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® Operational quantities for assessing effective dose in area monitoring

CONVERSION COEFFICIENTS FOR USE IN RADIOLOGICAL PROTECTION

» For area monitoring, the appropriate Physical quantities
operational quantities are the H*(10) b i

Calculated using Q(L) and * Kerma, X :
TR | . mewisnp | S
measurements and phantoms
calculations
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| | Operational quantities [ P Al itics

i it et 0 | + rgansactd doss, D,

» Directional dose equivalent, H’(d,m - ' Organ equivalent dﬂﬂ&,H-r
* Personal dose equivalent, H (d) Compared by measurement « Effective dose
ﬂc&lmlngym (using wy, wr, g
anthropomorphic
phantoms)
Related by calibration
and calculation
Monitored quantities:
Instrument TREpOnacY ICRP, 1996. Conversion Coefficients for use in Radiological Protection

against External Radiation. ICRP Publication 74. Ann. ICRP 26 (3-4).
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Introduction

® Operational quantities for assessing effective dose in area monitoring

» For area monitoring, the appropriate
operational quantities are the H*(10)

» These quantities were designed to
estimate the protection quantities in
existence at that time

CONVERSION COEFFICIENTS FOR USE IN RADIOLOGICAL PROTECTION

Calculated using wy, w
and anthropom hic
phantoms

Protection quantities

* Organ absorbed dose, D
* Organ equivalent dose, /,
» Effective dose, E

Physical quantities
* Fluence, ¢
Caloulated using %(Lg:d * Kerma, X
sample phantoms (s or I
ﬂab)vnﬂdatedby P Absorbed dose, D
measurements and
calculations
’ Il I I B B . I . -‘
| | Operational quantities [
|\ + Ambient dose equivalent, H%@) ||
B B B N B B B N B B J
» Directional dose equivalent, H'(d,{) 1< >
* Personal dose equivalent, H (d) Compared by measurement
ﬂ calmlngym (using wy, W,
anthropomorphic
phantoms)
Related by calibration
and calculation
Monitored quantities:
Instrument responses

ICRP, 1996. Conversion Coefficients for use in Radiological Protection
against External Radiation. ICRP Publication 74. Ann. ICRP 26 (3-4).
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® Operational quantities for assessing effective dose in area monitoring

CONVERSION COEFFICIENTS FOR USE IN RADIOLOGICAL PROTECTION

» For area monitoring, the appropriate Physical quantities
operational quantities are the H*(10)  bsansdy
.. _ %?f?ﬁ%gmd” meu %Wm;'ﬁcw“
» These quantities were designed to messurements snd phantoms
estimate the protection quantities IN s e m = o= —— -
existence at that time | | Openational quantities I Protection quantitics
A i opdpints ot S0 | + Orgn shocvd dose, D,

A

» Directional dose equivalent, H'(d,{3 > . Organ equivaleat doge, H,

» H”(10) can be measured by the ICRU + Personsl dose equivaleat, H@) | Compared by messurement Rffective doss, E

sphere at a depth of 10 mm ﬂw“‘lmmmgﬁf:s“’m“b
I phantoms)
Related by calibration
and calculation
Monitored quantities:
Instrument responses

ICRP, 1996. Conversion Coefficients for use in Radiological Protection
against External Radiation. ICRP Publication 74. Ann. ICRP 26 (3-4).
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_ | EPSILON-G o |
(Energetic Particle Sensor for the Identification and Localization of Originating Nuclei)
0o Specification

Technology Coded-aperture

Field-of-view 45°

Energy Range 30 keV — 3 MeV

Energy Resolution 8% @ 662keV
e <2 sec. for 0.3 uSv/hr

Sensitivity of 137Cs
Operational 120°C to 60°C

temperature range

Size (weight)

104 x 144 x 197 mm
(5.1 kg)

Sensor
(intercept area)

GAGG:Ce & SiPM array
(50.2 mm x 50.2 mm)
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® Conversion factors (MCNPX simulation) — (1) derivation of the response matrix

Si=/fMyd; Wy M;=/"5d""

Tungsten shields

S; : the measured spectrum or
§§ counts in the i-th energy in the
i energy spectrum
M;;  :the response matrix
gﬁlﬁﬁaifgmy ¢; :the gamma-ray fluence at an energy
Coded aperture corresponding to the j-th channel
or mask (tungsten) f : the open fraction that has 50%

In the mask’s pattern
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® Conversion factors (MCNPX simulation) — (2) converting the measured spectrum to

the H*(10)
, H*(10) . _ :
H*(10) = 2 & @ « H*(10) :Ambient dose equivalent
E,=j J
H* (10) « H™(10)/¢ : The conversion coefficient of the

— 2 ( ) Ml-;-lf‘lsi gamma-ray fluence to an ambient

E,=j ¢ J equivalent for gamma rays with an
energy corresponding to the j-th channel

— Z GHSii

£=j ¢« Gy : The conversion factor for the H*(10)
H*(10
where Gy = ( ib )) M f1

J
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® Conversion factors (MCNPX simulation) — (2) converting the measured spectrum to

the H*(10)
H*(10
H*(10)=Z( fp )> %,
J

Ey=] v /
H*(10) E

m
Q
_ —1 -1 o ,
-2 () mirs g ¢
- : S /
EO—_] ] () - e
£ 10° /.
m
= o

2 GyS;, f /
E():j | .\\-\-'

H*(10)
@

10 ———rr ———r ———
-1,-1
) Mij f 107 10" 10° 10’

J Energy (MeV)

where Gy = (
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® Conversion factors (MCNPX simulation) — (3) converting the measured spectrum to
an air kerma (K,)

=2<&) 5 N
a b j , « K, :Airkerma

E =j

Y K, /¢ : the conversion coefficient of the
= 2 (j) Mi}lf‘lsi gamma-ray fluence to an air kerma
E,=j J for gamma rays with an energy

corresponding to the j-th channel
Z GKSi ’
E =]
Ka -1 r—
where Gy = (—) M f

¢ J

G, :the conversion factor for an air kerma
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® Conversion factors (MCNPX simulation) — (3) converting the measured spectrum to

Ka —_ —
2 (E) M 1S
E,=j J
2 GgS;,
E=j

Ka —1 ,—
where Gy = (— | M;; f~*
¢ J

G(E) (nGy/h/cps)

Methods

an air kerma (K,)

101_: /
: -
s
o
/./
/[
; /
10" 7 /
10-1 J T Tt DU L] ) L T T
107 10 10° 10°

Energy (MeV)
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Results and discussion

® Comparison of K evaluated from the EPSILON-G with K theoretically calculated,
including the corresponding H*(10)

Ambient dose

Air kerma rate (nGy/h) Relative equivalent rate

Isotope difference (%) (nSv/h)
K, }

::zf;?;zzuy KEpsilon—G H (IO)Epsilon—G
Ba-133 11921 11234 +498  -7.40% 148.30 + 5.48
(5.67 uCi)
Cs-137 27660  237.96 + 5.85 4.77% 292.91 + 6.38
(20.08 pCi)
Na-22° 10728 11227 + 6.02 4.44% 134.27 + 6.48

(0.93 uCi)
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Results and discussion
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® Comparison of the H*(10) obtained by EPSILON-G, which is evaluated depending on
the acquisition time
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® Estimation of a maximum dose rate that can be obtained by EPSILON-G

Gamma-ray imaging in rea-time
for Cs-137 (6 uGy/h)
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® Estimation of a maximum dose rate that can be obtained by EPSILON-G

Cs-137
(K, =6 uGy/h)
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% BKG (0.08 — 0.15 uGy/h)

Cs-137
(K, = 7 uGy/h)
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® Estimation of a maximum dose rate that can be obtained by EPSILON-G

Cs-137 Cs-137
(K, = 10 uGy/h) (K, = 20 uGy/h)

Eoooooo Eoooooo.

% BKG (0.08 — 0.15 uGy/h)
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® Estimation of a maximum dose rate that can be obtained by EPSILON-G
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» Evaluation of H*(10) using Epsilon-G

v" Can provide a radionuclide distribution map

v" Can provide H*(10) as the operational quantity in area monitoring

> Future works

v" Application of an unmanned robotic system with Epsilon-G for radiation safety diagnosis
based on synchronization of digital coordinates using GPS or LIDAR
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A motorized
tilt device

Thank you for your
attention!

Radiation Measurement Lab.
Dept. of Nuclear & Energy
Jeju National University
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Application of Epsilon-G

@ |llustration of use examples of an unmanned ground vehicle
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tilt device,.

A motorized(

Specification
Dimensions 1023 mm x 780 mm
(W x HxD) x 900 mm
Vehicle Weight 130 kg
Battery 48V/30Ah
Max Travel 10 km

(w/o loading)

Climbing Capacity

36° Can Climb Stairs

Horizontal Rotation
Capacity

360°

Vertical Tilt Capacity
of a Motor

+ 30°




