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» Update the ARIES-CS configuration and maintenance based on modular
maintenance scheme with DCLL blanket concept since last US/Japan Workshop:

Power core configuration;

Initial coil structural support;

Layout of the internal VV, breeding blanket, coolant manifold and supply/return pipes
VV assembly;

Cutting/rewleding access tubes
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» Update the ARIES-CS configuration and maintenance based on the field-period

maintenance scheme with DCLL blanket concept:

Power core configuration;

Coil structural support;

Replacement unit design;

Cutting/rewelding access tube

Clearance checking for replacement unit in toroidal movement.
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»  Summary



1. Modular Maintenance Scheme
with DCLL Blanket Concept



Power Core Configuration Based on
= Modular Maintenance Approach
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»  Tritium breeding and shield zones are subdivided into replacement region and permanent region, and
the permanent region composed of the shield and coolant manifold as stable ring, and maintained at

nearly uniform temperature.

»  One large horizontal maintenance port is arranged in each field-period, fitting between the modular

coils.

»  For thermal insulation, the entire coil system is enclosed in a common cryostat.

»  No disassembling and re-welding of VV are required for blanket replacement. 4



One Large Horizontal Maintenance Port Arranged in
. Each Field-Period Between Modular Coils

LIC SanDiego »  The optimum locations for
these ports are the 0°, 120°,
and 240° cross-sections
Coll Structure (assuming one port per field

period).

Port and Closure =< Biological Shield
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The ports have to bridge the

space between VV and bio-
shield. Bellows at the

connections between port
and cryostat allow for
differential thermal
expansion.

Blanket > In order to maintain the
containment of trittum, there
are two doors for the port,
S S one at the VV and one at the
upporting .
Tube outside of the cryostat.
5

Vacuum
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_ Initial Coil Structure Design
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»Coil supporting tube is composed of inter coil structure, coil cases, and winding pack. All 6
coils of one field-period are wound on a common supporting tube.

» All out-of-plane forces are reacted inside the field period, and the centering forces are reacted
by a strong bucking cylinder in the center of the torus.

»Recent results of magnetic-structural analysis show that there are no bucking cylinder at
the center of the coil supporting tube if the three supporting tubes are connected
together. The coil structure design Is going to be changed.




Shield Only Zone Modules Should be Placed in the

— Regions without Enough Space ;E!Eé
=~

FW&Blanket: 63 cm
FS Shield : 28 cm
Vacuum vessel: 28 cm
Manifold: 35cm

» Two regions in each field-period have no sufficient space to fit into regular breeding
blanket. A transition and shield-only zone module will be installed in this region.

»  Breeding blanket modules are attached to the shield and the manifold. The weight of the
hot core will be supported by the VV. 7



Example Layout of Shield Only Zone, Breeding Blanket,
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He Toroidal Supply/Return Pipe

Cross-section at (°

Coolant Manifold and Supply/Return Pipes

»There are 9 regular breeding
blanket modules and one shield-only
zone module.

»The top manifolds provide Pb-17Li
and He to blanket modules #2 to #6.
The average thickness of the
manifold is assumed to be 35 cm.

»The bottom manifolds provide Pb-
17L1 and He to blanket modules # 7
to #10 and the Shield-only zone
module.



Example Layout of the Coolant Manifolds and
Supply/Return Pipes(at 20° and 30°)
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Vacuum Vessel Assembly
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60-120° segment

0-60° segment

» VV is assembled by six segments, and two segments for each field-period, and only
one shape per field-period because of the twofold mirror symmetry.

»  The port is subdivided into two halves and welded to the VV segment to avoid at 0
degree cross section welds behind coils.

~
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_ Vacuum Vessel Assembly Sequences
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VV and Coils
Sub-assembly

v'Slide one VV segment into the coil supporting tube of the field
period in toroidal direction from ends, then weld the two segments
from inside at 60 degree.

v'Position the coil supporting tube of the field-period.

11

v Positi d install two VV and coils sub- bl d : : .
OSIHON anc Ista 1 two and covs subassembly, an v"Add and install the VV port extensions, insulators and flanges

joint together the VV at 0, 120, and 240 degree by welding.



Replacement Units for the Modular
=_Maintenance with DCLL Blanket *
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»DCLL blanket design with He-cooled FW and blanket structure and Pb-17Li1 cooled
breeding zone was evaluated based on port maintenance scheme.

Supporting Legs(Cold) Supporting Legs(Warm)

» The typical size of the blanket modules is about 2 m (tor.) x 2 m (pol.) x 0.63 m (rad.)
in order to be compatible with modular replacement through a small number of

maintenance ports using articulated booms.



Cutting/Rewelding Access Tubes With Tools From
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Blanket module replacement assumes
prior to removing neighboring blanket
module.

Shield blocks A, B, C must first be
removed to allow tools to access the
coolant piping.

The coolant piping cut is performed at
the back of the shield where the He
production is small enough to allow
rewelding (assumed as <~1 appm He).

The assembly welds of the access
tubes are protected by a shielding ring
inside the tube.

This ring and the removable shielding
blocks at the outside of the pipe can be

made of steel, W, or WC with 100 %
density without any cooling channels.

Plasma Chamber

Plasma

Removable /

Blanket Module

Removal hle
Shield Block 2
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— Shicld Block 1 Removal hle
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Steps to Cut the Coolant Connections from
__ the Outside through the Open Window
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Permanent
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Steps to Cut the Coolant Connections from the
i—-_’)utside through the Open Window (cont.)
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2.Lower the Shield Block #2 down vertically, then remove it;
turn the Shield Block #3 in 180 degree and lower it down
vertically, then remove it.

15



Steps to Cut the Coolant Connections from the
;_’)utside through the Open Window (cont.)
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Approach for Controlling Radioactivity for

— Modular Maintenance
2 e Modalar Muiptenanes
UCSanDiego - _ R4=27m »  ARIES-RS approach of controlling

radioactivity will be adopted in the
CS modular maintenance.

R2=17 m

aintenane
Corridor-

» A large transfer flask will be
attached to the outer flange of a
maintenance port prior to opening
the door of the port.

jjBio-shielg »  After a bio-shield door removed and

| stored, both doors will be opened ,

then the used blanket modules can

be moved into the flask and be
transferred to hot cell.

»  All handling of the power core must

& be performed with remote control.
* Transfer
Flask

Maintenance

“WaEorridor
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2. Field-Period Maintenance
Scheme With DCLL Blanket
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Power Core Configuration Based on the Field-
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To allow the disassembly of the coil system,
the supporting tube of each field period is
enclosed by a separate cryostat.

Design principle of the coil supporting tube
for the port maintenance scheme will be
applied in the field-period maintenance
scheme.

Bucking cylinder to react the centering
forces of coils is enclosed by a separate
cryostat in order to be maintained at
cryogenic temperature.

All the individual cryostats containing the
entire coil system and the supporting
structure are enclosed by an external
vacuum vessel.

Period Maintenance Scheme

Inner Cryostat |' External V.V

. + 2 Outer Cryostat
Bucking N

Cylinder-

/, y
/ Supporting
Leg(Warm)




Designs of the Replacement Unit for Field-
Period Maintenance

» Design a combination of the 63 cm thick
blanket modules attached to a 37 cm
thick zone serving as HT shield and
coolant manifolds.

»  The replacement unit of 100 cm would be
extracted 1n toroidal direction, and the
low temperature shield would stay at the
power core during the maintenance
operation.

» This design offers the additional
advantage that nearly identical breeding
modules as the port maintenance can be
used.

Replacement unit

20



Replacement Unit Employing a Re-usable HT
B Shield and Manifolds

'-T-
X HT Shield and
UC SanDiego Manifold

\

kl

»  The replacement unit of each field-period is subdivided into two units with a toroidal width
of ~9 m and which are closed rings in poloidal direction.

Blanket
module

»  The HT shield and manifolds serve as a structural ring, and the blanket modules are attached
the ring.

»  There are two concentric coolant pipes to the replacement unit, located at the bottom of the 0
degree( or 120, 240 degree) cross section, one for helium and one for Pb-17Li.

» The coolants are routed in the poloidal direction first, and then distributed into the
concentric manifold channels with toroidal flow direction, and feed the breeder2modules
with coolant access pipes in radial directions.
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Possible Way To Cut Access Pipes to Disconnect

—
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The assembly welds of the coolant access
pipes are protected by internal shield ring.

To disconnect the breeder modules from
the manifolds, closure discs at the outer
surface of the manifold ring have to be
opened, using bayonet-like geometry for
force transfer and thin sealing welds.

After removal of the inner tubes between
inlet and outlet flow with sliding seals, a
shielding ring can be removed and the
assembly weld at the outer tube can be
cut with in-bore tools.

This design offers the possibility to have
the assembly welds located about 10 cm
inside the manifold in order to provide
additional shielding for this weld.

Blanket Module ﬁ

1 T

Shielding Blanket Outer Assembly
Ring Module\ Tube Vwe]d
+ == *
— He —3p

Radial

Inner
Tube

Closure
Disk

Toroidal - roidal
Manifold
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Verity Clearances for Removing the
- Replacement Unit

60° 40° 30° 20°

» The cross section of the low temperature shield at 6=0° has to
allow for the movement of the replacement unit (PINK) at 60°,
50°, 40°, 30°, 20° and 10° during the withdrawal operation.

»  The motion analysis shows that there are no enough space at some
locations to allow for the replacement unit removal if the thickness of
the replacement unit maintains the minimum thickness of the “Shield
Only” design (~64 cm).

»  One possible solution to allow the toroidal withdrawal operation is to
enlarge the coil locally.



Proposed Solution for Controlling the Spread

= of Radioactive Particles
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» A temporary tent will be attached
to the VV side flanges and top
flange to avoid the plasma
chamber or the used components
to expose to the building
atmosphere.

Isolation @~
Doc

Temporary,
Walls ™\

Bucking

Cylinder Replacement
\Unit

-
[ | Ii
I'/'.::_. '._," 4
€ 4

» Inside the tent, a negative pressure
would be maintained, therefore,
perfect seals would not be
depended.

External .E*i-:.\
Yo

» Large flasks will be attached to the
outer flanges of the tent prior to
opening the tent and flask doors.

= G o
Blanket tlask

Supporting
Tube

Maintenance
Corridor

» The replacement unit will be
removed 1nto the flask and
transferred to hot cell. 24

Bio-shield
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» The port maintenance scheme would be applicable to a wider range of machine
configuration including an NCSX-like three-field period configuration, and MHH2
two field-period configuration.

» For port based maintenance, the entire coils system is enclosed in a common
cryostat for thermal insulation. No disassembling and re-welding of VV are
required for blanket replacement.

» The field-period maintenance scheme requires sufficient space for blanket
replacement. The example case of R=8.25 m can not remove the replacement
module with thickness of 64 cm (minimum thickness of the shield only zone)
without locally enlarging the coils.

» The port maintenance scheme is preferred for the ARIES-CS reference case, and
the field-period maintenance scheme as a backup case.

25
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