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1. ITER Blanket System

The main functions of the Blanket System are to:

Contribute in absorbing radiation and particle heat fluxes from the plasma and Neutral
Beam Shine Through.

Contribute in providing thermal shielding to the vacuum vessel and external vessel
components.

Provide shielding to in-vessel diagnostics, such as waveguides, bolometers and coils.
Constitute the primary interface to the plasma in the main chamber providing a
plasma- facing surface compatible with the plasma performance requirements (heat
loads, impurity influx) and a limiting surface defining the plasma boundary during
limiter operation and plasma start-up/ramp-down.

Provide passage for the plasma diagnostics, viewing systems, microwave antennas or
launchers, neutral beam injectors, the gas and pellet fuelling systems and other minor

ancillaries.

The Blanket System consists of 440 Blanket Modules (BM) covering ~600 m2 as illustrated

in Figure 1 and Figure 2. A BM comprises two major components: a plasma facing First

Wall (FW) panel and a Shield Block (SB), as illustrated in

Figure 3. Each BM is attached to the Vacuum Vessel through a mechanical attachment

system of flexible supports and a system of keys. Each BM has electrical straps providing

electrical connection to the vacuum vessel. Cooling water (4 MPa and 70°C, inlet pressure

and temperature, respectively) is supplied to the BM by manifolds supported off the

vacuum vessel behind or to the side of the SB and is designed to remove up to 736 MW

of thermal power from the blanket. The coolant is routed firstly through the FW, and then

through the SB. The BMs are segmented into 18 poloidal locations: rows 1 to 6 are the
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inboard region, rows 7 to 10 are the upper region and rows 11 to 18 are the outboard
region.

The inboard and upper modules (except BM10) are segmented toroidally into 18 equal
modules, and the outboard modules (except BM14 and 15) are segmented into 36
modules. In the upper and equatorial port region (BM10, 14 and 15), the modules are
located between ports and therefore segmented into 18 modules. In the NB area, vessel

sectors 2, 3 and 4 have a custom segmentation for BM 14 and 15 (Figure 4).

Modules 7-10

y

/Modules 1-6\

\ 0
Modules 11-15/

0% 80% 10%  50% 40%
*'1 l.t - . 2 Blanket Module
oy |

_ ~850-1240 mm

0 - 2000 MM

SB (semi-permanent) FW Panel (separable) ;‘124/'

Figure 1 Blanket System
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Figure 3 Schematic of BM 1 showing the FW panel and the SB
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Figure 4 Custom segmentation for BM 14 and 15 (Neutral Beam Injection area)

2. Overview of the Shield Block

The main function of the SB is to contribute in providing nuclear shielding, to support the
FW panels and to supply the FW panel with cooling water. It is required to accommodate
the interfaces to all the components located in the Vacuum Vessel including those of the
FW (in particular the in-vessel coils and the diagnostics). The steel/water ratio has been
optimized with respect to neutron shielding to about 85/15. This ratio is achieved by
optimizing the number of poloidal cooling channels and their size within the SB. A number
of deep slits are machined into the SB to reduce the impact of the electromagnetic (EM)
loads on the structural loads of the support system and Vacuum Vessel. As an example, a
schematic of SB 1 is shown in Figure 5.

The front face of the SB has a much higher nuclear heating than the rear side. The position
and size of the cooling holes are optimized to achieve proper cooling, pressure drop and
the water/steel ratio. Poloidal drilled holes are the main cooling path in the shield block. To
adapt to FW interfaces, flexible support access holes and other interface elements,
header/covers with radial holes are implemented to provide sufficient cooling in front
surface. Radial holes are mainly applied in the FW beam and X pad region. Toroidal holes

are implemented to distribute water. The water headers are implemented on poloidal and
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toroidal surfaces, and the back surface to adapt to the interface cut-outs. The basic
fabrication method for a SB starts from either a single or multiple-forged steel blocks and
includes deep drilling of holes, welding of the cover plates for the water headers, and
machining of the interface surfaces. SB examples are shown in Figure 6.

The SB interfaces with many components, such as the flexible support keypads, FW support
contact surfaces, FW central bolt, Electrical strap contact surfaces and attachment inserts for
both FW and VV connection, water inlet/outlet connections and flow separator(FW/SB/VV)
and remote handling features. There are also many cut outs required to accommodate the
other in vessel components (including coils, diagnostics and instrumentation). High
tolerance requirements complying with the ITER dimensional metrology handbook are
required for the interface functions and to avoid impact on other components during
installation and operations.

The material selection is specified to minimise the nuclear waste, and satisfy performance
requirements. Manufacturing processes, cleaning and handling procedures shall comply with
the ultra-high vacuum conditions necessary for machine operation and follow the

requirements of the ITER Vacuum Handbook.

Example Shield Block

St FW Bolt Hole View

View SB Electrical

__ Strap Housings
(2) B

FW Electrical
Strap Housings (2)

SB Branch
Pipe Cutouts

Inter-Modular

Keyways (2)
FW Coolant
Connection Slits Axial Flexible Toroidal
Cutouts Support Housings (4) Keyway (1)

Figure 5 Schematic of a SB
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Inboard SB4 rear View of component Inboard SB4 Front View of component

(Vacuum Vessel side) (plasma side)

Inboard SB9 rear View of component Inboard SB9 Front View of component

(Vacuum Vessel side) (plasma side)

Figure 6 Schematic examples of inboard and upper SB modules
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