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This report introduces the present design status of remote-handling devices for activated and
used components such as moderator and reflector in a spallation neutron source of the Material and Life
Science Facility (MLF) at J-PARC (Japan Proton Accelerator Research Complex). The design concept and
maintenance scenario are also mentioned. A key maintenance scenario adopts that the used components
should be taken out from the MLF to the other storage facility after the volume reduction of them. Almost
full remote handling is available to the maintenance work except for the connection/disconnection pipes of
the cooling water. Remote handling for the cooling water system is under designing and it will be prepared
before being significant radiation dose by accumulation of beryllium ('Be) in future. Total six remote
handling devices are used for moderator-reflector maintenance. They are also available to the proton beam
window and muon target maintenance. Maintenance scenario is separated into two works. One is to replace
used components to new ones during beam-stop and the other is dispose used components during beam
operation. Required period of replacement work is estimated to be ~15 days, on the other hand, the disposal
work is ~26 days after dry up work (~30 days), respectively. Study of the maintenance scenario and the

remote handling design brings about the reasonable procedures and period of the maintenance work.

Keywords : Remote Handling Design, Remote Handling Device, Maintenance Scenario, Moderator,

Reflector, Spallation Neutron Source, J-PARC
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1. Overview of Moderator-reflector Maintenance

The world largest spallation neutron source facility is now under construction as one of the
main facilities of “Material and Life Science Facility (MLF)” at the Japan Proton Accelerator Research
Complex (J-PARC)[1,3]. The main part of the spallation neutron source consists of a target, moderators
and reflector as shown in Fig. 1.1. These components will be activated and damaged through the beam
operation. Then, their lifetimes were also estimated[4]; a target, moderators, and reflector are ~ 0.5, 6 and 6
years, respectively. These used components (target, moderator, reflector, etc.) will be finally taken out from
the MLF after replacement. The point is how safe maintenance should be implemented for such
components after the beam operation. This report mainly focuses on the moderator-reflector maintenance;
target maintenance will be mentioned in the other report.

The moderator-reflector assembly consists of 3 moderators[5] (coupled, decoupled and
poisoned liquid hydrogen (L-H;) moderators), reflector, outer plug and inner plug as shown in Fig. 1.2.
Moderators are composed of multi-layered vacuum insulated pipes with a curved shape (outer diameter of
~90 mm and length of ~4 m), made by alumfnum (Al) alloy and stainless steel. The reflector, which is
enclosed in Al container (1 m in diam. and 1.2 m in height), consists of beryllium (Be) inside and iron (Fe)
outside. The weight of moderator and reflector is ~ 0.3 and 5 ton, respectively. The assembly is composed
of two parts such as the innér and the outer assemblies as shown in Fig. 1.2. The outer assembly combines
the coupled L-H, moderator, reflector and outer plug (~15 ton) by using the bolts and positioning pins, and
the inner assembly combines the poisoned and unpoisoned L-H, moderators, and inner plug (~15 ton) by
using the bolts and positioning pins. The inner assembly can be inserted into the outer assembly in the
vertical direction using the positioning pins as shown in Fig. 1.2. Total weight of the assemblies is ~36 ton.

We provide an irradiated-components handling room (hot-cell) for the maintenance of used
components neighboring the target station as shown in Figs. 1.4-1.6. Large components handling room
(high bay) with a 65 and 130-ton ceiling crane is located on the hot-cell through hatches and floor valvés.
The used moderator-reflector assembly is transferred to the hot-cell using a transfer cask. An
irradiated-components storage room and a dry up room are also prepared downstairs hot-cell to storage
them temporarily and to dry up the remaining water inside of them. These rooms are connected to the
hot-cell through the bottom hatches. Maintenance of the used moderator-reflector assembly is performed in
the hot-cell. Four dedicated remote control devices, namely inner and outer plug support stands, moderator
exchange device, cutting device, are installed in the hot-cell. And the following maintenance devices are
prepared, 20-ton in-cell crane, a power manipulator and 11-pair master-slave manipulators in the hot-cell,
and 12-ton in-cell crane in the irradiated components room. Two pairs of the lead loaded glass window
together with master-slave manipulators are arranged at the wall of the hot cell with different height in

order to improve visible maintenance operation as shown in Fig. 1.5. The outer and inner plug support
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stands are installed at the corner of the hot-cell near the lead loaded glass window. The moderator exchange
device is equipped between the outer and the inner plug support stands to approach easily as showﬁ in Figs.
1.5 and 1.7. Here, the brief maintenance scenario is shown;
(1) Disconnection of water pipes at the vessel
(2) Transportation of the moderator-reflector assembly from the vessel to the dry up room using 130 ton
crane and transfer cask
(3) Drying-up of remaining water inside of the used components
(4) Transportation of the assembly from the dry up room to the hot-cell
(5) Replacement of the assembly in the hot-cell
(6) Transportation of a new moderator-reflector assembly from the hot-cell to the vessel
(7) Installation of a new moderator-reflector assembly.
(8) Temporal storage of the used components
(9) Transportation of them out of MLF
Remote control devices are designed according to the moderator-reflector maintenance scenario
shown in the above. The design concept of remote control devices and detailed maintenance scenario are

introduced in the following chapter.
2. Maintenance Concept and Consideration of Safety Handling

First, the following key concepts are determined;
(1) “Confinement” to prevent from spreading the radioactive materials
(2) “Shield” to reduce the radiation dose during the maintenance work

The radiation dose is commonly defined to be less than 12.5 puSv/hr out of shield (e.g. out of
hot-cell). However, the radiation dose at the place such as the vessel top and the surface of transfer cask,
where hands-on maintenance is required, is evaluated to be 0.1 and 1 mSv/hr, respectively so that
rad-worker can access in a limited time.
(3) Vertical access to the moderator-reflector maintenance

Since the lifetime of the target (~0.5 years) and the moderator-reflector (~6 years) are different,
the moderator and reflector can be accessed in the vertical direction (upper side of vessel top) and the target
is in the horizontal. For the maintenance and accessibility, the target component is directly connected to the
hot-cell in horizontal direction as shown in Fig. 1.4.
(4)Replacement per unit

The moderator-reflector assembly is separated into the inner and the outer assembly as

mentioned in Fig. 1.2. The inner one can be selectively transferred to the hot-cell using a cask without
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whole component (moderator-reflector assembly) transfer, resulting in the reduction of unnecessary waste
and shortening the maintenance period.
(5) Full remote control maintenance

The maintenance of the moderator and reflector adopts full remote control in the hot-cell.
(6)Partial hands-on maintenance

Connection/disconnection for cooling water pipes and hydrogen transfer couplers on the vessel
top plans hands-on wo‘rk. In pipe connection/disconnection work on the vessel top, main contribution of
radiation dose is considered to be internal exposure from the tritium (T) in the cooling water, external
exposure from 'Be produced by the spallation reaction of oxygen in the cooling water and from activated
materials caused by the beam operation. Measures for preventing from the internal exposure are as follows
(see Fig. 2.1);

(i)Drain cooling water by blowing helium gas before the piping disconnection work,

(ii)Releasing the pressure inside cooling-water-pipe to prevent from water splash, and

(iii)Local exhaust and getting on the glove bag for the cooling water pipe disconnection.

To mitigate external exposure, pipe connection/disconnection work should be done in short time.
Easy accessible piping layout and simple structure for connection/disconnection are necessary to prevent
from excessive exposure. However, accumulation of ‘Be for long period of beam operation will make the
hands-on maintenance difficult. Therefore, the design that enables remote-control piping connection should
be required.
(7)Transportation by the transfer cask

The used moderator-reflector assembly, which is put into a transfer cask with required shield
(surface dose rate: less than 1 mSv/hr), is transferred from the vessel to the hot-cell by using 130-ton
ceiling crane. Main contribution of radiation dose in a used moderator-reflector assembly is from a
silver-indium-cadmium (Ag-In-Cd) alloy that is used as a thermal neutron absorber of decupled, poisoned
moderators, and reflector. The iron with at least 30-cm thickness is required as the shield to reduce the dose

rate of less than 1 mSv/hr due to the gamma ray of ''*™

Ag as shown in Fig. 2.2. The dose rate does not
reduce for 2-3 weeks maintenance period due to relatively long half-life (T, = 250 days).
(8)Replacement work in a hot cell

Replacement work in the hot cell is performed by full remote control. Accordingly the full
remote-control is available for the moderator-reflector and other components such as the target, proton
beam window and muon target in the hot-cell[6, 7].
(9)Cutting device

A cutting device is installed in order to transport the used components out of the MLF. The

cooling water pipe will be cut by using this device so as to reduce its volume (except for the target
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container). The dry-up room is provided below the hot-cell where the remaining water of the inside
components will be dried up before the cutting work. This process will prevent unnecessary contamination

from T.

3. Maintenance Device for the Moderator-reflector

Following design strategies are determined;
(1)Multiple protections: Double wire system is adopted for the lifting tools, manual-operation is available
for the failure of the remote-control devices, and maintaining the condition before power supply loss
(2) Earthquake-resistant: 0.25G
(3)Radiation resistant: 1 MGy for the devices. The design dose means no need of maintenance within the
lifetime of MLF. For the airtight, EPDM rubber is adopted because of radiation resistant with several MGy.
(4)Negative pressure in hot-cell: -230Pa to prevent from spreading the activated gases and materials such as

Hg vapor, water vapor with T, etc.

The following sections introduce to the remote-handling devices that are provided in the maintenance.
3.1 Out-cell Device

Out-cell devices consists of the transfer cask and the floor valve

3.1.1 Transfer Cask

A transfer cask has a gripper for the lifting and a shield door at the bottom part as shown in Fig.
3.1. The gripper with the rotation mechanism can lift up the inner or the outer assembly. The 130-ton
ceiling crane can convey the trapsfer cask including the used moderator-reflector assembly. The surface
dose rate of the transfer cask with the used assembly is designed less than 1 mSv/hr as mentioned in Fig.
2.1. The necessary shield thickness is calculated to be about 30 cm at maximum. Total transfer cask weight
including the used assembly is about 125 ton at maximum. The transfer cask has only shield function
without airtight. Installation of the transfer cask is performed by hands-on work using the 130-ton ceiling
crane. Figure 3.2 shows the installation of the transfer cask on the vessel. Shield blocks are removed before
installation of the transfer cask. The transfer cask is fixed on the floor valve with bolts and positioning pins.
The design dose rate on the vessel is assumed to be ~100 uSv/hr without distribution of "Be. In order to
convey it with the 130-ton crane, the connection attachment is provided, which can detach and attach
between the transfer cask and the crane hook. This connection attachment is installed by hands-on. The
shield blocks are arranged so as to remove only required area. Some shield blocks at center region are
removed for the moderator-reflector maintenance. Same shield block removal is adopted in case of the

proton beam window maintenance. Without removal of all shield blocks, the maintenance work can be
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done, resulting the shortened maintenance period.

3.1.2 Floor Valve

Figure 3.3 shows the floor valve that has a function to connect the transfer cask to the inner and
outer assembly, to airtight and to shield gamma ray from the vessel. At the maintenance, the valve is
installed on the vessel by hands-on before installing the transfer césk. Five floor valves are prepared on

ceiling of the hot-cell to connect the transfer cask.

3.2 In-cell Device

In-cell devices consist of four devices such as an inner and an outer plug support stand, a
moderator exchange device, and a cutting device as mentioned in Fig. 1.6. Those in-cell devices are used to
exchange the spent moderator and reflector with new ones with the power manipulator, master-slave

manipulators and an in-cell crane that are also installed in the hot-cell.

3.2.1 Outer Plug Support Stand

An outer plug support stand is used for the replacement of the coupled moderator and the
reflector. This equipment has a function to rotate and to support the outer assembly as shown in Fig. 3.4.
The used outer assembly with the inner assembly is transferred through the hatch on the outer plug support
stand. It is lifted down and attached to the outer plug support stand. In case of the coupled moderator
replacement, the coupled moderator attachment as shown in Fig. 3.5 is attached to the coupled moderator
using the power manipulator and the in-cell crane. The moderator exchange device approaches and holds it.
After removing the fixed bolts of the coupled moderator by the power manipulator, the coupled moderator
with this attachment can be removed from the outer plug support stand by using the moderator exchange
device. In the case of the reflector replacement, after transferring the coupled moderator to the temporal
storage rack (see Fig. 1.5) and the inner assembly to the inner plug support stand, the fixed bolts are
removed between the reflector and the outer plug. Then, the outer plug is stored into the transfer cask. The
reflector is carried to the temporal storage area by using the in-cell crane. New reflector is transferred from

the temporal storage area to the outer plug support stand by using the in-cell crane.

3.2.2 Inner Plug Support Stand

An inner support stand is used for the replacement of two decoupled moderators, which are
combined the inner assembly. This device can support the inner assembly with the two decoupled
moderators and can rotate it. The moderator exchange device can remove decoupled moderators after

attaching the decoupled moderators attachment. The inner plug support stand can also handle a muon target
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or proton beam window by exchanging the dedicated attachment for each component on the inner plug

support stand as shown in Fig. 3.6.

3.2.3 Moderator Exchange Device

This device can approach and hold the moderators, the proton beam window or the muon target
with each attachment as shown in Fig. 3.7. This device can rotate and move in vertical and horizontal. But,
it does not have a nut-runner to fix the bolt. After removing the fixed bolts by the manipulator, this device
can transport the used component with the attachment from the inner or the outer plug support stand. This

device is arranged between inner and outer plugs.

3.2.4 Cutting Device

A hydraulic-operated shear-cutting device as shown in Fig. 3.8 is adopted as the cutting device
to reduce the waste volume of the moderator, reflectors, the proton beam window, and the muon target. The
feature of this cutting method is not to produce cutting scraps as compared with other cutting methods such

as a saw. Cutting work is operated on a storage container and cut scraps are dropped into the container.
4. Maintenance Scenario for Moderator-reflector

4.1 Moderator-reflector Maintenance Scenario (Fig. 4.1)

In order to shorten the off-beam period, a reasonable maintenance scenario is considered.
Accordingly, the maintenance works is divided into two kinds of works such as the replacement work and
the disposal work. In the replacement work a new moderator-reflector assembly is preliminary prepared on
the outer plug support stand in the hot-cell. The used moderator-reflector assembly is transfered to the dry
up room, and the new assembly is transferred from the hot cell to the vessel and installed in the vessel. This
work is performed during off-beam operation.

The waste disposal work can be performed despite on-beam or off-beam. After drying up the
remaining cooling water inside of the used components at the dry-up room, we carry the used components
to the outer or the inner plug support stand and then the moderator and the reflector are removed and cut to
reduce the volume by using the cutting device. The cut parts are enclosed in the aiﬁight container. This is

also enclosed in the cask with a shield. After temporal storage, it is transferred to out of the MLF.

4.2 Estimation of Required Maintenance Period
Maintenance period for the moderator-reflector manipulation on replacement is also estimated

according to the maintenance scenario as mentioned in the previous section. Though there are other
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maintenance works such as the target, proton beam window and muon target, here they are not taken into

-account of in the estimation. Estimation results are shown in the Table 1 to 4, where the working flow and
required period of each maintenance are summerized. Working time of 8 hours per day is assumed. It takes -
15 days in total for the replacement work. Seven days are required for the transportation of the used
moderator-reflector assembly from the vessel to the dry up room, and it takes 8 days to carry and install a
new moderator-reflector assembly to the vessel. Because the replacement work can not be performed
during beam operation as mentioned before. Off-beam period of more than 2 weeks should be required for
the moderator-reflector maintenance. The replacement work of moderator-reflector assembly is planned to
be done every six years. Therefore, it might not affect the operation time of the facility.

On the other hand, the required period of disposal work is estimated to be about 26 days (used
component replacement work: 14 days, cutting work: 12 days) after dry-up work (roughly~30 days). Then,
relatively long period (~56 days in total) is required for the disposal work. The disposal work, however, can
be performed during on-beam period. Accordingly, it can afford the time in the disposal work.

Up to above, the maintenance sequence is described without contingency. It is planning to
perform all maintenance sequence in off-beam commissioning test, and then the scenario will be confirmed
and the contingency will be evaluated. Finally, it is necessary to establish a realistic maintenance plan
under the coordination of a maintenance with other apparatus such as the target, proton beam window,

muon target, etc.

5. Conclusions

The present design studies determine the following maintenance scenario;

(1) Maintenance work of the moderator-reflector is performed by full remote handling except for the piping
connection/disconnection work on the vessel. Design of the remote-handling for the piping is now
underway. |

(2) The used components (moderator, reflector and etc.) are finally taken out of the MLF (Materials and
Life Science Facility) after their volume reduction by cutting.

(3) Remote-handling devices consist of 6 devices in total, the transfer cask and the floor valve in the high
bay, the outer plug support stand, the inner plug support stand, the moderator exchange device and the
cutting device in the hot-cell. These devices are also available to the proton beam window and the muon
target maintenance.

(4) Maintenance scenario has two works, the replacement work to the new components during off-beam
period and the disposal work of used components during on-beam period.

(5) The estimated maintenance period is about 15 days for the replacement work. On the other hand, the

disposal work about 26 days after dry-up (roughly, 30 days) which is available to be performed during
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on-beam period.
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Table 1 Replacement work for moderator-reflector maintenance scenario.

Required period (days)

[Common tool] A1 I | ENEN |

1 2 4 S 6 7 8 9 10 11 12 131141 15
|
|

130 ton crane

Transfer cask, Floor valve

In-cell crane (20 ton)

Work flow

Purge in vessel

Target drain

Cooling water drain

H2 release

ove target trolley backward

Remove roof seal plate

Remove shield blocks

Remove vessel shield

Remove vessel cover

Disconnect water pipe and H2 transfer

Attach hung  tool for inner plug

m Attach hung tool for outer plug

Install floor valve

Tighten bolts

Connect floor valve cable

Install transfer cask

i b o[rol= [o[@]co|~N o [ur [ [w|ro|—

Connect transfer cask cable

18_{Open floor shield

19_|Open transfer cask shield

20_|Lift down gripper.

21 _|Hold outer plug hung tool

22 _|Lift up gripper into transfer cask

23 _|Close transfer cask shield

24 [Close floor shield

25 [Remove transfer cask cable

26 |Loosen transfer cask bolts

27 |Transfer the cask to vessel for dry up

28 |Install transfer cask

29 |Connect transfer cask cable

30 |Open hatch over dry up room

(2) | 31 |Open fioor shield

32 {Open transfer cask shield

33 _|Lift down gripper

34 |Release inner and outer plug hung tool

35_|Lift up gripper into transfer cask

36 _]Close hatch over dry up room

37 _|Close transfer cask shield g
38 | Close floor shield e

39_|Detach transfer cask cable

40 [ Transfer to hot cell

Connect transfer cask cable

Open floor shield

Open transfer cask shield

Lift down gripper

3) Hold outer plug hung tool

Close transfer cask shield
Close floor shield

Detach transfer cask cable

Loosen transfer cask bolts

1

2

3

4

5
6 _|Lift up gripper into transfer cask -
7 |
8

9

0

1

Transfer to vessel

52 |Install transfer cask

53_|Connect transfer cask cable

54 _|Open floor shield

55_{Open transfer cask shield

56_|Lift down gripper

57 |Release inner and outer prug hung tool

58 22

58 |Lift up gripper into transfer cask

59 [Close transfer cask shield

60 | Close floor shield

61 _|Detach transfer cask cable

62_|Loosen transfer cask bolts il

63 |Transfer the cask to storage position

64 | Detach floor valve cable

65 |Loosen floor valve bolts

(4) | 66 | Transfer floor valve to storage position

67 [Remove floor valve attachment

68 |Transfer floor valve to storage position

69 _|Detach hung tool of inner and outer plug|

70_jRemove inner and outer plug hung tool

71_|Attach water pipe and H2 transfer line

72_|Leak test of H2 transfer line

73 ]Leak test of water pipe

74 _{Circulate H2

75_|Circulate cooling water

76 _|Install vessel cover

77_}Move target trolley forward

78 |Leak test of vessel

79 [FillHe in vessel

0 _|Install vessel shield

1 {Install shield blocks

loojoojoo|co

2_|install roof seal plate
3 [Leak test of outer liner NN BE
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Table 2 Disposal work (coupled moderator and reflector replacement).

Required period (days)
1 2 3 4 5 6 7
[Common tool] { | 11
130 ton crane >
Transfer cask, Floor valve
Moderator dry up device, plug support stand
Power manipulator, _In cell crane
Work flow
Transfer cask over dry up room
Install transfer cask
Connect transfer cask cable
Open hatch over dry up room
Open floor shield
Open transfer cask shield
Lift down grippaer
Hold inner and outer plug hung tool
Lift up grippaer into transfer cask
Close hatch over dry up room
Close transfer cask shield
Detach transfer cask cable
Loosen cask bolts
Transfer the cask over outer plug stand
Tighten cask bolts
Connect transfer cask cable
Open floor shield
Open transfer cask shield
Lift down grippaer
Rel outer plug hung tool and hold inner plug hung tool
Lift up gripper into transfer cask
Close transfer cask shield
Close floor shield
Detach transfer cask cable
Loosen cask bolt
Transfer the cask over inner plug support stand
Connect transfer cask cable
Open floor shield
Open transfer cask shield
Lift down grippaer
Rel inner plug hung tool
Lift up grippaer into transfer cask
Close transfer cask shield
Close floor shield
Detach transfer cask cable
Loosen cask bolts
Transfer the cask over outer plug support stand
Tighten cask bolts
Connect transfer cask cable
Transfer coupled moderator attachment from storage ruck to
Rotate moderator exchange device
Rotate outer plug support stand
Join attachment to coupled moderator
Loosen coupled moderator bolts
Lift down coupled moderator with attachment
Pull out coupled moderator with attachment
Rotate moderator exchange device
Join coupled moderator with atttachment to in-cell crane
Transfer coupled moderator with attachment to storage stand
Storage coupled moderator
Lift up reflector flange support
L.oosen bolts between reflector and outer plug
Open floor shield
Open transfer cask shield
Lift down grippaer
Hold outer plug hung tool
Lift up grippaer into transfer cask
Close transfer cask shield
Close floor shield
Connect hung tool of reflector
Transfer used refiector
Join new reflector to in-cell crane
Transfer new reflector to outer plug support stand
Lift down reflector flange support
Open floor shield
Open transfer cask shield
Lift down grippaer
Tighten bolts between reflector and outer plug
Release outer plug hung tool
Lift up grippaer into transfer cask
Close transfer cask shield
Close floor shield

~NiN[~Nlolole|olojolo|o|o|o|uiu|uivinlniulu|uials (sl (s isin s s ] s s ojuw]w|w|w|w|w|wlwiwmin el e o ojv| 2= = 2= s =)= == oo~ os o] s oo f—
N|=[Si®]e]N|a|n RGN |- |O|b k[Nt h k|| = [O|6 ||V o [ R[N =[S|o|& N o ¢ » |k |R] = S| [N |u| & |win| = o |w|m [N |o o s [win[=jo
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Table 3 Disposal work (contd., decoupled moderators replacement).

Required period (days)
8 9 10 11 12 13 14

[Common tool]
130 ton crane
Transfer cask, Floor valve
Moderator dry up device, plug support stand
Power manipulator, _in cell crane
Work flow
73 |Transfer decoupled attachment to moderator exchange device
74 JRotate moderator exchange device
75 |Rotate inner plug support stand
76 _|Join attachment to decoupled moderator
77 |Loosen decoupled moderator bolts
78 JPull out decoupled moderator with attachment
79 |Rotate moderator exchange device
80 | Join decoupled moderator with atttachment to in-cell crane
81 | Transfer decoupled moderator with attachment to storage stand
82 _]Storage decoupled moderator with attachment
83 |Join new decoupled moderator with attachment to in-cell crane
84 |Transfer new decoupled moderator to moderator exchange device
85 _|Rotate moderator exchange device
86 | Connect decoupled moderator to inner plug
87 | Tighten bolts between decoupled moderator and inner plug
88 |Release decoupled moderator attachment
89 |Transfer decoupled attachment to storage ruck
90 |Storage decoupled moderator attachment
91 | Transfer poisoned moderator attachment to moderator exchange
92 |Rotate moderator exchange device
93 |Rotate inner plug support stand
94 |Join attachment to poisoned moderator
95 |Loosen poisoned moderator bolts
96 |Pull out poisoned moderator with attachment
97 |Rotate moderator exchange device
98 |Join atttachment to in-cell crane
99 |Transfer poisoned moderator with attachment to storage ruck
100 | Storage poisoned moderator
101 | Join new poisoned moderator with attachment to in-cell crane
102 ] Transfer new poisoned moderator to moderator exchange device
103 JRotate moderator exchange device
104 | Connect poisoned moderator to inner plug
105 | Tighten bolts between poisoned moderator and inner plug
106 |Release poisoned moderator attachment
107 [Rotate moderator exchange device
108 | Transfer attachment to storage ruck
109 | Storage poisoned moderator attachment
110 [Detach transfer cask cable
111 |Loosen cask bolts
112 | Transfer the cask over inner plug support stand
113 [Connect transfer cask cable
114 | Open floor shield
115 |Open transfer cask shield
116 |Lift down grippaer
117 [Hold inner plug hung tool
118 |Lift up grippaer into transfer cask
119 [Close transfer cask shield
120 | Close floor shield
121 | Transfer the cask over outer plug support stand
122 | Tighten cask bolt
123 [Connection transfer cask cable
124 |Open floor shield
125 |Open transfer cask shield
126 |Lift down grippaer
127 |Release inner plug hung tool
128 |Lift up grippaer into transfer cask
129 [Close transfer cask shield
130 | Close floor shield
131 | Join new coupled moderator with attachment to in-cell crane
132 | Transfer new coupled moderator to moderator exchange device
133 |Rotate moderator exchange device with attachment
134 | Connect coupled moderator to outer plug
135 JTighten bolts between coupled moderator and outer plug
136 [Release coupled moderator attachment
137 | Transfer attachment to storage ruck
138 | Storage coupled moderator attachment

_11__



JAERT-Tech 2005-029

Table 4 Disposal work (contd., used components cutting work).

Required period (days)

1 2 3 4 5 6 7 8 9 10) 11 ] 12

[Common tool]

130 ton crane

Moderator cutting device

Moderator exchange device

Power manipulator, 20 ton In cell crane

12 tonIn cell crane

Work flow

Open hatch over storage room

Transfer storage container of coupled moderator to moderator

Close hatch over storage room

| oosen storage container bolts

Open cover of storage container

Open hatch over storage room

Transfer coupled moderator with attachment to moderator exchange

WiN[O | iw|N]—

Close hatch over storage room

9 |Rotate moderator exchange device

10 |Cut pipe of coupled moderator

11 |Close cover of storage container

12 |Tighten storage container bolts

13 |Open hatch over storage room

14 |Transfer storage container to storage room

15 }Close hatch over storage room

16 {Open hatch over storage room

17 |Transfer storage container of decoupled moderator to moderator

18 |Close hatch over storage room

19 [Loosen storage container bolts

20 |Open cover of storage container

21 {Open hatch over storage room

22 {Transfer decoupled moderator with attachment to moderator

23 |[Close hatch over storage room

24 |Rotate moderator exchange device

25 |Cut pipe of decoupled moderator

26 [Close cover of storage container

27 |Tighten of storage container bolts

28 [Open hatch over storage room

29 {Transfer storage to storage room

30 {Close hatch over storage room

31 |{Open hatch over storage room

32 |Transfer storage container of poisoned moderator to moderator

33 |Close hatch over storage room

34 |Loosen storage container bolts

35 |Open cover of storage container

36 |Open hatch over storage room

37 |Transfer poisoned moderator with attachment to moderator

38 |Close hatch over storage room

39 |Rotate moderator exchange device

40 |Cut pipe of poisoned moderator

41 |Close cover of storage container

42 []Tighten storage container bolts

43 |Open hatch over storage room

44 |Transfer storage container to storage room

45 |Close hatch over storage room

46 |Open hatch over storage room

47 |Transfer storage container of reflector to moderator cutting device

48 |Close hatch over storage room

49 |Loosen storage container bolts

50 |Open cover of storage container

51 }Open hatch over storage room

52 |Transfer reflector with hung tool to moderator exchange device

53 |Close hatch over storage room

54 |Rotate moderator exchange device

55 |Cut pipe of reflector

56 |Close cover of storage container

57 |Tighten storage container bolts

58 |Open hatch over storage room

59 |Transfer storage container to storage room

60 |Close hatch over storage room
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Poisoned
H2 moderator

2 moderator
Proton beam
(1MW, 25Hz)
Target (Hg)
Reflector
Be
0 50cm Fe

Coupled Hz2 moderator

Fig. 1.1 Cross sectional view of target-moderator-reflector system for spallation neutron source in

J-PARC.
. Decoupled  Foisoned
mod. mod.

Inner
assembly

-Inner reflector
 plug

!

Ordinar
concrate

Cuter

assembly
Quter reflector

plug

Coupled Reflector
mod.

Fig. 1.2 Schematic view of inner and outer assembly.
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Moderators

Reflector

Proton beam™
window

Fig. 1.3 Cross sectional view of target station.
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1130t cran B Transfer cask
Floor valve
¥ ! In-cell crane (ZQt)‘
..... e peie - =
1\
\/
s, ,x-
\, I\
< AN
N I\
; | nl T T T —
; Hot cell "~ [No. 1 manipulatoF
0. 1 manipulator 1 | handling r
handling room I
i i i | Hatch fof dr u
Hatch for irradiated Power manipulator ; Yy up
components Foo
No.2 manipulator : Ef
handling room In-cell crane ' : ‘ \

*D.uroom
e - F

Irradiated comﬁonents
storage room

Fig. 1.6 Vertical cross sectional view of MLF.
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Highbay
(Large components
handling room)

ge

Quter plug

support stan Inner plug

support stand

Fig. 1.7 Arrangement of remote control devices for the moderator-reflector assembly maintenance.

Temporal Glove bag

hood

= ocal
exhaust

Separation after™

welding and connection

Fig.2.1  Pipe connection/disconnection work at vessel top.
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Radiation dose calculation
Caleulation condition
2 year operation (5000 hr x 2) 7 days cooling

Rl

FUTETOTTYTY

2o . .

& W

£2a ]

- P =

: i Z

5 g g

= I3

© &4

# e

Fe “
30cm | 0 50cm

=g

L1

-0 %0 ¢ S 100 ' o
wall thickness

& femyf

Fig. 2.2 Radiation dose calculation and necessary wall thickness of transfer cask for 1 mSv/hr.

130 ton crane

attachment tool
* Transfer used components
to }.10'[ cell o Inside cask
* Gripper for lifting winch
used components , Gripper

* Shield door /

» Surface dose : ImSv/hr

* Weight : ~120 ton at max.
(included used components)

» Transportation : 130 ton crane

* Installation : hands-on shield

Shield
door

Fig. 3.1 Transfer cask for transportation of the used components.
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» Hands-on installation

* Mounting on floor valve
using positioning pin and
bolt

* Partial removal
shield block (not all)

—> Shorten working period

130 ton crane

R

130 ton crane
attachment tool

Transfer cask

pins

Floor valve

Fig. 3.2 Installation of transfer cask at vessel top.

Shield
Connection - Shutter

to the transfer cask
(positioning pin) Shield shutter
» Shield shutter (30 cm”) for gamma ray > driving device
from lower part
- Airtight using EPDM rubber
seal
- Hands-on installation

Fig. 3.3 Schematic view of floor valve.

».20,_



JAERI-Tech 2005-029

* Coupled moderator and (Outer plug)
reflector exchange
Outer plug

* Support and rotation suppprt stand
of outer plug assembly "

» Receiver and vertical motion

of reflector (Reflector)

Driving
device

Receiver

0 Im

Fig. 3.4 Schematic view of outer plug support stand.

Fig. 3.5 Schematic view of coupled moderator attachment.
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* Decoupled moderators, proton beam
window and muon target exchange

* Support and rotation
of inner plug

(Proton beam
window)

Proton beam
window

attachment
Inner plug

support stand

(Inner plug)

Driving
Device

0 Im

Fig. 3.6 Schematic view of inner plug support stand.

* Hold and transfer
moderator, proton beam window
or muon target with attachment
(tightening and loosening %
the bolt by power
manipulator

» Rotation, vertical and
horizontal motion

moderator

Moderator
exchange

device

{Inner
plug)

Fig. 3.7 Schematic view of moderator exchange device.
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» Hydraulically-operated Upper catching..zs
share cutting e

« Catching device for pipe

« Cutting components

) . Shear
: Pipe of moderator, reflector, cuter
Lower catching %

proton beam window device N

S e slorage
and muon target S

Fig. 3.8 Schematic view of cutting device.
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