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Abstract

This project will analyze issues related to existing exposures, such as
the assessment of cosmic radiation doses received by aircrew and the
presence of naturally occurring radioactive materials. In the aircrew dose
assessment section, personnel dose assessments and predictions will be
conducted by developing aviation dose assessment tools, along with
aircrew duty roster data. Additionally, development of aviation dose
measurement technology based on foreign experiences will be pursued to
meet the verification needs of future assessment results. The relevant
personnel dose assessment results can serve as references for future
domestic radiation dose management programs for aircrew. Furthermore,
assistance will be provided to the Nuclear Safety Commission in
evaluating the radiation doses on major routes of national airlines and
disseminating related public knowledge. In the application aspect of
naturally occurring radioactive materials, based on laboratory experience
in radon measurement and dose assessment, efforts will be extended to
other applications involving naturally occurring radioactive materials.
Besides establishing relevant measurement and analysis procedures and
technologies, public knowledge on these radioactive materials will be
disseminated, and laboratory radon measurement technology will be
continuously improved. Additionally, assistance will be provided to the
Nuclear Safety Commission in conducting post-market surveys of
products containing naturally occurring radioactive materials to ensure the

radiation safety of the public using such products.

Keywords: flight dose, naturally occurring radioactive materia(NORM),
personnel dose assessment.
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1~ CR39 BB & % ¥ 2 X2t 5 2 1t & [8]

Flight route Date of exposure Expo. time Dose equi. rate CR-39  Dose equi. rate Dose equi. rate
(=29km) (h) (=5 keV/um walter) EPCARDVv3.2 CARI-6 (E) Total
(ICRP 60) (uSv/h) (=5KeV/pm water)  LET (ICRP 60)
H'(10)) (uSv/h) (1Sv/h)
Concorde
London-New York December 1994-July 1995 450 8.52:+0.29 6.67 10.53
London-New York December 1996-June 1997 482 8.34 £ 0.56 6.92 10.64
London-New York July 1997-February 1998 538 8.22+0.64 7.15 10.64
London-New York July 2000 45 6.00 4:0.42 473 8.41
London-New York May 2002 45 6.30 £ 0.65 5.38 8.92
London-New York July 2002 45 6.06 £ 0.65 525 8.70
Aer Lingus
Dublin-Boston, NY 1993 1729 3.56£0.13 4.09 5.64
Dublin-Boston, NY April-May 1997 180 448 :£042 493 598
Dublin-Boston, LA June 2000 185 3.60 £0.32 344 5.07
Dublin-Boston, LA September-October 2000 610 3.26+0.23 312 5.13
Dublin-Boston, LA March-April 2001 436 3.39:40.39 344 540
Dublin-LA August-October 2001 796 3354029 340 5.58
Dublin-Boston, LA August-October 2001 694 3.29:£0.31 330 5.35
Aliralia
Milan-LA December 1995-February 1996 205 3.524£0.29 4.70 6.27
Milan-Tokyo May-July 197 172 3.68 £0.52 4.52 591
Rome-Rio de Jan Oclober-December 1996 313 1.40£0.12 LIl 252
Air France
Paris-Tokyo May 2001 210 2724024 3.10 491
Paris-Fairbanks-Tokyo April 2002 26 3.24£029 3.05 449
Czech Airlines Total (mSv) Total (mSv)" Total (mSv)®
Prague-NY March-May 2001 NA®* 1.33£0.10 1.63 2.68
Prague-NY May-July 2001 1.52:£0.13 216 3.78
Prague-NY August-October 2001 1.26 £ 0.10 1.46 2.60
/Montreal/Toronto October-December 2002 1.3940.11 1.30 245
Finnair Average Average Average
Hel.-PEK,BKK,HK, NY  November 2002-February 2003 764 1.96+0.14 2.00 3.38

* NA, not available.

® Provided by Prof F. Spurny, Nuclear Physics Institute, Prague.
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Please read the following License Agreement. ¥ the terms of this agr Setup will install Arcrew Radiation Does Assessment Software (ARDAS) into the following folder.
continuing with the installation.

|gemmans - To continue, dlick Next. IF you would like to select a different foider, ciick Browse.
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Ol accept the agreement

@1 do not accept the agreement Atlezst 18.0 M8 of free disk space is required.

Cangel

7 Setup - Aircrew Radiation Does Assessment Software(AIRDAS) - x 7 Setup - Aircrew Radiation Does Assessment Software(AIRDAS) - x
License Agreement i 5 Select Destination Location
Please read the following important informatian before continuing. Vihere should Aircrew Radiation Does Assessment Software(ARDAS) be instaled? .
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Continent Destination Airport ICAO code Latitude Longitude
Asia Hong Kong Chek Lap Kok VHHH 22°18' 32"N 113°54'53"E
International Airport
Asia Tokyo DGR RIAA 35°46'37"N 140°23'34"E
Airport
Asia Seoul [nchecuupatndl RKSI 37°34'18"N 126°58'41"E
Airport
Americas San Francisco |, San Francisco KSFO 37°4641"N 122°25'27"W
International Airport
Americas Vancouver Vagcouve.r CYVR 49°17'13"N 123°7'15"W
International Airport
Americas New York UD T b 1G g KJFK 40°38'24"N 73°46'48"W
International Airport
Europe Paris Charles de Gaulle LFPG 49°0'36"N 2°33'0"E
Airport
Europe Frankfurt Frankfurt Airport EDDF 50°6'39"N 8°40'S"E
Europe Istanbul i LTBA 40°58'47"N 28°49'13"E
Airport
Oceania Brisbane Brisbane Airport YBBN 27°28'12"S 153°1'48"E
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% 4~ Wiy =

710 A & a2 L fp 5B E = (> FDC 2 CARI 4258 3+

F R

Simulation Radiation Dose (uSv)
Destination
Program Neutron Proton Electron Muon Photon Pion Heavy ion Total
FDC 0.457 0.423 0.216 0.108 0.252 0.003 0.001 1.461
Hong Kong
CARI 0.395 0.331 0.287 0.093 0.307 0.004 0.009 1.420
Toky FDC 1.152 1.115 0.546 0.234 0.630 0.008 0.004 3.689
okvo
CARI 1.141 0.983 0.767 0.222 0.814 0.011 0.028 3.960
Seoul FDC 0.698 0.656 0313 0.149 0.365 0.005 0.002 2.188
CARI 0.650 0.547 0411 0.130 0.440 0.006 0.015 2.196
San FDC 17.570 16.829 4265 1.777 5.067 0.068 0.059 45.635
Francisco CARI 16.907 13.854 5.657 1.665 6.175 0.077 0.496 44 812
i FDC 19.182 17.959 4.041 1.703 4.839 0.065 0.067 47.856
Vancouver
CARI 19.065 14.905 5.342 1.586 5.884 0.073 0.545 47.495
FDC 33.259 30.303 5.710 2.441 6.932 0.091 0.116 78.852
New York
CARI 30.665 23.33 7.366 2.206 8.191 0.100 0.858 73.036
Pari FDC 20.442 19.130 4.185 1.769 5.023 0.067 0.074 50.690
s CARI 19.801 15.499 5.476 1.631 6.040 0.075 0.578 49.180
FDC 18.828 17.673 3.961 1.672 4.746 0.063 0.068 47.011
Frankfurt
CARI 18.558 14.604 5.270 1.568 5.804 0.072 0.546 46.491
Istanbul FDC 10.763 10.517 3.216 1.322 3.780 0.051 0.032 29.681
stanbu
CARI 10.405 8.820 4287 1.242 4.629 0.059 0.289 29.699
Brish FDC 4017 3.99] 1.987 0.764 2270 0.031 0.015 13.074
risbane
CARI 3.964 3.465 2.829 0.753 2979 0.039 0.102 14.116
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£ 5 B 2P 10154 B sz 2 fg54H 2> FDC 2 CARIA2582- 5 2 % 4a%t £ B o

Relative Difference between the simulation results of the two programs

Destination
Neutron Proton Electron Muon Photon Pion
Hong Kong -0.135 -0.218 0.329 -0.139 0218 0312
Tokyo -0.010 -0.119 0.405 -0.052 0.292 0319
Seoul -0.069 -0.166 0315 -0.130 0.206 0.131
San Francisco -0.038 -0.177 0.326 -0.063 0.219 0.138
Vancouver -0.006 -0.170 0.322 -0.069 0.216 0.122
New York -0.078 -0.230 0.290 -0.096 0.182 0.102
Paris -0.031 -0.190 0.308 -0.078 0.202 0.115
Frankfurt -0.014 -0.174 0.330 -0.062 0.223 0.142
Istanbul -0.033 -0.161 0.333 -0.060 0.225 0.153
Brisbane -0.013 -0.132 0.424 -0.015 0312 0.257
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Heavy Ions

Total
-0.028
0.073
0.004
-0.018

-0.008

-0.074
-0.030
-0.011
0.001

0.080

value > 1.0

0.8 <value < 1.0
0.5 <value <0.8
0.3 <value <0.5
0.1 <value 0.3
-0.1 <value<0.1
-0.3 < value <-0.1

value <-0.3
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Radon 222
3.82 days

Polonium 210 Polonium 214
138 days 164 psecs

Polonium 218
3.05 min

Bismuth 214
19.8 min

Bismuth 210
5.01 days

[24
5.31 MeV 600 Mev

Lead 206 Lead 210 Lead 214
stable 22.3 yr 26.8 min

Radon Decay Chain

B 21 ~ 22Rn % %44[23]

1.LE+04

1.LE+04 10049099

8.E+03

6.E+03

4. E+03

Activity conccentration (Bq/kg)

2.E+03 o ~—— Radium [~
—&— Radon
0.E+00 l l
0 1 2 3 4 5 6 7 8 9 10

Numbersof daughter halflives

B 22 ~ 45 % & ¥ T 748 % [25]
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