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Radiation protection ©

Problems
©

v" A lot of specific applications

v" A large variety of work site conditions

v’ Lack of defence in depth (relative to fuel ‘
cycle operations)

v Personnel limitations due, in many
Instances, to the small size of the
organizations involved o

<




What is needed?

v’ Strong emphasis on worker training
v’ Seeking best practices

General application of regulation
v" Justification

v Optimisation — alara
v' Dose limits — dose constraints
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General protection principles

v’ Distance to sources

v Time

v’ Collective and individual
protection devices




o

Very important:
¢ PROCEDURES/TOOLBOXES

v Provide education
v Procedures understood by the workers ‘
v Procedures applied by the workers




How to draft |
procedures/toolboxes ("

¢ Gain all possible usefull
Information:

v' What equipment is used ‘
(protection included)
v" Which tasks have to be performed
near the equipment
v" Which information (education) has
to be pravided to the workers
(directly involved — indirectly
Involved)

W/ //
01////
i

it /
J/f'j
,J,hl/: g
it




Points of attention

v Organisation of work (only workers
of the facility or/and outside workers
— one, two or more shifts, ...)

v' Female workers

v' Location of the equipment and the
environment (sources easy
accessible or not, limited access to
the workplace)

v Radiological risks (dose, zone,
contamination)
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v' Classic/conventionnel risks
(mechanical, chemical, fire,
explosion, ...)

v' Ambiant factors (ventilation,
noise, heat, light, ...)

v" Signalisation

v' Classification of workers

v" Incidents/accidents (REX)
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Class IIA




Sterilization facilities I/

Source hoist
cylinder
p Access for source [
2 m concrete transport container 1] ]
shielding - [ [
= [1]
)

Research

Product conveyor
|

Personnel | |
access door | |

Source
storage pool

Guide cable

Control panel

Source array
(safe position)

Source transport container

FIG. 3. Category IV gamma irradiation facility: Panoramic wet source storage irradiator:

Producer of high activity
sealed sources (for gammagraphy

HDR brachytherapy)

I:‘Nan—controlled area I:‘Conimlled area Cleanrooms in the controlled area
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"class IIA" licensees :
containing :

Industrial irradiators
Research irradiators
Cyclotrons

Cyclotrons awaiting
dismantling
Radionuclides conditioner
Cyclotron suppliers
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More informations on FANC website iy
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Radiation protection In
cyclotron facility for
radiopharmaceutical production
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Cyclotron facility that is suitable for
radiopharmaceutical production can be
divided into two areas:

— Non-controlled area with or without access
control.

— Radiological controlled area, with (normally)
strict access control.
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Cyclotron facilities: controlled area

Cyclotron’s bunker (sometimes with beam lines to
other casemate),

Maintenance area (essentially for target),

Radiopharmaceutical area (production laboratories
with hotcells for production and dispensing),

QC laboratory (low activity)

Packaging/shipping

Storage space for batch samples and radioactive
waste.

Alir extraction system : potentially contaminated
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The controlled area can be exiended in this
diraction

The controlled area can be extended
in this direction
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More offices, meeting rooms,

DNon—contmlled area DConLroIIed area
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Cleanrooms in the controlled area
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toilets, lounge, ufiliies, et.
[ONoncontrolled area [[JControlled area [ Clean rooms in the controlled area

More lsboratories, s'maga ro0ms,
i offices, workshaops, kitchen, etc.




Production of molecule labelled with fluorine-18 (T1/2=110 min.)

Target Cyclotron: proton beam

s

--------

Havarfoil {50 pm)
(C042,5/Cr20/Ni1 3/Fe/W/Mo/Mn)

//////
//////
/////
//////
//////

0-18 (p,n) F-18
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Production operation :main steps

* Irradiation of the target (automatised)

* Preparation of synthesis module (kit
replacement) (man)

« Transfert of activity via tubing from target to
hotcells (automatised but operator have to
choose the right hotcell)

« Synthesis (automatised)

» Dispensing (automatised/man)
* QC (low activity) (man)

« Packaging/shipping (man)
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Example of synthesis module




Risks encountered

- Area with high dose rate (bunker and hotcells) +
possibility of contamination with high activity of C-
11, F-18 due to failure or human error).

- Low contamination by short half-life radioisotope
(QC, kit replacement,...).

- Contamination by medium (Co-57, Mn-54, Zn-
65,...) half-life radioisotope (cyclotron and target
maintenance, kit replacement,...).

- Air contamination (bunker, ventilation failure,...).
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All equipments (valve, tubing, parts of synthesis module) in contact
with irradiated water are potentially contaminated by medium half-
live radioisotopes (Co-57, Mn-54.. Havar and target activation)

Take care (contamination) for kit replacement and maintenance
Separation between radioactive waste (short and medium half-live)

— Specially QMA, used
' for trapping fluorine
10000
. ,
E -
S 100000
o E
L+
10K }‘
1
i + Mo _— ] ‘
1000 ; : e ; oo R [
D0 D MO A0 RO BN IO B SO0 MDD 100 100 1300 1400 1BD 1000 ITOD IEGD 100 XD 2i00 EN ‘ ,
Energy (keV) @ N R |
| |
Fig. I. Gamma speetrum ol a typieal rmadiated Havar® ol R |
X =OHF, ..
RGO Donnell et al. | Applied Radiation and Tsortopes 60 (2004 530542 R = chaine alkyl
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Collective safety systems
« Shieldings (bunker, hotcells, ....).

* Programmable logic controller (PLC):
manages informations/interactions between
safety components/cyclotron/targets (and
eventually hotcells).

« Monitoring (dose rate, air contamination,...).

« Dynamic (ventilations) and static (tightness of
rooms and hotcells) containment.
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Cyclotron shielding

L

?-n

S!E.Igh'on - 22,000 pounds

- ields - 60,000 poun
Cabinets - 3,200 pounds

shleldmg (neutron,
L2 )around targets



Risk inside bunker

During irradiation

-High (several Sv/h around target) dose rate (neutron and y)
-Slight activation of the air (Ar-41, t1/2= 109 min.)

-Air contamination at high level in case of target failure
During transfert (beam stopped)

-Dose rate (y) around target and transfert-line

-Air contamination in case of leak on transfert-line (valve,
connection...).

After irradiation

-Residual activity in target + activation of target component 9

dose rate around target from few mSv/h to more than hundred
mSv/h (contact). |

ANC ® AFCN



Interlocks system

Dose D\|spen5|ng

|
Cyclotron operates e j O shield
Packaging Microswitch
T D j Room
[ B Door
FDG Microswitch
. . B| Synthesis
Inflector High Voltage ON lon Source High Voltage ON [l
T ’[ Self Shielded W Inspection (]
Cyclotron - — Lab Station f
Perimeter doors all closed All shields closed 11
Anteroom il
T _ 1 w“ L 1
Inspection complete i
Control Room
FIG. 3.7. Interlock logic chain for cyclotron operations. ]

FIG. 3.6. Interlock chain with microswitches on perimeter doors, a second system on
shields and inspection stations which must be energized prior to cyclotron operation.

Interlock logic includes:
‘rondier’

emergency stop
switchs

information from
monitoring system

Ouverture d’urgence porte

Asrdt d'vrzence farmaturs porte

¥
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Example of logic associated with bunker/cyclotron

Impossible to open the door if:

- Beamis on

- Dose rate above predefined treshold

- Air contamination above predefined treshold
— 1y probe is ‘out of order’.

Impossible to close the door :
- Without activation of ‘rondier’ (check nobody inside + sound alarm)

Imposible to start beam if:
- Door not closed
- Depression inside bunker is not reached

o
i



Transfert of activity

When there are several operators and several posts of control
(cyclotron/target), the big risk is to transfert activity (human error)
to an hotcell where an operator works on the synthesis module (kit
replacement for example).

Some installation are equipped with hotcells which communicate
with the PLC controling the filling / emptying of the targets.

In this case, it's impossible to transfert activity if the doors of hotcells
are open and, during the transfert, the doors are locked.

For other installations, it's regulated by procedure (risk of human

error remains?). Electronic dosimeter can help, but too late in case
of operator contamination.
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Hotcells (protection of operators)

* Shielding (7,5 to 10 cm of lead) —————

D O

Possibility of:

* Internal y probe (lock the door) |
« Good tightness (inflatable seal around the door).
« Communication with PLC cyclotron/target |
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Hotcells (reduction of discharge)

* Possibility of:
» Charcoal filter.
« Monitoring of air contamination

- close extraction/pulsion = containment
- activate gas storage system

« Use of bag or specific trap (ex. sodalime for 11CO2) to
collect the radioactive gaseous effluents from module

o ¢

1 = gas Geiger

2 - Pneumatic valve control
ventilation system

3 = Valve and p-switch to
contol balloon inside
radioactive gas container

4 - Radioactive gas
container,

5 — Distribution valve and p-switch
controllino radioactive gas inside
the container.

L
Atm. Pressurces APRCELL| Fig 8
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Monitoring system

Schematic diagram of the realtime Health Physics monitoring system

9205 contral PC
Looation room 018
next to Cydotron control PC
PC-A

3h-A RE-A |Intercom
CMS — Stack

Looation wall room 018
UDI-G

CMS-B

Location — wall room 017 mains
T J'
LUDI-A < I Cyloton room 011
=
rmrmmngms '
B Fi
Research room 008 _-_
ﬁ 1 T
Froduction Lab Ji == L
room 025 ! ! !
""""""""" 1 ] I
Location panels A and B PE0- A B D 1 I
Comenwallliby retum o sBG  Simss Return to stack
room 016 rcomop4 Reom 017 room 014
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Stand-alone system
L: mesure d'irradiation par sonde ¢ (Raytest)

M sonde + Lablmipex

H: monitoring de 'air (Lablmpesx)

0: détecteur Beta pour analysée de air du paint N

P: signalisation reprenant le signal de M et M

Q: sonde vindépendants (visualisation passage activ

Centralimed svstem

Monitoring par prélévement o'air:

A: salle production Beta+

BE: arritre cellules IMRE avoc alarmes

C: arriére cellules Batas

D: stack sortie Betat

E: stack sorlie cyclo+IMRE

F: casemate cyclo

G position des détectewrs beta pour I'analyse
de Pair

X: sonde gamma cyclo [gestion accés cyclo)
Yisonde gamma hall cylo + alarme

Z: aonde gamma producticn

0 ﬁi + alarmes. luminsuses




A good practice :local informations about alarm.
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Ventilation (HVAC)

« Radiopharmaceutical: compromise between
requirements for radiation protection and
pharmaceutical.

« Pharmaceutical : nothing can enter

« Radiation protection: nothing can get out.
- Complicated design and ventilation control
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Recommandations for 18FDG production

TABILE 2.4 BASIC DESIGIN ANWND OPEERATION CONSIDEREATTONS OF

CLEANEROOMS

ELT GMP class

A B C D
Area per occupant (m?) 30 10 5
Foom overpressure (Pa) 15 10—15 510
Aidr changes per hour 200 20—40 1020
Clean air mlet as %o of ceiling 20 10—20 510
(wall) area
Clean air inlet locations Ceiling (wall) Ceiling Ceiling or
high sidewall
Return air location Low level or floor Low sidewrall Sidewall
{opposite wall)
Terminal velocity at clean 036054 0. 15045 0. 15045
air inlet (m's)
Airlock entrance needed Yes Yes Yes o ,' 3
Occupants properhy attired Full gowmns Cowverall Smocks e Wi,
Occupant activity Mlinimaum Occasional Constant
Mo eLent El:'ti.‘l.ri"j?' Cyclotron Produced
- . Radionuclides: Guidance
Traffic in/out per hour Minimmmunn 25 = on Facility Design and
- - - Production of
Equipment in room B dinimnum =30% floor =50% floor [*FFluorodeoxyglucose (FDG)
Housekeeping Meticulous Good Mediocre @
I IAEA
Foutine particle count interval Weekly Monthlwy Cruarterly

MNote: These suggestions are based on best practices; national regulations may dictate other
practices.

FANC®OA
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-100 Pa
30 Pa
_15 Pa
0 Pa

+ 25 Pa
+ 30 Pa
+ 45 Pa
+ 50 Pa

Fapaur S LE: D bkemcheme PET -rm dio farrmes b

Dispensing hotcell have positive pressure
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More informations on: http://www-pub.iaea.org/mtcd/publications/

TECHNICAL REPORTS SERIES NO.

Cyclotron Produced
Radionuclides: Guidelines
for Setting Up a Facility

| g g
TECHNICAL REPORTS SERIES no.  (LJ 1

Cyclotron Produced
Radionuclides:
Principles and Practice

£)1aEA

At Ereey Ageray.

IAEA RADIOISOTOPES AND RADIOPHARMACEUTICALS SERIES No. 3

Cyclotron Produced
Radionuclides: Guidance

on Facility Design and
Production of
[*®F]Fluorodeoxyglucose (FDG)

(G)aea

IAEA RADIOISOTOPES AND RADIOPHARMACEUTICALS SERIES No. 4

Cyclotron Produced
Radionuclides: Operation
and Maintenance of Gas
and Liquid Targets

)y
(Jaea
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