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‘ REGULATION: European directive n°96-29 EURATOM

e European directive n° 96-29 EURATOM of 13 May 1996 substantially
modified the norms governing health protection of the population and
workers against the dangers of ionizing radiation.

» The inclusion of exposure to natural radiation is one of the
innovations of this European directive.

» Concerning the protection of aircrew, article 42 states:

"Each Member State shall make arrangements for undertakings
operating aircraft to take account of exposure to cosmic radiation
of aircrew who are liable to be subject to exposure to more than
1 mSyv per year."
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REGULATION: Transposition into French law

» The European directive n° 96-29 EURATOM was transposed into French
law by order n° 2001-270 of 28 March 2001.

* French decree of December 2003 states:

 the individual exposure of any aircrew liable to be exposed to an
effective dose higher than 1 mSv per year has to be assessed

» the effective doses have to be evaluated for each flight using a
calculation method based on actual flight parameters provided by
airlines

 the method of calculation takes into account the normal solar
activity and solar eruptions (GLEs).

The objective was to develop a tool
for assisting airlines in the application
of French regulation.
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GENERAL OBJECTIVES

» Common approach among the different French stakeholders

> Different partners joined to create a common tool for French airlines

- The French General Directorate of Civil Aviation (DGAC)

- The Paris Observatory

- The French Institute for Polar Research - PE Victor (IPEV)

- The Institute for Radiation Protection and Nuclear Safety (IRSN)
- Air France as operational adviser

AlR FRANCE
y /4 s 4
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OBJECTIVES OF THE PROJECT

v" To develop an operational, automatic and convenient system
for airlines including security and traceability

v" To develop a tool able to:

« calculate route doses using actual flight parameters
 take into account solar eruptions (GLE)

v" To propose a solution accepted by all the stakeholders

v" To provide to the public an information and a dose assessment
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THE SIEVERT SYSTEM

Sl EVE RT (French acronym: Systeme d’Information et d’Evaluation par Vol de I’Exposition au
Rayonnement cosmique dans les Transports aériens)

= Computerized system for flight assessment of exposure to cosmic radiation
in air transport.

The selected solution consists of a computerised service which calculates
doses and is accessible on a web server. This solution appears to be more
reliable, less costly and less restrictive than using individual dosemeters or
measuring instruments installed on board aircraft.

SIEVERT provides two services:
 a tool for calculating doses of cosmic radiation received during flights
according to the routes taken and made available to companies on a
server restricted to professionals;
* a website for information on exposure to cosmic radiation, used to
estimate the dose received during a flight (www.sievert-system.org).
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SIEVERT: PRINCIPLE

Airspace is divided into zones of altitude, longitude and latitude,
forming a map with 265,000 meshes

Latitude: 2°

‘ Longitude: 10°
Altitude: 1000 ft

An effective dose rate value (mSv.h") is estimated in each mesh

‘ Effective dose rate map
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.

va‘»\ s Longitude ¢
i . Dose rate
| . uSv/h

S
Lat.: 2° | =
Long.: 10° i =
Alt.: 1000 ft
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.

________________________

o i Dose rate
'c‘i uSv/h
=il
=

= W

O
Way point 1

S =

- Aircrew dosimetry - SIEVERT - Page 12




- SEEh

DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.
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DOSE CALCULATION

SIEVERT evaluates the time spent by the aircraft in each cell according to
flight parameters and deduces the dose received by a simple multiplication.
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EFFECTIVE DOSE RATE MAP

GALACTIC PART (GCR) SOLAR ERUPTIONS (GLE)
EPCARD model' (GSF) Specific model (SIGLE)?
gf. Calculates the dose at any point -

in space up to an altitude of 80,000 feet
Monthly calculated

Ir.@u_ﬂag_pv;re LESIA

Every month, the
effective dose map
is validated by IRSN

|| N\

! Schraube, 1999 Effective dose rate map
? Lantos, 2004 (Monthly or in case of GLE)
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THE OPERATING PROCEDURE (1)
FLIGHT FILES

Flight identification
Date

Aircraft type
Departure point
[Way points...]
Arrival point

AIRLINE COMPANY

DOSES/FLIGHT FILES

Flight identification
Date

Aircraft type . .
Departurg I?)oint The file completed with

[Way points...] the dose received during
Arrival point the flight is sent back to
Dose received during the flight _ the company.
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FLIGHT FILES FORMAT

FLIGHT FILES = INPUT FILE

00001 :C; AW LFPG: LOWW: 01 /12 /2006 06:15;01/12/2006;07 :58;20612010113800;
00002 :C: A W: LFPG: LIRF: 01 /12 /2006:08:50: 01/12/2006:10:34:20612010150400;
00003 :C: A W:LIPZ: LFPG: 01 /12 /2006:16:30:01,/12/2006:17:55:20612010172700;
00004 C: AW LOWw: LFPG: 01 /12 /2006:14:30;01/12/2006:16:05; 2061201017 3900;
00005 :C: A W: LOWW: LFPG: 01 /12 /2006:23:10: 02 /1272006 00:46:20612010203900;
00006 C: A W: LFPG: LIRF: 01 /12 /2006:18:00;01/12/2006:19:44: 206120102 30400;
00007 :C: A W:LIRF: LFPG: 02 /12 /2006:12:45:02/12/2006:14:26:20612020120500;

|CAOtd ‘
> IEERT”

DOSES/FLIGHT FILES = OUTPUT FILE ‘ /7~ \

DO00L; C; AW, LFPG; LOWW; 01 /12 /2006;06:15;01/12/2006;07:58;2061201011380¢% 0. 0070;N; 13/02 /2007 ;
00002;C; A;V; LFPG; LIRF; 01 /12 /2006; 08 :50; 01 /12 /2006;10:34; 20612010150400; 0. 0060; Nk 13/02 /2007 ;
00003:C: A:V: LIPZ: LFPG: 01 /12 /2006316 :30:01/12/2006:17 :55: 206120101727 .0061:N)13/02/2007;
00004 C: A; W LOWW: LFPG; 01 /12 /2006 14:30:01,/12/2006:16:05: 206120101739 .0080:N]13/02/2007:
00005 C: AV LOWW: LFPG: 01 /12 /2006:23:10; 02 /12 /2006 00:46:2061201020390D: 0. 0079; NJ 13,/02 /2007 ;
00006:C: A;V: LFPG; LIRF; 01 /12 /2006: 18 :00; 01 /12 /2006: 19 :44: 206120102 3040§; 0. 0063; §: 13,/02 /2007 ;
00007:C: A:V: LIRF: LFPG: 02 /12 /2006: 12 :45: 02 /12 /2006 14:26:2061202012050K 0. 0056: A: 13,/02 /2007

R T

oo e e o

Doses (mSv)
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REAL PROFILES / STANDARD PROFILES

REAL PROFILES: way points

The more detailed the
information concerning the
route, the greater is the
accuracy of the dose value. It
is asked to airlines to describe
a flight using waypoints.

Waypoint
a4

Q0195 ; AER; QDO ; 00 :
OICHLEES 2O s 2 e e e
120 403642N; 0031 45 4W;
1325 325954N; 010085 4W;
45 250000NM; 01621 30W;
0Q195; INT; 340; 04 ;
S CEE @R O Sons B SRS ST
sllasnnsal2s. aREnal 2N,
:12; 0606125; 03455 36W;
IEALELS 2 e e sl 0]
G e pEE s sl Lol
Ol ST C s O i S s

00195 : INT:290: 01
00195 : INT: 310; 02
00195: INT: 320: 03

00195 : INT: 340: 06
00195 : INT: 340: 07
00195 : INT: 360: 08

00; 490036N; 002 32 54E;
17;474130N8; 00202 00E;

56:161712N;: 0214012W;

371659005 0414606W;
30: 2148475 04632 18W;
53:2326065: 046282 4W:

OUL96 ; AER ; 000 00.
QOL96; TOC; 240; 00
1291206245 041255 4W;
(250346185 038325 4W;

00196 TNT; 310: 01
00196 TNT: 330: 02

007 7376065 46787 4W,
19:2141305; 0451 330W:

STANDARD PROFILES:

If the information is minimal, like information
available on flight ticket, the dose value is assessed

using a standard route profile
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EXAMPLE OF STANDARD PROFILE

Block |

I 10 mn 20 mn

FL 390

TOD

Block

20 mn

| 10 mn

Criteria used for the definition of a standard flight profile for long-haul subsonic flight. TOC: top
of climb, TOD: top of descent, FL: flight level (ft per 100), block: parking.
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THE OPERATING PROCEDURE (2)

At this stage, the dosimetric data are not nominative. It is then up to
airlines to produce a total of doses received during flights made by each
member of flight personnel.

DOSES/FLIGHT FILES

Flight identification
Date
Aircraft type

DIE|paIibLe et DOSE/CREW FILES
BAEY) [P oo0] Flight identification

Arrival point b ¥
Dose received during the flight ersonal dose
Crew member name

CREW/FLIGHT FILES

Flight identification National
Crew member name register
SISERI (IRSN)
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THE WEB SITE WWW. SIevert -system.org

Eatl)
DEPARTURES T
Country © |FRANCE v| Country © | GERMANY v
City . |PARIS v - / City - |HANNOVER v
DEte - 128 w01 v [2009 | . Dete  T2g w01 % [2009 |
{local) |‘ {local)
Time : ¥ Time :
(iocal) [09 [¥[50 ] q‘; : (lacal) 11 1820 4
- Type of aircraft : SUhSD"lC
Calculate the cosmic radiation dose received during this flight vol
SIEVERT Systesm m
implemantad and v
integrated by LOGATIOUE
"Subject to local regulation modifications, the flight dates and times include time difference
and, if necessary daylight saving time. Check the flight time."”
Dose received during the flight =
0.0041 mSv
Flying time = 01:30 (HH:MM)
Departure city | Arrival city Departure date Arrival date mSv Estimated
PARIS HANNOVER | 28/01/2009 09:50 28/01/2009 11:200 | 000410 Oui
Total| 0,00410 ol

The SIEVERT website
provides free access

to calculate the dose
for a standard flight.

The assessment is
carried out using
information
contained on the
flight ticket.
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HE WEB SITE: www.sievert-system.or

rosoft [nternet Explorer - IRSN

Fichier Edition Affichage Favoris Outls 7 Ja.-

@Précédemte > ] \ﬂ @ ‘_J\ }’Rechercher ‘;fFaVO?’IS & [:f' g # - _] ﬂ

Adresse

»

ed OK  Liens

EI http:/ i sievert-system.orgMiebMasters/en/index html b

Partners

-y IEVERT
Tis site enable to calculate the radiation dose Fichier  Ediion Affichage  Favoris OQutis 7

received during a flight and to increase your knowledge on cosmic radiation = = =
ePrecedente >} |ﬂ @ ‘_j - Rechercher \;\T(Favor\s 8 2~ ._; - _J ﬁ

Calculate the dose received Acresse | &] http:/ fwww sievert-system org/WebMasters fen/rayonnement.htm|

Giossary

Search Exposure to cosmic ral

in the pl.
Map The health effects
of radiation

If the cosmic particles possess energy which is greater than a
certain threshold, i.e. the magnetic cutoff energy, they will cross
Frequently Measuring radiation anc through the magnetosphere and reach the upper layers of the
Francais asked queslions assessing its effects atmosphere, But if their energy is insufficient, they will have a
tendency to follow the magnetic ines of force, with which they
The experts tell you more more "easily", due to their lack of energy, succeed in reaching the
>~ poles. Itis the reason why the areas located near the poles receive
radiation in higher quantities than near the squator, which is better
protected by the earth's magnstic field

(4 |

Diagrarm of the magnetosphers, which protects the Eaith from the effects of solar
wind. The sun, in reahly much further away, 1s to the left of the figure. It constantly
emits a flow of particies, the solar wind, which runs into the Earth's magnetic field,
The geometty of the very structurally complex magnetasphers is akered by major
I — solar flares. In cenain cases, the magnetic field of the solar wind combines with

ia demarrer ¥ # V that of the magnelosphere at point 1. The Earth's magnetic fiekd is then distubed
and panticles stored in the plasma layer create the aurars borealis and australis
Whatever the Circumatances, with the opening of the eani's magnetic field at the
poles, the ionised particies, whether produced by solar flares or gafactic cosmic
radistion, penetrate more easily at higher altitudes

Adapted from Powr la Science, June 2007

‘4 démarrer

- Aircrew dosimetry - SIEVERT - Page 22

S IEERT”

General information
about the cosmic rays,
the regulation and the

risk associated to
radiation is available on
the SIEVERT website.
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STATISTICS

v Around 20 airlines use SIEVERT
v 40,000 flights treated per month

v 1700 connexions/month on the website
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CONCLUSION

 SIEVERT, a system of an operational nature, is the answer
to a request from the airline companies for radiation
protection for aircrew members. The routine dosimetry is
made by calculations.

* Moreover, it makes it possible to assess the dose received

during a flight for anybody who wants the information via
the website.

B ™

- Aircrew dosimetry - SIEVERT - Page 24




