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Observed quantities

During irradiation: Proton beam on target,
funct. of energy and material (p +°"Fe —»
>'Co + N, B, oon 1.65 MeV)

Neutron —

During irradiation: No energy threshold
Gamma,

Beta
\ After an irradiation: due to the radioactive
decay of activated materials

Fixed = A
Ty
Movable —
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The monitorng plan and instrumentation
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o Grafico Misure AreaMonitor

Misure AreaMonitor - Serial Number : 232

Misure AreaMonitor - Serial Number : 232

[V Sonda 1 - GAMMA (uSv/h) Sonda 2 - NEUTRONI (uSvh) |

ﬂm

21/e8/2017 22108/2017 23/06/2017 24/08/2017 25/06/2017 26/06/2017 27/08/2017 2810612017 29/06/2017

Disponibilita

33.884,18 pSv
385.413,90 pSv

19/06/2017 20:00:00

29/06/2017 12:00:00
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o Grafico Misure AreaMonitor

Misure AreaMonitor - Serial Number : 232

Misure AreaMonitor - Serial Number : 232

[V Sonda 1 - GAMMA (uSv/h) Sonda 2 - NEUTRONI (uSvh) |
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29/06/2017 12:00:00 30/06/2017 05:50:00 61/07/2017  01/07/2017 15:05:00 02/07/2047 10:35:00 03/07/2017 06:05:00 04/07/2017  04/07/2017 15:05:00 05/07/2017 10:35:00

Disponibilita

46,08 pSv
0,13 pSv

29/06/2017 12:00:00

05/07/2017 14:40:00
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Beam Energy
40 MeV
70 MeV
70 MeV
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30/08/2016 09:01:36  31/08/2016 23:05:40

_ 70 MeV

Beam current
200 uA on target
500 uA on target

Doses and dose rates during beam extraction

1 uA on FC

| ) w— Sonda 1 - GAMMA (uSu/h)

300 uA
~ on beam dump

'3 e St3nda 2 - NELTRONI (uSuih) |
70 MeV S

+" 500 uA

120mSvh

on beam dump —
> 150 mSv/h |
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02/09/2016 00:25:40

03/09/2016 01:45:40

04/09/2016 03:06:41  05/09/2016 04:

45 m

37.5

30

22.5

15

7.5

Measurement
1.5 mSv/h in A1
150 mSv/h in A1

Simulation

150 mSv/h in A1

- - —~
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B By ol (ot

100

100 - 200
mSv/h/uA
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o' Grafico Misure AreaMonito

Misure AreaMonitor - Serial Number : 241 a t/O f?

| Misure AreaMonitor - Serial Number : 241

Sonda 1 - ECOGAMMA (jSv/h) Sonda 2 - ECOGAMMA (jSv/h)

19/06/2017 20:00:00 21l08/2017 22/06/20617 23/08/2017 24/06/2017 25/06/2017 26/06/2017 27/06/2017 28/06/2017 29/06/2017

Disponibilita

i Dose
| 16.204,73 pSv
| [ 12.440.120,00 pSv

19/06/2017 20:00:00

29/06/2017 12:00:00
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Misure AreaMonitor - Serial Number : 241

[V Sonda 1 - ECOGAMMA (pSv/h) Sonda 2 - ECOGAMMA (Svih) |

29/06/2017 11:00:00  30/06/2017 04:38:00 30/06/2017 23:58:00 01/07/2047 19:18:00 02i07/2017 14:38:00 03/07/2017 09:58:00 04/07/2017 05:18:00 05/07/2017

Disponibilita
29/06/2017 11:00:00

| 3233pSv |
Sonda N.2 5.573,15 pSv
05/07/2017 12:00:00
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Doses and dose rates during beam extraction

Beam Energy Beam current Measurement Simulation
70 MeV 100 uA on target 160 mSv/h in A6 100-200 =

70 MeV 1 uA on FC 150 mSv”
A A A ‘ } } } neutron

| | \

02/08/2016 08:01:36  02/08/2016 18:05:12 03/08/2016 05:11:05 03/08/2016 16:19:56 04/08/2016 03:30:11 04/08/2016 14:42:50 05/08/2016 01:56:09 05/08/2016 13:11:22

Gamma dose rate inside the target irradiation cave, 70
MeV 100 uA
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[ )OSES and adose rates afle ‘.:

e entrance door 13,5 uSv/h
er the door 88 uSv/h

] 245 uSv/h

600 uSv/h

100 uSv/h
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\%_’_—_‘}\\ Fixed Radioactivity

IPix: GAMpix photon detector
CdTe, 1 mm thick, placed on a pixilated chip CMOS — sensor Timepix

made at CERN plus a mini optical camera
ECPM 2017 . - +2->'31




1.1 mS\
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IPix: GAMpix photon detector
CdTe, 1 mm thick, placed on a pixilated chip CMOS — sensor Timepix

made at CERN plus a mini optical camera
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Doses and dose rates after the EOB

yre the entrance door 13,5 uSv/h
After the door 88 uSv/h
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activity
(Bq/
unit)

Na-22 2.0310° | Zr-97
K-40 1.37 107 | Rh-105
2

Co-58 6.96 10° | Sn-113

Mn-54 2.02 10° | Cd-109

Zn-65 1.94 10° | Sb-122
1.94 10% | Te-132

Y-9

6.05 10°




Movable Radioactivity: Air
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Movable Radioactivity: Air

Air continuously sampled through a Nal
spectrometer.

Direct activation of air components, 3+ (511
keV), 41Ar (1293.64 keV)

Sensitivity, fZ{tumping): 0.1-0.5 Bq/gar. ©

v
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Movable Radioactivity: Air

Radioactivity Concentration (Bg/g) measured at the stack (green B+ and blue “'Ar)

The concentration limit is 1.0 Bg/g, once reached an interlock is
generated to shut down the cyclotron

2710612017 21.00:59 29006/2017

(T, 20.4 min), *N (9.9 min), 1°O (122 sec)

e sum of the 2 peaks) 0.18 Bg/g with peaks of 0.28 Bq/g
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Movable Radioactivity: Air

Radioactivity Concentration (Bg/g) measured inside the irradiation bunker (green B+ and blue #'Ar)

0,5

19/06/2017 00:01:44  20/06/2017 04:29:44 25/06/2017 06:44.06 27106/2017 21:16:44 29/06/2017 03:43:59

2106/2017 11:22:49 2210612017 17:49:56 24/06/2017 0G:06:38

in), PN (9.9 min), 5O (122 sec)

26/06/2017 13:31:56

2 peaks) 8.5 Bqg/g with peaks of 10 Bq/g

ECPM 2017 21 > 31



Movable Radioactivity: Air

Radioactivity Concentration (Bg/g) measured inside the irradiation bunker (green [+
and blue “'Ar)

0 !
01/09/2016 00:04:16  01/09%/2016 11:42:58

02/09/2016 00:24.26 02/G%2016 13:05:35 03/09/2016 01:41:16

030692016 142719

: 200 Bg/g at maximum power

e of ventilation: about 500 Bq/g
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. Movarle Radioactivity. Vvater
Direct

meagurement in St S
contact with the tank &=
'rﬁ“‘ N Indirectly through
BLES LB doge rate at gevera|
IR digtanceg from the
B tank

meagurement from
sample gathering )
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Movable Radioactivity. Vvater
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Movable Radioactivity. Vvater

3H through
scintillation
counting, 800 mBqg/g
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de Wt Mean Activity'(mBg/g) Uncertainty (mBg/g)
8.8 1.0
2.5 0.4
12.6 1.2
9.8 0.9

20.3 1.1
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ECPM

Distance from the tank: 2 meters

B

.

L

L
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12:00

12:00

12:00
01086 02108416 02108416 03108416 0310846 04108416

017

- 2510746 2610746 26107416 27076 270746 2810746 28107416 29107416 2910746 3010746 30!07!38
J

Movable Radioactivity. Vvater

Maximum 40 uSv/h
corresponding to a current
extraction of 100 uA

Each peak decays with an
half life of about 15
minutes (beta+ emitters
have half lives in the
range 2-20 min)
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Movable Radioactivity. Vvater

i

D ; N B Maximum 2.3 uSv/h
ot Distance from the tank: 6 meters corresponding to a current

extraction of 100 uA

5 : Each peak decays with an
half life of about 15
minutes (beta+ emitters

i have half lives in the

i range 2-20 min)
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Movable Radioactivity. Vvater

1000

- Max 0.9 uSv/h

2404t
320 |
300 |
OO LI
360
340
820
300 |
780
760
740
720
700
630
660
640
620
600
530
560
540
520
500
430
450
440
420
400
330
360
340
320
300
280
260
240
220
200
180
160
140
120 t }
100
012,
60 |
40
20
0

H*(1U) Nsvm

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
2500746 2610746 26007416 270716 2707HE 28107416 28107416 29007416 2900716 3000746 30!0?fls 3076 3N07HE 010846 010846 0208416 0200816 030816 03/08416 04/08416
!

ECPM 2017 28 > 31




Movable Radioactivity. Vvater

Cyclotron cooling water after a few days of operation, high power

3,00E+06

2,50E+06

2,00E+06 Radioactivity due to
o 150406 150, 13N, HC
%L 1,00E+06 —@— measurement
e —@— calculation

5,00E+05

0,00E+00 s

0,00  10000,00 20000,00 30000,00 40000,00 50000,00 60000,00
Cooling time (seconds)

330 Bg/liter, calculated 50 Bg/liter. Some effects — other than direct

as leaching from the cooling pipes, not included in the calculation.
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Movable Radioactivity: Dust

Nuclide Measured Radioactivity Err (Bq)
(Bq)
24Na R . 5

42K

L. Sarchiapone




Movable Radioactivity: Dust

i_
|f

200 11{01010) 110)0) 200010
Ke\V/
iclide Wt Mean Activity (mBq/g) Uncertainty (mBq/g)
125 9.5
64 7

85.6 7.7
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« Monitors are placed in the whole SPES install¢

as possible survey during operations, for
e ... not only RP purposes!

» During the commissioning the meas
expected by the calculation

* The beam line survey Is actually
may cause significant dose cor
the remote control are availab

 Already important activation
water: care to e paid for ta
maintenance (introduction).
ECPM 2017
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To err is human - and to
blame it on a computer is

eveln Imore so

Robert Orben
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