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Present status of operation
and maintenance technologies
and future issues




| Operation and maintenance conditions
of commercial LWRs as a reference

The output of 100% was confirmed within

Start-up test a year after the completion of individual
equipment tests
Capacity factor > 60-83%
Operator 6-7 persons/unit

(10-11 persons/2 units)

< 50-70 days/unit/year
Periodic inspection (worker’s exposure ~ 2-3 persons Sv/unit,
1 mSv for one worker)

< 0.2-4.0 times/unit/year

Unplanned stop/trouble (< 0.5 times/unit/year in Japan)

= 4 year construction

http://www.answers.com/topic/light-water-reactor




/f Projected operation and maintenance
conditions in fusion reactors

Large DEMO Prototype/Co
tokamak ITER (e.g. SSTR) mmercial
JT-60 reactor

Plasma current < 5MA 13 -17 MA 12 MA 12 MA
Major radius ~3m 6.0 -6.5m ~7m ~7m
Toroidal 4T <6T OT OT
magnetic field (10 T max.) (12 T max.) (16 T max.) (16 T max.)
Pl SdFplie ) e L L > 0.5 GW ~ 3 GW 3-5 GW

power equivalent
Ne“tlg‘;':j il - > 0.5 MW/m2  ~ 3 MW/m? ~5 MW/m?
ks ETEn 15 s 300-500 s Steady Steady
Normal /
Superconducting Normal Super Super Super
Blanket None Use (test) Use Use
Tritium No use Use Use Use
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Projected operation and maintenance
conditions in fusion reactors

® Startup tests (commissioning)

= Commissioning without plasma:
The number of the test items is about 30.
The period is about one year.

= Commissioning with plasma:
After completion of comprehensive tests of all systems as a
fusion reactor, the first plasma is produced and commissioning
proceeds with plasma.




Projected operation and maintenance
conditions in fusion reactors

® Capacity factor

= The percentage of time when the reactor producing power

= Not including the period in which power generation stopped due to
periodic inspections or troubles, etc

Start of heating  Modification to
system operation  JT-60 upgrade

f Once decreased Maodification to
increased year by year but increased again (%) JT-60 upgrade
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= Effective net working rate: defined as the ratio of “effective operating
time” to the "sum of the effective operating time and troubleshooting time” |
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Availability increased

Fig. Type of Shots and their ratios by year Fig. Shot success ratio in plasma shots

€ Availability of the KSTAR machine for the plasma experiment has been increasing year by

year, where the percentage of plasma shots is increasing, and the fault of plasma shots is
decreasing.

€ The number of KSTAR exp. shots in 2011 is 1234.
€ The averaged shots per day is 28.4 shots/day, the plasma shots is about 24.6 shots/day,

7. which has also been increasing.
KSTAR
—“




Overall status of 2020 KSTAR experimental campaign
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| Projected operation and maintenance
conditions in fusion reactors

® Unplanned shutdown (trouble occurrence rate)

= Trouble (JT-60U): failure or malfunction of equipment that interrupts
the experiment discharge for one shot, namely, more than 15-20
minutes

= The most frequent time troubles occur is just before and just after a
discharge.

= The second most frequent time troubles occur is at plasma disruptions.

Start of heating system Start of heating system
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Projected operation and maintenance
conditions in fusion reactors

® Operators

= JT-60U: One operating group consists of a JAEA staff of 14 and
consigned industry members.
Tasks of the consigned members include operation,
start-up and shutdown of equipment at the local control room,
and inspection.

= Fusion reactor: operating in the S-S mode.
Startup/shutdown operations as performed everyday in large
tokamaks like JT-60U will not be required.




Projected operation and maintenance
conditions in fusion reactors

® Periodic inspection (ITER)

Total
Frequency period

Divertor 1 time /

cassette 1.5 year cassettes 2 ey
Shield 730

blanket i modules 349 days
Test Several

blanket assemblies

Inner Vertical Target
Outer Vertical Target




* Projected operation and maintenance
conditions in fusion reactors

® Blanket exchange work of ITER (FDR)

= The preparation time such as for baking, etc., before and after
the exchange work is not considered as working time.

= Four vehicle type manipulators are installed (1 unit per quadrant).

= Sixteen units of pipe cutting/welding/inspection tools are installed
(4 units per quadrant).

= A blanket weighs 4 tons.

= The number of bolts for fixing a blanket is 14 per four blankets,
and 4 bolts are simultaneously mounted/dismounted.

= The working time for 4 days is 16 hours.

= The operating speed of the remote manipulation equipment is
assumed to be the actual value obtained by a full-scale vehicle-type
maintenance equipment test performed in the engineering R&D of
ITER.

= Considering the uncertainty in the working time, 30% is added to
the total exchange time. )
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' Projected operation and maintenance
conditions in fusion reactors

Modular-unit system,
Vehicle type manipulator for ITER

| Wehicle type
manipulator
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Modular-unit system,

Vehicle type manipulator for ITER
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® Blanket exchange work of SSTR

= The number of fixing bolts is four per blanket. Mounting/dismounting of 4 bolts
is performed in parallel using the tool installed at the top of the manipulator.

= The available work time per day is 24 hours.

= The operating speed of the remote manipulation equipment is improved by 30%.
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Assessment of the feasibility of operation
and maintenance of fusion reactor

Present status of Prospect Performance of
fusion devices P LWR

< 3.5 years (until initial < one year
SUEIRINE) HEEt experiment) (ITER) (100% output)
Oberators < 14 JAEA's staff + 1 6 or7
P consigned staff (JT-60) persons/unit
_ Perlod_lc ~ 70 days (ITER/SSTR) 5 50-70 days / unit
Inspection year
Trouble ~ 2.5 events/day (JT-60) 5 < 0.5-4.0 events
occurrence rate / unit year
Net working rate > About 64% (JT-60) 2 > 60-80 %

1: Possibility of realisation is large.

2: Possibility is increased if operation scenario of the S-S operation is
established, if disruption avoidance techniques are developed, and if
redundant systems are adopted.
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