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Scintillation detectors, which are widely used in environmental field study for
measurement of radiation dose, are devices that experience wide range of temperature
changes when in use. One of the characteristic of scintillation detectors are that, they are
very sensitive to change in temperature and hence, every scintillation detector have tem-
perature stabilization inside them. The temperature-dependence coefficient which is part of
the detector calculation is the simplest stabilization method that is used. In this work, the
BDKG-03 scintillation detector which is used to measure gamma radiation was operated
under a controlled condition using a climatic chamber. The BDKG-03 scintillation detector
has a temperature stabilizing built-in algorithm. The dose rate and count rate of the gamma
background radiation for different temperatures ranging from -40 — +40 °C in increment of
10 °C were measured and studied. The main aim of this work was to study the effect of dif-
ferent ranges of temperature for subsequent calculation of temperature correction coefficient.
An analytical result from the experimental result shows that dose rate measurement using
the built-in algorithm gives a precise reading as temperature increases. The temperature
correction coefficient was found based on dependence.
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Introduction

Radiation monitoring has become very essential in today’s world especially after the
nuclear accidents, which occurred some years back such as the Fukushima Daiichi nu-
clear accident that occurred at Japan in 2011 and also due to the use of radiological
sources [1]. In order to monitor the amount of radiation at a particular place or in the
environment, several devices have been developed. These devices include; the scintilla-
tion detectors, gas-discharge counter and so on [2]. One of the oldest used radiation
monitoring detectors are the scintillation detectors which are currently been mostly
used due to their sensitivity to low gamma radiation change within an environment [3].
Scintillation detectors are light emitters and they fall under a solid-state group. These
detectors absorb ionizing radiation and convert them into light photons. Examples of
scintillation detectors include; the plastic scintillator, Nal (TI), CsI (TI) [4]. There are
several factors that affect the readings of dose when using radiation-monitoring de-
tectors, such as environmental conditions (temperature), hence calibration factors have
been concerted in them to correct these factors [5]. This work was devoted to study the
influence of ambient temperature on the readings of scintillation detectors when moni-
toring the background gamma radiation of the atmosphere. The relevance of this work
is caused by problem when using scintillation detectors such as erroneous time changes
may occur that cant be traced back and hence the need for temperature correction fac-
tor for such detectors arises. Also works done in Tomsk using the gamma scintillation
detector (BDKG-03) shows that the temperature correction factor in the detector are
used for highly active radiation fields and not for sources of low-radiation [6]. In this
work, a climatic chamber which replicates the various environmental conditions such
as temperature, humidity, vibration and so on was used. Several works pertaining to
other fields have been done using the climatic chamber and this shows the authenticity
of its results for out task. Mensah et al. (2016) did a study on the performance of
temperature and humidity of the climatic chamber. Lochlainn et al. (2015) did another
work, on a comparison of climatic chamber hydrothermal characterization techniques
as described in IEC6068. Due to the effect, temperature has on scintillation detectors,
various studies have been made to find the dependence of temperature on these detectors
and also on temperature correction. Casanovas et al. (2012) did a work, which showed
that Nal detectors cause a shift in peak due to temperature change. Mitra et al. (2016)
also conducted a study, which proofed that Nal detectors are affected by temperature
variation in the environment.

In this work, a new temperature correction coefficient was found which would be

used for calculation of dose rate for low-level radiation in the environment when using
scintillation detector BDKG-03.

Materials and methods

In this study a gamma scintillation detector (BDKG-03 manufactured by ATOMTEX,
Belarus) was used. The BDKG-03 is a highly sensitive scintillation counter with a
sensitivity of 350 (imp/s)/ (uSv) for 137Cs which is used to measure gamma dose
radiation. It measures gamma background radiation within the energy range of 50 keV
- 3 MeV. It also measures the ambient equivalent dose of gamma radiation within the
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range of 0.03 uSv - 10 mSv and that of power ambient equivalent gamma radiation
dose in a range of 0.03 — 300 uSv/h.

A climatic chamber, which is an enclosed chamber that replicates different environ-
mental conditions such as temperature, humidity, rain, altitude, electromagnetic radi-
ation, electrodynamic vibration, vacuum and so on, was also used. It is used to test
electronic devices, specimen, industrial products, biological items and materials to know
how these environmental conditions would affect them. The climatic chamber is about
1000 litres in volume, and has a temperature range of about -60 - +60 °C. It has
a temperature fluctuation accuracy of +0.5% and humidity accuracy measurement of
+1%RH.

A scintillation detector (BDKG-03) was placed into a climatic chamber and the dose
rate and count rate of the gamma background radiation was measured by the detector
for different temperatures ranging from (-40 — +40) °C. Measurement was taken in an
interval of 5 minutes for every 10 °C. A dependence of dose rate and count rate against
temperature was plotted and an experimental temperature correction factor was obtained
from the results.

Fig. 1. Experimental setup

Built-in temperature correction factor

Correction factor refers to the mathematical adjustment of an equation or a calcu-
lation to correct the amount of deviation during measurement. It is mostly multiplied
by the equation to correct the systematic error during measurement. This helps us to
analyze and evaluate the results obtained during measurement, even though most results
gotten during measurement maybe precise or very accurate. Every detector or instru-
ment has a correction which helps to analyze and evaluate the result obtained during
measurement. The correction factor was then multiplied by the count rate to help find
the built-in algorithm of the detector. In this experiment, a correction factor k was found
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by dividing the average dose rate by the count rate.

_ Dose rate
k= Count rate (1)

Results and discussion

This section presents the results for dependence on temperature. Figure 2 shows
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Fig. 2. Dependence of ambient dose rate and count rate against temperature

that generally the dose rate increases from -40 to -20 °C and it starts decreasing with
increasing temperature while count rate decreases from -40 to -20 °C and it starts
increasing with increasing temperature. The relative error for both the dose rate and
the count rate were found to be between (5.0 - 5.4) % and (2.2 - 2.3) % respectively.
Figure 3 shows that, the ambient temperature does not affect the count rate much since
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Fig. 3. Dependence of relative dose rate and count rate against temperature
the relative count rate was very close to 1, but the dose rate was very much affected
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especially one measured from -40 to -20°C. The relative dose rate and count rate were
found by dividing the individual dose rate and count rate by dose rate and count rate of
the ambient temperature 20 °C.

Figure 4 shows that the temperature of the climatic chamber was almost the same as
the temperature of the detector at lower temperature, but as the temperature increased
(from -20°C), the temperature of the detector was deviating more from the actual
value. This proves the need for the temperature correction factor in the detector. The
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Fig. 4. Comparison of the temperatures of the detector and the climatic chamber
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Fig. 5. Dependence of the temperature correction factor embedded in the temperature
protection of the detector

dependence of temperature correction factor embedded in the temperature protection of
the detector is shown in figure 5. The dependence is described with a single equation, so
the graph was divided into two range from -40 to -20°C and -10 to +40 °C. This proves
that the temperature correction coefficient embedded into the detector is incorrect and
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cannot be used for low-level radiation dose. Figure 6 shows the dependence of dose rate
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Fig. 6. Dependence of dose rate on temperature without using the built-in detector
algorithm

on temperature without using the detector built in algorithm. This was calculated using
the count rate and the temperature coefficient at ambient temperature. The temperature

coefficient, k at ambient temperature of the detector was found as k=2.163- 10*9[;:[{75]
using equation (1), with a standard deviation of 47.317 - 10_10[%]. A linear equation

y=10""1.x46-1078 was generated from the graph.

The comparison of algorithms is shown in figure 7. The experimental algorithm
was found from the equation of the line of the graph for dependence of dose rate on
temperature without using the built-in algorithm, which was found as:

y=10"".x4+6-10"8 ~ H, but, H=N-k(T), k(T)=x1-T +x,

— k(T)=1%, and using value of NI[k(T =20)] =27.88 imp/s
()
= x12=3.58- 10713 and 2.158-107°, respectively

— H=N-(3.58-107"%.7+2.152-1077)

Where H - dose rate, N — count rate k — temperature coefficient and T — temperature.
Figure 8 shows the comparison of the factory and the experimental correction co-
efficient on temperature. Form the equation of experimental algorithm for dose rate,
H=N-(3.58-10"13.7 +2.152-1077), it can be concluded that the factories algorithm
for temperature coefficient k cannot be used for calculation of dose rate for low level radi-
ation. Therefore, the correct temperature coefficient is k(T) =3.58-10"1%.742.152-10~°

Conclusions

The results for the dependence of dose rate measurement on temperature using
the built-in algorithm gives unreliable results for low-level radiation since the dose
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Fig. 8. Comparison of factory and experimental temperature correction coefficient

rate detector measurements were unstable. The results also revealed that the detector
readings for dose rate depends on environmental factor (temperature), hence the need
for temperature correction coefficient arises. The built-in algorithm for temperature
correction give two equations instead of one for low dose hence making the embedded
temperature correction coefficient incorrect. An expression was found for calculating
the correction factor based on the detected dependence of the detector reading for
temperature. The new correction factor obtained for calculating the dose rate in the
detector was found to be k(7) =3.58-10713-T42.152-107°.
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CUMHTU/NSALAOHHBIE [ETEKTOPBl IIHPOKO MCMOJNB3YIOTCS B HCCAEIOBAHUAX OKPYKaloLleH
cpenbl ANS  U3MepeHUsT [103bl 0OJydeHHS] W TIPENCTaBJAAOT COO0H  yCTPOHCTBA,
KOTOpble HCIIOJb3YIOTCS B IIMPOKOM Juana3oHe Temnepatyp. OmHO#H K3 XapaKTepUCTHK
CUUHTUJJISILAOHHBIX I€TEKTOPOB SIBJSETCS UYBCTBUTEJNbHOCTb K M3MEHEHHSIM TeMIepaTyphl,
U, CJelNoBaTe/bHO, KaxKIAbld CLUUHTU/JISLHUOHHBIA [NeTeKTOp HMeeT BCTPOEHHbIH a/JropuTM
TeMmnepaTypHoH cradunnzauuu. KoapduuueHT TeMmmnepaTypHOH 3aBHCUMOCTH, KOTOPBIH
SIBJISIETCS YaCTbl0 aBTOMATHYECKHUX pacueToB JEeTEKTOpa, MpeacTaBJ/sieT coboH MpocTeHlni
MeTon crabunnzauud. B paHHOM paboTe CcUMHTHJISUMOHHBIE netektop DBJIKI-03,
UCIIONIb3YeMblH MU HU3MepeHHsl raMMa-u3JjydeHusl, paboTas B KOHTPOJHUPYEMBIX YCJOBHAX
C MHCIOJb30BaHHWEM KJAMMAaTH4ecKoH Kkamepbl. CUMHTHMISUHMOHHBIA netektop BJKI-03
UMeeT BCTPOEHHBbIH 3aBOACKOH a/JrOPUTM CTaOM/IM3aUMU TeMIlepaTypbl. DblIM M3MepeHB! U
MCCJIEI0BAHBI MOLLHOCTD O3Bl U CKOPOCThb cYeTa (JOHOBOI'O raMMa-M3JydeHHus AJsl pa3andHbIX
temnepatyp oT -40 mo +40 °C ¢ wmarom B 10 °C. OcHOBHOH ULeJbI0 NAHHOH paBoThI
OblI0 U3yueHHe BJHUSHUS Pa3/IMUHBIX [MANa30HOB TeMIlepaTyp AJs MOCJeNyHoLlero pacyera
TeMIepaTypPHOro MONpaBouHOro kosdduuueHTa. Pe3ynbraT 3KcnepuMeHTa MOKa3biBaeT, 4TO
U3MepeHHe MOLIHOCTH [03bl C HUCI0Jb30BaHUEM BCTPOEHHOIO a/JropuTMa fgaeT OoJsiee TOUHblE
MOKa3aHHsl B BepXHEM JHarna3oHe pabo4yuX TeMIepaTyp.

Karouesvie crosa: moujHocms 003bl, CUUHMUANAYUOHHKBIL 0emeKmop, KAUMAMULEeCKas
Kamepa, memnepamypHolii NONPaBoOUHbLL KOIPPuyLeHm, uoHUsUpyouee usryierue.
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Konkypupyomue nHTepecbl. ABTOPBI 3asIB/ISIOT, YTO KOH(JIUKTOB HHTEPECOB B OTHOLIEHHH
aBTOPCTBA U MYyOJUKALKHU HeT.

ABTOpCKMI BKJaJ M OTBETCTBEHHOCTb. Bce aBTOpH yyacTBOBa/M B HAMMUCAHHWH CTATbU U
TMOJIHOCTBIO HECYT OTBETCTBEHHOCTb 3a NPeJOCTaBJeHHe OKOHUATe/bHOH BePCHM CTaTbH B MeyaTb.
OxoHuaTe/IbHasl BepCUSl PYKONHUCH Oblia 0f00peHa BCeMH aBTOPAMH.
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