRCN-CO) was inaugurated in
1997 for representing the Comissão Nacional de Energia Nuclear (CNEN) in the region. Its
main mission is to control the final repository of radioactive material in Abadia de Goiás, 20
km far from Goiania city[1]. The several tons of radioactive waste in the repository were
generated by the radiological accident with the 137Cs source in September 1987. The CRCN-
CO has played an important role in an extensive environmental radiation monitoring program
that is required around the repository and at many points of the region. To reduce its
dependence of others monitoring laboratories, the CRCN-CO acquired a model 28 JL
Shepherd & Associates irradiation  system with a 137Cs source for calibrations and frequent
quality control checks of radiation dosimeters.
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2. METHODS AND RESULTS

2.1.  The irradiation system

The JL Shepherd & Associates Model 28 consist in 137Cs source with 444 GBq (12 Ci) in
jan/27/2004[2]. The exposition rate measured in mar.28.2006 at 100 cm distance was
4.88R/h[3]. It consists in lead cylindrical shielding and a control unit that which allows
manual positioning of the source in the irradiation position with manual or automatic return
for the shielded position. To reduce the beam intensity down to almost 90 times, four
different thickness lead attenuators are used. The beam attenuation ratio is presented in the
Table 1[4].

Table 1.  Beam intensity attenuation ratio
Attenuator Ratio

[X-2] 2.09
[X-4] 4.42
[X-10] 10.46
[X-100] 89.22

A calibration table is part of the irradiation system, where a distance indicator was positioned
and used as a reference during the measurements. Fig. 1 shows the irradiation system.

Figure 1. CRCN-CO 137Cs gamma irradiation system
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2.2. The standard ionization chambers

A Radcal Corporation model RC6 ionization chamber connected to a Keithley electrometer,
model 6517A was used for measuring with the size and uniformity of the radiation field.
Another standard ionization chamber, PTW model LS01 was connected to the same
electrometer for dosimetric measurements and characterization of the 137Cs gamma beam.
The stability of both dosemeters was verified through periodic measurements in the same
geometry using a 90Sr/90Y radiation source. Stability results of both the RC6 and the LS01
ionization chambers were found adequate. Fig. 2 shows the result for the RC6 chamber.
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Figure 2. Stability of RC6 ionization chamber

The reliability of chamber used for dosimetric measurements and characterization of the 137Cs
gamma beam was assured by establishing their traceability to the Laboratório Nacional de
Metrologia das Radiações Ionizantes (LNMRI) through a calibration process[5].

2.3. The radiometric check

The photon dose equivalent was verified with a monitor Graetz model X50 DE[6] in the
laboratory surrounding areas. Results in all surrounding areas were lower than 0.7 mSv/year;
they suggested that the laboratory shielding was satisfactory.  Dose rate values at the operator
position where he/she must manually operates for some seconds the irradiator reached
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17.1µSv/h. Results emphasized that the irradiation procedure must be optimized according to
the ALARA principle  [7]; an automation exposure system is highly required.

2.4. Characterization of the 137Cs source

For calibration purposes, the radiation field is required to be uniform [8]; it means that the
dose rate variation in the diameter of the field should not change by more than 5% of the
measured value in its center. Measurements of the air kerma were done along a horizontal
line with the RC6 chamber perpendicularly to the central axis of the gamma beam at 100 cm
distance of the radiation source; results showed that uniformity was achieved within a 28 cm
field diameter.
Beam dosimetry was performed with the PTW model LS01 ionization chamber positioned
with its geometric center centralized in the radiation field (Fig. 3). Measurements of air
kerma rates were done with and without each attenuator at 75, 100, 125, 150, 200 and 250 cm
of the source. Corrections of air kerma value due to the influence of the air density, radiation
quality and finite size of the chamber were made. The air kerma rates at each point and the
level of the scattered radiation were determined by comparing the measured values and
calculated one by the inverse square distance law. Table 2 shows that most values complied
with the ISO requirement that differences should not exceed 5% [8]; but the use of the [X-100]
attenuator for focal spot-detector distances longer than 150 cm should be avoided.

Figure 3. Setup used for characterization of the CRCN-CO 137Cs gamma beam.
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Table 2.  Beam dosimetry in terms of air kerma rates of the CRCN-NO 137Cs gamma
irradiation system.

WITHOUT ATTENUATOR

Distance Air kerma rate (*)

(measured)
Air kerma rate (**)

(calculated) Difference(*)

(cm) (mGy/h) (mGy/h) (%)
75 68.579 68.391 -0.27
100 38.470 38.470 0.00
125 24.840 24.621 -0.89
150 17.240 17.098 -0.83
200 9.755 9.618 -1.43
250 6.245 6.155 -1.46

ATTENUATOR [X-2]

Distance Air kerma rate (*)

(measured)
Air kerma rate (**)

(calculated) Difference(*)

(cm) (mGy/h) (mGy/h) (%)
75 - 32.860 -
100 18.484 18.484 0.00
125 11.902 11.830 -0.61
150 8.266 8.215 -0.62
200 4.676 4.621 -1.19
250 3.004 2.957 -1.57

ATTENUATOR [X-4]

Distance Air kerma rate (*)

(measured)
Air kerma rate (**)

(calculated) Difference(*)

(cm) (mGy/h) (mGy/h) (%)
75 - 15.458 -
100 8.695 8.695 0.00
125 5.605 5.565 -0.72
150 3.886 3.864 -0.56
200 2.187 2.174 -0.61
250 1.413 1.391 -1.57

ATTENUATOR [X-10]

Distance Air kerma rate (*)

(measured)
Air kerma rate (**)

(calculated) Difference(*)

(cm) (mGy/h) (mGy/h) (%)
75 - 6.514 -
100 3.664 3.664 0.00
125 2.368 2.345 -0.98
150 1.634 1.628 -0.34
200 0.932 0.916 -1.75
250 0.594 0.586 -1.32

ATTENUATOR [X-100]

Distance Air kerma rate (*)

(measured)
Air kerma rate (**)

(calculated) Difference(*)

(cm) (mGy/h) (mGy/h) (%)
75 - 0.766 -
100 0.431 0.431 0.00
125 0.281 0.276 -1.87
150 0.193 0.192 -0.75
200 0.117 0.108 -8.58
250 0.076 0.069 -10.21

*  Except for attenuators [X-10] and [X-100], the uncertaint not exceed 4%.
** Related to the distance focal spot – detector = 100 cm.
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3. CONCLUSIONS

Results demonstrate that in spite of the radiation shutter automation is strongly
recommended, the irradiation system is adequate and it complies with the metrological
requirements to be used for dosimeter irradiations and calibrations for the purpose of
radiation protection.
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