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AUST11ACT
Two similar conceptual deoignu for the handling of highly activated components

at the target area of a high current radioactive beam facility have been investigated.
The proposed designs are Nufficiently flexible that practical detailed deuignu could be
realized. Personnel exposure to radiation during the handling procedures 10 expected
to be minimal.

1. Introduction
There has been significant interest at TRIUMF to construct a radioactive beam

facility based on the 500 MeV > 100 /iamp primary proton beam available from the
accelerator[l]. The target area design must provide a viable approach for handling
the highly radioactive components to minimize personnel exposure. Mobile activity
must be controlled and a radiation shield provided to reduce operational fields to
biologically acceptable levels.

Fifteen years of experience at TRIUMF indicates that the best approach to han-
dling components in the thick target areas of high current accelerators is to place
them in tightly shielded "canyons" within a monolithic target shield. Operational
radiation levels at the top of the canyon must be sufficiently low to allow the long
term use of non-radiation hard materials and residual fields must allow personnel
access for maintenance (50 /iSv/h). All components must have integral shielding
corning to the canyon top where all service connections are made. Repairs to com-
ponents must be made by their removal to a hot cell facility. Conceptual designs
using this approach with vertical access and a combination of vertical and horizontal
access have been iuvestigated[2] and are described below.
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2. Vertical Access

Figure 1 is a section through the target area utilizing vertical access. The
monolithic shield extends 3.5 in above the building floor and components have
1.5 m of integral steel shielding. Components are inserted into a large vacuum
vessel sealed at the top. The target, ion source, shield and services are operated at
the extraction voltage and, with the extraction system, form one module which can
be removed for servicing. The high voltage insulation is at the top of the vacuum
system where radiation levels are low. Beam line elements between the source
and mass analyzing dipole form a second module. The single large tank approach
to the vacuum system design will provide a primary confining vacuum space for
mobile activity as suggested by Thorson[3j. This approach places stringent design
conditions on the beam elements and shields as they must be compatible with
operation in a high vacuum. However, all vacuum connections at beam level are
eliminated and the vacuum piping is made by leaving voids in the shielding.

The production of mobile radioactivity represents a major difference between
the requirements of a radioactive beam facility and the existing high current meson
facilities. Significant contamination levels are expected on all components in the
target area. This contamination must be contained. In the above design, there is
the possibility of contamination release when the large vacuum tank is opened to
the atmosphere and when components are removed and transported. A secondary
containment area is therefore required around the target area which extends to, and
includes, the hot cell. A layout for such an enclosure is shown in Fig. 2. A building
adjacent to the present experimental hall is required for hot cell facilities.

Fig. 1. Radioactive beam facility target area with vertical access.



Fig. 2. Section through the target area and lecondary enclosure with vertical access

TRIUMF experience indicates that the removal, repair and replacement of a
target module could be accomplished in this design with very little exposure of
personnel. However, a Bimple repair operation would take approximately two days.
This time can be reduced significantly by moving the hot cell facilities closer to
the target area. A Becond possibility for accessing the target area was therefore
examined.

3. Horizontal and Vertical Access
Figure 3 shows a section of the target area with the target and ion source accessed

horizontally. The main vacuum tank has been extended by about 2 m to allow
sufficient shielding between the target and the vacuum and service connections.
This vacuum tank extension is taken to the top of the shielded canyon to allow
access to the target module from above if required.

The service connection area of the target module must be sealed and easily
decontaminated as it must be readily accessible to personnel. Sliding concrete
doors are provided to open this area to the hot cell. Calculations indicate that
unrestricted access to the hot cell during beam operation will be possible.

A remotely operable horizontal transport mechanism is required to withdraw the
target module from the vacuum chamber and transfer it to the hot cell. A failure
of the remote mechanisms during the transport process could be difficult to rectify.
However, the target removal does not require heavy crane operations which makes a
target or ion source change much faster; also the size of the secondary containment
area is 'educed.



The most critical element in these designs is the module supporting the produc-
tion target and ion source. It is inserted into the large vacuum containment vessel
and removed for target and ion source servicing. This module, the most radioactive
and frequently serviced element, includes integral shielding, services, high voltage
isolation and target/ion source support and alignment. Radioactive containment
and servicing ease must br addressed in the detailed design.

The target service module, inserted into the large vacuum tank, is shown in
Fig. 4. The main module vacuum seal is made in the shielded service connection
area. The module can be remotely rolled out of the vacuum tank after disconnecting
the vacuum seal and other services. All manual operations can be effected with little
risk of personnel exposure.
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Fig. 3. Section through the facili.y with horizontal and vertical access.

Fig. 4. Target service module inserted into the main vacuum tank.



Three levels of containment are provided for radioactive contamination. First,
the target is surrounded by its own vacuum vessel. This acts as a containment region
for mobile radioactivity and, at high beam power, may contain a heat exchange gas
to remove excess power. Second, the target module is completely enclosed except
for a small hole for the extracted ion beam. The vacuum requirements in this region
are expected to be high and maximum pumping speed through the module shield
will be required. The target module is inserted into the main vacuum tank providing
the third level of containment.

The high voltage components, shielding and services must be supported on radi-
ation hard insulators. The entire high voltage assembly, supported on a strongback,
can be rolled into the target vacuum vessel and locked in place. The high voltage is
fed into the target module at the shielded end where a flexible choice of insulating
materials can be made.

The target and ion source are serviced by transporting the entire module to
the adjacent hot cell as indicated in Fig. 3. The module endcap is removed to
allow access to the target components. The target and ion source are one unit
attached and aligned to the high voltage strongback of the module. Vacuum and
services must be disconnected by manipulator and the target assembly removed and
replaced. Transport of the target module to and from the hot cell is a completely
remote operation. Therefore, the highly activated components are exposed and
manipulated only in the controlled environment of the hot cell. This greatly reduces
the risk of spreading radioactive contamination into less controlled areas.

4. Conclusion

We have investigated two possible conceptual approaches to handling the highly
activated components in the production target region of a high current radioactive
beam facility. Both proposed design concepts provide a feasible solution to the
handling these components without significant danger of personnel exposure. Hori-
zontal access is presently the preferred approach as it leads to a compact design for
handling the target module and shorter servicing times.
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