


shielding and the target assemblies， including the shield-
ing columns， may be withdrawn from the vacuum en-
closure and the surrounding shielding by an overhead 
crane. The targets are closely coupled to a variety of 
ion sources which require numerous services. The re-
sultant target moduleうincludingthe approximately 2 m 
high steel shielding column， weighs some 15 tonnes and is 
too heavy to further enclose in a shielded flask for trans.勾
port. It was therefore decided to transport the targets to 
the service hot cells without shielding using a remotely 
driven crane. The arrangement is shown in Fig. 1. 

Fig. 1 Cross section through the heavily shielded 
ISAC Target Maintenance Hall showing the 
remotely driven crane used to transport 
radioactive components of the target/ion 
source. The small inset at the top of the fi.g-
ure is a plan view of the arrangement of the 

two targets 

The transport takes place within the Target Mainte-

nance Hallうwhichal日ocontains two hot cells for servicing 
the targets and a storage area for used targets. This hall 
is shielded on all sides by approximately 1.2 m of con-
crete and is kept at a negative pressure with respect to 
the outside. Before a remote transfer of targets can take 
place the hall must be searched and cleared of all person-
nel. An Access Control System enforces this search and 
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is interlocked to the remote crane control system. 
The requirement to operate highly e伍cienttarget/ion 

日ourcesand the need to contain allloose radioactivity are 
contradictory objectives. Typically targets consist of an 
'oven' made of a refractory material such as tantalumう
filled with the target material which may be heated to 
temperatures up to 20000 C during bombardment. Opti-

mizi時 sucha target/ion source to yield the maximum ion 
beam intensity for a particular elemental species will also 
optimize it for chemically and physically similar species. 
The neutral refractory atoms will plate out on the near-
est cool surface but the volatile neutral atoms will be 
pumped away by the vacuum system. The most severe 
problems will be encountered for targets of high atomic 
number such as Th and U because they are capable of 
producing the greatest variety of radioactivity (including 
αーemitters)
To address the need to contain any possible contamina-
tion during removal and transport of the target modules， 
the target (and each of the front-end ion beam transport 
modules) is enclosed in an aluminum 'containment boど
that completely surrounds the target. The inside ofthis 
box constitutes the 'primaηr' stage of a two-stage vacuum 

system. The vacuum outside of the box constitutes the 
second stage. Both the exhaust from the primary stage 
and that from the second stage is pumped into shielded 

hold-up tanks to allow the radioactivity to decay. The 
target containment box has water cooled entrance and 
exit windows for the proton beam and a shutter for the 
ion beam that is closed during transport. An exploded 
view of the target assembly is shown in Fig. 2. The steel 
shielding which surrounds the vacuum exhaust chase is 
not shown in this drawing. 

111. Shielding Calculations 

The calculations for the shielding of this facility were 
done using a modified version of the Moyer Model wher-
ever the geometry was simple. This method is described 
elsewhere in these proceedings (1). For complex geome-
tries the multipurpose Monte Carlo code FLUKA (2) was 

used. An example of a calculation for complex geometry 
is that for the shielding above the target service space. 
Account has to be taken here of the vacuum exhaust 
chases through the target assembly steel shielding. The 
shielding above the service space was optimized using a 

mixture of steel punchings and ordinary concrete in a ra-
tio of 1:1 by volume. The result of a typical FLUKA run 
is illustrated in Fig. 3. Fig. 4 shows the attenuation of 
the neutron dose equivalent through the composite top 
shield. The top 30 cm are composed of standard concrete. 
The upper two lines show results for slightly different ge-

ometries of the vacuum exhaust chase and the lower line 
indicates the attenuation if there is no chase. 






