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Abstract

This paper describes the conceptual design of the reactor
building and reactor maintenance building for the TIBER II
tokamak. These buildings are strongly influenced by the re-
actor configuration, and their characterization allows a better
understanding of the economic and technical implications of
the reactor design. Key features of TIBER II that affect the
facilities design are the small size and compact arrangement,
the use of an external vacuum vessel, and the complete reliance
on remote maintenance. The building design incorporates re-
quirements for equipment layout; maintenance operations and
equipment; safety; and contamination control.

Introduction

The facilities for TIBER II include the plant buildings and
structures, the reactor maintenance equipment, and the general
arrangement of the plant buildings and services. The major
structures are the reactor building and the reactor maintenance
building. Figure 1 shows the overall site plan.
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Fig. 1. Site plan for TIBER II facilities.

Reactor Building

The reactor building provides a controlled environment fur
the tokamak and adjacent supporting equipment. The build-
ing arrangement allows space for maintenance operations ami
equipment and included transportation corridors and laydmvn
areas.

The reactor building is a part of the confinement svstom
that, controls the release of radioactive material from the plant.
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and it must meet safety criteria for routine and accidental re-
leases. It is designed to operate with a filtered exhaust and at
a slightly negative pressure so that any atmospheric leakage is
inward.

The external walls of the reactor building are 2-m-thick
concrete, and the roof is lm-thick concrete: this produces the
desired attenuation of the neutron flux during operation. The
building is designed to withstand seismic events and externally
generated missiles, with criteria established by economic and
safety analysis. Although complete integrity of the building
confinement function during such an event may not be re-
quired, a building failure that damages the internal-component
safety functions is not expected to be allowable. A steel wall
liner is not specifically required but may be selected to prevent
wall spallation by missiles, as well as to provide an easily de-
contaminated surface and a concrete form during construction.
The building will also be structurally designed to withstand
an internal overpressure of 35 kPa. This criterion is estab-
lished because it is not expected to impose a penalty on the
building construction cost and because postulated pressuriza-
tion accidents combined with the filtered exhaust system are
not expected to exceed 35 kPa.

The reactor building is sized to house the tokamak and its
adjacent supporting systems and to allow space for mainte-
nance operations. The TIBER II configuration requires that
the shield modules containing the divertor plates be removed
at an angle through horizontal ports in the external vacuum
vessel. A basic building dimension from the center of the toka-
mak to the wall of 20 m (7.5 m for the cryostat, 6.5 m for the
retracted divertor, and 6 m for the handling machine and clear-
ances) is required to allow this operation. A square building
with 40-m sides was found to allow lavdown of the vacuum ves-
sel dome or poloidal field coils in any corner. This minima,
size building was selected for the baseline design. The height of
the building was determined to be 35 m to allow operation nf
a 200-t crane and to lift a toroidal field coil above the vacuum
vessel with clearances.

The volume of the reactor building is oti.1)00 m3, and the
basement volume is 16,000 m3. The structure is 2.5 m thick
below grade and 2.0 m thick above grade. The reactor building
is connected directly at grade level to the maintenance build-
ing by a transfer chamber 4 by 10 by 8 m high, as shown in
Fig. 2. Aijacent to the transfer chamber is a maintenance
equipment storage area. 8 by 11 by 8 m high. Two neutral
beam lines pass through the reactor building west wall t<> Tin-
neutral beam source room. The upper portion of the west wall
can be raised to allow the building crane to travei into a rrnni-
storage and maintenance area above the neutral beam source
room, as shown in the elevation view in F'ti. 3. The movablr
portion of the wall retracts into a pocket in the ro«if. The
concrete roof is supported by the walls ami a sjsU-m of ex
ternai trusses. The internal surface is •smooth l<> allow easier
decontamination.

The reactor building basement I Fig. •?) contains the heal
transport and vacuum systems for the inkamak a? well as c.ibli-
and pipe galleries.
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Fig. 2. Plan view of major TIBER II facilities.
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Fig. 3. Elevation view of major TIBER II facilities.
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by an air lock and transfer corridor. There is sufficient space
around the vacuum tank to place up to 1.0 m of shielding if
required.

Reactor Maintenance Building

The reactor maintenance building provides facilities for the
inspection, testing, and repair of reactor components, includ-
ing the test modules and maintenance tools and equipment,
and for the preparation of radioactive material and waste for
shipment and disposal. Decontamination, atmosphere control,
and shielding are provided to ensure the safety of the operat-
ing personnel and to control the release of radii/active material
from the building. The major areas <>! l\\r building are the
decontamination cell, the transfer corridors. I he hot cell, the
remote maintenance equipment control rooms, and long-term
retrievable storage areas for radioactive materials. The hot cell
provides areas for major equipment disassembly and testing.

The hof. cell structure is designed to operate at a slightly
negative pressure for contamination control. The exposed sur

faces are coated with epoxy or steel plate for durability and
ease of cleaning. The ventilation system for the hot cell is in-
dependent of other plant ventilation systems, and downward
flow with inlets ai the top of the building and exhaust through
the floor is specified to prevent the dispersal of participates
in the work space. The filtration equipment is housed in the
basement with provision for remote media exchange and re
placement. A concrete wall thickness of 2 m is estimated to
be required to attenuate the gamma rays to acceptable levels
outside the building.

A major design consideration for all par's of the pUnt con
••lining activated or contaminated material is contamination
control (i.e.. preventing the spread of radioactive man-rial br
tween areas). Transfer between the reactor building and 1 hi-
maintenance building at grade and basement levels is ihrnuat"
air locks. A decontamination chamber, including a fn-on >;pra\
cleaning system, is provided at this interface to -.lean compo
nents being transferred in either direction Other deoninmi
nation chambers can be incorporated between 'i..i cell arms as
required.
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Fig. 4. Plan view of TIBER II reactor building basement.

Another major consideration affecting the layout of the
maintenance building (and the reactor building) is the need
for overlapping coverage by the remote maintenance equip-
ment. Failures of the maintenance equipment must be con-
sidered under all circumstances and methods to recover from
those failures identified.

The reactor maintenance building is a reinforced-concrete
structure, 73 by 78 by 20 m high, with a basement 10 m deep.
The building contains the decontamination cell and associated
process equipment. The grade level layout (Fig. 2) is designed
to accommodate special tasks as well as repetitive operations,
such as divertor refurbishing.

The decontamination cell, sized to handle all the compo-
nents of the tokamak excluding the vacuum vessel dome and
the larger poloidal field coils, occupies a space of 20,000 m3.
The cell is located at the head end of the flow path between
the reactor building and the maintenance building to minimize
the spread of contaminants.

The grade level of the decontamination cell is 20 by 10 by
20 m high and is serviced by an overhead crane with boom-
mounted handling devices. A maintenance equipment storage
room is part of the cell area but has direct access to the reactor
building and houses the reactor maintenance equipment.

Tokamak components are transferred tn the decontamina-
tion cell by a wire-guided open cart. This guidance system
is preferred over conventional flour tracks because it is more
flexible (the cart can be driven to any cell and any location
in the cell and thus reduces crane requirements) and because
it eliminates contamination and housekeeping problems caused
by rails set in the floor.

The lower level of the decontamination cells consist? of two
separate, isolated areas. One area receives components from
the reactor building; basement. The second area houses the
decontamination equioment and storage tanks for the reactor
coolant to be used to contain the tritiated water during mainte
nance operations. There is also a tank for underwater storage
of components with high decay heat. Tin- arva housing these
tanks and the decontamination equipment is accessible and can
be serviced bv contact maintenance.

The test module cell is laid out on two levels. The lower
level, at an elevation of 90.0 m, is enclosed by 2-m-thick walls,
and the components enter from above through a 3-m-square
hatch. This cell houses equipment for conducting experiments
on test module components, s y h as the preparation and ex-
amination of materials samples. Three sides of this cell are
available for work stations for personnel operations and related
equipment external to the cell. The upper level consists of an
open leg, 10 by 30 m, serviced with an overhead crane and
with a hatch for access to the lower level. This area is isolated
from the transfer chamber and decontamination chamber by
a sliding shield door. The ceiling is 111.0 m in elevation with
a service gallery in the area above from an elevation of 112.0
to 120.0 m. The upper service area contains the ventilation
supply ducting and electrical, air, and water services.

The remaining area of the hot cell is an open 30- by 40-
m cell. The upper level is laid out for routine maintenance
tasks and houses a transfer chamber and truck-loading dock
for shipping and receiving tokamak components. The lower
level houses the air filtration equipment, with space allocaled
for remote servicing of the filters. A portion of the space is set
aside for the storage of solid radioactive waste generated in the
hot cell.

The area north of the hot cells on elevation 90.0 m is re-
served for hot-cell-related equipment and for the services to the
hot cell control room and work stations located above.

Concluding Remarks

The relationships and interactions of tasks and functions
within the TIBER II facility have been considered in preparing
a constructive, workable layout. Factors influencing structural
aspects of the design have been identified and incorporated.
The facilities design and layout accommodate totally remote
maintenance as well as iiirrenl safpty requirements in place in
the fusion communilv.


