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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a maintenance
technology of an incore piping section for a reactor such
as a boiling water reactor or the like, and in particular, to
an incore piping section maintenance system for a reac-
tor, which performs preventive repair and preventive
maintenance of weld (welded or to be welded) zones or
portions in an incore piping section located in a reactor
pressure vessel.

[0002] A boiling water reactor such as a light water
reactor is constructed as shown in a longitudinal cross-
sectional view of FIG. 7. A reactor core 2 is installed in
a reactor pressure vessel 1, and the reactor core 2 is
immersed in a coolant 3. Further, the reactor core 2 is
constructed in amanner that a plurality of fuel assemblies
(not shown) and control rods are arranged in a cylindrical
core shroud 4.

[0003] A reactor water (coolant) 3 in the reactor pres-
sure vessel 1 flows upward through the core 2 from a
core lower plenum 9. The coolant 3 receives a nuclear
reaction energy when flowing upward through the core
2, and then, its temperature and pressure rise up, and
thus, becomes a two-phase flow state of water and steam
(vapor). The coolant 3, which is in a gas-liquid two-phase
flow state, flows into a steam separator 5 located above
the reactor core 2, and then, is separated into water and
steam by means of the steam separator 5. A steam thus
gas-liquid separated is introduced into a steam desicca-
tor or drier 6 located above the steam separator 5, and
then, is dried here so as to become a dry steam. The dry
steam is supplied as a main steam to a steam turbine
(not shown) via a main steam pipe (tube) 7 connected to
the reactor pressure vessel 1, and then, is used for power
generation.

[0004] On the other hand, a water thus gas-liquid sep-
arated is guided to a truss or sleeve-like downcomer por-
tion 8 between the reactor core 2 and the reactor pressure
vessel 1, and then, flows downward through the down-
comer portion 8, and thus, is guided to a core lower ple-
num 9. Further, in the downcomer portion 8, an outer
periphery of the core shroud 4 is provided with a plurality
of jet pumps 10 at equal intervals.

[0005] Meanwhile, the core lower plenum 9 below the
reactor core 2 is provided with a control rod guide pipe
11, and a control rod driving mechanism 12 is located
below the control rod guide pipe 11. The control rod driv-
ing mechanism 12 carries out a control for inserting and
pulling a control rod into and out of the reactor core 2
through the control rod guide pipe 11, and thus, performs
a power control of reactor.

[0006] Moreover, two reactor recycle systems includ-
ing a reactor recycle pump (not shown) are located out-
side the reactor pressure vessel 1. When the recycle
pump of the reactor recycle system is operated, a coolant
in the reactor pressure vessel 1 passes through a reactor
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re-circulation system (not shown) from a cooler re-circu-
lation water outlet nozzle 12, and then, is returned into
the reactor pressure vessel 1, and thus, is guided to the
jet pump 10 via the re-circulation water inlet nozzle 13.
The jet pump 10 sucks its surrounding coolant, and then,
suppliesitinto the core lower plenum 9. More specifically,
by a driving water supplied from the reactor recycle pump
to the jet pump 10, the jet pump 10 forcibly circulates the
coolant 3 in the reactor core 2 via the core lower plenum 9.
[0007] On the other hand, the reactor pressure vessel
1 is provided with a core spray system 15 which consti-
tutes an emergency cooling system of areactor. The core
spray system 15 has a piping arrangement as shown in
FIG. 5 and FIG. 6. FIG. 6 is a perspective view showing
a state that the core spray system 15 is located in the
reactor pressure vessel.

[0008] As shown in FIG. 5, the core spray system 15
extends into the core shroud 4 from the outside of the
reactor pressure vessel 1 penetrating through the reactor
pressure vessel (RPV) 1 and the core shroud and in-
cludes a core spray system pipe for introducing a spray
water into the core shroud 4. The core spray system pipe
is a piping part for connecting the RPV 1 and the core
shroud 4 in the RPV 1.

[0009] Moreover, a pipeline of the core spray system
15 is arranged as shown in FIG. 6. In the core spray
system 15, an incore branch part 16 is connected to one
end of the core spray system pipeline after penetrating
through the RPV 1. A semi-circular pipe 17 is formed in
a manner of extending from the incore branch part 16
like a semi-circular arc and branching right and left. Each
end portion of the semi-circular pipe 17 branching right
and left is formed at a position separating by an angle of
about 180° along an inner wall of the RPV 1. The semi-
circular pipe 17 is connected with a vertical pipe 18 which
extends downward from each end portion thereof. A low-
er end of the vertical pipe 18 constitutes the other end of
the core spray system pipeline. A lower end of each ver-
tical pipe 18 is connected via a sleeve 20 to a riser pipe
19 which rises up from the core shroud 4, and thus, a
core spray system pipeline is constructed. The core spray
system pipeline functions as areactor emergency cooling
system into which a cooling water for cooling the core is
supplied in a reactor emergency shutdown. When the
emergency cooling system is operated, a fluid vibration,
thermal deformation and the like are generated in the
core spray system pipeline.

[0010] For this reason, the core spray system pipeline
is used under severe circumstances as compared with
other equipments, and as a result, a great load is applied
to each member of the core spray pipeline, and as the
case may be, a great stress is applied to the core spray
pipe.

[0011] Some early nuclear power plants have been op-
erated for more than twenty years, and hence, stable
operation for aged plants makes it more vitally important
to implement the preventive maintenance of a reactor
pressure vessel and internal elements of the early plants
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which were made of high carbon stainless steel suscep-
tible to Stress Corrosion Cracking (SCC). As mentioned
hereinlater, the SCC is caused by the combination of
three factors of Material, Stress and Environment, and it
is important to get rid of one of three factors for the pre-
ventive maintenance.

[0012] In the event that an excessive load is applied
to the core spray pipe of the core spray system 15 due
to any factors, or an inner surface of the core spray pipe
rusts away, there is the possibility that a crack or the like
is generated in the pipe due to the rust.

[0013] Furthermore, because an austenitic stainless
steel pipe is mainly used as a material for the core spray
pipe, if the following three factors, that is, Stress, Corro-
sion Environment and Material (generation of chromium
deficiency layer) are realized, the Stress Corrosion
Cracking (SCC) is generated, and for this reason, it is
anticipated that the core spray pipe is damaged.

[0014] This stress corrosion cracking phenomenon
does not happen if any one of the three factors, men-
tioned above, lacks. In order to prevent this stress cor-
rosion cracking, there is a need of making various meas-
ures so that the aforesaid three factors are not estab-
lished. Moreover, in the case where a rush and crack is
generated in a surface of the core spray pipe due to any
factors, when these rush and crack have left, the crack
is progressing, and as a result, there may be the case
where a crack is generated in the core spray pipe. Thus,
when the core spray system 15, which functions as an
emergency cooling system of a reactor, becomes a state
as described above, it is anticipated that a harmful influ-
ence is given to other equipments included in the core,
thus being not preferable.

[0015] Furthermore, recently, a laser de-sensitization
treatment (LDT) technology has mainly been developed
for the preventive maintenance of the thin pipe and plate.
A high power laser beam produces a molten layer ans
solution heat treated layer and can change the sensitized
surface of a stainless steel to be de-sensitized.

[0016] The LDT is a treatment for suppressing a sen-
sitivity (de-sensitization) of an Intergranular Stress Cor-
rosion Cracking (IGSCC) by the steps of irradiating laser
beams on a surface of a stainless steel sensitized by an
influence of welding heat or the like and forming a solution
heat treatment layer and a molten coagulation layer.
[0017] That is, FIG. 8 shows relationship among the
above mentioned three factors such as Material, Stress
and Environment for improving the SCC proof property
in view of the de-sensitization treatment, and as shown
in FIG. 9, when a YAG laser beam of high energy density
passing through an optical fiber, for example, is irradiated
on a laser execution portion through optical means such
as mirror or lens, the portion subjected to the laser exe-
cutionis rapidly heated, a Cr carbide is decomposed and,
hence, a Cr-lacking layer near a grain boundary is lost.
After the laser beam has passed, the laser execution
portion is rapidly cooled and the surface thereof is de-
sensitized. By continuously performing such de-sensiti-
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zation treatment to the surface contacting the solution,
the solution heat treatment layer and the molten coagu-
lation layer are formed.

[0018] JP 9-257 984 A discloses a system according
to the preambles of claim 1 or 8.

[0019] JP8-29579A, JP10-26692 A each disclose fur-
ther maintenance systems for nuclear reactors.

SUMMARY OF THE INVENTION

[0020] The present invention has been made in view
of the above-mentioned circumstances. It is, therefore,
an object of the present invention to provide a mainte-
nance system for an incore piping section of a reactor,
which can securely and effectively perform a preventive
maintenance treatment such as a surface de-sensitiza-
tion of the reactor incore piping section by a laser beam
irradiation, thatis, a laser de-sensitization treatment, and
thus, can improve normalization, soundness and relia-
bility of the reactor core piping section.

[0021] Another object of the presentinvention s to pro-
vide an incore piping section maintenance system of a
reactor, which can carry out a laser irradiation through
remote control with respect to a maintenance target por-
tion of the reactor core piping section so as to perform a
surface de-sensitization of weld zone, that is, a laser de-
sensitization treatment for a short time, and can effec-
tively and smoothly perform a preventive maintenance
such as a preventive repair or the like.

[0022] Still another object of the present invention is
to provide an incore piping section maintenance system
of a reactor, which can effectively perform an inspection,
repair or polishing work of the reactor incore piping sec-
tion through remote control without draining off a reactor
water in a reactor pressure vessel.

[0023] These objects can be achieved by the mainte-
nance system of claim 1 or 8.

[0024] Further developments are given in the depend-
ent claims.
[0025] According to the present invention as claimed,

in the incore piping section maintenance system for a
reactor, the laser de-sensitization treatment means is lo-
cated in the pipe of the incore piping section or on a pre-
determined position on the pipe outer peripheral surface,
and a laser beam is irradiated from the laser de-sensiti-
zation treatment means to the entire periphery of the in-
core piping section thereby to perform a surface de-sen-
sitization of the incore piping section and a laser de-sen-
sitization treatment and to effectively perform preventive
repair and preventive maintenance by a laser beam.
Therefore, itis possible to greatly enhance normalization,
soundness and reliability of the incore piping section such
as a core spray pipe or the like.

[0026] Further, in the incore piping section mainte-
nance system for a reactor according to the present in-
vention, it is possible to carry out a surface de-sensitiza-
tion, that is, laser de-sensitization treatment through the
laser de-sensitization treatment means in the water by
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remote control. Therefore, a maintenance work can be
readily performed, and also, it is possible to greatly re-
duce a possibility that a worker is exposed to a radiation.
[0027] Furthermore, in the incore piping section main-
tenance system of the present invention, it is possible to
stably set the maintenance system main body onto the
maintenance target portion of the incore piping section
orin the vicinity thereof by the remote control. Therefore,
awork for the preventive maintenance and the preventive
repair of the incore piping section can be stably and ef-
fectively carried out.

[0028] The nature and further characteristic features
of the present invention will be made more clear from the
following descriptions made with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the accompanying drawings:

FIG. 1 is alongitudinal sectional view showing a first
embodiment of an incore piping section mainte-
nance system for a reactor according to the present
invention;

FIG. 2 is a plan view schematically showing the first
embodiment of an incore piping section mainte-
nance system for a reactor according to the present
invention;

FIG. 3is alongitudinal sectional view showing a sec-
ond embodiment of an incore piping section mainte-
nance system for a reactor according to the present
invention;

FIG. 4 is a plan view schematically showing the sec-
ond embodiment of an incore piping section mainte-
nance system for a reactor according to the present
invention;

FIG. 5is a perspective view partly in section showing
a boiling water reactor;

FIG. 6 is a perspective view showing a core spray
piping provided as an emergency core cooling sys-
tem of a conventional boiling water type reactor;
FIG. 7 is a longitudinal cross-sectional view showing
a boiling water type reactor;

FIG. 8 is an illustration showing a relationship be-
tween three factors for SCC (stress corrosion crack-
ing)

and laser de-sensitization treatment; and

FIG. 9 is an illustration showing IDSCC preventive-
maintenance technology.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Embodiments of anincore piping section main-
tenance system according to the present invention will
be described hereunder.

[0031] FIG. 1is alongitudinal sectional view showing
a first embodiment of an incore piping section mainte-
nance system according to the present invention, and
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FIG.2is aplain view showing the same. The incore piping
section maintenance system is applied to an incore pip-
ing section of a light water reactor such as a boiling water
reactor or the like, and performs a surface de-sensitiza-
tion of metallographic structure of the incore piping sec-
tion, a preventive maintenance of weld zones (welded or
to be welded portion) or the like, and a preventive main-
tenance work.

[0032] FIG. 1 and FIG. 2 each shows an example in
which an incore piping section maintenance system ac-
cording to the present invention is applied to an incore
piping section 26 in a reactor pressure vessel 1 of a boil-
ing water reactor. The reactor pressure vessel 1 has, as
a whole, the same structure as the conventional reactor
pressure vessel shown in FIG. 5to FIG. 7, and therefore,
like reference numerals are used to designate the iden-
tical components used in these figures, and the detailed
explanation thereof is omitted herein. The incore piping
section maintenance system 25 shownin FIG. 1 and FIG.
2 is installed and fixed to a maintenance target portion
of the reactor pressure vessel 1or in the vicinity thereof.
The maintenance target portion includes anincore piping
section 26, for example, an inner weld zone 27a of a core
spray pipe 27 of a core spray system 15, or the like, and
is a place suitable for preventive repair and preventive
maintenance of the incore piping section 26 of the reactor
pressure vessel 1.

[0033] The incore piping section maintenance system
25 includes: a maintenance system main body 30 which
is located at a maintenance target portion or in the vicinity
of the target portion between the core shroud 4 and the
inner wall of the reactor pressure vessel 1; a support
means 31 which is located on the maintenance system
main body 30 so as to reciprocate towards or apart from
the maintenance target portion; a laser de-sensitization
treatment means 32 which is rotatably supported around
an axis of the support means 31 and carries out a laser
beam irradiation with respect to the maintenance target
portion; and an optical transmission means 33 which
guides a laser beam oscillated from a laser generation
device or equipment L, such as shown in FIG. 3, to the
laser de-sensitization treatment means 32. Further, the
incore piping section maintenance system 25 is support-
ed on an overhead traveling crane (not shown) which is
located above the reactor pressure vessel 1 and includ-
ing a fuel exchanger or the like and is freely movable up
and down by means of cable. A reference numeral 35
denotes a hang sling or hang hook of the incore piping
section maintenance system 25.

[0034] The maintenance system main body 30 is a
main frame assembly which is constructed in a manner
of integrally assembling a support plate 36 and a rectan-
gular base frame 37 which functions as a traveling cradle.
The support roller 38 supported on the support plate 36
is removably mounted from the outside to a shroud head
bolt bracket 39 which projects from an outer peripheral
wall of the core shroud 4 and functions as a support brack-
et.
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[0035] On the other hand, a pair of fixed cylinders 40
are located on a lower portion of the base frame 37 facing
an inner peripheral wall of the reactor pressure vessel 1.
The fixed cylinders 40 are arranged in parallel to each
other and are provided with an actuating rod 42 which
has a mounting head or mounting pad 41 so as to freely
reciprocate. The actuating rod 42 constitutes a piston
rod, and reciprocates between a non-actuation position
retracting by an actuation of the fixed cylinder 40 and an
actuation position projecting by the same. When the fixed
cylinder 40 is situated on the actuation position, the
mounting head 41 presses the inner peripheral wall of
the reactor pressure vessel 1 so as to be frictionally held
thereto.

[0036] The maintenance system main body 30 consti-
tuting the main frame assembly are pressed against the
shroud head bolt bracket 39 atits one side and is pressed
against the inner peripheral wall of the reactor pressure
vessel 1 at the other side, and thus, is stably fixed and
supported.

[0037] In the maintenance system main body 30, a
screw shaft 44 is rotatably supported on the base frame
37. The screw shafts 44 are located in a state of mutually
facing at opposite sides of the base frame 37 and are
provided with a linear guide 45 which is freely recipro-
cated. Thelinear guide 45is supported so as to be radially
movable. Further, the screw shaft 44 is connected with
a reversible driving motor 46 which is installed on the
support plate 38 through a gear mechanism 47. When
the driving motor 46 is driven, the linear guide 45 is re-
ciprocated along the screw shaft 44.

[0038] On the other hand, the screw shafts 44 located
on the opposite sides of the base frame 37 may be driven
so as to be synchronous with each other, or one of the
screw shafts 44 may be replaced with a guide shaft for
a slide guide. Moreover, the linear guide 45 is provided
with a bridge-like guide shaft 48 which extends in a di-
rection perpendicular to the screw shaft 44, and the fixed
support means 31 is movably supported on the guide
shaft 48. The support means 31 is moved while being
supported to a frame or plate-like bridge guide member
50 of the linear guide 45 and is supported in a state of
projecting downward from the linear guide 45. The guide
shaft 48 for moving the support means 31 may be a screw
shaft driven by a motor or an actuating rod driven by a
cylinder.

[0039] The support means 31 supported on the linear
guide 45 is supported so as to be adjustable and movable
in an XY direction on one plane formed by the mainte-
nance system main body 30. Further, the support means
31 includes a cylindrical motor case 53 having a built-in
revolving motor 52 as a support cylinder and has a sup-
port body (assembly) 54 which extends sideward from a
lower end of the motor case 53 so as to be attached
integrally therewith and is supported in form of a canti-
lever beam.

[0040] The support body 54 of the support means 31
is provided with seal means 56 at its both sides. The seal
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means 56 is a ring or truss-like seal member 57 which is
mounted at both sides of the support body 55 in a state
of being arranged in parallel in a multi-stage, for example,
two stages. Each seal member 57 has a hollow structure
and is freely expandable and shrinkable by freely inject-
ing or removing a compressive fluid, for example, a com-
pressed air, into and from its interior.

[0041] Moreover, the support body 54 of the fixed sup-
port means 31 is provided with a laser de-sensitization
treatment means 32. The laser de-sensitization treat-
ment means 32 is rotatably supported on the central por-
tion of the support body 54 by means of bearing 59 while
being connected to a revolving motor 52 through a gear
mechanism 60. When the revolving motor 52 is driven,
the laser de-sensitization treatment means 32 is rotatable
around a shaft of the bearing 59.

[0042] The laser de-sensitization treatment means 32
has a laser scanning optical system 61 and a laser irra-
diating section 62. The laser irradiating section 62 irra-
diates a laser beam to the incore piping section 26 which
is the maintenance target portion so as to perform a sur-
face de-sensitization of a metallographic structure of the
incore piping section 26, a preventive repair of weld
zones or the like and a preventive maintenance.

[0043] In the laser de-sensitization treatment means
32, the laser scanning optical system 61 guides a laser
beam incident upon a laser supply port 63 to the laser
irradiating section, and therefore, a laser transmission
path is formed by the laser scanning optical system 61
in the laser de-sensitization treatment means 32. The
laser scanning optical system 61 is constructed in the
combination with a condenser (converging) lens, a mirror
or the like.

[0044] A laser beam oscillated from the laser genera-
tion device or equipment is guided to the laser supply
port 63 of the laser de-sensitization treatment means 32
via a flexible optical transmission means 33 such as an
optical fiber cable or the like. The optical transmission
means 33 is included in atransmission tube 65. The laser
generation equipment may be located on an operation
floor (not shown) above the reactor pressure vessel 1,
or may be located on a fuel exchanger or the mainte-
nance system main body 30. In the case of locating the
laser generation equipment on the maintenance system
main body 30, a waterproof treatment is required.
[0045] On the other hand, in addition to the optical
transmission means 33 for transmitting a laser beam, the
transmission tube 65 includes power, as a driving source,
and control signal cables, various flexible pipes for feed-
ing and discharging an atmosphere (purge) gas filled in
the laser de-sensitization treatment means or a pressu-
rized fluid, for example, a pressurized air filled in the seal
member 57, and further, sucking and recovering a bubble
generated in the laser irradiating section 62.

[0046] Meanwhile, the laser de-sensitization treatment
means 32 is provided with an inspection monitoring cam-
era means, not shown, and a lighting means, not shown,
as a maintenance target portion (weld zone) detector at
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the laser irradiating section 62 or in the vicinity of the
laser irradiating section. The lighting means is a under-
water light, for example. The inspection monitoring cam-
era is an underwater TV camera, for example, and the
underwater TV camera is provided integrally with the un-
derwater light.

[0047] In the incore piping section maintenance sys-
tem 25, it is possible to monitor a maintenance work by
means of the inspection monitoring camera means from
the outside of the reactor pressure vessel 1 and to per-
form the maintenance work in a water by remote control.
Therefore, it is possible to smoothly perform a mainte-
nance work in a state that a reactor well is filled with a
water.

[0048] Moreover,inorderto confirm and specify alaser
execution position, the laser de-sensitization treatment
means 32 is provided with an ultrasonic testing equip-
ment (UT equipment) UT as a weld zone detector, the
UT equipment being located to a portion shown in FIG.
1, for example. The UT equipment detects the laser ex-
ecution position and a degree of damage in the incore
piping section 26. After the executing position of the in-
core piping section 26 is confirmed by the UT equipment,
a laser de-sensitization treatment is carried out by the
laser de-sensitization treatment means 32.

[0049] Further, the laser de-sensitization treatment
means 32 is provided with a ferrite indicator in place of
the UT equipment or together with the UT equipment.
The ferrite indicator FT distinguishes a difference in fer-
rite quantity between the weld zone and abase material
of the incore piping section 26, and then, detects it, and
thus, confirms the laser execution position, the ferrite in-
dicator FT being located to a portion on the side or in the
vicinity of the de-sensitization treatment means 32 as
shown in FIG. 2, for example. After the laser execution
position is confirmed, a laser beam is irradiated by the
laser de-sensitization treatment means 32, and then, the
incore piping section 26 is subjected to a laser de-sen-
sitization treatment.

[0050] Furthermore, a polishing means PL is incorpo-
rated in place of the laser de-sensitization treatment
means 32 or together with the laser de-sensitization treat-
ment means 32, the polishing means PL being located
to a portion shown in FIG. 1, for example. The polishing
means PL is located at an angular position of a prede-
termined angle, for example, 180° to the laser irradiating
section 62 of the laser de-sensitization treatment means
32, so as to freely reciprocate and carry out polishing
with respect to a laser executed position.

[0051] Next, an operation of the incore piping section
maintenance system 25 will be described.

[0052] The incore piping section maintenance system
25 is hung in the reactor pressure vessel 1 from a fuel
exchanger (not shown) or the like by an operation of a
worker, and then, is hoisted down above the downcomer
portion 8 between the reactor pressure vessel 1 and the
core shroud 4. In the upper portion of the downcomer
portion 8, the incorepiping section maintenance system
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25 is placed on theshroud head bolt bracket 39 function-
ing as the support bracket, and then, an inner side of the
maintenance system main body 30 is supported. On the
other hand, an outer side thereof is pressed against the
inner peripheral wall of the reactor pressure vessel by
means of the fixed cylinder 40 and is frictionally support-
ed. In this manner, the core pipe maintenance system
25 is stably fixed and supported on the incore piping sec-
tion 26 which is a maintenance target portion or at the
vicinity of the corepipe.

[0053] The above-mentioned maintenance target por-
tion is a weld zone between a pipe 66 and a header 67
ofthe core spray pipe 27, and the weld zone is a detection
target portion of the incore piping section 26.

[0054] The support means 31 of the core pipe mainte-
nance system 25 is previously adjusted so as to be mov-
able in an X-Y direction, so that the support means 31
faces the outside of the maintenance target portion in a
state that the core pipe maintenance system 25 is fixed.
Therefore, in a state that the incore piping section main-
tenance system 25 is fixed, when the driving motor 46 is
driven, the support means 31 supported on the linear
guide 45 is inserted into the pipe 66 of the core spray
pipe 27 which is a maintenance target portion.

[0055] When the support means 31 is inserted by a
predetermined positioninthe pipe 66, a pressurized fluid,
for example, a compressed air is supplied into the seal
member paring with the seal means 56 so as to expand
the seal member 57, and thus, watertight sealing is per-
formed. The support means 31 is inserted into the pipe
66 and is sealed by the seal means 56, and thereafter,
a coolant between seal members 57 is discharged with
the use of a drain pipe of the transmission tube 65. Then,
a purge gas in place of the coolant is supplied from a gas
supply pipe, and is filled in the seal member, and thus,
an atmospheric environment is formed. The coolant be-
tween seal members 57 is discharged, and the interior
of the seal member is filled with a purge gas so as to be
water-tightly separated from the outside, and thereafter,
a maintenance work of the laser de-sensitization treat-
ment portions is carried out by remote control.

[0056] The laser de-sensitization treatment means 32
is rotatably supported on the fixed support means 31 via
the bearing 59 and is provided with inspection monitoring
camera means, an underwater light, an ultrasonic flaw
detector and a ferrite indicator, which function or operate
as the weld zone (maintenance target portion) detector
in the laser de-sensitization treatment means 32. Thus,
a position of the weld zone 27a, which is a maintenance
target portion, is confirmed and detected.

[0057] Thereafter, a laser beam is irradiated to the
weld zone 27a within the core spray pipe 27 which is a
maintenance target portion, fromthe laser irradiating sec-
tion 62 of the laser de-sensitization treatment means 32,
and a maintenance work of the incore piping section 26
is performed.

[0058] The maintenance work by the laser de-sensiti-
zation treatment means 32 is performed by irradiating a
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laser beam to the weld zone 27a of the incore piping
section 26 from the laser irradiating section 62. In this
case, the laser irradiating section 62 is rotated along the
inner periphery of the pipe 66 by a drive of the revolving
motor 52, and then, a laser beam is irradiated over the
entire periphery of weld zone of the incore piping section
26. Thelaser beam s irradiated over the entire periphery,
and thereby, a surface de-sensitization of the incore pip-
ing section 26 is performed, and thus, a laser de-sensi-
tization treatment for replacing a compressive stress of
the weld zone 27a with a tensile stress is performed. By
the laser de-sensitization treatment, a surface de-sensi-
tization of the incore piping section 26 is performed, and
thus, a preventive repair and preventive maintenance of
the incore piping section 26 are performed. Therefore, it
is possible to improve a normalization (soundness) and
reliability of the incore piping section 26.

[0059] In a preferred example, the laser de-sensitiza-
tion treatment will be performed by using YAG laser gen-
erator generating a continuous laser beam (continuous
wave CW) of the type of Nd-YAG laser (wavelength: 1.06
wm) under an atmospheric environment.

[0060] Next, the following is a description on an incore
piping section maintenance system 70 of a second em-
bodiment of the present invention.

[0061] The incore piping section maintenance system
70 shown in FIG. 3 and FIG. 4 is an system for carrying
out a laser de-sensitization treatment with respect to an
outer peripheral surface of the incore piping section 26.
[0062] The incore piping section maintenance system
70 is removably fixed on the incore piping section 26
which is a maintenance target portion or in the vicinity of
the incore piping section 26. The incore piping section
maintenance system 70 of a reactor is supported above
the reactor pressure vessel 1 so as to be freely moved
up and down by means of hang cable (not shown) ex-
tending from a fuel exchanger or the like. Further, the
incore piping section maintenance system 70 of a reactor
includes a maintenance system main body 71 which is
inserted and supported in the pipe 66 of the core spray
pipe 27 which is the incore piping section 26.

[0063] The maintenance system main body 71 com-
prises a cylindrical body 72, and in the cylindrical body
72, a plurality of, for example, at least three main body
supporting mechanisms 73 are radially housed therein
soas to freely comein and out. The main body supporting
mechanism 73 is constructed in combination with a link
mechanism 74 such as a pantograph and a cylinder ap-
paratus 75. When the cylinder apparatus 75 is activated,
an inner guide 76, which is a guide member located at
the distal end of the link mechanism 74, is projected out-
side the cylindrical body 72 so as to abut against an inner
peripheral wall of the pipe 66, and thus, is fixed onto the
inner peripheral wall of the pipe 66.

[0064] The maintenance system main body 71 is pro-
vided with a revolving means 80 at its cylindrical end
portion. In the revolving means 80, a revolving arm 82 is
rotatably supported around its boss by means of revolv-
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ing motor 81. The revolving arm 82 is freely rotatable
around a shaft of the maintenance system main body 71
by a drive of the revolving motor 81.

[0065] A free end portion of the revolving arm 82 is
provided with a support means 84 such as a support
beam which is slidable and swingable in a direction per-
pendicular to the arm. The support means 84 is slidably
and swingably moved by means of a head driving unit
85, and thus, constitutes an axial direction moving means
86, whichis axially movable with respect to the header 67.
[0066] The support means 84 is provided with a laser
de-sensitization treatment means 88, which is substan-
tially the same as the laser de-sensitization treatment
means shown in FIG. 1 and FIG. 2. The laser de-sensi-
tization treatment means 88 irradiates a laser beam from
a laser irradiating section to an outer peripheral wall of
the core spray pipe 27 which is an incore piping section
26 and carries out a laser de-sensitization treatment with
respect to the outer peripheral surface of pipe, and thus,
a work for preventive maintenance and preventive repair
is performed.

[0067] A laser beam oscillated from the laser genera-
tion device or equipment is guided to the laser de-sensi-
tization treatment means 88 via a flexible optical trans-
mission means 33. The optical transmission means 33
is formed of an optical fiber cable or the like. Further, the
optical transmission means 33 is included in the trans-
mission tube 65 together with a cable for power and con-
trol signal of drive source.

[0068] The incore piping section maintenance system
70 of a reactor is supported in its load with the use of an
inner surface of the pipe 66 of the incore piping section
26 and is fixed on a maintenance target portion or in the
vicinity thereof. More specifically, the maintenance sys-
tem main body 71 of the incore piping section mainte-
nance system 70 is fixed and supported on the inner pe-
ripheral surface of the pipe 66 by means of a plurality of,
for example, three or more main body supporting mech-
anisms 73. The incore piping section maintenance sys-
tem 70 is stably and securely supported in the pipe 66
by means of these three or more main body supporting
mechanisms 73.

[0069] The incore piping section maintenance system
70 is fixed in the pipe 66 of the incore piping section 26
by opening and closing an inner guide 76 which functions
as a guide member of the link mechanism 74. The main-
tenance systemmain body 71 is fixed on a predetermined
position in the pipe 66 of the incore piping section 26,
and it is therefore possible to position and set the laser
de-sensitization treatment means 88 on the outer periph-
eral surface of the pipe 66.

[0070] After the incore piping section maintenance
system 70 is fixed with the use of the pipe 66, the revolv-
ing motor 81 and the head driving unit 85 are operated.
When the revolving motor 81 is driven, the laser de-sen-
sitization treatment means 88 turns along an outer pe-
riphery of the pipe 66 so as to draw a circular orbit.
[0071] Moreover, when the head drive unit 85 is oper-
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ated, the support means 84 is moved in parallel with an
axial direction of the pipe 66 and makes a swing motion
as occasion demands.

[0072] Thus, the laser de-sensitization treatment
means 88 can effectively carry out a laser de-sensitiza-
tion treatment with respect to the outer peripheral surface
of the pipe 66 by a revolving (turning) motion by the re-
volving motor 81 and an axial movement by the head
driving unit 85.

[0073] As described above, the laser de-sensitization
treatment means 88 carries out a predetermined laser
irradiation with respect to the pipe outer peripheral sur-
face of the incore piping section 26 of the reactor pressure
vessel 1, and thereby, a surface de-sensitization of the
pipe outer surface is performed, thus, making it possible
to securely perform a work for preventive repair and pre-
ventive maintenance of the pipe outer surface for a short
time, whereby the core spray pipe 27 can be normally
restored, and it becomes possible to improve normaliza-
tion and reliability of the incore piping section 26.
[0074] Itisto be noted that the present invention is not
limited to the described embodiments and many other
changes and modifications may be made without depart-
ing from the scope of the appended claims.

[0075] For example, the above embodiments of the
present invention have made an explanation about the
incore piping section maintenance system which is suit-
able for preventive maintenance and preventive repair
ofthe incore piping section of the reactor pressure vessel.
The incore piping section maintenance system may be
applicable not only to a boiling water reactor, but also to
a pressurized water reactor. Therefore, the incore piping
section maintenance system may be applicable to an in-
core piping section of a reactor pressure vessel of the
pressurized water reactor.

[0076] Itisto be noted that the present invention is not
limited to the described embodiments and many other
changes and modifications may be made without depart-
ing from the scope of the appended claims.

Claims

1. Anincore piping section maintenance system for a
nuclear reactor, comprising:

a maintenance system main body (30);

laser generation means (L) for generating a la-
ser beam;

laser de-sensitization treatment means (32)
which includes a laser irradiation section for ir-
radiating the laser beam to a maintenance target
portion in a reactor pressure vessel (1) to which
a preventive-maintenance operation is to be ex-
ecuted; and

optical transmission means (33) which guides
the laser beam outputted from the laser gener-
ation means to the laser de-sensitization treat-
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ment means (32), characterized

in that the maintenance system main body (30)
is adapted to be stably and detachably fixed and
supported in the reactor pressure vessel (1) be-
tween a core shroud (4) and an inner wall of a
reactor pressure vessel at the maintenance tar-
get portion or in the vicinity of the maintenance
target portion,

by support means (31) supported on the main-
tenance system main body (30) so as to be mov-
able in afirst direction relative to the fixed main-
tenance system body (30), in a reciprocal man-
ner towards the maintenance target portion, and
in that the laser de-sensitization treatment
means (32) is supported on the support means
(31) so as to be rotatable around a rotation axis
of the support means (31) extending in the first
direction.

The maintenance system according to claim 1,
wherein said maintenance target portion is an incore
piping section located in the reactor pressure vessel,
said support means (31) includes seal means (56)
including expandable seal members (57) so as to
seal both sides of the laser irradiation section (62),
and said seal means forms an atmospheric environ-
ment to the laser irradiation section so that the laser
irradiation section between said seal members is
filled with a purge gas, a laser irradiation being then
carried out in the purge gas.

The maintenance system according to claim 1 or 2,
wherein said laser de-sensitization treatment means
(32) further includes an inspection monitoring means
provided at the laser irradiation section (62) or in a
vicinity thereof.

The maintenance system according to one of claims
1 to 3, wherein said laser de-sensitization treatment
means further includes a maintenance target portion
detector (UT, FT) which detects and confirms a laser
execution position to which the preventive-mainte-
nance operation is executed.

The maintenance system according to claim 4,
wherein said maintenance target portion detector is
an ultrasonic flaw detector (UT) which detects and
confirms the laser execution position.

The maintenance system according to claim 4,
wherein said maintenance target portion detector is
a ferrite indicator (FT), said ferrite indicator distin-
guishing a difference in ferrite quantity between a
weld zone and a base material of the incore piping
section (26) so as to detect and confirm a laser ex-
ecution position.

The maintenance system according to one of claims
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1 to 6, wherein said laser de-sensitization treatment
means (32) further includes a polishing means (PL)
so that the laser execution portion is subjected to
polishing working by means of the polishing means.

An incore piping section maintenance system for a
nuclear reactor, comprising:

a maintenance system main body (71) adapted
to be inserted into a pipe (66) of an incore piping
section (26) located in areactor pressure vessel,
the maintenance system main body (71) having
main body supporting means (73) for detachably
fixing the maintenance system main body (71)
in the pipe (66);

laser generation means (L) for generating laser
beam;

laser de-sensitization treatment means; and
optical transmission means which guides a laser
beam outputted from the laser generation
means to the laser de-sensitization treatment
means characterized by

a turning arm (82) supported to said mainte-
nance system main body (71) such that it is ro-
table around a rotation axis;

turning means (81) for driving the turning arm
(82) to rotate around the rotation axis;

axial moving means (86) constituted by support
means (84) supported to the maintenance sys-
tem body (71) via the turning arm (82) so as to
be slidable in a direction substantially perpen-
dicular to the turning arm (82) and parallel to the
rotation axis, and

the laser de-sensitization treatment means be-
ing supported on the axial moving means (86)
and including a laser irradiation section for irra-
diating the laser beam to an outer surface of the
pipe (66); and

The maintenance system according to claim 8,
wherein said main body supporting means includes
at least three main body supporting mechanisms
(73) and each of said main body supporting mech-
anisms is constructed in combination with a link
mechanism (74) including a guide member (76) and
a cylinder assembly (75) for driving the guide mem-
ber of the link mechanism so that the guide member
comes in and out from the maintenance system main
body.

Patentanspriiche

Innenkernrohrabschnitt-Wartungssystem fiir einen
Kernreaktor, umfassend:

einen Wartungssystemhauptkdrper (30),
ein Lasererzeugungsmittel (L) zum Erzeugen ei-
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nes Laserstrahls,

ein Laserdesensibilisierungsbehandlungsmittel
(32), das einen Laserbestrahlungsabschnitt
zum Einstrahlen des Laserstrahls auf einen
Wartungszielabschnitt in einem Reaktordruck-
behalter (1), mit dem ein praventiver Wartungs-
vorgang durchgefiihrt werden soll, umfasst und
ein optisches Ubertragungsmittel (33), das den
Laserstrahl, der von dem Lasererzeugungsmit-
tel abgegeben wird, zu dem Laserdesensibili-
sierungsbehandlungsmittel (32) leitet, gekenn-
zeichnet

dadurch, dass der Wartungssystemhauptkor-
per (30) angepasst ist, in dem Reaktordruckbe-
hélter (1) zwischen einem Kernmantel (4) und
einer Innenwand eines Reaktordruckbehalters
an dem Wartungszielabschnitt oder in der Nahe
des Wartungszielabschnitts stabil und l6sbar fi-
xiert und gestiitzt zu sein,

durch ein Tragermittel (31), das auf dem War-
tungssystemhauptkorper (30) so gestiitzt ist,
dass es in einer ersten Richtung relativ zu dem
fixierten Wartungssystemk®orper (3) in einer hin-
und hergehenden Weise in die Richtung des
Wartungszielabschnitts bewegbar ist, und
dadurch, dass das Laserdesensibilisierungs-
behandlungsmittel (32) auf dem Tragermittel
(31) so gestltzt ist, dass es um eine Drehachse
des Tragermittels (31), die sich in der ersten
Richtung erstreckt, drehbar ist.

Wartungssystem nach Anspruch 1, beidem der War-
tungszielabschnitt ein Innenkernrohrabschnitt ist,
der sich in dem Reaktordruckbehalter befindet, das
Tragermittel (31) ein Abdichtungsmittel (56) um-
fasst, das dehnbare Dichtungselemente (57) um-
fasst, so dass beide Seiten des Laserbestrahlungs-
abschnitts (62) abgedichtet werden, und das Abdich-
tungsmittel eine atmosphérische Umgebung bezilig-
lich des Laserbestrahlungsabschnitts bildet, so dass
der Laserbestrahlungsabschnitt zwischen den Ab-
dichtungselementen mit einem Spiilgas gefillt ist,
wobei dann eine Laserbestrahlung in dem Spilgas
durchgeflhrt wird.

Wartungssystem nach Anspruch 1 oder 2, bei dem
das Laserdesensibilisierungsbehandlungsmittel
(32) ferner ein Prifiberwachungsmittel umfasst, das
an dem Laserbestrahlungsabschnitt (62) oder in
dessen Nahe bereitgestellt ist.

Wartungssystem nach einem der Anspriiche 1 bis
3, bei dem das Laserdesensibilisierungsbehand-
lungsmittel ferner einen Wartungszielabschnittde-
tektor (UT, FT) umfasst, der eine Laserausfiihrungs-
position erfasst und bestatigt, bei welcher der pra-
ventive Wartungsvorgang ausgeftihrt wird.
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Wartungssystem nach Anspruch 4, beidem der War-
tungszielabschnittdetektor ein Ultraschallrissdetek-
tor (UT) ist, der die Laserausfiihrungsposition erfasst
und bestatigt.

Wartungssystem nach Anspruch 4, beidem der War-
tungszielabschnittdetektor ein Ferritindikator (FT)
ist, wobei der Ferritindikator eine Differenz der Fer-
ritmenge zwischen einer Schweilzone und einem
Basismaterial des Innenkernrohrabschnitts (26) un-
terscheidet, so dass eine Laserausfiihrungsposition
erfasst und bestatigt wird.

Wartungssystem nach einem der Anspriiche 1 bis
6, bei dem das Laserdesensibilisierungsbehand-
lungsmittel (32) ferner ein Poliermittel (PL) umfasst,
so dass der Laserausfiihrungsabschnitt durch das
Poliermittel einer Polierbearbeitung unterzogen
wird.

Innenkernrohrabschnitt-Wartungssystem fiir einen
Kernreaktor, umfassend:

einen Wartungssystemhauptkorper (71), der
angepasst ist, in ein Rohr (66) eines Innenkern-
rohrabschnitts (26), der sich in einem Reaktor-
druckbehalter befindet, eingesetzt zu werden,
wobei der Wartungssystemhauptkérper (71) ein
Hauptkdrpertragermittel (73) zum lésbaren Fi-
xieren des Wartungssystemhauptkérpers (71)
in dem Rohr (66) aufweist,

ein Lasererzeugungsmittel (L) zum Erzeugen ei-
nes Laserstrahls,

ein Laserdesensibilisierungsbehandlungsmittel
und

ein optisches Ubertragungsmittel, das einen La-
serstrahl, der von dem Lasererzeugungsmittel
abgegeben wird, zu dem Laserdesensibilisie-
rungsbehandlungsmittel leitet,
gekennzeichnet durch

einen Dreharm (82), der derart an dem War-
tungssystemhauptkérper (71) gestiitzt ist, dass
er um eine Drehachse drehbar ist,

ein Drehmittel (81) zum Antreiben des
Dreharms (82), so dass er sich um die Drehach-
se dreht,

ein Axialbewegungsmittel (86), das aus einem
Tragermittel (84) aufgebaut ist, das mittels des
Dreharms (82) an dem Wartungssystemhaupt-
korper (71) so gestltzt ist, dass es in einer Rich-
tung im Wesentlichen senkrecht zu dem
Dreharm (82) und parallel zu der Drehachse ver-
schiebbar ist, und

wobei das Laserdesensibilisierungsbehand-
lungsmittel auf dem Axialbewegungsmittel (86)
gestitzt ist und einen Laserbestrahlungsab-
schnitt zum Einstrahlen des Laserstrahls auf ei-
ne Aullenflache des Rohrs (66) umfasst.
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9.

Wartungssystem nach Anspruch 8, bei dem das
Hauptkdrpertragermittel mindestens drei Hauptkor-
pertragermechanismen (73) umfasst und jeder der
Hauptkdrpertragermechanismen in Kombination mit
einem Verbindungsmechanismus (74) konstruiert
ist, der ein Flihrungselement (76) und eine Zylinder-
anordnung (75) zum Antreiben des Fuhrungsele-
ments des Verbindungsmechanismus umfasst, und
zwar derart, dass sich das Fuhrungselement in den
Wartungssystemhauptkérper und aus dem War-
tungssystemhauptkorper heraus bewegt.

Revendications

1.

2

Systéme de maintenance d’une section de tuyaute-
rie interne au réacteur pour un réacteur nucléaire,
comprenant :

un corps principal de systéme de maintenance
(30);

des moyens de génération de laser (L) pour gé-
nérer un faisceau laser;

des moyens de traitement de désensibilisation
par laser (32) qui comprennent une section d'ir-
radiation laser pour irradier le faisceau laser sur
une partie cible de maintenance dans une cuve
sous pression de réacteur (1) sur laquelle une
opération de maintenance préventive doit étre
exécutée ; et

des moyens de transmission optique (33) qui
guident le faisceau laser sorti des moyens de
génération de laser vers les moyens de traite-
ment de désensibilisation par laser (32), carac-
térisé

en ce que le corps principal de systeme de
maintenance (30) est adapté pour étre fixé et
supporté de maniére stable et détachable dans
la cuve sous pression de réacteur (1) entre une
chemise de coeur (4) et une paroi intérieure
d’une cuve sous pression de réacteur au niveau
de la partie cible de maintenance ou au voisina-
ge de la partie cible de maintenance,

par des moyens de support (31) supportés sur
le corps principal de systéme de maintenance
(30) de fagon pouvoir aller et venir dans une
premiére direction par rapport au corps principal
de systéme de maintenance (30) fixe vers la par-
tie cible de maintenance, et

en ce que les moyens de traitement de désen-
sibilisation par laser (32) sont supportés sur les
moyens de support (31) de fagon a pouvoir tour-
ner autour d’'un axe de rotation de moyens de
support (31) s’étendant dans la premiére direc-
tion.

Systéme de maintenance selon la revendication 1,
dans lequel ladite partie cible de maintenance est
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une section de tuyauterie interne au réacteur située
dans la cuve sous pression de réacteur, lesdits
moyens de support (31) comprennent des moyens
d’étanchéité (56) comprenant des éléments d’étan-
chéité extensibles (57) de fagon a fermer étanche-
ment les deux cbtés de la section d’irradiation laser
(62), et lesdits moyens d’étanchéité forment un en-
vironnement atmosphérique a la section d’irradiation
laser de telle maniére que la section d’irradiation la-
ser entre lesdits éléments d’étanchéité est remplie
avec un gaz de drainage, une irradiation laser étant
réalisée dans le gaz de drainage.

Systéme de maintenance selon la revendication 1
ou 2, dans lequel lesdits moyens de traitement de
désensibilisation par laser (32) comprennent en
outre des moyens d’inspection placés au niveau de
la section d’irradiation laser (62) ou au voisinage de
celle-ci.

Systéme de maintenance selon I'une quelconque
desrevendications 1 a 3, dans lequel lesdits moyens
de traitement de désensibilisation par laser com-
prennent en outre un détecteur de partie cible de
maintenance (UT, FT) qui détecte et confirme une
position d’exécution de laser sur laquelle 'opération
de maintenance préventive est exécutée.

Systéme de maintenance selon la revendication 4,
dans lequel ledit détecteur de partie cible de main-
tenance estun détecteur a ultrasons (UT) quidétecte
et confirme la position d’exécution de laser.

Systéme de maintenance selon la revendication 4,
dans lequel ledit détecteur de partie cible de main-
tenance est un indicateur de ferrite (FT), ledit indi-
cateur de ferrite distinguant une différence de quan-
tité de ferrite entre une zone soudée et un matériau
de base de la section de tuyauterie interne (26) de
fagon a détecter et confirmer une position d’exécu-
tion de laser.

Systéme de maintenance selon I'une quelconque
des revendications 1 a 6, dans lequel lesdits moyens
de traitement de désensibilisation par laser (32)
comprennent en outre des moyens de polissage (PL)
de telle maniére que la partie d’exécution de laser
est soumise au travail de polissage a l'aide des
moyens de polissage.

Systéme de maintenance de section de tuyauterie
interne au réacteur pour un réacteur, comprenant :

un corps principal de systéme de maintenance
(71) adapté pour étre inséré dans un tuyau (66)
d’une section de tuyauterie interne (26) située
dans une cuve sous pression de réacteur, le
corps principal de systéeme de maintenance (71)
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ayant des moyens de support de corps principal
(73) pour fixer de maniére amovible le corps
principal de systéme de maintenance (71) dans
le tuyau (66) ;

des moyens de génération de laser pour générer
un faisceau laser ;

des moyens de traitement de désensibilisation
par laser ;

et des moyens de transmission optique qui gui-
dent un faisceau laser sorti depuis les moyens
de génération de laser vers les moyens de trai-
tement de désensibilisation par laser, caracté-
risé par

un bras tournant (82) supporté sur ledit corps
principal de systéme de maintenance (71) de
telle maniere qu'il peut tourner autour d’'un axe
de rotation ;

des moyens de rotation entrainant le bras tour-
nant (82) pour le faire tourner autour de I'axe de
rotation ;

des moyens de déplacement axial (86) consti-
tués par des moyens de support (84) supportés
sur le corps principal de systéme de maintenan-
ce (71) via le bras tournant (82) de fagon a pou-
voir coulisser dans une direction sensiblement
perpendiculaire au bras tournant (82) et paral-
lele a 'axe de rotation, et

les moyens de traitement de désensibilisation
par laser (32) étant supportés sur les moyens
de déplacement axial (86) et comprenant une
section d’irradiation laser pour irradier le fais-
ceau laser sur une surface extérieure du tuyau
(66).

Systéme de maintenance selon la revendication 8,
dans lequel lesdits moyens de support de corps prin-
cipal comprennent au moins trois mécanismes de
supportde corps principal (73) et chacun desdits mé-
canismes de support de corps principal est construit
en combinaison avec un mécanisme de bielles (74)
comprenant un élément de guidage (76) et un en-
semble de vérin (78) pour entrainer I'élément de gui-
dage du mécanisme de bielle de telle maniere que
I’élément de guidage entre et sort du corps principal
de systeme de maintenance.
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