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Abstract - In order to establish a testing system for personnel dosimetry performance, the
radiation fields from photons, beta particles and neutrons are required, In recent, Korea Institute
of Nuclear Safety(KINS) established the reference radation fields except neutrons and tested a
variety of their properties. As a result of the test, the reference beams were shown to meet
satisfactorily not only the standards of the International Organization for Standardization(ISO), but
also the standard levels of the developed countries which are intercomparable with the
international traceability. This paper describes the reference beam of gamma radiation. The
self-designed and established reference radiation fields were investigated and analyzed by ISO and
other international standards. The secondary photon contribution and the beam uniformity of the
gamma radiation field were measured and evaluated to fulfill those requirements suggested by the
ISO-4037. The measured air kerma rate for the "Cs and *Co gamma fields was 0.1891 ~
23.4967 1 Gy/s and 0.5844 ~ 15.9954 1 Gy/s respectively. The uncertainty with 95% confidence
level of the measured air kerma rate was determined to be less than 2.5 % which is comparable to
the international reference gamma radiation fields. It was found that the evaluated air kerma
calibration factors of Exradin ionization chamber were in good agreement within 0.9 % and 0.03 %
with those given by PTB and NIST, respectively. The gamma radiation fields installed at KINS
can maintain traceability systems in Korea, Germany and United State.
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Gamma Irradiation Room.

# 2 Irradiator : Multi, Single
¢ 3 Source : 740GBq Cs-137
111GBq Cx-137, Co-60

X-ray Irradiation Room
¢ 2 X-ray Generator 160 kVp
320kVp

Beta Irradiation Roo

#' 3 Sources :$r/Y-90 2 mCi
Sr/Y-90, T1-204 50 mCi

Fig. 1. Layout of irradiation rooms constructed at
KINS.
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(a) Equivalent circuit for measurement of io-
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(b) Circuit for measurement of K,

Fig. 2. Equivalent circuit for ionization current
measurement and electrometer calibration.

r
el

cn I

|
AME Aol dutde] ofse] 44
A AFEZRH 37 Avtg 3437 93ty
AR FAAXNZA FJ=9 geol Keithley
17 dIEZWEE AMEsgon &4 Aad
7 dre 29 2 & 2o 38 2(a)0lA
we WFA718%, Cp © AXFA7N4%E, Coray
32 o EAste EE{W]% F& Yo
Zé }\‘—}—\-‘%}9‘ UC ?:}'6} ‘76:2-}7]%‘ Ctot ﬂ-ﬂ
A1 it o Aoz pvs mFAT.

~u0_>d

T

Qﬁ%iﬂ

e rir

QL

Rl

[
4

2 puade 54 Bt 231

G
Csro

sV Vsto

7700

%4— % Vout

. e

Fig. 3. Circuit for measurement of internal capa-
citance.
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Table 1. Air kerma rate for gamma Table 2. Air kerma rate for gamma
source(740 GBq) of KINS as of Apr. 9. 1998. source(111 CBqa) of KINS as of Apr. 29. 1998.
Beam size Beam size
at 1m @ 20cm @30cm . at Tm @ 20cm @ 30cm
Air kerma Air kerma Air kerma Air kerma
SCD 9 9 SCD () 9
= (# Gy/s) SD(%6) (« Gy/s) SD(%) ) (¢ Gy/s) SD(%) (« Gy/s) SD(%)
0.75 22.7848  0.04 | 234967 0.22 0.75 45277 036 | 47813 087
1.00 13.0748 0.10 | 134766  0.15 1.00 25477 002 | 26817 075
150 57880 0.17 59723 0.17 1.50 1.1118 0.20 11747 017
2.00 3.2467 040 33478 043 2.00 06095 030 | 06836 036
2.50 20758 0.54 2.1411 0.61 2.50 0.4001 024 | 04144 055
3.00 14335 0.60 1.4898  0.62 3.00 0.2849 058 | 0.2894  0.03
350 1.0577 045 1.0963  0.60 3.50 02087 023 02114 071
375 09231 068 | 09554  0.69 3.75 01891 071 | 01989 0.6
Table 3. Air kerma rate for ®Co gamma  Table 4. Scattered radiation contribution for
source(111 GBq) of KINS as of Apr. 29. 1998 "¥ICs(740GBq) gamma irradiation field.
Bea;: 15::3 0 20cm 0 30cm Beam size ?20cm 030cm
Air kerma Air kerma atim | -
SCD SD(%) SD(%) primary scattered S/P primary scattered S/P
) (¢ Gy/s) (¢ Gy/s) SO ratio ratio
0.75 150630 015 159954 011 (m) (1 Gy/s) (u Gy/s) (%) (e Gy/s) (v Gy/s) (%)
1.00 8.4650 0.40 8.9627 0.29
150 3.7282 0.52 39628 0.77 1.50 57880 0.0359 06 59723 01228 2.1
2.00 20718 0.70 2.2198 0.86
2.50 1.3225 0.39 1.4052 093 2.50 20758 00161 0.8 21411 0.0444 2.1
3.00 0.9143 0.46 0.9884 0.18
3.50 0.6769 0.62 0.7215 0.35
50 1.0577 00149 14 1.0963 00248 2.3
3.75 0.5884 0.87 0.6330 0.39 35 057700149 0
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K3o = 191-130125 X p-2-005718 . R= 0.999997

Kgg = 101116924 5 -2.00933% o _ 4 599997

Air Kerma rate (uGy/s)

»  Beam Size: 20 cm¢
a Beamn Size: 30 cm¢

e
1

Source to chamber distance (m)

Fig. 4. Air kerma rate for ¥ics gamma

(740 CBa) of KINS (Reference date :

source
Apr. 9. 1998).
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Fig. 5. Air kerma rate for %Co gamma source

(117 GBa) of KINS(Reference date : Apr. 29.
1998).
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Fig. 6. Air kerma rate for ¥ics gamma source
(111 GBqg) of KINS(Reference date : Apr. 29.
1998).
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Fig. 7. The Radial non uniformity for WICs(740
GBq) gamma-ray field of KINS,
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measure scattered radiation contribution.
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Table 5. Source
measured air kerma rate for 740GBq

==

ray fields of KINS.

of error

involved in

the

137
Cs gamma

Item Uncertainties
Hn = 10, 95% confidence level) 2.3
virelative standard error of the mean)

Beam size @20cm at T m max. 0.68%
Beam size #30cm at 1 m max. 0.69%
x; (Systematic uncertainty)
Calibration Factor 13 %
Voltage 01 %
Capacitance 0.01 %
Time 0.1 %
Temperature 01 %
Pressure 01 %

Table 6. Total Uncertainty(%) of KINS gamma

ray fields.
140(Bq Cs [111@Bq Vs [111Ba *Co
e 020cm @30cm @20cm #30cm | #20cm @30cm
Random | 068 069 | 071 087 | 087 093
Systematic 1.955 1.955 1.995
Fitting E. | 042 024 | 045 030 | 032 043
Total 194 172 207 200 | 200 206
Expression 250 2.50 250
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Table 7. Comparison result for the characteristics
of reference gamma ray field against the Korean
and international criteria.

KRISS 1SO NIST
ttem KINS criteron criteron  criteron
Scattered radidion o5 o 5os 595 5
contribution
Radial 20% 2% 5% 5%

non-uniformity
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