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Motivation: Proton therapy Centers (PTC)
around the World and Spain
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m Motivation: Operational Radiation
CLYLNL Protection in proton therapy centers

Area Radioactive Facility Operation Authorization
Monitoring Article 20. Application (2nd category)

The application for the exploitation authorization
must be accompanied by the following documents,
which will update, where appropriate, the content of

those presented when requesting the construction
authorization:

o Personnal a..
Activation Dosimetry

j) Dismantling and closure plan, where the
planned final disposal of the waste generated
will be set out and will include the study of the

cost and the economic and financial forecasts
to guarantee closure.

Decommissionin,
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SATIF-16] Purpose

| Comparing neutron activation in shielding of compact proton therapy centers (CPTC),
depending on the type of concrete in the barriers, using Monte Carlo codes

Four types different Center workload Nuclear data and

Compact proton concrete for shielding: | | ' nuclear physic models:
forshieang: | tessesandspectrain | mucear physic
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Model of compact proton center
Synchrocyclotron

SATIF-163
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Types of concrete
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Element Portland Magnetite Colemanite Special Low
(POR) (MAG) (COL) Activation
(SLA) 1
H 0.01 0.118 0.891 0.0072 H 08
C 0.001 0.0016 0.0003 0.089 .g '
o 0.53 0.5292 0.0727 0.4776 ] 0,6 2POR
Fe 0.014 0.2736 0.00005 0.0006 frs
Ca 0.044 0.0309 0.0031 0.40492 " 04 s
i 0.337 0.0263 0.0011 0.012 E 02 o
Al 0.034 0.007 0.0003 0.0027 b _‘l o= P ——
Mg 0.002 0.007 0.0006 0.0024 0
Na 0.016 0 0 0.0008 H C 0 Fe Ca Si Al Total Maint
B 0 0 0.029703 0 Elements
K 0.011 0.0013 0.00008 0.0003
Mn 0 0.0001 0 0 Maint elements in concretes analyzed in the work
Ti 0 0.0009 0 0
A\ 0 0.0002 0 0
S 0 0.0007 0.000008 0.0009
P 0 0.0022 0 0
Sr 0 0 0.000041 0.0003
N 0 0 0.000018 0 Aggregates 5
Cu 0 0 0 0.00008 _ sa nd Co (ppm) 21,9 21,9 21,9 0,2066
Ru 0 0 0 0.0002
Density 2.30 4.10 2.12 2.18 - gravel Eu™ (ppm) 1,08 1,08 1,08 0,0316
(g/em’)
Cs™" (ppm) 3,21 3,21 3,21 0,0942
1 POR: Conventlonal PO rtla nd Concrete *Cobalt is always included in steel reinforcement of concretes. Isotopic composition, *°Co, 100%
2 . MAG . SpeC|a| Concrete Wlth mag net'te **Isotopic composition, *'Eu, 48%, '°Eu, 52%,
3.  COL: Special concrete with colemanite wxs1sotopic composition, “5Cs, 100%
4 SLA: Special low activation concrete
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Calculating scenarios
Source term: Neutron yielding

il = Taci e phartom ol

Track Detection in xyz mesh

Tate = 2021 211223
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T T T T L T 5 T 5 ymax = 1.0000E+00 [cm]
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20 g
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cm o E 3
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x E_ S
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Fe+Cu 49em T T Other losses
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49 cm 50% Values Table 30 2 T P S
Fe+Cu 70,86, 116,
Fe+Cu 4247 6 Entrance Q2G 70, 86, 116, for each energy, 20 0 20 40 60 8
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49 cm
ottty At 450
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s 6065 ste Entrance SL1G 175% i%o“z?o 160,200, 230 | 01O e enerey F w §
. 12cm ' 200, g Other losses E o Water Phantom E 1
9 Degrader Entrance DEG 230 160 369,03 12 = i 0o §
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66-71 512G Entrance SL2G v oo —20 2
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Results: Attenuation plots

-
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SATIF-16 Results: Activation reactions
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Results: Activation chart

10°¢

Mumber [1:source]

T T
Neutron capture
channel 60 s E Z 63
52y 13,3y 1,41 MeV 151Ey(n, y)152Ey 9200 b/48% 01
154y 88y 1,28 MeV 153Eu(n,y)*>*Eu 320 b/52% 0,1 CS Z= 5 5 0 -
0Co 527y 1,33 MeV %9Co(n,y)?Co 37 b/100% 01 S
L ] =ll LI
134¢s 2,07y 0,8 MeV 133Cs(n,y)13Cs 29 b/100% 01 " smssm =
m | | :llll n
57n 244 d 1,12 MeV Zn(n,y)55Zn 0,78 b/49% 0,1 .g — :I'- ==
N EER
— L
%s¢ 0,23a (84 d) Sc(n,y)*eSc 27 b/100% 0,1 o CO Z 2 7 " m maw
2 | :ll "N
3sg 0,239a (87 d) 345(n, s 100 S H
-— - :ll .
*Ca 0,445y 44Ca(n,y)*Ca / 100 e "
0_ |
55Fe 2,74y S4Fe(n,y)**Fe / 100 N 82
59Fe 44,6 d 1,29 MeV 58Fe(n,y)*°Fe 1,15 b/0,31% 0,1 20
Espalation N a Z= 50
channel
2BNa(n,2n)2Na 0,017 b/100% /
2*Mg(n,x)*’Na /100% -
2,6y
25 27Al(n,2p4n)?*Na 0,010 b/100% 01 0 - 2 | | : ; |
Si(n,x)Na /100% / 0 20 40 60 80
$1Mn 0.855y(312d) | 0,834MeV | 5Mn(n,2n)*Mn 0,79 b/100% 01 g M N Z=25 N Neutron Number
>4Fe(n,p)**Mn 0,39 b/6%
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SATIF-16) Results: Activation/cooling plots
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Results: Activation of walls

Activation of the wall depending on the type of concrete
E
"
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SATIF-16) Results: Comparing types of concrete

~ May 28-31, 2024

Building cost

1 POR: 458 m3 0.18 M€ Final benchmarking of concretes
2 MAG: 365 m3 0.75 M€
3. COL:350 m3 0.6 M€ BPOR WMAG mCOL SLA
4 SLA: 158 m3 1 M€
Based on prices in Spain on Jun 22 e

15

Decommissioning costs i
V>200 m 3 > €142,000 + €2,710 (V-200) : SLA
coL
MAG

(first 200 m 3, €710/m 3, rest €2,710/m 3)

0

Atenuation Actlvation Bullding Total

Based on Spanish’s Regulator Taxes on Jun 22
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SATIF-16) Some final proposals...

~ May 28-31, 2024 -

Control of the activation of shielding

Using layers with different types of concrete Matsumura et al. 2022

Paper Radiation Safety Vol. 21 (13-25)
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[ specisl Low Activation Concrete (SLA)
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Neutron flux and spectrum vary significantly in each area of a proton BN
therapy center, therefore, it could be advisable to use different concrete in . o P B
Hybrid monitoring and measurement of =

different areas, optimizing the selection based on, for example, concrete shielding activation at the
attenuation, activation, and cost of building. ProtherWal proton therapy centre

E. Ramoisiaux'*(®, C. Hernalsteens'2'(®, R. Tesse' (9, E. Gnacadja' (9, N. Pauly’ (» and F. Stichelbaut*®

Abstract
Proton therapy systems produce large fluxes of energetic secondary particles when
tailoring the beam energy and transverse profile to the specificities of each irradiation

Brussels, Belgum
CERN, Euroy O ation for
Nodlear pﬂg:,, ug‘“-"u&f:,‘ ;3‘ lon Beam Applications (IBA) Proteus® One (P1) compact system at the ProtherWal

proton therapy centre in Charleroi, Belgium, to limit the long-term activation of the
concrete shielding. To experimentally monitor the long-term activation and validate

el bt erevart ot ] A eniie = vt son o o e ovmrrmsrndiles cxove S0n oo srlensd -

plan. A Low Activation Concrete (LAC) mix is foreseen for parts of the shielding of the

rrerand
Full I of author Information s
avallable at the end of the atide
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SATIF-16 Coming soon to screens... < S e
SR Ambient Dose from photons in walls 7S

Ne o
H*(10) Rate, Ambient Dose Equivalent by photons in each room (1 m from walls) . » arrs
= S apies — —]
10 9,5 9,9 * T easo 3 GTR 7900 | §<g Mu.za i 1500 € Es
ETCR =GTR =AR 9,0 o e — sl g ] fe] [EE[ ]2
9 aq &0 = e pEimi o gﬁs—
E ’ 53 ¥ “( = = - g s g
> 8 75 "8 : : = U |’ il -
aj:_ 7,2 : // : &
- 7 6,5 ; s,, ] mr.
g 6 5.4 5,8 /gy 10850 52 mog- Pl 3350 3000
‘.6 5,0 . 5,07 730425
) 4,1 4,01 415 7
® 4 3,6 369|383
(14 3,2 3,32
—_ 3,0 277|295
S 3 2,4 2,53 | ©
= 2,12
E 1,8 1,84 |7
T 2 ’ 1,52 11,66 |’ . .
o5 il ol | Considering POR concrete as dose reference
1 0,23 ,\ 0,55
MAG=~0.92
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Years of Working, Irradiation Time (years) COL=0.98
S[A=~0.62
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SATIF-16) Model: Synchrotron

May 28-31, 2024

5,0K10 10 —mmrrmeg e ey ooy e e
"-9- 4,0x1010 -
o
E
2 5 0xt0 - Graph log-log |
o
Annual workload considered in a CPCT with synchrotron. o
2,0x1010 -
Nominal Nominal Proton beam per Annua workload at the g )
energy (MeV)  range (g/ tretament of 2 Gy phantom in the isocenter 3 100
cm?) (nA) (mA-h)y 5
170 184 0,27 50,65 ‘é o
200 26.0 0,17 106,54 z
230 329 0,13 54,89
Total annual workload at the isocenter, Wy (nA-h)/ 211,08 100 157 A0t @©F d0¢ 482 Ao oY 400 ot dor
= Neutron energy (MeV)
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SATIF-16) Model: Isocyclotron

May 28-31, 2024 .
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(SATIF-18

May 28-31, 2024

Behavior of different types of concrete for shielding in proton therapy centers was assessed

The amount of activated material is relevant, in a first stage, but the type of activation and the
isotopes present is very relevant (quality: long and short life)

From the attenuation point of view, the four concretes meet the necessary dose attenuation
conditions. Special concretes, MAG and COL, have much superior attenuation properties

From the point of view of activation, the most recommended concretes are those with a lower
content of impurities that can be activated and generate radioactive waste. Direct relationship
between the amount of activated concrete and the fraction of impurities (Eu)

Considering that the neutron flux and the neutron spectrum vary significantly in each area, it
would be advisable to use different concretes, optimizing the selection with criteria based on
attenuation, activation, and cost, for example.
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Thank you for your attention
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