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1. Introduccion: actividades

2. Analisis de niveles de dosis en el entorno de
muestras irradiadas: seleccion del caso limitante

3. Ultimos resultados: BECA TechnoFusion :

* Calculo de la intensidad de corriente del haz de
protones

* Seleccion del material para portamuestra
* Calculos de dosis en el exterior/blindajes
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lones utilizados por los aceleradores del Laboratorio de Irradiacion de

Materiales
Acelerador Acelerador iones .

iones pesados ligeros Al e Mo

Cyclotron k=110 SMV ligeros 6 MV

Material Profundidad Ton Energia Ton Energia Ton Energia

irradiado (Mm) (MeV) (MeV) (MeV)
Fe (7.8 g/cm?) 26.6 Fe 385 H 2.5 He 10

A%

W (19.3 g/cm?) 10.1 373 H 1.6 He 6
C (2.3 g/lemd) 148 c 96 H 4.5 He 18
SiO, (2.2 g/em’®) 175 Si 337 H 4.6 He 18
SiC (3.2 g/cm?) 122.4 Si 337 H 4.6 He 18
SiC (3.2 g/cm?) 122.4 Si 337 D 6 He 18

High energy proton beam 20 to 40 MeV
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@ Activity of the safety and radioprotection team?

Work focused on assessing safety and radioprotection issues associated to the
irradiation of different targets with low energy p, d, and alpha as well as with
high energy p.

The results of this task will be used with regard to the necessary:

— the required precautions to handle the irradiated targets

to assure that the levels of doses reached are acceptable for workers and
public.

— bio-shielding of the vault

DO SOCIAL EUROPEO



Was it possible to carry out this task with the available

| m==m
¥ knowledge?

Nuclear data for MCNPX code .
AVAILABLE Computational Methodology to compute neutron
NOT AVAILABLE generation from interactions of the proton beam
HIGH with the target was available for many materials,
DOUBLE BEAM ENERGY There were not reliable solutions to compute
= - H BEAM the neutron production from alpha and
e o
25Mev | 10 MeV 20 MoV deuteron beams.
15 nA 4 nA 1uA
SiO, H © Reasons: ' .
4.6 Mev 18 MeV 20 MeV i) Nuclear models included in MC codes ( such as
_ 0.2 nA 0.3 nA 1uA NMNPX) do not allow an accurate assessment of
SiC H o S the neutron production at low energy
43651?1‘2’ 1885Mn‘?’ lu: i) MCNPX is not able to handle external cross section
W u o data libraries for interaction these particles.
1.6 MeV 6 MeV 20 Mev
1uA
C H o
4.6 MeV 18 MeV 201M:V
. = EXAMPLE: Case alpha beam over Iron target
SiC D & MCNPX
6 MeV 18 MeV Fe (a, nx) ISABEL INCL4
10MeV | 15MeV | 10 MeV | 15 MeV
MAXIMUM DOSE (uSv/h) 0 0 0 0
NEUTRON SOURCE (n/particle 0 0 0 0
source)
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0.20
/ Incl4
010 > 0.05 J‘ "
J Isabel
0.00 : 0.00 : : :
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MeV MeV

*Only for Fe56(a,np) there are available XS from experimental data.

*The neutron production at 19.6 MeV for Fe56(a,np) from Tanaka experience is more than twice
of the value for total neutron production predicted by MCNPX models.

* However there is a good agreement between the values predicted by Talys and the
experimental data for the XS of Fe56(a, np) reaction

Fe (c., nx) MCNPX MCUNED
ISABEL INCLA4 TENDLOS
10 MeV | 15MeV | 10MeV | 15SMeV | 10 MeV 15 MeV
MAXIMUM DOSE (uSv/h) 0 0 0 0 1.21 14.3
NEUTRON SOURCE (n/particle 0 0 0 0 8.98E-06 9.84E-05
source)

**
A
£ *
La Suma de Todos -'.':
[ comndd g aia
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Main element of the methodology proposed to solve the difficulties:
MCUNED code

We propose to use a new tool named MCUNED for the beam-on phase
simulations.

The MCUNED code is an extension to the MCNPX code (it keeps the all its original
capabilities).

It is able to handle evaluated data transport library (for p, d, alphas, etc).

It is able to reduce drastically the computation time due to the incorporation of a new
technique of variance reduction.

It will be helpful to apply this procedure to the simulations for TechnoFusion
facilities ( see example for alpha beam on Iron target case).
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RESULTS  Beam on phase
(addressed to study requirements for bio-shielding of the vault)

r

(* values for a provisional current of 50 pA)

(M the values can be a poor estimation)
Fe H a H
2.5 Mev 10 MeV Total 20 MeV
15 nA 4nA 1uA FC(H nx
MAXIMUM DOSE (uSv/h) 450 97 547 7.66.E+06 ?
NEUTRON SOURCE (n/particle source) 1.59E-08 8.98E-06 2.56E-03 )
PHOTON SOURCE (p/ particle source) 2.90E-07 6.10E-06 1.34E-02 J
Si0, H a H
4.6 Mev 18 MeV Total 20 MeV o R . L ()
02 nA 03 nA Ty 500 -300 -100 l 100 300 500
MAXIMUM DOSE (uSv/h) 0 42 42 0.36E+06
NEUTRON SOURCE (n/particle source) 0.0 3.056E-05 1.20E-04
PHOTON SOURCE (p/ particle source) 3.54E-05 5.79E-05 8.34E-03
SiC H ot H . L o]
4.6 MeV 18 MeV Total 20 MeV 108 10° 107 10?10?10 10
3.5nA 8.5 nA 1nA
MAXIMUM DOSE (uSv/h) 0 826 826 0.56E+06
NEUTRON SOURCE (n/particle source) 0 4.74E-05 1.72E-04 Neutron Dose
PHOTON SOURCE (p/ particle source) 0 1.94E-04 1.01E-02
w H a H
Total
1.6 MeV 6 MeV 20 Mev
1uA
MAXIMUM DOSE (uSv/h) 0 0 0 9.0E+06
NEUTRON SOURCE (n/particle source) 0 0 4.13E-03
PHOTON SOURCE (p/ particle source) 0 0 6.89E-03
C H" o H
6 MoV 18 Mav Total 20 MeV N T ek RRARAREF EEEUERRR
) LuA
Maxmvum DosEg (uSv/h) 0 6.11% 6.11% 0.21E+06
NEUTRON SOURCE (n/particle source) 0 2.62E-05
PHOTON SOURCE (p/ particle source) 0 3.82E-05
SiC D o -LLLIHILLLI.IJJLE.LMIILLLLH.MI_LU.MLI.
MoV 3 Mev Total 108 10% 107 10?10?10 10 10
MAXIMUM DOSE (uSv/h) 7.57 * 4.86 * 12.43*
NEUTRON SOURCE (n/particle source) 6.74E-05 4.74E-05 Neutron Dose
PHOTON SOURCE (p/ particle source) 1.94E-04




barn

The dose rates presented for target with carbon could be a poor estimation:

7 XS - total neuton production

‘/’ C12 (He, nX)

0.05

0.04

— —Talys
/ \\/'/ Tendl09

0.03

0.02

/ \ ——C12(a,n) talys
/ //\LV - @- C12(a,n) Tendl09

0.01

y/ incl4

/jL bertini

0.00

[ f

barn

—e—C12(a,n) 1968,J.L.Black+

C 13 (H,nx)

XS total neutron production

=+~JENDL/HE
—Talys
TendI09
—isabel
——INCL4
Bertini

MeV

ma de Toc
idad do Madrid

CASES: alpha beam over C and

<:| over SiC targets.

*The contribution of C12 are not
negligible.

*Only for C12(a,n) reaction
experimental data is available.

*The C12(a,n) reaction is the main
contributor to the total neutron
production, although the values from
the simulation have poor fitting with
the experimental data.

*Isabel was the model used.

CASE: proton beam over C target.
*The C13 is the main contributor to
the total neutron production.

*There  are not  experimental
reference data.

‘Isabel was the model used.
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PRELIMINARY RESULTS: Beam off phase

(addressed to the required precautions to handle the irradiated targets )

50 1.6E+08
\
45 @\
+ 1.4E+08
S 40 A N
? 1 1.2E408
\
35
\
+ 1.0E+08
Fe target 30 A\ \
Activacion 25 A\ 8.0E+07
\
14A 20 MeV H beam 20 \
Irradiation time: 1 week \ + 6.0E+07
=
15 N\
N\ | 4.0E+07
10 ----------------- ;\ ------------- —
@ Max. Dose(microSv/h) ~ -
-
_ 5 ~ + 2.0E+07
MeV/sec o ~
N
0 1 msec 1 hour 1 day 1 week 1 month 1year 0.0E+00
@ Max. Dose(microSv/h) 45.43 17.19 4.51 0.24
— —MeVisec 1.56E+08 1.20E+08 6.57E+07 2.75E+07 2.21E+07 1.10E+06

.

L LIl

TIME FTER SHUTDOWN

@

||

||1111|_

Imonth - -

|

photon/sec

|

CASE: IRON TARGET
1uA 20 MeV PROTON BEAM
IRRADIATION TIME 1 WEEK

-B -8 -8

2x10 3x10 "4x10

2<107

-7

3x10° 4ll]

Photon Dose

25108

3x10° 41l]

*The maximum value of the residual
dose (located in the target) at 1
msec after shutdown is higher than
45 microSv/h.

*For one week of cooling time, the
maximum value of the residual dose
is lower than 10 microSv/h.

*The main contributor to the total
dose, after 1 week after the
shutdown, is Co56 (98%, half life 77
days).




f— Ultimos trabajos (Beca TechnoFusion)

1. Metodologia computacional

2. Calculo de la intensidad de corriente del haz de
protones

3. Seleccion del material para portamuestra
4. Calculos de dosis: posibles necesidades de bilindaje

5. Conclusiones



@ Metodologia computacional

—_—

Cadigo de transporte de particulas: MCUNED

2. Librerias de secciones eficaces para transporte de protones:
1. TENDLO08/09
2. LA150H
3. ENDF/B-07

3. Factores de conversion de flujo a dosis: Ambient Dose Equivalent (ICRP74)

4. Las dosis y las incertidumbres asociadas han sido procesadas con el programa
MORITZ

file nctal --- tally 11 file metao --- tallpy 11
5 200
¢
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7.5638+C 3.133E+02
6 :
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4 1.2608+(
- Z.765E+( 2.442E+02
2.2698+( 2.066E+02
5 3
¢ 2. 773850 *"° - 1.691E+02
3.2778+( 1.315E+02
7 3.781E+( 9.392E+01
3 :
2 g &.285E+( 400 S.635E+01
; &.7908+C 1.878E+01
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a ¢ 300
FaE
Fi
¥y
o 200
¢ e
o
>

100

100 ¢ 100 Ze0 oo we See 600 700 =100 0 100 200 300 400 500 £00 700
i mesh tally (cm) k= 15 k= 15

MCUNED

MCNPX HM JMNED
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Calculo de la intensidad de corriente del haz de protones

r

1.

Produccion de alfas en la muestra = 100 appm / semana (intensidad del
haz de protones para conseguir 100 appm en una semana de irradiacion)

El numero de a producidas por proton incidente se determina mediante
simulacion con el codigo MCUNED

TENDLO08/09 LA150H ENDF/B-07 TENDLO8/ LA150H ENDF/B-07
09

30 0,75 4,70-104 5,03-10+ 5,03-10+ 0,36 0,34 0,34
20 0,5 2,78-10* 2,29-104 2,28-104 0,41 0,49 0,49
10 0,2 7,64-10°% 1,19-10° 1,19:-10° 5,89 3,78 3,78

BB comunidad de Madria m
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J Seleccion del material para portamuestra

Se trata de escoger el mejor material para el portamuestra desde el punto
de vista radiologico

Para ello es necesario evaluar la produccion de neutrones y fotones en
cada material

Calculos:
— 1) Produccién de neutrones y fotones en muestra Fe [1]
— 2) Produccién de neutrones y fotones en (muestra Fe + portamuestra) [2]
— 3) Produccién de neutrones y fotones en portamuestra [3] = [2] — [1]

Muestra Fe +

Muestra Haz emergente Portamuestra Portamuestra
Fe Haz emergente

Haz incidente Haz incidente

p

[1] [2] [3]
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_r- Seleccion del material para portamuestra

Ni Cu W V Zr Acero SS316 LN
IG

Fe

Haz colimado de protones

40 1
30 0,75
20 0,5




@ Seleccion del material para portamuestra

Produccion de Neutrones a 30 MeV

2,00E-02
1,80E-02
1,60E-02 ] ]

1,40E-02 o 8 | B R TENDL08/09

1,20-02 — EEEEIEEEEE

100602 —uB40 0002t EE LA150H
so0E03 ——0—10 8 =8 = 8 8 8888888
ENDF/B-07

6,00E-03 -
4,00E-03 -
2,00E-03 -
0,00E+00 -

Portamuestras

B Muestra (Fe)

Material seleccionado:
tendl|2008 LA150h endf-B.VII Niquel

* Los calculos realizados revelan que el material dptimo es el Niquel por ser el que
produce menos neutrones (y fotones)

* Efecto relevante de las distintas XS de protones: las diferencias alcanzan hasta el
45%
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Calculos de dosis: hipotesis para el calculo

04706710 12:41:27
taloulo produccion de neutrones UP RT R LF Origin -1 .2 Z2oom S. 10

en Niquel a 30 Hev

probid = 04706710 12:40:26
basis: X2

¢ 1.000000, 0.000000, 0.000000)
¢ 0.000000, 0.000000, 1.000000)
origin:

[ 323.33, 300.00, 149 .41)
extent = { 400,00, 400,00}

Edit cel 3

cell 3
xys = 929.93,  $00.00, 149,41
CURSOR SCALES 0 cellLine . .
postseript  memsc * Sala de 4 x 4 x 3 m interiores
coLon el *Paredes de hormigén de 1 m de
Xy vz zx espesor
LABEL sur off *Suelo y techo de hormigén de 20
MEODY on LEGEHD off

cm de espesor

*Muestra situada a 170 cm de
alturay a 150 cm de la pared mas
cercana

click here or picture or menu

Redraw Plot> End

Esquema de la geometria de la sala de irradiacién y detalle de la muestra Zona critica (donde se
esta calculando la dosis)

et -
B comunians so asria
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®= Calculos de dosis

Mapa de dosis resultante con fuente de protones a 30 MeV
Y (cm)

(sv/h) 10?1072 102 107 10" 10" 102 10°

* Libreria utilizada: TENDLO8/09
* Intensidad de la fuente de protones 0,36 mA
0 X (cm) * El mapa representa la dosis total por

irradiacion con neutrones y fotones, siendo
mayoritaria la debida a neutrones

*La dosis en la zona critica es del orden de 30
mSv/h, siendo la incertidumbre del 7%

Las";]aueTm -
[ comnd de waaria
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_-r' Calculos de dosis

Evolucién de la dosis a lo largo del eje del haz
Ambient Dose Equivalent (Sv/h)

100000

10000 Aire (dentro)

1000

186 Hormigén Dosis  Error  Contribucién Contribucién

- (Sv/h) (%) neutrones (%) fotones (%)

. Aire (fuera)

51 0,039 6,7 80 20

—
0,01

0 50 100 150 200 250 300
(La muestra se encuentra en x=0)

x (cm)

Tasa de dosis maxima admisible:
Publico: 0,11 uSv/h
Trabajador Expuesto: 10 uSv/h

e Con un blindaje de 1 m de espesor se tendria una dosis en el exterior superior a la
admisible: es necesaria una optimizacion del blindaje

BB comunidad de Madria
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