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Establishment of low-dose rate X-ray radiation quality and calibration of the instruments
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Abstract  [Background| Calibration is an important way to assess the performance of radiation monitoring
instruments and to ensure their accuracy and reliability for measurement. [Purpose] This study aims to solve the
traceability problem of dose meters at low dose rate. [Methods] First of all, reference radiation masses of 55 kV,
70 kV, 100 kV, 170 kV, 240 kV were established and their energy spectra were measured by adding additional
filtering to the X-ray radiation field. Then, the energy spectrum of each radiative mass was simulated by the EGS
(Electron Gamma Shower) program to obtain the radiative mass half-value layer and the average energy. Finally, the
kerma rate at the reference point was measured by using a large volume spherical ionization chamber, followed by
calibration of conventional radiation environmental monitoring instruments. [Results & Conclusions] The results
showed that the relative deviation between the simulated energy spectra and measured spectra does not exceed 1.6%
and the dose rate decreases with more additional filtration. The established dose rates for the radiation masses ranged
from 606 nGy+-h™' to 4451 nGy-h™' the uncertainty is 6.0% (k=2). The uncertainty of the calibration measurement
results of the high-pressure ionization chamber 6150AD dose rate meter is 7.0% (k=2).
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Table 1 Results of additional filtering thickness

measurement
B WAL )5 P Sheet thickness / mm
Tube voltage / kV pp Sn Cu Al
55 - - 2.51 4.88
70 - - 5.35 3.58
100 - 4.41 1.39 3.57
170 2.93 6.03 2.09 3.55
240 7.33 2.33 1.97 3.57
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Fig.2 Energy spectra of measurement under different
radiation qualities
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Fig.3 Energy spectra of various radiation qualities
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Table 2 Average energy of simulated and measured spectra

B Bl k- R & iR R AR 22

Tube voltage / kV Mean energy of simulated spectrum / keV Mean energy of experimental spectrum / keV Relative deviation / %
55 49.8 50.4 1.2

70 63.8 62.8 -1.6

100 91.4 92.0 0.7

170 153.2 154.1 0.6

240 215.7 214.3 -0.7

13 XHSEHERMTESANEE X N AT IR )G K6 TIE R N T L5

PN

X 5 SR A S W R S AR PR 8 E e A E
JZ (Half Value Layer, HVL) %R , - 2 /& $8 #L6E X
R G VBT , 5 9 G5 B — 2 P B R
W RN (2)

N=Ne* )

JRRTRDE R x R YRR msu HX
U ERAE M I 2 95 AR mT e X T R RE XA
2, e KFR:

14 In2

» HVL - p 3)

060403-3



% AR

2022, 45: 060403

A %ﬁﬁ%%ﬂ&%iﬁl i BT PR N XA

IR em’- g s p AR %, g-em™

A R e B E O BA AR HVL [ 568 X 5
LA Re R, WA BIN I g R R, XA 2k RE T L Z T
WEA, X S 4o Rk e & 5 -F o ae B i A S R — B,
WA IR SRR B B RO A ABEE AL BE . SE5G
FAEZ A (Cu o, B SR E [H Z AR HE 5 SR BT 7T
Pt (National Institute of Standards and Technology,
NIST) Ho4fs 26 & AT 214 1 o7 B 32 ) & 505 AN A A
BRAE X ST AR &, iniE 4 s s il g & 15
FI{E (55~240) keV A 15T B 32 I R 2, BER AT
B 125 p N 8.96 g-em™, T B H A ARG R
P IR 3 R

5rF

4+

(ulp) [ em?-g™!
) w

—_
T

0 100 200 300 400 500 600
Energy / keV

B4 A5 2 P

Fig.4 Attenuation curve of copper
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Table 3 Half-value layer of radiation qualities

EHE AR A= EHARS B REE
Tube voltage Effective Attenuation  First half-value
/kV energy / keV  coefficient layer / mm (Cu)
/em’eg™!

55 50.4 2.74 0.28

70 62.8 1.42 0.54

100 92.0 0.59 1.31

170 154.1 0.20 3.87

240 214.3 0.16 4.83
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Table 4 Result of low-dose rate X-ray air kerma rate

measurement
B TRHERER
Tube voltage / kV Air kerma rate / nGy+-h™'
55 605.5
70 657.6
100 634.2
170 1231.8
240 4450.8
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Table 5 Calibration factors of 6150AD-5/H+6150AD b/H
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Tube voltage /kV  6150AD b/H/nGy-h™ Calibration factor
55 529 1.14

70 530 1.24

100 575 1.10

170 1169 1.05

240 4226 1.05
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Table 6 Calibration factors of high pressure ionization

chamber
B U L A RAER T
Tube voltage  High-pressure ionization Calibration factor
/kV chamber / nGy-h™'
55 26.01 233
70 243.1 2.70
100 452.2 1.40
170 986.9 1.25
240 45129 0.99
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Table 7 Uncertainty of dose rate measurement in reference radiation field

I H Item AKX Type A/ % B2% Type B/ %
FrAEFRI 25 B HER T~ Calibration factor of standard detector - 2.8

123 FEL Y Tonization current 0.5 0.1

7€ fii. Position 0.5 0.1

i J& S JE Temperature and pressure 0.1 0.1

1 A3 3HA2 2 1% Long-term stability of the instrument - 0.6

AR XT AR AN %2 - Combined relative standard uncertainty 3.0

FAXH AN € & Relative expanded uncertainty 6.0(k=2)

*8 MMFUEMNEREERTHERE

Table 8 Uncertainty of calibration results of environmental monitoring instruments

T H Ttem AZE Type A/ % B2 Type B/ %
R FIE N E Measurement of radiation field dose rate - 3.0

X A% 240 Instrument reading 1.2 -

SENL Position - 06

R A4 2P Inhomogeneity of radiation field - 0.3

Bt 4 S Scattered radiation - 0.5

AHXTH A 2 £ Relative expanded uncertainty 7.0(k=2)
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