TAP CHI KHOA HOC TRUGNG DAl HOC PONG NAI, TAP 211, SO01  p-ISSN 3126-3534

CALIBRATION FACTOR OF THE TCS-172 GAMMA SURVEY
METER AS A FUNCTION OF GAMMA DOSE RATE
IN THE LABORATORY
Pham Dang Quyet
Nuclear Research Institute, 01 Nguyen Tu Luc, Dalat, Vietnam
Email: quyetpd@gmail.com
(Received: 3/12/2025, Revised: 4/12/2025, Accepted for publication: 2/4/2026)

ABSTRACT

A Cs-137 radioactive source was used to calibrate the TCS-172 gamma survey
meter (TCS-172 GSM) at the Training Center, Nuclear Research Institute, Vietnam,
with a gamma dose rate between 0.29 uSv/h and 1.90 uSv/h. All the instruments for
this experiment were placed in a Pb chamber to reduce the contribution of the
radiation background to the measurement values. We found the calibration factors of
the TCS-172 GSM in the range of 0.73-0.84 and as a function of the gamma dose rate.
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1. Introduction

Nuclear research centers and
university nuclear laboratories
commonly use Nal(TIl) detectors for
nuclear radiation measurement. Nal (TI)
can be attached to a multi-channel
gamma spectrometer to determine the
content of elements [1-2] or to a portable
device to determine the gamma dose rate
[3-4]. For these devices to give accurate
results, they need to be calibrated, and
the gamma spectrometer is calibrated
based on the efficiency curve using some
standard radioisotope sources such as
Cs-137 and Co-60 [5-6]. In contrast, the
portable gamma dose rate measuring
devices are calibrated based on the
calibration factor and use only the Cs-
137 source [7].

In  Vietnam, portable radiation
measuring devices are usually calibrated
once a year at specialized and licensed
centers such as the Center for radiation
Protection of the Nuclear Research
Institute. This center often uses Cs-137
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sources with high activity and calibrates
gamma dose rates in the range > 5 uSv/h
[7]. However, nuclear radiation
measurement laboratories often use
conventional sources, such as Cs-137
and Co-60, with modest activities (dose
rates). Cs-137 source typically has an
activity of 0.25 uCi when manufactured,
corresponding to a dose rate of around
1.8 pSv/h [8]. This value is rarely
assigned a calibration factor in our
device's calibration certificate. The
objective of this work is to determine the
calibration factor for the TCS-172 GSM
device in the dose rate range of less than
1.8 uSv/h using the Cs-137 isotope
source to serve the teaching work for
students majoring in nuclear physics at
the Training Center of the Nuclear
Research Institute.
2. Materials and methods
2.1. Materials

The TCS-172 GSM has a detector
with a 25.4¢ x 254 mm Nal(Tl)
scintillator and an energy compensation
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for gamma rays [3]. Fig. 1a illustrates the
components of the system to detect the
gamma dose rate due to the Cs-137
sources using the TCS-172 GSM, while
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Fig. 1b shows the arrangement for the
instruments to measure the gamma dose
rate at various positions between the
source and the surface of the detector.
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Fig. 1: (a) The instruments used in the experiment to determine the calibration
factor. (b). Experimental setup for studying calibration factor

In this investigation, we employed
two sources of Cs-137, each with an
initial activity of 0.25 pCi, provided by
Oak Ridge, Tennessee-based Spectrum
Techniques [8]. The first source (created
in January 2015) was used to calibrate

the TCS-172 GSM, while the second
source (produced in December 2013)
was employed to validate the above-
mentioned calibration factors. Some
characteristics of these radiation sources
is presented in Table 1.

Table 1: Some characteristics of these radiation sources used in this study [8]

No. Source Ao [uCi] T[year] Manufactured A [Bq], 20/02/2025
1 Cs-137 0.25 30.1 01/2015 7308.20
2 Cs-137 0.250 30.07 12/2013 7140.31
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2.2. Theoretical calculation for the
gamma dose

The gamma dose rate due to a point
radioactive source generates at a point of
interest [9-10] is calculated according to

the following formula:

0.576x Ax f xE, x[”j
P air

1)

H =

47d?

where H is the gamma dose rate in
uSv/h, A is the activity of the radioactive
source in Bg, f is the gamma rays
emission probability, E, is the gamma
rays energy in MeV, (HUen/p)air iS the mass
energy absorption coefficient of the air
corresponding to gamma rays with
energy E, in cm?/g, and d is the distance
from the radioactive source to the center

point mark of the detector (in
experimental measurement) or the
interested  point  (in  theoretical

calculation) in cm.

The values of 0.85, 0.662, and
0.0293 correspond to the gamma-ray
emission probability, the gamma rays
energy, and the mass energy absorption
coefficient of the air for the above gamma
rays [9]. Then Eg. (1) was used to
compute the gamma dose rate for each
distance step from the source, starting at
2 cm. According to the TCS-172 GSM
instruction manual, the Nal(TI) detector's
center position is 20 mm within the front
face of the scintillation probe [3].

2.3. Experimental procedure

First, the TCS-172 GSM was
installed to detect the gamma dose rate of
the first Cs-137 source at positions that
were calculated in the previous step (11.2).
Then, we calculated the calibration factor
at each position, which is the ratio
between the measured and computed
gamma dose rates. Finally, in order to
assess the values of the mentioned
calibration factor, we calculated the
activity of the second Cs-137 source
based on measuring the gamma dose rate
and the calibration factor.

In our laboratory, the unshielded
radiation background for calibration
factor measurements was approximately
0.2 uSv/h for TCS-172 GSM; however,
utilizing a lead chamber to shield the
Nal(TI) detector of the TCS-172 GSM
reduced the radiation background to 0.04
uSv/h. So, we placed the equipment for
these  experiments, including the
radioactive sources, sample stand, and
the Nal(Tl) detector into the lead
chamber, as shown in Fig. 1b.

3. Results and discussion

3.1. Determination of calibration factor
of TCS-172 GSM using the first Cs-137
source

Table 2 displays experimental
results for the first source's gamma dose
rate with a distance in the range of 2.0
cm to 4.8 cm from the radiation source
to the detector’s center point mark. The
statistical uncertainties were estimated,
and one standard deviation (1c) errors
were applied to the data, and these errors
were only less than 5%.

Table 2: Measured results of gamma dose rate with the first Cs-137 source

No. of Br. Gamma dose rate [uSv/h]

mea. 2.0 [cm] 3.0 [cm] 3.4 [cm] 4.4 [cm] 4.8[cm]
1 0.03 1.97 0.83 0.66 0.39 0.32
2 0.04 1.89 0.82 0.64 0.39 0.33
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No. of Bar Gamma dose rate [uSv/h]
mea. ar 2.0 [cm] 3.0 [cm] 3.4 [cm] 44 [cm] 4.8[cm]
3 0.04 1.94 0.84 0.62 0.38 0.32
Dose 0.037 1.933 0.830 0.640 0.387 0.323
rate_ave. +0.003 +0.023 + 0.006 +0.012 +0.003  +0.003
Net dose rate ave 1.90 0.79 0.60 0.35 0.29
- +0.02 +0.01 +0.01 +0.01 +0.01
Table 3 shows both theoretical and theoretical calculation values. Fig.2

experimental data for the first source's
gamma dose rate. Based on this data
table, the calibration factor for each
position was computed, which was the
ratio between the gamma dose rates of
experimental measurement and

displays the calibration factor versus the
gamma dose rate of the first Cs-137
source for the TCS-172 GSM. As seen in
Fig. 2, the calibration factor of the TCS-
172 GSM seems to be decreasing
exponentially with the gamma dose rate.

Table 3: Calibration factor obtained from calculated and measured results of the
gamma dose rate

No.  d[cm] Gamma dose rate [uSv/h] Calibration

Theoretical calculation  Experimental result factor

1 2.0 1.38 1.90 073

2 3.0 0.61 0.79 0.77

3 3.4 0.48 0.60 0.79

4 4.4 0.29 0.35 0.82

5 4.8 0.24 0.29 0.84
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Fig. 2: Calibration factor as a function of gamma dose rate for a TCS-172 GSM
using the first Cs-137 source
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3.2. Activity determination of the
second Cs-137 source

In order to reduce error in
calculating the activity of the second Cs-
137 source, we have chosen the range of
the gamma dose rate from 1.82 pSv/h to
0.57 pSv/h and corresponded to the
distance from 2.0 cm to 3.4 cm. Table 4
shows the experimental results for the

second source's gamma dose rate at
distances ranging from 2.0 cm to 3.4 cm
between the radiation source and the
detector's center point mark. We also
calculated statistical uncertainty and
added one standard deviation (1c) error
to the data, resulting in an error of fewer
than 2%.

Table 4: Measured results of gamma dose rate with the second Cs-137 source

Gamma dose rate [uSv/h]

No. of mea. Bar.
2.0 [cm] 3.0 [cm] 3.4 [cm]
1 0.03 1.85 0.83 0.61
2 0.04 1.89 0.84 0.60
3 0.04 1.83 0.84 0.61
Dose 0.037 1.857 0.837 0.607
rate_ave. +0.003 +0.018 +0.003 +0.003
Net dose rate_ave. 1.82 £0.02 0.80+0.01 0.57+0.01
The correction factors for the the activity of this radiation source was

gamma dose rates of the second Cs-137
source were calculated using the
calibration factor function in Fig.2, and

then computed using the corrected
gamma dose rates. The results of these
calculations are shown in Table 5.

Table 5: Calculated activity based on corrected result of gamma dose rate for
second Cs-137 source

Exp. Result C It of
of gamma Calibration or. result 0 Activity
No. d[cm] gamma dose rate
dose rate factor [usv/h] [Ba]
[uSv/n]
1 2.0 1.82+0.02 0.73148 1.33129+0.01463 7,038.27 +77.35
2 3.0 0.80+0.01  0.77454 0.61963 £ 0.00775 7,370.70 £ 92.19
6,931.35
3 3.4 057+0.01 0.79589  0.45366 + 0.00796
+121.62

Table 5 displays the activity values
of the second Cs-137 source, ranging
from 6,931.35 to 7,370.70 Bg, with an
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average of (7,128.75 + 53.27) Bqg. This
average activity is consistent with the
figure of 7,140.31 Bgq computed and
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presented in Table 1.
4. Conclusion

The TCS-172 SGM calibration
factor for gamma dose rates less than 1.8
puSv/h using the Cs-137 source in this
study is reliable and significant when
compared to the average -calibration

factor of 1.06 for the dose rate range
from 6.9 pSv/h to 30.3 pSv/h provided
by the reference document [7]. The
findings of this study are still important
to the training of nuclear physics
students at universities, as well as young
researchers at the Training Center of the

Nuclear Research Institute.
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HE SO HIEU CHUAN CUA MAY PO GAMMA TCS-172
NHU LA MQT HAM CUA SUAT LIEU GAMMA
TRONG PHONG THi NGHIEM

Pham Ding Quyét
Vién Nghién ctru hat nhan, 01 Nguyén Tt Luc, Pa Lat, Viét Nam
Email: quyetpd@gmail.com
(Ngay nhan bai: 3/12/2025, ngay nhan bai chinh stra: 4/12/2025, ngay duyét dang: 2/4/2026)
TOM TAT
Mgt nguon phéng xa Cs-137 dwoc sir dung dé hiéu chuan mdy do gamma TCS-
172 (TCS-172 GSM) tai Trung tam Pao tao, Vién Nghién cizu hat nhan, Viét Nam voi
suat liéu gamma nam trong khodng 0,29 pSv/h va 1,90 pSv/h. Thiét bi do gamma trong
th nghiém nay dwoc dat bén trong busng chi dé giam su déng gép cua birc Xa phdng
dén cac gid tri do. Két qua cua chiing tdi cho thdy, cac hé sé hiéu chuan ciia TCS-172
GSM nam trong ddi tir 0,73 dén 0,84 va la mgt ham cua suat liéu gamma.
Tir khéa: Hé so hiéu chudn; mdy do gamma; Nal(Tl); TCS-172
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