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PREAMBLE

1.1 PRINCIPLES OF OPERATION OF THE DOSIMEX-GX 2.2 CODE

The DOSIMEX-GX code is a code used to calculate the rates of gamma and X dose equivalents
generated by emitters of ionizing radiation of the radionuclide type (gamma photons) or X generators.
It is a deterministic type code implementing attenuation calculations in straight lines with build-up
correction.

BASIC REMINDERS ON THE PRINCIPLE OF A DETERMINISTIC CODE

- -Soufce.Matrix- Screen

Schematic diagram of the calculation of attenuation in a straight line

For each thickness X of material crossed, we obtain a straight line attenuation factor equal to g ,
with M the coefficient of linear attenuation of the material for the energy of the photons considered.

It is always interesting to express these thicknesses in terms of the number of relaxation lengths
N = PX . This dimensionless number is fundamental in the expression of the build-up

In the figure above, the fluence flow from the source point S is attenuated, before arriving at point P,

by crossing the source matrix and the screen. The two terms of attenuations e M4 and @M% are
multiplicative, and the total attenuation in a straight line is equal to:

e X amhXe _ e_[plxlﬂlzxﬂ '

The fluence flow after attenuation in a straight line is therefore equal to:

- /4 I £ e—[U1X1+U2X2]

Datt " A

0
With .4 source activity, |y emission intensity and 4— the solid angle fraction, essentially related to
T

distance.
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Important note: some software uses the law in "1 / d2" to calculate the solid angle fraction. This
model is not suitable for short distances (<1 cm) and can lead to totally irrelevant overestimates. On
this subject, see chapter 6.1 of the book "dose calculation generated by ionizing radiation" and
especially scenario 2 of the validation file)

Insofar as the calculation in attenuation in a straight line only takes into account the photons having
retained their initial energy, the conversion coefficient allowing to pass from the flow of fluence
attenuated to the flow of dose equivalent is unchanged. The dose rate after attenuation in a straight
line is written:

H* (10}, =h*(10.E, Jpy, =h*(10,E, )4 1, <2 erwibes]
T

In this sense, the presence of a screen reduces the simple diagram of a purely spherical radiative model
(diagrams below)). In some cases, the presence of a screen can even increase the total value of the
dose rate.

The value Hatt , result of the attenuation calculation in a straight line, must therefore be corrected to

obtain an estimate of the total dose equivalent flow Htot .

The correction is formalized by a multiplicative factor B with

Htot =Bx Hatt.

/\\

0" O | @ o d 0
P

S p s g P S 573/ p

n
A) Bare source calculation | B) Straight line attenuation C) Build-up correction
Al A | Al
h*(10,E,) yz * h*(10,E )—yze’ux B, h*(10,E )—"Ze_“x

" And ""And "TAnxd

Principle of straight line attenuation and diffusion correction

* we have left here for educational purposes the law in "1 / d2"

The term [Bw X e_px} represents the dose attenuation factor with diffusion correction.

The build-up resulting from the diffusion in two successive thicknesses of two materials of different
natures can be estimated by the expression:

Bml+m2( Ey!“‘l XMy X, )=~ Bmz( Ey'U1 Xp+H, X, )+|:Bm1( E7:u1 X )_Bmz( Ey,p-z X, ):I
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the source element (voxel) at point S is written:

dD = Btotal( I“l'l X1 ' “2 X2 )e_[“le+uzxz di "4}01 dV

! 4r

With .40, the volume activity of the source (considering a uniform volume activity) and dV the

elementary volume surrounding point S.

The total dose rate is obtained by integrating this expression on the total volume of the source:

[ Bu( by g e Mo elg 1 22 g gy

‘D y
Source 4

In practice, this continuous integral is replaced by a discrete sum obtained by a discrete cutting (voxel)
of the source.

From this expression, we can also define and calculate the resulting build —up by the following
weighted average:

[ B (b e g 1 22 4 gy

@
g _ Source 7 Ar

I e_[lllxlﬂizxz d, y i 40[ dv

Source
For these calculations, DOSIMEX-GX 2.1 uses the following databases

> For the attenuation coefficients £ : the XCOM / NIST database:
http://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html

> For fluence to dose equivalent conversion coefficients d,, : the values given in ICRU REPORT

57 (International Commission on Radiations Units and Measurements, 7910 Woodmont
Avenue, Bethesda, maryland 20814, USA)

> For build —up coefficients: the values given in document ANSI / ANS-6.4.3-1991 (American
Nuclear Society, Standarts Committee Working group ANS 6.4.3, 555 North Kensington Avenue

La grange Park, lllinoid 60525 USA)

» For gamma emission tables, the data available on the Laraweb site: http://laraweb.free.fr
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I.Z MAIN FIXES AND CHANGES TOTHE ORIGINAL VERSION
(CD-ROM VERSION 1ST EDITION, JuLY 2012)

Chots e 1a qéoménie de 13 100ee radiobiive i

Sélectionnez lo géométric de la source parmis les choix suivants

Cylindre Disque Ponctuelle Al Sphére

DOSIMEX-G 1.0

VERSION 1.2

e Fixed bug for Bq.cm options™ and Bg.cm-1 on cylinder, sphere and wire geometries.

e Correction of a self-absorption calculation defect in hollow spheres.

e Improvement of the composition law of build-ups, in particular between a thin screen and a thick
screen, in very different materials, such configurations being liable to generate, in the initial version,
aberrant build-ups.

e Extension of the X Com database (linear attenuation coefficients) from 3 MeV to 15 MeV.

e Transition from a uniform mesh to a power mesh, adapted to the energy of the photons and the
nature of the materials, in order to be able to take into account very large sources ('see §11.6).

e Consideration of the "Air" material

e Creation of an option allowing to modify the densities of the source and screen materials.

e Addition of a monoenergetic pseudo-source (choice of “Mono E” element from 10 keV to 15 MeV)
allowing parametric studies as a function of energy.

VERSION 1.3.1
e Addition of the rectangular source geometry.
e Possibility of two screens with point source
e (Calculation of dose generator X medical or industrial and calculation according to standard
NFC 15-160
e Modification of the build-up calculation. Abandonment of the Taylor model (see §l1.2)

VERSION 1.3.2
o Modification of the NFC 15-160 calculation: creation of the abacus calculation method
e Possibility to create custom source spectrum
e Correction of a coding defect in the consideration of multiple radionuclides
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VERSION 1.3.3
e Implementation of alternative methods of calculating the NFC 15-160 standard
e Multiple screen option for gamma sources
e Option for calculating the dose generated by braking and / or annihilation radiation (*) from
a Beta source.

VERSION 1.4
e Calculation of dose rates within contaminated volumes on internal surfaces
e |nverse calculation of activity vs isotopic spectrum and measured dose rate
e New option to determine radiological zoning
e Choice of the nature of the anode with the X generator.

VERSION 1.4.1
e Correction of a bug on the calculation of the area of peaks X of fluorescence versus intensity
(mA) in the calculation of dose rate generator X
e Diffuse dose rate and spectrum calculation in the X generator calculation application
e (Calculation of the average build-up generated by the screen lit by the primary of generator X
e (Calculation of the dose rate due to direct fluence in the “gamma skyshine” calculation
e Addition of a field in the dialog box allowing to add a comment in the summary sheet

VERSION 2.0 (SECOND EDITION, MARCH 2016)

Version 2.0 incorporates the previous changes +:

e Hp (3) calculation (crystalline dose)

e Installation of a screen on the broadcast path in the "X generator" option

e Possibility of multi-screen in X generator modeling

e Decay option and mass-activity relationship

e DED calculation for variable heights compared to the cylindrical and wire source

e Modification of gamma emission databases: taking into account low energy X emission (10
keV, 30 keV) for approximately 80 radionuclides (Am 241, | 125...). See scenario 1 validation
file

e Display H * (10) directly on the dialog boxes in place of the kerma air

e Beta transmitter database for the braking radiation option

e QOperational zoning in the zoning option

e QOption to convert from mass to mass, isotope or activity fractions

Cholix de la géaméirie de la source radioactive

Sélectionnez la géométrie de la source parmi les choix suivants:

.

- | . - Interne cylindre ou me“w" i Générateur X
" Cylindre " Disque  Ponctuelle O Sphére O Paralielepipéde ¢ parallélépipede 8 temucunir] " Effet de diel modéle physiq
contamine NF C 15160 (29




VERSION 3.0 (2019)
RADIONUCLIDE PART
e |Implementation of the hollow cylindrical source geometry with cylindrical protective screens
e Possibility to fill this hollow cylinder with water (pipe modeling)
e External database for storing new materials and new emission tables.
e Addition of source "immersion in a cloud" (common with Dosimex-1)
e Creation of a file to save the results
e Calculation of the effective anteroposterior dose (E (AP) in the summary sheet
e Uranium material in the braking radiation option
e Depleted gamma U source taking into account braking radiation
e Implementation of around forty radionuclides (rare earths) tested in nuclear medicine (Tm,
Gd, Dy ..)
e Taking into account a technical calculation note carried out by AREVA NT carrying out MCNP
calculations on the scenarios in the Dosimex-GX validation file
e Modification of build-up coefficient for light materials: water, concrete, Aluminum, calcium,
air
e (Calculation of screen attenuation factor in the point source model
e Contributions of each gamma line to the dose and contribution of each radionuclide if
necessary in the point source model

GENERATOR PART X

e Improvement of the calculation time on the calculation of the diffuse with the generator model
X

e Reinforced validation on X generator modeling vs CEA-R 6457 report

e  Forward scattered calculation for generator X

e  Writing of a more complete specific manual for the X generator including the validation file

e  X-ray fluorescence implementation for diffusion calculation on a screen, used in the “skyshine”
function in gamma and with the X generator.

e (Calculation in H * (10) with generator X instead of kerma air

e Option to directly calculate the dose as a function of the load in mA.min

e Implementation of standard NF C 15-160 of 2018

e In general, significant strengthening of validation files
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DOSIMEX-GX USE / GAMMA SOURCES

I1.1 RADIONUCLIDES DATABASE:

This database was established to limit computation times by grouping certain gamma lines of close
energy. The application then uses an average gamma energy, weighted by the emission intensity and
a total intensity equal to the sum of the intensities. Thus, for example, the spectrum of americium 241
which includes 191 gamma lines identified in the complete database, is limited to 6 gamma lines in the
complete database with grouped gamma lines. During a dose rate calculation, the energies and
intensities of the gamma lines used are displayed at the top right on the summary page.

In this database has been added:

The possibility of choosing a monoenergetic pseudo-transmitter"Mono E"for faster parametric
calculations. The available energies are limited to precise values (10 keV, 20, keV, etc.) in a logarithmic
progression up to 15 MeV. To choose any energy, see below "completing a database"

Typical emission tables for irradiated fuels of UOX or MOX type as a function of cooling times. These
tables are given according to mass and not activity. See appendix at the end of the manual

Terme source E|

Elément m v

w -
Isotope Xe
Nombre de masse ‘:b

Zn -
*g

Mass (g) Zr

PF MOX -
7

« "MEDICAL" DATABASE & "ELECTRO-NUCLEAR" DATABASES
These two databases are reduced databases extracted from the complete database with grouped

gamma rays, and limited to the radionuclides usually encountered in these two specific fields.

+» COMPREHENSIVE DATABASE
This database does not use the principle of grouping of gamma lines and in principle gives more precise
results. However, it will generally lead to longer calculation times. Indeed the computation time, for a
given configuration, is proportional to the numbers of gamma lines taken into account

«» COMPLETE A DATABASE
Itis possible to add radionuclides to the database. To do this, you will need to go to the "OPTION »select
"Manually define a gamma emission spectrum": see chapter on options §1.3.0nce you have chosen
your database, you are ready to use DOSIMEX-GX 3.0.
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I1.2 GAMMA DOSE RATE CALCULATION.

11.2.1 CHOICE OF GEOMETRY
Just click on the active button "Calculation of gamma and X dose" to bring up the dialog box offering

the different possible sources, gamma or X:

DOSIMEX-G 2.0 | CALCUL DEDIT DE DOSE GAMMA ET X oFnoNs (hois bese de domnse AN

A dialog box opens, offering the following configurations:

Cholix do ln geaméirie de la source radioactive

— —
- —
- o

Selectlonne-z Ia geométne de la source parmi les choix suivants:

]
\ e - ' ' )
vy Interne cylindre ou - Geénerateur X
roylindre |~ ~ Disque © ponctuelle fil © sphére C paralistépipéde pamllelémmde ".""‘e"i"l';r = Effet de ciel © modéle physig
== contaminé J w NF C 15160 (29

—— -

The first 9 configurations relate to the source geometries containing the gamma emitting radionuclide
(s) chosen. The last configuration corresponds to the calculations for the X-ray generators. This specific
application is presented in part Il of this document.

For use in gamma dose calculation, the application allows calculation for cylindrical, disc, point, wire,
spherical or parallelepiped sources.

For volume sources (resp. Surface, line), we consider that the volume activity (resp. Surface, line) is
constant and homogeneous in the source.

The “contaminated cylinder or parallelepiped” geometry, added with version 1.4, makes it possible,
for example, to determine the dose rate inside a pipe as a function of the surface contamination of
the internal wall.

The “skyshine” option makes it possible to determine the dose equivalent flow rate generated by the
diffusion of primary radiation on a plate of a determined mater

For the generator X option see specific manual

ﬁ " Générateur X
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file:///C:/Users/alain/Desktop/Dosimex3%20Anglais/Manuel%20DOSIMEX-GX_2.2_géné%20X.pdf

1.2.2 CHOICE OF SOURCE TERM

After choosing a source geometry, the “Source term” dialog box allowing you to choose the
radionuclide (s) present, as well as their respective activities, opens:

Terme source .?

Elément ‘ Cs j You must first enter the chemical
Isotope nature of the element (Cs or Co etc.);
The dialog box then offers you to
choose the desired isotope by

Nombre de masse 137 -

* By
" kBy " Byfem® specifying its mass number and its

" mBg i activity

Activite 1E9

Valider

i

Once the information has been entered Click on "Validate" to save the entry.
Notes:

e [f you want to use a radionuclide that you added to the database using the manual option, it
will be found at the end of the "Element" drop-down menu. In this case avoid the automatic
entry of the symbol associated with your element because it is possible that an element similar
to the one you entered is already saved in the database.

e Entering the activity accepts the scientific notations example for 1GBq you can enter 1E9 then
validate the button "Bq".

e The specific activities evolve according to the type of source selected: Bq.cm-3 for volume
sources, Bqg.cm-2 for surface sources, Bq.cm-1 for linear sources.

After validation, the application then offers you the possibility of entering another radionuclide:

r 53 If you select "yes" the application will open the "Source
Term" window again.

Souhaitez-vous ajouter un nouveau You can use up to 15 different radionuclides in your

radionucleides au mélange ? calculation

& Non If you select "no" the application will then ask you to
choose the type of build-up calculation model that you

T ‘ want to use for your calculations. What can for certain
. geometries, in particular cylinder and parallelepiped,

considerably increase the computation time.

DOSIMEX-GX 3.0 User Manual Page 12
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1.2.3
1.2.4 CALCULATION RESULTS

The value displayed in the dialog box corresponds to the ambient dose equivalent flow rate H * (10).
All the essential regulatory radiometric quantities (CIPR 74) are indicated on the summary sheet:

o Kerma flow in the air I.(a
e Ambient dose equivalent rate H * (10)

¢ Individual dose equivalent rate Hp(10)
e (Crystal dose equivalent rate Hp(3) ((see CEA report, see validation file)

e Directional dose equivalent rate H'(0, 07)

e Effective antero-posterior dose rate E (AP) (version 2.2)

The values are given both taking into account the build-up and without taking into account the build-

up.
You will also find on this summary sheet:

e The gamma spectrum used

e Listing of seized radionuclides

e Their respective activities

e The nature of the build-up used

e The source-detector distance

o The type of source matrix, geometry and material

e The thickness and nature of the screens

DOSIMEX-GX 2.2 wcut DEWIT DE DK GAMMA £T X

l Terme source Specty gamma
Soune Foctuede
Racionccieice Asthate iz 1 70 be

13 108€-09 [ (s it §62 ke 34 09 %
Corelvion o exponithon
Dixtance woarre poirt oo meviIe:
Avex M vp Sarm Bulbsup Bl i i royee

Kerma 76.92 pay A 002 Oy 1

wan 9248 b ) SLAR e

Wea) AL g AT )

mpaim 91,34 ghv ) LIS TR

LICE]) LS v NS

T TO.8 yevh TEI e
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1.2.5 SCREEN CONFIGURATION

Itis possible to modify the density of the screens used. To do this, select a screen in the dialog window
associated with the calculation configuration, then click on the "Vol. "

-
Source ponctuelle Iﬁ

Lancer calcul |

H*(10) | 370,11 uSv/h

J 2
Ly RNt deprotection
LRZRRZRZRRLZRRLZRRZLRZLZRRLRR — Caratéristiques écran(s)

Distance

Nature I Air _v_‘ Masse vol.
50 cm

¢ Epaisseur 50 Cm

A dialog box then tells you the density value currently entered for this material, you can then modify
it and save this new value.

F 5
Validation masse volumigue (source et &cran) Iﬁ

Masse vol. [gfcm?®) 0.0013

nregistrer nouvelle masse vol.

Modification valable pour le matériou source et écran
Modification perdue a la fermeture du tableur

Notes:
%+ Asin the case of the modification of the database, your density modifications will not be
saved when the application is closed.
7

¢ During the entire period of use of the application, the new density will be used for all the
calculations.
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11.2.6 MULTI-LAYER SCREEN
It is also possible to create, after choosing a multilayer screen made up of a succession of various

materials and various thicknesses. For this, you must select "Multi-screen" in the nature of the
material:

e

Source ponctuelle M

H*(10) [ 370,01 psv/h

A A A A AT AR AR v Ecran(s) de protection
KR RARARARRRARARRARARARAAA
IPPIPPIPIPIPIIPIPIPIPP, Caratéristiques écran(s) o
T
. |
Distance E Nature I Multi-écran L] Config écrans
cm H
100 i
&) g Air
Epaisseur Eau !
Aluminium
. Béton
Commentaires
Fer
| Calcul réalisé avec 'application DOSIMEX Plomb
Uranium hd

By default the multi-screen consists of 100cm of air.

To configure it according to your needs, click on the “Config. Screens "and enter one by one the
nature and thickness of each of the screens which constitute it:

Sanie e sorarn - ! g

Feronn® 1
Nature [ Alumiﬁium v]l
Epaisseur | 10 cm

As you enter the screens, the number of the screen indicated at the top left of the "Enter screens"
dialog box increments. With each new entry, the application reminds you of the constitution of the
multilayer screen:

Microsoft Excel L-Lb_.{

Données saisies votre écran comporte: Aluminium10 cm/ Fer5cm/

- ———————————— =

When you have entered all the screens making up your multilayer screen, close the "Screen capture"
window.

In this calculation configuration, although the thickness window is visible, you will no longer be able
to modify the value.
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Source ponctuelle | o— - @

1
H*(10) | 49,22E+00 nSv/h

$IDDDDDDDDDDIDD 9GDDDDIDDY W Ecran(s) de protection
W LLRARLLRRRAALRRRRLLLRRRA
PPPDIISPPPIISPPPIIS PP Caratéristiques écran(s) -
Distance

Nature | Multi-écran L] Config écrans

'
¢ Epaisseur 18 cm

Commentaires

Calcul réalisé avec I'application DOSIMEX

The summary sheet will then tell you that the calculation has been made in the case of a multi screen
and will tell you at the bottom of the page the composition of this multi screen.

Type de Build-up Taylor
Condition d'exposition: Source ponctuelle awvec écran de Multi-écran de 18cm
Distance sourcefpoint de mesure; 100¢
Avec Build-up Sans Build-up Build-up moyen

Kerma 40,95E+00 nGy/h 16,12E+00 nGy/h 2,54

H*(10) 49,22E+00 nSv/h 19,3BE+00 nSv/h

H'(0,07) 49,26E+00 nSw/h 19,39E+00 nSv/h

Hp(10) 49,69E+00 nSw/h 19,56E+00 nSv/h

Hp(3) 48, 64E+00 nSv/h 19,15E+00 nSv/h

de: Aluminium 10 cmyf Fer 5 cmf Plomb 3 cm/

Note :
Each time you click on the "screen config" button, the screen entered is destroyed and replaced by
default with 100cm of air if you choose nothing.

DOSIN Page 16




o ey
N

¥ ~
11.2.7 CONTRIBUTION OF ENERGIES AND RN TO THE DOSE IN THE POINT MODEL

Option valid only in the point model:

In the case of a multi-radionuclide source, the contribution of each RN to the total DED is indicated in
the summary sheet

In the example below with 1 MBq of Co 60 and 10 MBq of Cs 137. We then see the predominant

weight expected from Cs 137 in the absence of a screen:
Terme source

Source Ponctuelle
Radionucléide Activite contribution DeD total
Co 60 1.00E+09 Bg 27.39°.
Cs 137 1.00E+10 Bg 72.61°/.

We then see these weights changing in the presence of a screen, in the example below with 5 cm
lead :

Source Ponctuelle
Radionucléide Activité contribution DeD total
Co B0 1.ODE+09 By 85.46°/.
Cs 137 1.00E+10 By 14.54°/.

In addition, the dialog box displays the attenuation factor averaged over the entire spectrum:

Source ponctuelle f'5__<| [

H*(10) \ 33.27 uSv/h

1
i Facteur d'atténuation

3.83E+01

¥ Ecran(s) de protection

Facteur d'atténuation

Distance

100 cm

@ -~

Caractéristiques écran(s)

Nature ‘ Plomb j Masse val,
Epaisseur 5 cm
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1.3  SPECIFICITIES ON SOURCE GEOMETRIES.

11.3.1 SPECIAL CASE OF VOLUME SOURCES

Volume sources are considered to be homogeneously contaminated in the matrix that constitutes
them. You must therefore indicate the nature of this matrix. The constituent materials of the proposed
source matrix are identical to those proposed for the screens, depending on the build-up model

chosen.
Source oyfindrique ~.
W [Point 2}
H‘(lo)l'
Déxalage A 300 em
W Powmt1) | 0 ﬁ om E
H*(10 t
[ — Hauteur ™ Ecran de protection
[i00 on
Distance
l o om 1-\:;0_A om
Rayon

Les distances sowe fpolnts

doses sond prives @ pevtir de
A Saface: s cytoie Matéciau source ! o Masse vol.

Motrice Aluminium __jestante dons toot e cyfindre
Commentaires Béton

Fer |i¢ ntinr DOSIMEX
Piomb
Uranium

Beryllium «

For volume sources, we generally propose 2 points for calculating the dose rate. The summary table
of results then specifies the values calculated for each of these points:

Condition d'exposition Cylindre R=100 cm f H=100 cm de Eau sans écran
Distance sourcefPtl 100cm Distance sourcefPt2
Avec Build-up Sans Build-up Build-up moyen
Kerma 4,5 pGy/h 2,33 pGy/h 1,93
H*(10) 5.4 pSv/h 2,8 pSv/h
E H'{0,07) 5,41 pSufh 2,8 psw/h
Hp(10) 5.4 pSv/h 2,8 pSv/h
Hp(3) 5.34 pSv/h 2,77 pSv/h
Kerma 8,97 pGy/h 4,71 pGy/h 191
H=*({10) 10,79 pSv/h 5,65 pSv/h
g H'{0,07) 10,79 psv/h 5,65 pSv/h
Hp(10) 10,89 pSv/h 5,7 pSv/h
Hp(3) 16 pSv/h 8,38 pSu/h

It is possible to choose only one point, which can be a time saver
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11.3.2 CYLINDRICAL SOURCE MATRIX FROM VERSION 2.1 (APRIL 2017) AND CYLINDRICAL SCREEN

From version 2.1 it is possible to use a hollow cylindrical matrix (“pipe” geometry).
A new parameter appears: the interior radius.

By default this internal radius is equal to 0, allowing to find the cylindrical source matrix

Source cylindrigue &(
¥ (Pont 2|
(14
100 om
¥ ol 0 o ¢
7 point1) | ﬁ Dstance I~ Ecran de protection
H*{10) H
- . ' - r
- >
| Haule ur
. s Zero interior radius ]
100 om 1
Distance | eate
Jwpon nterme
Matériau source | E -I Mawee vol. |

By taking a non-zero interior radius, we thus define a hollow cylindrical matrix:

Bl

Source cylindrique =)

¥ @oint 2)

100 om
L = s :
W (Poi 1) C j. on Distance

H*(10) '
‘—* { o m
’ ! Hautour

:bx.x&_a‘.xu £, xu_At;m.u j st 'l ‘ » > ] ] N\
ey e o {’°° DR Interior radius not zero
storve Layon externe
o o d

Materim vource Eau - Mamae vol.

"~ Ecran de protection

The cylinder design then reproduces a hollow cylinder.

It is also possible to choose in the two previous cases one or more cylindrical screens
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Source cylindrique

¥ (Peint 1) 0

H*(10}

oot
» Ly

Source cyWindrique

¥ Pont 1)

H*{10}

W (Pont 21

H*(10) |

1
[ 100 o
-
Hautewr
.

Aver (v sy dorm s Astpes
\)\l‘AU'J‘J).l s in

00
Distance

100 om 100 om
Distance Rayon sxterns
P - ¥ r
Matériau source Eau - Massn vol.
¥ Poes 2)
H*(10) |
Ing
g | 106
j tn Gistarxce
'
L
« .
Haute s
100 tm 100 m
Astance Rayon esterne
[ o
Rayon imeme
Matérna sourte Eau - Masss vol.

m

Lancer calcul

¥ Ecran de protection

Caratéristiques écran

Nature Plomb  of Moot
Epaisseur | 1 em
cylindnique

Choice of simple
cylindrical screen

# Ecran de protection

Caratéristiques écran

- Confly fcrams

Naturs J

Epalsseur 100

W Ecran cylindrique

Choice of multiple
cylindrical screens

This new geometry makes it possible to better model geometries of the "Pipe" type containing a fluid
(full cylinder) or for example a pipe contaminated on the internal surface by taking a thickness that is

low in air.
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Décalage

0 ﬂ cm

11.3.3 OFFSET FUNCTION WITH CYLINDRICAL SOURCE AND WIRE

Décalage ?
The “offset” function allows you to | [ ﬂ =
modify the position of the point located H*(10
next to the cylinder (point 1). I Hauteur
I 100 am
By default the initial position is halfway Distance g
up the cylinder: offset 0 R . s .
Les distances source fpoints Rayon
It is possible to modify this position Décalage *
("altitude") by setting an offset from the W pointy) [z B em '
middle position. H*(10 i
This modification can be done using the I Hauteur
router or by manually entering the offset o
value Distance
299 cm m— cm
loc dictancec caurre Innintc Rayon
" Décalage ?
W (Pointy) | 50 EI cm
The maximum offset is equal to the mid- H*(10 |
height of the cylinder (or half-height of I Hauteur
the wire 00 cm
Distance
[ 10 o 100 cm

Rayon

I ec dictnnrec canrre /nnintc
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11.3.4 VOLUME ACTIVITY GRADIENT WITHSOURCE PARALLELEPIPED

The possibility of defining a variable volume activity has been integrated into the parallelepiped
geometry, along the horizontal axis. This type of situation can be encountered for example with
activities induced by a neutron fluence, or by slow processes of chemical migrations in the material
(contamination)

¢ parallélépipéde

This option can only be activated by choosing an activity in terms of volume activity. The value chosen

is in all cases the value corresponding to the maximum volume activity A, ., -

Terme source rz|

‘ Elément ‘ Cs j

Isotope

Nombre de masse 137 -
" By
" kBqg * Bgfcm?®

Activité 1E4
" MBg " Ci

Valider

0

By choosing the "horizontal axis gradient" option on the parallelepiped dialog box, you can define an
exponential gradient along the horizontal axis with two possibilities:

v Positive gradient: the face measured is then the one which is the least active. the gradient is then
defined by: Ag (X)= Ay min EXP(HX) -
The minimum activity is determined from A . bY 1 Ay min. = Aol max EXP(-HL) with:
o HM:the attenuation (or relaxation) coefficient of the volume activity chosen by the user based
on experimental data (core samples for example)

o L :the total length of the parallelepiped along the horizontal axis
The gradient is then expressed according to the relation A (X)= A,y nax EXP I:p.(X - L):I
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Calcul débil de dose paraliélépipede

= S ataat b hastisnta o uvquement e [ Dehnté solunigue
Cosffickent o atténuation de Facthite
01 1
4’ }
f— * Positit
] L
- 1 Negatit 2
E—— H
Point 1) '
v
Kerma air ) Hauteur
168.45nGy/h * | S
Distance - . / Largeur
[ 100 o 190
tongueur | oo §
Matariau source Eau :] PMasse vol,

v" Negative gradient: the face measured is then the one that is most active. the gradient is then

defined by: A\/ol (X) = A\/ol.max.exp(_ux) :

Calcul débit de dose parallélépipéde
option active uniquement avec 'octivité volumique

v Gradient axe horizontal

Coefficient d'atténuation de I'activité

0,1 em-1

_____ Q {-. Positif

A
----- \M & Negatif E
|
]
i
{Point 1) \
v
Kerma air I Hauteur
100
56.32 uGy/h <«
Distance - / Largeur
100 cm 100 cm

Longueur 100

Matériau source Eau l Masse vol.
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11.3.5 SPECIAL CASES OF “PIPE” TYPE SOURCES

The sources "Contaminated cylinder
or parallelepiped" allow the
calculation of dose equivalent flow
rates within these contaminated Cylindre ou

T parallélépipéde

You can choose contaminated surfaces, lateral contaminé

or superior.
With this in mind, it is preferable to choose
surface activities (Bq / cm?2)

Face supérieure
contaminée

Hauteur

aroi latérale
contaminée

100 cm

Hauteur du point de mesure

so cm

Face inférieure
contaminée

cm

We can the height of the dose point on the internal central axis
of the geometry
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11.3.6 SPECIAL FEATURES OF THE SPHERICAL SOURCE

A particularity of the spherical source
is to be able to define either a full
spherical matrix or a contaminated
crown with an empty central volume

Rayon extérieur

100 cm

Materiausour(el @ j Masse vol.
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1.3.7 CLOUD IMMERSION

This option, common with Dosimex-1 2.1, makes it possible
to calculate the radiological impact of external exposure
for an individual immersed either in a volume of
contaminated air with a uniform volume activity, or a
volume of water (swimming pool). In this sense only the
external gamma component is taken into account. (see
Dosimex-| for the other components

Immersion @

Hauteur
H*(10) 400 em
| 57,99 psv/h
: 500 cm

Longueur 500

Matériau source

Hypothése: Contam ne dans 'ensemble du volume
; Eau
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I1.4 REVERSE ACTIVITY VS DOSE RATE CALCULATION

DOSIMEX-G 2.0 I CALCUL DEBIT DE DOSE GAMMA ET X CALCUL ACTIVITE V5 DED I OPTIONS I Choix base de donnée RN

This option makes it possible to calculate the activity of a radioactive source as a function of the dose
rate measured in H * (10) as a function:

e Source-detector distance
e Source configuration (geometry, screen, etc.)
e Radionuclide spectrum in terms of proportions in activities

Choice of source configuration:

Choix de & geométrie de la source radioactive

Sélectionnez la géométrie de la source parmi les choix suivants:

m- | 0®w ¢

= |Cylindre " Disgque " Ponctuelle " sphére © parallélépipede Cylindre ou

" parallglépipade

contamine

Determination of radionuclides and their proportion in activity in the spectrum:
Example for 45% in DHW 137 activity and 55% in CO 60

Isotope

Kombre de maise 137 j

% wn activite -45
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45% du spectre a été saisie.

Terme source g
Element . Co :]
Isotope
Nombre de mane ’ 60 -
9% wn ackivite ’ 55

Ed

100% du spectre a été zaisie

When 100% of the spectrum has been entered, the dialog box for the selected source appears and

allows you to enter the measured dose rate:

"’,",',"",""’ - - e -
T {Poies 2}
.
7 it 1)
\ He(10
| 25 Mt ¥ Ecran de protection
> — . -
wo o= Caratéristiques écran
» mi.f"( y—r Nature { mmb 'i Mares vol |
U o prerpes =4
Rapen
f:“m' ;::"'m L Epalsses 3 em
oenguz drqyinie Mot vrta seurem Beton ol e vt
MR AR Sen NIV AR CENTERY AWE TR ¥ SRty
Covevertases
[ WEH CRIIEE mvee CApolcatOn DXR MY
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It is then possible to launch the calculation to first obtain the total activity of the source:

,
Source cylindrique —

==

Microsoft Excel

L'activité de la source est de 1,16E+10Bq

¥ (Point 1)
H*(10
| 25 Hauteur W Ecran de protection
. 5 2
cm  — Caratéristiques écran
Distance
Nature Plomb Vl Masse vol.

100 m

Les distances source /points
doses sont prises a partir de
\| la surface du cylindre

— Commentaires

>
100 cm

Rayon

il z
‘ Matériau source Béton Sl Masse vol.

Matrice source avec activité volumique constante dans tout le cylindre

Epaisseur 1 cm

Calcul réalisé avec I'application DOSIMEX ‘

The summary sheet displays the activity by radionuclide:

| o hane de dimevie AN

® ’ “ Terme source Specire garmime

Source Cyfndee Ragionuciade  Sotsge Ehey) 1™
Fatawes oaw (zerpenrzy (<3 b3 2 13 a0l [+ LY
=3 18y SImem Bg 45001 % s $LH] 3 sy
{» o0 SEE By 5.506-0) . (o & 3 ¥ 83582
o w0 LITR0 ke FRAS Y

t= 20

@

(seciion ¢'ewpadtion Cgtionton 13000 | M 508 cm a4 Deton awes dorne de Plant ae 1ooe de dernii 11 Mglom' to ‘o

Distaccs sowrre/Pel
L DO AS S
A:1,360430 By [T e

T o LESEA03 Bafere
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I1.5 SKYSHINE CALCULATION
I.5.1 IMPLEMENTATION

The “skyshine” option makes it possible to

determine the dose equivalent rate generated by
the diffusion of primary radiation generated by a
point source consisting of one or more
radionuclides on a plate of a determined material.

After entering the various dialog boxes identical to the point source options (choice RN, activity), the
skyshine dialog box appears.

r —
s o ==

Kerma air

7,82E+01 uGy/h Distance

Facteur de diffusion en dose “\ | 100
25,61E-05 :

N
N

N
\

.

Angle a5 o \\‘

I'angle doit &tre compris entre [0%,90°]

Caratéristiques écran

Nature | Béton :J Masse vol.
Epai 10 cm
5

Distance source -écran

100 cm

Surface 00 cm?

Dialog box "skyshine", calculated here for 1TBq of Co 60

The parameters taken into account are:

e The distance from the source to the right of the screen

e The angle between the normal angle of incidence of primary radiation and the position of the
source. This angle is between 0 ° (backscatter towards the source) and 90 ° (direction parallel
to the screen)

e The distance on the scattering axis at which one wishes to calculate the dose rate of the
scattered radiation.

e The nature of the plaque

e [ts thickness

e Theirradiated surface, generally a function of a collimation angle (it is up to the user to
determine this surface). This area is limited to 25.104 cm2 (25 m2)
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e The calculation is based on the differential cross section of Klein and Nishina (see appendix
H: MRI photon) and account on the one hand for the attenuation of the primary fluence in
the irradiated plate as well as for the absorption of the scattered photons before emergence
of the plaque

The code gives the value of the dose equivalent flow in the incident beam at the screen as well as the
value of the flow generated by the component scattered at the desired point. This value does not take
into account possible irradiation in a straight line at this point. If necessary, such a component can be
calculated directly with the point source option

The diffusion factor is the ratio of the flow generated by the diffusion to the flow in the primary beam.

1.L5.2 METHOD IMPLEMENTED BY DOSIMEX-GX 2.0 FOR THE CALCULATION OF THE SCATTERED
RADIATION.

Tkl -cl'::fe

Frky

Schematic diagram: diffusion in a volume element.

The dimensions of the target being small compared to the average free path, we can consider that the
fluence is homogeneous in the target volume of elementary volume dV =dxdS. Under these

conditions, we can show that the number of photons scattered throughout the space is equal to:
deiff. = :uCompt.(I)inc. dV (1)

With Lgon,. the Compton linear attenuation coefficient of the material for the energy of incident

photons still equal to Ligome. =N O, With:
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e n:the density of the target in number of nucleus

®  Ocomp : the Compton cross section (ie all angles combined)

If the scattering was isotropic, the fluence scattered by this target element at a distance d would be
equal to:

dN,,
A, = —at. _p Jemt g gy —n TSt g GvdQ (2a)
4rd 4rd Ar

1
Or again, taking into account that F equals the solid corner element dQQ:

dd,, =n—" O comt @, dvdQ (2b)
A

By taking into account the non-isotropic character of the Compton scattering through the differential
cross section of Klein and Nishina, a function of the scattering angle and of the energy of the
photons, we can write

— Compt( )__ 2 1+cos® 0 o’ (1- cos@) with o =2
1+a(l-cosoY (l+cos 0 )1+a(1-cos0)) m,C
The relation (2b) then becomes:
doy (e)znw(e)q). deV:nM(Q)@ dQadxdsS (3)
diff dQ inc. dQ inc.

Note: compared to the block diagram above, the angle & considered in the above formula is equal to
6=180°-6"'

The complete calculation of the scattered radiation for a large target (several average free paths) is
done by integrating this relationship on all the energies of the X spectrum but especially on the entire
surface of the target and all the depth, taking into account the absorption of the incident and scattered
beam.

This relation shows, for fairly large distances in front of the dimensions of the target, that the

incident fluence is, among other things, proportional to the irradiated surface S of the target.

The DOSIMEX-GX 2.0 Code implements this model to calculate the incident fluence at a given angle

and distance based on: Ecran

e The nature of the target
Mature ‘ Eau j Masse vol.

e Of its thickness

. Epaisseur 200 mm
e From its surface

Surface 2["'| cm?
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I1.6 OpTiONS.

The DOSIMEX-G application also offers a panel of options accessible by clicking on the active

OFTIONS | (hoix bose de donnée AN

"Options" button:

DOSIMEX-G 2.0 (AMUI DEBIT DE DOSE GAMMA ET X CALCUL ACTIVITE V5 DED

A dialog box offering 11 options opens:

Options E'
Créer un matériau composite pour matrice source ou écran
Définir manuellement un spectre d"émission gamma Spectre gam.

Importer des données externes {matériau, spectre) Importer

Estimation du DED du au freinage d'une source héta M|

Calculer un build-up de Taylor et un facteur de
transmission

Calculer des épaisseurs d'écran pour un facteur m|
d’atténuation donné

Définir un zonage prévisionel Zonage

Caleul décroissance & relation masse activité Decroissance

Conversion proportions de mélange (masse, isotopie, activité) M|
Créerun écran de protection multi-couche
[source gamma uniguement) M|

Catégorisation dangerosité sources [AIEA) Dang. Source
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1.L6.1 “COMPOSITE MATERIAL” OPTION

The choice of the option "Berger build-up model" allows the use of any materials, simple or composite,
both for the source matrix and for the screens installed. The nature of the material must be defined
beforehand with the "Mat.comp" option:

A dialog box type periodic table appears and offers you to define the chemical composition of your
screen via atomic proportlons (st0|ch|ometr|c coefﬂaents) as weII as it its total density.

-

; Crbetion sosecn) mees Tt o

: Mo de Vocran e Maree s fgfemy) | 11

Raisieonr dard b takioni se Meniteleiav |u foomale cteminue pincipate de Tl dment & Crewy
’ | N\- CEID MOl 2048 I Sproie e Catinee CONEZ000I0 It CoRMOiest stoahinmétrigue (oﬂvwmn

B Mowr MO0 spsss s W e ANV 2 o soux O e A VY 2

)
| 5

2
3
>
¥

Y D e e irurwe e el Erkm e b e e duemérs

MNe forctionse qu aves fapocr boldwp de Serger
Maniras geu 2 0 feerweow A IDdbwe

When this dialog box is closed, your material will be accessible for all calculation configurations
(excluding X generator) using the Berger build-up.

1.L6.2 OPTION "MANUALLY DEFINE A GAMMA EMISSION SPECTRUM"
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A
Radionucléide | X

Raie Energie gamma (keV) Intensité gamma (%)

i
il

Informations perdues a la fermeture du tableur

Enter the radionuclide symbol (X), its mass number (A). Then define the emission spectrum of 1 to 5
possible lines by specifying energy (s) and intensity (s) of emission and validate by recording it. Several
standard spectra can be entered successively. The radionuclides entered will be placed at the end of
the radionuclide database in use.

If the radionuclide to be recorded has more than 5 gamma lines, record your first 5 data then repeat
the operation by entering the same symbol and the same mass number. In order for your radionuclide
to be correctly taken into account later, enter the information relating to a new radionuclide only after
having fully completed the first one.
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11.6.3 IMPORT OF MATERIAL DATA OR EMISSION TABLES FROM AN EXTERNAL FILE

Base de données externe pour Dosimex-GX Créer un matériau

Importer

UNe LAD e O rSS1 Of

Lobpectif de oo fichier 651 de iemonises bas donmnees craes dans Dosines-Gr aves bes options “spectie Zam o “mal comp® [vow mannel

Ces options ost el e deportees dans ce fichier nos arypte enregitrable

Wwr 800 EXT GX.xds gigit impe

Mode emplol

Lascer les applications ' Cocer un materine' ou *Creéer oo tafiles d'emission gamemn* o dessus sutvant les besoms
Lo mode dutidization de ces applications est strctemont idontapes aus opticas correspondant &5 dans Docimes. GX (voir manual § 6.2)
- Enragrdrer b Nohiar avant & ba farrne
= Owvrir Doswes-GX
< Lamcer Vapphcation mporter” accessible dans & bofte de dealogue * Optioss’
Cette apphication cuvre I'exploratenr de fichser
Rochercher le fichier 80D _EXT_GX.xks dans cotte fenatre de naogation et fouwir
- Catte action importe automatiguemant las donness anrentraat 1o wers Dosmer-GX
- (&5 dommées somt alors inmedhat ement wtilisabies dans Dossmer -G X
< ot ant | en gt st Doshmes-GX Bichier crypte non -entegutrabile (s donness diparalssent
- Pour bes retrouves ol wiffea de bes importes a nowsean

The purpose of this file BDD_EXT_GX.xIs is to store the data created in Dosimex-GX with the
options "gam spectrum. " and "mat.comp"previously defined.
These options have been deported to this recordable unencrypted file

Important: to be able to be saved, this BDD EXT GX.xls file must be opened before any
Dosimex code (GX and others)

Manual :

e Launch applications "Create a material" or "Create a gamma emission table"which
have been deported in this file (even if they still exist in Dosimex-GX 2.1)

e The mode of use of these applications is strictly identical to the corresponding
options in Dosimex-GX

e Save the file then close it

e Open Dosimex-GX
e Launch the application"import"accessible in the" Options "dialog box

e This application opens the file explorer:
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Regardier dans 1 ) Dostmex-GX enval oryptage ... v @24 X 3" ous-
3 =) BOD EXT_GX.de

_~‘) §_]'I':o»vt9.lbats..-k Importer
Mes documents | SposIMER_GX_2 .0

v N)DOSINER_GX_2C s

Bureau

Build-up

Mes documents
Poste de travadl

Ko de Mickier | v
Type de fichiers :

Tous tes fichers Mcrosoft Offics Excel (%, 2% *.xks; *.xk; &

Find file BDD_EXT_GX.xIs in this navigation window (Dosimex-GX folder in the
operational pack) and open it

This action automatically imports the data saved here to Dosimex-GX

LILIIIELI ] W WL W O TS HIaET W WS 20U WS T L

Calculer un build-up de Taylor et un facteur de
transmission

Microsoft Excel
Calculer des épaisseurs
d'atténuation donné

Données enregistrées pour cethe session

Définir un zonage prév

e —aftacx

This data can then be immediately used in Dosimex —GX

Important: when leaving Dosimex-GX, an encrypted non-recordable file, this data

disappears.
To find them, simply import them again fromBDD_EXT_GX.xls

Note: you can duplicate this file as much as you want by storing them in additional folders.
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11.6.4 OPTION "CALCULATION OF THE DOSE RATE DUE TO THE BRAKING RADIATION OF A BETA
SOURCE"

RF !
This option makes it possible to calculate the dose rate due to the braking radiation generated in a
material acting as an electron absorber (in green) by the beta emission of a source. The thickness of
the absorber is such that the electron / X conversion is total, which amounts to saying that no electron
emerges from this absorber. The value of the dose obtained is thus only a dose "X". The dialog box
does not take into account primary screen thicknesses less than the maximum range of electrons,
calculated when the operator chooses the nature of the screen

In the opposite case, for an absorber with a thickness less than the maximum range of electrons, the
DOSIMEX-B code must be used to calculate the “beta” dose.

The application determines the beta spectrum of the radiation source, then the braking X spectrum to
finally determine the dose rate due to the braking radiation. It is possible to set up a secondary screen

(in blue) to calculate the attenuation of the braking X-ray. In the case of a transmitter ", this

application takes into account the emission of 511 keV annihilation photons.

There are two possibilities to determine the beta transmitter:
1) Or a drop-down list offering the essentials of the radionuclides taken into account in the
Practical guide (Delacroix et al.)

Cemation DD eyt e :
Ohonx = — |
" Sources personnalisés = Radionucléides anregistrés -1
10Be =
11C
14C
150
18F
22Na
24Na -
Activite (Bg)
Distance [em)
Nature de 'absorbant d'élection
H*(10)
] .
Ep. absorbant [am) |

( hpokerer d"obsorhont proposée corr " Ecran de protection vs ray. frein.

QU poveours maxkman des diectrons daves le
st ériora choind)

Note: the code only calculating from a single component, the emission spectrum is approximated by
an average Qmax.

2) Or by manually entering the characteristics of the beta component:
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e PBeta-or+
e Qmax
e Emission intensity

Estimation DED rayonnement de rinege s —

Choix - 1 |

¢ Sources personnalisés " Radionucléides enregistrés ‘ :I

Caractéristiques de la source béta

Z du radionucléide - | 39
Energie béta max (keV) | 2200 * Béta moins
Intensité d'émission (%) | 100 ¢ Betaplus

Activité (Bq) 1E12
Distance (cm)
100

.................................... % [ 783,39 uGy/h

Nature de |'absorbant d'électron

H*(10)

Aluminium j

Calcul

Ep. absorbant (cm) 0,4

(L'épaisseur d'absorbant proposée correspond W Ecran de protection vs ray. frein.

au parcours maximum des électrons dans le — Caratéristiques écran ———————————

matériau choisi)
Nature | Eau :]

Epaisseur | 10 cm
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When using this option, a summary sheet is edited presenting the elements associated with the

simulation:
;.:l:a|l|z==:l CALCUL DEBIT DE DOSE GAMMA ET X I CALCUL ACTIVITE VS DED
—
® L Terme source
Rl |
Source
Source béta - de Z= 39 Afl beta
Source gainée de 0,4cm de Aluminium 1E12Bq [ 100%
Type de build-up: Taylor Configuration avec écran de Eau de 10cm
Avec Build-up Sans Build-up Build-up moyen
Kerma 608,58 pGy/h 208,98 pGy/h 2,91
H=(10) 783,39 psSv/h 269,21 pSwv/h
H'(0,07) 772,19 pSv/h 265,36 pSv/h
Hp(10) 806,64 usv/h 277.2 psv/h
Hpi3) 768,19 psv/h 263,98 psv/h
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1.6.5 "BUILD-UP" OPTION

This option allows a calculation of build-up (BU), of the transmission factor (F), and the product of the
2, for simple configurations, equivalent to a monoenergetic point source (limited from 10 keV to 15

MeV) for one or two adjoining screens.

Energie gamma 1 661 keV
Nature de |'écran Eau 'i
Epaisseur de I"écran [ 50 cm

¥ 2éme dcran accoléd

Kature de I'ecran { Plomb '_jl
Epaisseur de l'écran [ 1 m
Lcrand Ecran 2
Nbre longueur de e [
relaxation sy | 828 | 120
Facteur de transmission I 415663
F=of-px)
Bulld-up (B) I los7
Factour de transmission
cormigé Fr=0xF: 4S1E-02
Facteur d'atténuation I 218
Fa=1/¥t
PR S—

The summary sheet then indicates the curves and tables of evolution of the Taylor build-up of the
transmission factor.

Sl ke T Pomb
P Toarsreawns IF) X jare Butldap B rer Tiem| Bulsep @) e
B 100503 2.208420 1O0E0) 100503 | 5205400 1305420 138620
1 (RIS ] 13768t 114p02 Taam L 1.088+00 LTk
H 135291 FRIT 1700003 59321 | LETENO0 15000 103003
i Lneen 1.500.01 SLT02 27701 3500400 152020 a2
4 142 LATEe0L TAe02 f41En LTS 1.04ie20 Lae2
s Rr s 188801 297609 072691 | 43700 1082400 183002
18] 454Kt 1317002 41002 1 534000 2.55¢+00 Lo
1% 196597 1955403 PRI BA%AE | LIGIOL  BE620 AIEOY
3 13823 L. SEste0 IR H 0 14T S0 Tireoy
) e RTRT] 150003 1150003 TAIE1) | 350001 421430 3ESELY
“ 425638 LATRe02 LTk T.Ask-36 Lot 160620 LaYE?
Evolution du build-up en fonction de px Evolution du factewr 8 transmission en fonction de px
1093 - 13 -’
W0 ' T
191 ¢ \\ T
1wy — 4
a2 —~ 1
=~ )
3 $ aese g ~ T
3 2 teae ¢ =% q\ ]
~
TS -~
11 ¢ y ! ——t N e ‘
wn - S ~g
T I~ —
= ~
— i by ~ o
1E36 4= \
| | =
w0 1638 !
0 k e LT L = w » “ L] L) 10 1" - 30 " 32 13 @
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11.6.6 "CALCULATE SCREEN THICKNESSES FOleUATION FACTOR" OPTION

This option makes it possible to define, for a given energy and a given material, the screen thickness
necessary to obtain any attenuation factor chosen by the operator (1/2, 1/10...1/ netc..).

Two screen thicknesses are calculated, the first, resulting from the classical calculation of exponential
attenuation, not taking the build-up into account, and the second, invariably greater than the previous
one, taking into account the build-up. It is possible to use the two build-up models, Taylor and Berger.
The interest, with the build-up of Berger, being to be able to use this option with a composite screen
defined in the option "Composite material"

Example of tenth screen calculation for 1332 keV in lead with the Taylor model:

Cakcut ibee parcoars moyen iﬂi
Energie gamma 1332 eV
P e ) |
Nature de 'écran | Plomb -

Facteur d"attdnustion 4 sttelndre 1/; 10

=

Libsre parcours moyen [Ipm) [ 1611 om

X1/10 sans build-up [ 371 em

X1/10 avec bulld-up 478 em

Modeéle de build-up
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1..7 "DEFINE A PROVISIONAL ZONING" OPTION

This option allows you to define the distances corresponding to the different radiological zones for a
point source (1 or more possible radionuclides) with or without a protective screen. The calculations
(solver) take into account attenuation and build-up in the air.

The zoning takes into account the latest modifications made by decree 2018/437 of June 7, 2018.
Example for 40 Ci of iridium 192 with a 3 cm lead screen.

DEfinir un 2onags gl
of décret 2018/437 ¥ Ecran(s) de protection
du d juin 2018
Caractéristiques éeran(s)
f N—
W Nature Pamb = Mamse vol Epsisseur g em
H*[10) contact source e
{+protection) en mSv/h l 1A4E¢08
Distance dans I'air{m) Conditions specifiques
Sy ED H*(10] g
. ‘ b Zove controléw rouge 2 243D e -
o > 100 mSv \ Ty I
‘ swrlh 5 g t Lo at
o — I=ind trie g pery nell
i
a4 4
. ‘\'g"""\‘ < 100 mSv
..-/;'g'; surlh b %
<2msV | 7.21E400m
oty g o surlh
‘.*" Zons controlés varte
<4 mSv G o
& siit 4 ki | L132E+01m Poet de In dogamitrie paiien ot operationns|
2o wirveilloe bisus
[\ D <1,25 mSv S — Port deln dosimétrie passive
—e et >80 psv 4,226401m ' $9H por pemabheetd senaines detrevail oar mols condulset
O sur 1 mois 2 une erpasition de TGy en L mots de travail

A first additional option makes it possible to know the distance from an area for a chosen value of

the dose rate:

VW Valeur personnalisée (uSv/h)

1.14E+01m
10

A second option makes it possible to define an area of operation in proportion to time:

v Zone d'opération DED moyen
25psv/h
Durée operation {h) Durée du tir (h)

| 3.60E+00m F-] | 2
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1.6.8 "DECAY" OPTION
focin e

Elémant V ¥

actope

Nombre de mane [ n :

Pérdode LR H <;\
After choosing a radionuclide, we obtain s e s dpoar | S a deoi s
the first information: its period in
seconds (s), hour (h), days (d) or year (A) Caes dicromance - SalaSon meme vecs activibd
as the case may be - - il
(example here with Fluor 18) owren s T
I-:.-:; ‘ Audate |
Calcul

Caleul inverse | Calcul nbre de jours | Intégration débit dose en décroissance

Calcul décroissance

Activité ‘ 300E6
initiale
The first tab "Calculation" allows you to )
calculate a decay correction Durée -
By returning to the initial activity and A
the duration of decline

Activite
finale

2,48E+08
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Relation masse vers activité
On the same tab it is possible to convert

~
a mass (g or kg) into activity (Bq) masse 1E-12 =

“ ke

Activité

3,52E+09Bq

Caleul | Calcul inverse | Calcul nbre de jours | Intégration débit dose en décroissance

Caleul recroissance

100E3

Activité
finale

The second tab "Reverse calculation" g o
allows you to calculate a decrease Durée 15 & h
correction "in reverse", that is to say to
go back to the initial activity of a source
having decreased

Activité
initiale

2,94E+07

Relation activité vers masse

‘TBq

C Ci

On the same tab it is possible to convert =

an activity (Bqg) into mass (g or kg)

Activité ‘

masse (g)
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Calcul | Calcul inverse | Calcul nbre de jours | Intégration débit dose en décroissance l

Date initiale 01/01/96

The "Calculation of days" tab allows you to
convert a date difference into days, which can Date finale 02/09/2015 16:17:55
be used with the previous tabs

Initially the fields contain the current date
("today" function of Excel)

Delta en jours | 7,18E+03)

The last tab lets you know the equivalent dose integrated over a period of time, taking into account
the decrease in the source. The duration considered is expressed in decimal hours, so that If the dose
rate is considered in puSv / h, then the integrated dose will be expressed in pSv.

Calcul | Calcul inverse | Calcul nbre de jours Intégration débit dose en décroissance

Intégration débit d'équivalent de dose en décroissance

DED(0) | M

Calculer

Ar
ED,, = | DED(t) dr = 1,40E+02

DED(t)

t(h)
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1.6.9 OPTION "CONVERSION OF PROPORTIONS OF MIXTURES" m

A. PRINCIPLES OF CALCULATIONS IMIXTURE OF K ELEMENTS
Rating:

o @, :proportion by mass (Za;, =100%j

o |, :isotopic proportion (Z Il =100%J

o Act; : proportion by mass (z Act, =100%]

v T, :periodinsand A =In(2)/T, ins-1

v A : mass number

Case 1: I, known =

ay
calcull:1, /A

Case 2: ®; known = X A
Al

2 A

k

Act, A/
‘o = A
calcul 1: @, _W
7 A
@;
Puiscalcul 2:1, :4
A

Puiscalcul 2: Act, =

Case 3: Act; known =
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B. IMPLEMENTATION

Example with the mass mixture of natural uranium

Convertisseur de pourcentage

Nature des proporbons connues

7 % en Activite

Période (s) { 39,176+12

Poarcentage sainie

Elamant { U j
o | C
% | 99,27

A

X 2 S,
Nt

First choose the nature of the proportions of mixtures:
Isotopy, mass or activity

_—

Then choose the first
radionuclide

mixing rate

and its

POUTCentAgETE

y 100 % g1 "
i o, 18 DOt

= =

Validate this choice

Convertissour de pourcentage

Elémant ’ U :‘
’ 238 j
Isotope
% | 99,275

5 18 A
Période (s) 39,186412

- Pourcentage saisie 90275 %
Ajouter
Pourcentage reztant 0 72"

tose totnl sais strent 100 % e

5

After validation the\

DOS

Convertisseur de pourcentage

Elémant

3 _
~- choice on the nature
of the mixture
disappears, to avoid
any handling error
<
The proportion\
entered and  the
proportion remaining
to be entered are
displayed to facilitate
the entire operation
(%
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Enter the second\

radionuclide, its
proportion then
validate

)

Enter the last

Converlisseur de pourcentage @ radionuclide
Mature des proportions connues
€7 o an Actwté O sizotopique o 2 massique
Elimant ‘ v j
BT )
Mksos J The entry stops when
, the sum of the
|
» | 0008 proportions reaches
3 0,
Période (s) 21,52e+08 W ‘ 234 100%.
If the 100% is exceeded,
TP ovcithe A 100 % an alert message
Ajouter
‘ Powrcentage restart ¢ appears and
N e SO R et SOOI e ivior e e S T iyt automaticallv nrlin:'rc/

The results of the conversions for the other types of mixture are then displayed on the summary sheet:

R Lambda | A % en Act Saenisor % en masse
1238  49,14E-19 2 3BE-=02 4G 17FE=00 a0 2FES00 99 2RE-00
235 31,20E-18 2 35E=02 21 50E-01 72 81E-02 71 20E-02
234  B947E-15 2 34E=02 E1 mEE<00 ml O2E-04d 0 OOE-04

11.6.10 MULTI-SCREEN OPTION m
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This option allows you to define a multi-screen prior to a gamma dose calculation. Its principle of use
is identical to that described above (§ 1.2.E)

11.6.11 "HAZARDOUS SOURCES CATEGORIZATION" OPTION

This option defines the danger class of a source according to the IAEA criteria (IAEA / Safety guide / RS-
C-1.9http.//www-pub.iaea.orq/MTCD/publications/PDF/Pub1227 web.pdf)

Catégorisation des sources selon AIEA I.éj

——

Source radioactive détenue | Am241 j

(Classées par dangerosité décroissante)

" Bq T kBg  MBq
Activité - .
T GBq ©“ TBq ( Ci

Classement .

Catégorie 2: Source trés dangereuse
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I1.7 CoPY OF RESULTS TO A DEDICATED FILE

In order to facilitate the recording of results, a specific file has been created: "Copy results.x|s"
This unencrypted file must imperatively be opened before any encrypted file of the Dosimex pack to
be able to be saved. Otherwise, it will be opened in “read only” mode, which cannot be saved.

A specific link then opens Dosimex-GX 2.1 directly. For this the fileCopy results.xls original must remain
in the “Dosimex-GX” folder, but it can be saved under another name in the directory of your choice

after acquisition of results.

1.L7.1 CASE OF RESULTS WITHOUT GRAPH

M retour DOSIMEX-GX 2.1 m_ Copie de résultats

1) open Dosimex-GX 2.1
with this button active

2) Before being able to paste results, make
sure that the sheet is not protected by
clicking on RESET

W a e w0 Résudtaty 10 Renkist 2 7 Ree { Rombsts 4 [ Pemibats s /

In order to facilitate the memorization of several runs, 5
identical sheets have been created.

Terme source Spestie gamrag

Source Cylinden
L ek (4] 1=
19 LOE+0% o (31 137
Co LO0C 00 tq [
After a calculation run, close all dialog boxes and
click on the active button "to copy»Then return to
the file "Copy results —1
J
Type de Bubd-up Yanpen
Condthon o euposition pArere e 1000 § e 100 g 0w T a0 dees ecran ae Pomt oo bom ow seeite 15,020 w
Distarce source Ml Distarcs source /P2
Aser Bl Lam Bl up B0i b up mayes
Yeama M i BAS N 185
wan 1937 yevm 156 g
Iy W 1929y 137 e
Hped 0y (LT AR TT
wedd) 1919 i 783
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Tarma source Srtie gamma
Soure Cylindre : Tive

Patorackice Acthits 3 i 53 eV
(5] [0 100808 B fEny LS be
{o L 100000 L35 Ce ‘

[ Click on the active "paste" button to retrieve the results in an identical format. ]

Type de Buikd up ante

AT e e Cytawhe Ao won e 00 o 0 Lan iy 40mam 0 orvds 0 Lorw pe semslte LL Mg e/

[T rpe—— ) Cistams wate/MJ

Avec Beksip S9ms Bald-ap 8ubo- L Froxen
Kerma 1621 e & SES Y rAs

The sheet is then write-protected. Remember to introduce comments if necessary in the Dosimex —
GX dialog before launching the calculation

Commentair

Calcul réalisé avec 'application DOSIMEX

11.7.2 CASE OF RESULTS WITH GRAPH
The “copy” function cannot directly transfer a graph from an encrypted file to an unencrypted file. To

save a graph (Build-up options and X generator modeling) it is necessary to manually transfer them
according to the following procedure:

1p—= DOSIMEX-GX 2.1 CALCIA DEMT DE DOSE GAMMA ET X

Terme source - -
Source Spoctre X primaire ot diffusd
Geraratess ¥ Tarsion / Interaits A7 — s -
JOEAV [ ImA { doade W O
. sheor
Lrerpe ¥ mveyemme F hamced 1131 be Soe o ;;‘_’1. | - ot
Crergie X mmoyerne Merrsad 280 ey TR B — Tpaats e SVuase [TUAY 380
Phtns X totale au point o mesese S50 00K e
.
A
- ]
T Lowear |
g T ]
= |
PE 7 s !
= \
x |
e ~
10 100007
[ T
Type de Buiid-up: Burger Conttigiration sam scran
sz S e 1m0
' ped a 23 L) 1L ua

Sver Bods e Vara Bobtom L

Kems  LI%40.52 mOs 1154052 nOy .
3 Ll LY ATHATS v N JTATS S
- {\::N 238212 b
10} 167
2) manually copy the

graph (Ctrl + C)

Lregle & pevy
-

LE R
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Go back to the "Copy results" file then copy the graph manually: Ctrl + V on an empty sheet (RESET
function to perform if necessary before the previous manipulation)

(AR retour DOSIMEX-GX 2.1 M Cople de résultats

Spectre X primaire et diffund

—t e AT O8

Luw Letn o 12000

L = —na® e APAE O GO irpeor
)

Place the graph correctly on the

sheet manually if necessary

Wond/sihe

7
f

Enarpie X (V)

Attention: the copy of the graph in this configuration is longer than in normal use between
unencrypted files

Then go back to Dosimex-GX (link available on the file) then make a copy-paste as in the previous case
(copy without graph). The text is then superimposed on the graph already present.

R retour DOSIMEX-GX 2.1 m_ Copie de résutots

Tearma source

Spectre X primaire et diffusé

Oévwrsrens ¥ Teraan / vivrade
1008V / 1A [ Asese W L) NS A
Erwigle £ ringeres Flaemin) ELAE WY PRy S —— A3k
Erergle X moyerre (Batrea) A0 My . 2
e — ST L PTEES 2 ) LALLM
Fhuerce X cocale au pours e s 236800 fire! o “ \ RN SUR
e
LA
e
= Aot s
2 =X
3 sy 3
3 e 1
= I
= £
(B ]
o
R Ly
L /\ a0
Type te Buld-up: Burger Cantigiaation sa0s ST . - - —

’ W “ ca - m s
Znex Bodk g Sarn Bids e Suds up meyes Energie X (ke
Karma 13550.52 gt 13540.52 Oy :
Lt} 1TELIS v 178825 v
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Tip: keep the original version of the “Copy results” file and save the results under another name and

possibly in another folder. This will allow you to keep blank sheets allowing you to immediately paste
results

If you try to copy results to an already filled sheet, the Excel file will be putin error:

'xl' =11 retour DOSIMEX-GX 2.1 Ouvrir _ Copie de résultats

Ter :
Source (@Y Microsoft Visual Basic
Radionucléide
Cs 137 Erreur d'exécution 1004
Co B0

‘ous ne pouvez pas execuber cette commande sur une Feuille
protégée. Pour utiliser cette commande, wous devez Gter la protection
de cette feuile, Dans le menu Cutils, selectionnez Protection, puis
cliquez sur Oter |a protection de |a Feuille, Vous devrez peut-Etre baper

un maok de passe, Une fois la protection de la Feuille dtée, réessavez la
commande,

Fin | Débogage | hide

Tuna da Bnild-nn

Taulmr
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Partie Ill. sPECIFIC GAMMA SOURCES

I1l.1 UOX AnD MOX souURCES

11.1.1 SOURCE DATA

These data were provided by Gilles BAROUCH, of the CEA / Cadarache Radiological Protection
Service

GOALS :Evaluate the dose equivalent flow rates generated by UOX and MOX type fuels after
irradiation and cooling.

INITIAL DATA: Dthey types of REP fuels have been studied, a UOX and a MOX, for which the following
initial isotopic spectra are considered:

Typical UOX mass ratios
U234% U 235% U 238%
0.05% 4.95% 95.00%
MOX type mass proportions
Pu238 Pu239 Pu240 Pu241 Pu242 Am241
1.62% 58.16% 22.43% 11.10% 5.59% 1.10%

111.1.2 CALCULATION METHOD
v" Phase 1 : calculation of neutron irradiation to 99 groups performed with the code APOLLO1

In both cases, irradiation campaigns of 10 GWd / t followed by a 90-day shutdown were simulated
until:

o 120 GWd / ton for UOX
o 90 GWd / ton for MOX

v' Phase 2 : cooling calculation at 6 months, 1 year, 3 years then finally 5 years using the CESAR-4 p
evolution code
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11.1.3 UOX FUEL RESULTS

UOX - Total activity of fission products (TBq / tonne)
(1/2)

ISOTOPE 6 month refr 1 year refr 3 year refr 5 years refr
ZN 72 2.95E-29 0.00E + 00 0.00E + 00 0.00E + 00
GA 72 4.24E-29 0.00E + 00 0.00E + 00 0.00E + 00
AS 77 6.41E-33 0.00E + 00 0.00E + 00 0.00E + 00
SE 79 2.22E-03 2.22E-03 2.22E-03 2.22E-03
BR 82 1.77E-35 0.00E + 00 0.00E + 00 0.00E + 00
KR 85 7.29E + 02 7.06E + 02 6.20E + 02 5.45 + 02
RB 86 2.02E-01 2.34E-04 3.77E-16 6.31E-28
RB 87 2.15E-06 2.15E-06 2.15E-06 2.15E-06
SR 89 1.52E+03 1.25E + 02 5.50E-03 2.455E-07
SR 90 6.48E + 03 6.41E + 03 6.11E + 03 5.82E + 03

Y 90 6.48E + 03 6.41E + 03 6.11E + 03 5.83E+03
Y91 3.11E+ 03 3.61E +02 6.25E-02 1.10E-05
ZR 93 1.95-01 1.95-01 1.95-01 1.95-01
ZR 95 6.84E + 03 9.52E + 02 3.46E-01 1.27E-04

NB 93M 4.74E-02 5.05E-02 6.22E-02 7.29E-02
NB 95 1.35E+04 2.07E+03 7.69E-01 2.83E-04
MO 99 6.53E-16 7.91E-36 0.00E + 00 0.00E + 00
TC99 1.45E + 00 1.45E + 00 1.45E + 00 1.45E + 00

TC 99M 6.25E-16 7.58E-36 0.00E + 00 0.00E + 00
RU103 3.08E + 03 1.25E + 02 3.19E-04 8.31E-10
RU106 2.74E + 04 1.95+04 4.98E +03 1.28E +03

RH103M 3.07E +03 1.25E + 02 3.19E-04 8.30E-10
RH105 2.50E-33 0.00E + 00 0.00E + 00 0.00E + 00
RH106 2.74E + 04 1.95+04 4.98E +03 1.28E +03
PD107 2.15E-02 2.15E-02 2.15E-02 2.15E-02

AG108M 1.21E-06 1.21E-06 1.20E-06 1.20E-06

AG110M 6.52E + 03 3.94E + 03 5.18E + 02 6.84E + 01

AG111 3.59E-04 1.59E-11 0.00E + 00 0.00E + 00
CD113 1.67E-15 1.67E-15 1.67E-15 1.67E-15

CD113M 7.51E + 00 7.33E+00 6.62E + 00 5.97E + 00
CD115 7.55E-23 0.00E + 00 0.00E + 00 0.00E + 00

CD115M 6.08E + 00 3.59E-01 4.18E-06 4.95E-11
IN115 5.31E-13 5.32E-13 5.32E-13 5.32E-13
SN121 1.01E-01 1.01E-01 9.81E-02 9.57E-02

SN121M 1.31E-01 1.30E-01 1.26E-01 1.23E-01
SN123 2.15E+01 8.09E + 00 1.60E-01 3.19E-03
SN125 7.01E-04 1.45E-09 2.17E-32 0.00E + 00
SN126 9.96E-02 9.96E-02 9.96E-02 9.96E-02
SB122 6.44E-19 0.00E + 00 0.00E + 00 0.00E + 00
SB124 1.65E +01 2.03E +00 4.50E-04 1.01E-07
SB125 5.64E + 02 4.98E + 02 3.02E + 02 1.83E +02
SB126 1.01E-01 9.96E-02 9.96E-02 9.96E-02
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UOX - Total activity of fission products (TBq / tonne)
(1/2)

ISOTOPE 6 month refr 1 year refr 3 year refr 5 years refr
SB127 2.20E-11 1.29E-25 0.00E + 00 0.00E + 00
TE123 5.48E-13 6.35E-13 6.81E-13 6.82E-13

TE123M 4.08E + 00 1.42E +00 2.06E-02 3.01E-04

TE125M 1.29E + 02 1.15E +02 6.98E + 01 4.23E+01
TE127 1.77E + 02 5.57E+01 5.33E-01 5.14E-03

TE127M 1.81E + 02 5.68E + 01 5.44E-01 5.24E-03

TE129M 5.18E + 01 1.21E+00 3.42E-07 9.87E-14
TE132 6.78E-13 1.04E-29 0.00E + 00 0.00E + 00

1129 3,95E-03 3,95E-03 3,95E-03 3,95E-03
1131 5.73E-03 8.78E-10 3,75E-37 0.00E + 00

XE131M 3.34E-02 9.04E-07 4.01E-25 0.00E + 00
XE133 2.92E-06 1.05E-16 0.00E + 00 0.00E + 00

XE133M 2.55E-22 0.00E + 00 0.00E + 00 0.00E + 00
CS134 2.51E+04 2.12E+04 1.08E + 04 5.52E + 03
CS135 5.98E-02 5.98E-02 5.98E-02 5.98E-02
CS136 5.51E-01 3.78E-05 7.19E-22 1.44E-38
CS137 1.27E+ 04 1.25E+04 1.20E + 04 1.14E + 04

BA137M 1.20E + 04 1.19E + 04 1.13E+04 1.08E + 04
BA140 2.88E + 00 1.45E-04 8.01E-22 0.00E + 00
LA140 3.31E +00 1.67E-04 9.22E-22 0.00E + 00
CE141 1.14E + 03 2.35+01 3.99E-06 6.90E-13
CE142 7.02E-12 7.02E-12 7.02E-12 7.02E-12
CE143 4.31E-36 0.00E + 00 0.00E + 00 0.00E + 00
CE144 2.30E + 04 1.48E + 04 2.50E + 03 4.23E + 02
PR143 4.81E +00 4.44E-04 2.78E-20 1.83E-36
PR144 2.30E + 04 1.48E + 04 2.50E + 03 4.23E + 02
ND144 2.38E-10 2.41E-10 2.46E-10 2.47E-10
ND147 2.34E-01 2.42E-06 2.30E-26 0.00E + 00
PM147 5.31E+03 4.66E + 03 2.75+03 1.62E + 03
PM148 3.85E + 00 1.82E-01 8.53E-07 4.08E-12

PM148M 7.29E +01 3.43E + 00 1.61E-05 7.71E-11
PM149 3.16E-21 0.00E + 00 0.00E + 00 0.00E + 00
SM147 1.93E-07 2.09E-07 2.56E-07 2.84E-07
SM148 8.80E-12 8.80E-12 8.80E-12 8.80E-12
SM149 9.06E-13 9.06E-13 9.06E-13 9.06E-13
SM151 2.53E+01 2.52E+01 2.48E + 01 2.44E + 01
SM153 1.95-24 0.00E + 00 0.00E + 00 0.00E + 00
EU152 1.07E + 00 1.05E + 00 9.42E-01 8.49E-01
EU154 1.10E + 03 1.06E + 03 9.02E + 02 7.70E + 02
EU155 5.32E +02 4.96E + 02 3.75+02 2.84E + 02
EU156 8.61E + 00 2.13E-03 6.95E-18 2.37E-32
TB160 2.47E+01 4.32E +00 3.91E-03 3.57E-06
TB161 9.82E-07 1.16E-14 0.00E + 00 0.00E + 00

HO166M 4.62E-03 4.62E-03 4.62E-03 4.61E-03
Total 2.11E + 05 1.42E + 05 6.69E + 04 4.64E + 04
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UOX - Gamma source of fission products (gamma
/ sec / ton)
GROUP (keV) Cooled 6 Cooled 1 Cooled 3 Cooled 5
months year years years

10 4.78E + 14 3.06E + 14 5.80E + 13 1.32E+13
18 2.74E+11 2.56E+11 1.94E + 11 1.46E +11
25 3.39E+14 4.94E + 13 6.65+12 2.26E +12
38 2.65+15 1.87E + 15 6.22E+14 3.23E+14
53 4.48E + 13 2.94E + 13 1.25E+13 8.08E + 12

68 6.89E + 10 4.73E + 06 8.99E-11 1.80E-27
88 4.92E + 14 3.62E+14 1.51E+ 14 9.40E + 13
108 1.10E + 14 1.03E+ 14 7.75+13 5.86E + 13
135 3.56E + 15 2.08E + 15 6.43E+ 14 3.59E+ 14
175 3.80E +13 3.34E+13 2.02E +13 1.23E+13
250 9.39E + 13 7.58E +13 6.18E + 13 5.20E+13
350 7.15E+12 4.76E + 12 2.12E+12 1.09E + 12
425 4.97E+13 2.21E+13 5.23E+12 1.40E + 12
480 3.36E + 15 6.28E + 14 2.82E+14 1.56E + 14
555 1.17E+ 16 9.04E + 15 3.60E + 15 1.58E + 15
650 3.88E+16 3.38E+16 2.14E + 16 1.53E+ 16
750 4.20E + 16 2.14E + 16 9.43E + 15 4.88E + 15
900 2.77E+ 15 2.35+15 1.32E+ 15 7.92E+14
1165 1.66E + 15 1.35E+ 15 7.20E + 14 4.53E+ 14
1415 8.33E+14 6.89E + 14 3.36E+ 14 1.69E + 14
1580 4.50E + 13 2.98E +13 7.61E+12 1.95+12
1830 3.99E +13 2.37E+13 5.80E + 12 1.48E +12
2250 1.90E + 14 1.23E+ 14 2.25E+13 4.25E + 12
2750 4,13E+12 2.86E +12 7.26E+11 1.85E+11
3250 4.25E+ 11 3.02E+11 7.73E+ 10 1.98E + 10
TOTAL 1.09E + 17 7.44E + 16 3.88E+ 16 2.43E +16
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11.1.4 MOX FUEL RESULTS

MOX - Total activity of fission products (TBq / tonne)
(1/2)

ISOTOPES Cooled 6 months | Cooled 1 year | Cooled 3 years | Cooled 5 years
ZN 72 2.81E-29 0.00E + 00 0.00E + 00 0.00E + 00
GA 72 4.03E-29 0.00E + 00 0.00E + 00 0.00E + 00
AS 77 6.00E-33 0.00E + 00 0.00E + 00 0.00E + 00
SE 79 2.77E-02 2.77E-02 2.77E-02 2.77E-02
BR 82 8.90E-36 0.00E + 00 0.00E + 00 0.00E + 00
KR 85 4.25E + 02 4.11E + 02 3.61E + 02 3.18E + 02
RB 86 6.83E-02 7.91E-05 1.28E-16 2.13E-28
RB 87 1.03E-06 1.03E-06 1.03E-06 1.03E-06
SR 89 1.44E + 03 1.19E + 02 5.21E-03 2.32E-07
SR 90 3.17E + 03 3.14E + 03 2.99E + 03 2.85+03

Y 90 3.17E + 03 3.14E + 03 2.99E + 03 2.85+03
Yol 2.97E+03 3.44E + 02 5.97E-02 1.05E-05
ZR 93 1.18E-01 1.18E-01 1.18E-01 1.18E-01
ZR 95 6.70E + 03 9.33E+02 3.39E-01 1.25E-04
NB 95 1.32E+04 2.03E+03 7.53E-01 2.77E-04
MO 99 6.44E-16 7.80E-36 0.00E + 00 0.00E + 00
TC 99 1.28E + 00 1.28E + 00 1.28E + 00 1.28E + 00
TC 99M 6.16E-16 7.47E-36 0.00E + 00 0.00E + 00
RU103 3.02E + 03 1.22E + 02 3.13E-04 8.15E-10
RU106 2.94E + 04 2.09E + 04 5.35E + 03 1.37E+03

RH103M 3.02E + 03 1.22E+02 3.13E-04 8.14E-10
RH105 2.72E-33 0.00E + 00 0.00E + 00 0.00E + 00
RH106 2.94E + 04 2.09E + 04 5.35E + 03 1.37E+03
PD107 2.57E-02 2.57E-02 2.57E-02 2.57E-02

AG110M 7.14E + 03 4.31E +03 5.67E + 02 7.49E + 01
AG111 2,85E-04 1.26E-11 0.00E + 00 0.00E + 00
CD113 1.33E-14 1.33E-14 1.33E-14 1.33E-14

CD113M 6.58E + 00 6.41E + 00 5.79E + 00 5.23E+00
CD115 7.51E-23 0.00E + 00 0.00E + 00 0.00E + 00

CD115M 5.54E + 00 3.27E-01 3.81E-06 4.51E-11
IN115 1.10E-12 1.10E-12 1.10E-12 1.10E-12
SN121 2.09E + 00 2.08E + 00 2.03E+00 1.98E + 00

SN121M 2.70E + 00 2.68E + 00 2.61E +00 2.55E + 00
SN123 2.06E + 01 7.75 + 00 1.54E-01 3.06E-03
SN125 6.76E-04 1.40E-09 2.09E-32 0.00E + 00
SN126 9.56E-02 9.56E-02 9.56E-02 9.56E-02
SB122 3.73E-19 0.00E + 00 0.00E + 00 0.00E + 00
SB124 1.03E+01 1.27E+00 2.80E-04 6.27E-08
SB125 5.71E + 02 5.04E + 02 3.05E + 02 1.85E + 02
SB126 9.66E-02 9.56E-02 9.56E-02 9.56E-02
SB127 2.13E-11 1.26E-25 0.00E + 00 0.00E + 00
TE123 2.59E-13 2.88E-13 3.03E-13 3.03E-13
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MOX - Total activity of fission products (TBq / tonne)
(2/2)
ISOTOPES Cooled 6 months | Cooled 1year | Cooled 3years | Cooled 5 years
TE123M 1.35E + 00 4.72E-01 6.84E-03 9.99E-05
TE125M 1.31E+02 1.16E + 02 7.06E + 01 4.28E + 01
TE127 1.74E + 02 5.48E + 01 5.24E-01 5.05E-03
TE127M 1.78E + 02 5.59E + 01 5.35E-01 5.16E-03
TE129M 5.05E + 01 1.18E + 00 3.34E-07 9.63E-14
TE132 6.73E-13 1.03E-29 0.00E + 00 0.00E + 00
1129 3.64E-03 3.64E-03 3.64E-03 3.64E-03
1131 5.66E-03 8.67E-10 3.71E-37 0.00E + 00
XE131M 3.33E-02 9.00E-07 3.99E-25 0.00E + 00
XE133 2.90E-06 1.04E-16 0.00E + 00 0.00E + 00
XE133M 2.54E-22 0.00E + 00 0.00E + 00 0.00E + 00
CS134 1.39E+ 04 1.17E+ 04 5.99E + 03 3.06E + 03
CS135 1.12E-01 1.12E-01 1.12E-01 1.12E-01
CS136 6.17E-01 4.24€-05 8.06E-22 1.61E-38
CS137 9.87E + 03 9.76E + 03 9.32E + 03 8.90E + 03
BA137M 9.35+03 9.24E+03 8.83E+03 8.43E + 03
BA140 2.89E + 00 1.46E-04 8.03E-22 0.00E + 00
LA140 3.33E+00 1.68E-04 9.25E-22 0.00E + 00
CE141 1.13E+03 2.33E+01 3.955E-06 6.85E-13
CE142 4.87E-12 4.87E-12 4.87E-12 4.87E-12
CE143 4.26E-36 0.00E + 00 0.00E + 00 0.00E + 00
CE144 2.29E + 04 1.47E+ 04 2.48E + 03 4.20E + 02
PR143 4.79E + 00 4.43E-04 2.77E-20 1.82E-36
PR144 2.29E + 04 1.47E+ 04 2.48E + 03 4.20E + 02
ND144 9.81E-11 1.01E-10 1.06E-10 1.06E-10
ND147 2.29E-01 2.37E-06 2.25E-26 0.00E + 00
PM147 7.33E+03 6.43E + 03 3.79E+ 03 2.23E+03
PM148 7.53E+00 3.55E-01 1.67E-06 7.97E-12
PM148M 1.42E + 02 6.72E + 00 3.16E-05 1.51E-10
PM149 2.47E-21 0.00E + 00 0.00E + 00 0.00E + 00
SM147 2,65E-07 2.87E-07 3.52E-07 3.91E-07
SM148 5.81E-12 5.81E-12 5.81E-12 5.81E-12
SM149 3.40E-12 3.40E-12 3.40E-12 3.40E-12
SM151 1.06E + 02 1.06E + 02 1.04E + 02 1.03E + 02
SM153 1.24€-24 0.00E + 00 0.00E + 00 0.00E + 00
EU152 9.15E + 00 8.92E + 00 8.03E + 00 7.24E +00
EU154 1.56E + 03 1.50E + 03 1.28E + 03 1.09E + 03
EU155 1.77E+03 1.65E + 03 1.25E + 03 9.46E + 02
EU156 1.94E + 00 4.79E-04 1.56E-18 5.33E-33
TB160 2.41E+01 4.20E + 00 3.80E-03 3.47E-06
TB161 7.83E-07 9.22E-15 0.00E + 00 0.00E + 00
TOTAL 1.95 + 05 1.27E + 05 5.35E + 04 3.47E + 04
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MOX - Gamma source of fission products (gamma / sec / ton)

GROUP Cooled 6 Cooled 1 year | Cooled 3 years | Cooled 5 years
(keV) months
10 4,558E + 11 3.246E + 11 8.302E + 10 2.127E+ 10
18 4.420E + 12 3.061E +12 7.790E + 11 1,989E + 11
25 1.904E + 14 1,240E + 14 2,276E + 13 4.320E + 12
38 3.921E+13 2,499E + 13 6.225E +12 1.593E+12
53 4.805E + 13 3.196E + 13 8.171E + 12 2,093E + 12
68 5.257E+ 14 4.288E + 14 2.034E + 14 1.017E+ 14
88 1.665E + 15 1.368E + 15 7.980E + 14 5.574E + 14
108 2.163E + 15 1.858E + 15 1.154E + 15 7.814E + 14
135 3,293E + 16 1,400E + 16 5.751E + 15 3.035E + 15
175 2.665E + 16 2,315E + 16 1.489E + 16 1.099E + 16
250 9.701E + 15 7.276E + 15 2,618E + 15 1.059E + 15
350 3.164E + 15 4.984E + 14 2.174E + 14 1.227E+ 14
425 6.868E + 13 2,435E + 13 5.602E + 12 1.494E + 12
480 7.922E + 12 5.631E +12 3.311E+12 2,392E + 12
555 1,440E + 14 1.164E+ 14 9.679E + 13 8.223E+13
650 3.841E +13 3.377E+13 2,047E +13 1.241E +13
750 3.803E + 15 2,331E + 15 8.637E + 14 5.492E + 14
900 2,064E + 14 1,925E+ 14 1.454E + 14 1,100E + 14
1165 6.343E + 14 4.958E + 14 2,536E + 14 1.714E + 14
1415 7.725E + 10 5.306E + 06 1.008E-10 2,020€E-27
1580 6.149E + 13 4,536E + 13 2,543E + 13 1.856E + 13
1830 2,684E + 15 1,919E + 15 6.969E + 14 3.998E + 14
2250 3.367E+ 14 5.187E + 13 8.085E + 12 3,160E + 12
2750 5.158E + 11 4.811E + 11 3,637E+11 2,751E+11
3250 4.652E + 14 2.967E + 14 5.375E + 13 1.119E + 13
TOTAL 8.553E + 16 5.428E + 16 2,784E + 16 1.801E + 16
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I11.2 SPECTRUM TYPE FISSION PRODUCTS S060

Isotopic spectrum: (ref APM DDCO NTDMED 03058)

RN AT % activity
Am 241 8,65E-03
This 144 1.43E-118

Pr 144 1.43E-118

Co 60 2.33E-20

Cs 134 2,85E-47

Cs 137 1.36E-04
Had 154 8.80E-14

I 129 5.18E-07

Mn 54 3.96E-110
Mo 93 5.17E-07

Nb 94 9.57E-10

Could 238 2.89E-03
Could 239 3.76E-02
Could 240 2.41E-02
Could 241 2.81E-05
Could 242 1.46E-05

Ru 106 6.44E-01

Sb 125 1.62E-02

Sn 121-m 3.52E-05

Tc 99 1.81E-05

U 234 7.09E-05
u 235 3.37E-06
U 238 6,75E-05
Y 90 7.31E-02
Zr 93 2.78E-06
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Full emission table:

RN AT E I':tt:n”:ti % activity i"t;r;i ity
Am 241 60 keV 3.60F + 01 1.40E-02 | 5,043E-01
Am 241 14 keV 3.31E + 01 1.40E-02 | 4.630E-01
Am 241 27 keV 3.29E + 00 1.40E-02 | 4,599E-02
Am 241 104 keV 5.41E-02 1.40E-02 | 7.575E-04
Am 241 299 keV 2.33E-03 1.40E-02 | 3,264E-05
Am 241 683 keV 7.61E-04 1.40E-02 | 1.066E-05
This 144 90 keV 2.12E+01 8.64E-03 | 1,830E-01
This 144 696 keV 1.34E + 00 8.64E-03 | 1,161E-02
Pr 144 696 keV 1.34E + 00 8.64E-03 | 1,161E-02
Pr 144 836 keV 5.90E-03 8.64E-03 | 5,098E-05
Cs 134 596 keV 1.23E + 02 1.21E-03| 1.487E-01
Cs 134 796 keV 9.42E + 01 1.21E-03| 1,140E-01
Cs 134 33 keV 8.30E-01 1.21E-03 | 1.004E-03
Cs 134 276 keV 3.50E-02 1.21E-03 | 4.235E-05
Cs 137 662 keV 8.50E + 01 1.38E-01| 1.173E+01
Had 154 93 keV 6.61E + 01 2.87E-03 | 1.897E-01
Had 154 731 keV 2.54E + 01 2.87E-03 | 7,285E-02
Had 154 614 keV 8.78E + 00 2.87E-03| 2,521E-02
Had 154 250 keV 7.12E + 00 2.87E-03 | 2,044E-02
Had 154 452 keV 1.26E + 00 2.87E-03 | 3,613E-03
| 129 36 keV 2.06E + 01 5.18E-07 | 1.069E-05
Mn 54 835 keV 1.00E + 02 6.98E-04 | 6.978E-02
Mo 93 17 keV 6.33E + 01 5.49€-07 | 3.475E-05
Mo 93 31 keV 5.00E-04 5.49E-07 | 2,745E-10
Nb 94 703 keV 9.79E + 01 9.67E-10| 9.467E-08
Could 238 16 keV 1.06E + 01 3.15E-02 | 3.348E-01
Could 238 44 keV 3.97E-02 3.156-02 | 1,251E-03
Could 238 100 keV 7.45E-03 3.15E-02 | 2,347E-04
Could 238 153 keV 9.30E-04 3.15E-02 | 2.930E-05
Could 238 111 keV 6.17E-05 3.15E-02 | 1,944E-06
Could 238 200 keV 3.92E-05 3.156-02 | 1,235E-06
Could 238 742 keV 5.10E-06 3.15€-02| 1.607E-07
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Could 239 12 keV 4.70E + 00 3.79e-02 | 1.781E-01
Could 239 52 keV 2.81E-02 3.79€-02 | 1.064E-03
Could 239 109 keV 2.22E-02 3.79€-02| 8.395E-04
Could 239 39 keV 1.00E-02 3.79E-02 | 3,790E-04
Could 239 394 keV 3.00E-03 3.79E-02 | 1,139E-04
Could 240 45 keV 4.47E-02 2.49€-02| 1,113E-03
Could 240 104 keV 7.23E-03 2.49E-02 | 1,800E-04
Could 241 107 keV 1.27E-03 2.81E-05| 3.565E-08
Could 242 17 keV 8.70E + 00 1.46E-05| 1,270E-04
Could 242 45 keV 3,75E-02 1.46E-05 | 5.475E-07
Could 242 104 keV 2.40E-03 1.46E-05| 3.504E-08
Ru 106 511 keV 2.06E + 01 6.44E-01 | 1.328E + 01
Ru 106 622 keV 1.07E + 01 6.44E-01 | 6.905E + 00
235 13 2.32E+01 3.37E-06| 7.803E-05

234 15.75 keV 1.04E + 01 7.09€-05| 7.338E-04

238 15.75 keV 7.50E + 00 6,75E-05 | 5,063E-04

Zr 93 16.936 keV 1.29E + 00 2.78E-06 | 3,582E-06
Sn 121-m 28 keV 1.72E + 01 3.52E-05| 6.068E-04
Zr 93 3.08E + 01 5.57E-04 2.78E-06| 1,548E-09
Sb 125 34 keV 1.96E + 01 1.62€-02 | 3,179E-01
Sn 121-m 36 keV 2.34E + 00 3.52E-05| 8,237E-05
U 235 38.488991 1.06E-01 3.37E-06 | 3,566E-07

U 238 49.55 keV 6.20E-02 6,75E-05 | 4,185E-06

U 234 53.2 keV 1.23E-01 7.09E-05 | 8.721E-06

U 235 67.98993 2.44E-01 3.37E-06| 8,236E-07

U 234 92.064 keV 6.68E-03 7.09€-05 | 4.736E-07

U 235 96.30316 1.33E + 01 3.37E-06| 4.483E-05

U 238 110.2 keV 1.25E-02 6,75E-05 | 8,410E-07

U 234 120.9 keV 3.42E-02 7.09E-05 | 2,425E-06

U 235 149.85356 1.63E + 01 3.37E-06| 5,498E-05
Sb 125 179 keV 7.81E + 00 1.62E-02 | 1,266E-01
U 235 185.8021 5.82F + 01 3.37E-06 | 1,960E-04

U 235 205.2988 6.28E + 00 3.37E-06| 2.116E-05

U 235 251.63438 1.80E-01 3.37E-06| 6.061E-07

U 235 290.58938 6.40E-02 3.37E-06| 2.155E-07

U 235 367.38661 9.42E-02 3.37E-06 | 3.1755E-07
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Sb 125 434 keV 4.22E + 01 1.62E-02 | 6.837E-01
Y 90 511 6.38E-03 7.31E-02 | 4.664E-04
Sb 125 616 keV 3.59E + 01 1.62E-02 | 5.817E-01
Ru 106 751 keV 1.00E-03 6.44E-01| 6.440E-04
Nb 94 871 keV 9.99E + 01 9.67E-10| 9.660E-08
Ru 106 874 keV 4.31E-01 6.44E-01| 2,773E-01
Had 154 875 keV 1.46EF + 01 2.87E-03 | 4,195E-02
Had 154 1002 keV 2.88E + 01 2.87E-03 | 8,278E-02
Cs 134 1039 keV 9.91E-01 1.21E-03 | 1.199E-03
Ru 106 1067 keV 1.90E + 00 6.44E-01 | 1.226E + 00
Cs 134 1168 keV 1.79E + 00 1.21E-03 | 2.168E-03
Co 60 1173 keV 9.99E + 01 3.19€-03 | 3.1855E-01
Ru 106 1194 keV 7.02E-02 6.44E-01 | 4,521E-02
Had 154 1271 keV 3.68E + 01 2.87€-03| 1.055E-01
Co 60 1332 keV 1.00E + 02 3.19€-03 | 3,189E-01
Ru 106 1349 keV 1.19E-02 6.44E-01 | 7.670E-03
Cs 134 1365 keV 3.02E + 00 1.21E-03| 3,648E-03
Pr 144 1387 keV 6.79E-03 8.64E-03 | 5.867E-05
This 144 1388 keV 6.40E-03 8.64E-03 | 5,530E-05
This 144 1489 keV 2.79E-01 8.64E-03| 2,411E-03
Pr 144 1489 keV 2.79E-01 8.64E-03 | 2,412E-03
Had 154 1491 keV 8.32E-01 2.87E-03| 2,387E-03
Ru 106 1553 keV 1.78E-01 6.44E-01| 1,149E-01
Had 154 1597 keV 1.82E + 00 2.87E-03| 5.233E-03
Ru 106 1777 keV 5.86E-02 6.44E-01| 3,771E-02
Ru 106 1982 keV 2.79E-02 6.44E-01| 1,800E-02
Pr 144 2006 keV 1.44E-03 8.64E-03 | 1,244E-05
Ru 106 2122 keV 4.00E-02 6.44E-01| 2,574E-02
This 144 2186 keV 7.00E-01 8.64E-03 | 6.048E-03
Pr 144 2186 keV 7.00E-01 8.64E-03 | 6.048E-03
Y 90 2,186,254 1.40E-06 7.31€-02| 1.023E-07
Pr 144 2368 keV 4.20E-05 8.64E-03| 3,629E-07
Ru 106 2369 keV 5.96E-02 6.44E-01| 3,840E-02
Ru 106 2542 keV 5.24E-03 6.44E-01| 3.375E-03
Pr 144 2654 keV 2.00E-04 8.64E-03| 1,728E-06
Ru 106 2705 keV 7.23E-03 6.44E-01| 4.656E-03
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Pr 144 2843 keV 1.10E-04 8.64E-03| 9.504E-07
Ru 106 2852 keV 2.80E-03 6.44E-01| 1.803E-03
Ru 106 3041 keV 1.38E-03 6.44E-01| 8.887E-04
Tc 99 90 keV 0.00058 1.81E-05| 1,050E-08

We mainly find Cs 137 (13.8%) and Ru-Rh 106 (64.4%). . In order not to neglect anything the gamma
emissions of all the radionuclides of the spectrum So60 a been taken into account in an energy
condensed spectrum on 12 groups:

Condensed gamma spectrum recorded with Dosimex-GX 2.0 (see end of element list:Pr. fission
spectrum —type # SO 60)

Energy Intensity (%)
20 keV 1.35E + 00
73 keV 8.79E-01
189 keV 1.47E-01
509 keV 1.41E+01
646 keV 1.93E+01
788 keV 2.57E-01
874 keV 3.19E-01
1134 keV 2.10E + 00
1535 keV 1.39E-01
1964 keV 9.36E-02
2383 keV 4.18E-02
2781 keV 7.35E-03
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111.3 DEPLETED URANIUM + BRAKING RADIATION

E (keV) Intensity Spectre Beta- Pa234m

137 keV 0.067 0.18

358 keV 0.111 e 5 S

581 keV 0.145 | 4 o

806 keV 0.162 o / ik

1031keV | 0.161 : V4

1255 keV 0.142 e W & \ "

1479keV | 0.11 - X
1701keV | 0.069 N
1918 keV 0.03 N
2108keV | 0.004 0¥ 1500k 2500 ke
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Emission table X
depleted U braking
E Intensity
98 keV 0.36%
227 keV 0.37%
316 keV 0.52%
408 keV 0.70%
527 keV 0.71%
680 keV 0.57%
878 keV 0.37%
1133 keV 0.18%
1463 keV 0.05%
1889 keV 0.00%
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Spectre X de freinage dans U appauvri
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