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In the maintenance procedure of fusion DEMO reactor, used in-vessel components are removed from the
reactor vessel to be replaced. The temporally storage area for the used blanket segments is necessary. In the
present work, the temporally storage area is conceptually designed as the used segments are stored dispersively
in the plural compartments in the hot cell for the following dismantling procedure. The space dose rate of the
compartment, where more than one segment is installed, was evaluated by means of the gamma ray transport
calculation with PHITS Monte Calro analysis code. The space dose rate in the compartment decreases with time.
For example, by the temporally storage of five used segments in one compartment for 20 years, the space dose rate
in the compartment becomes lower than 250 Gy/hr, which is the limited value proposed for the remote handling in
the ITER. The decay heat of the segments during the temporally storage is removed by flowing He. The segments
are cooled at the temperature lower than 550 °C. Then, the used back plates can be reused in the other operation
of the reactor, since the mechanical properties of the back plates are not affected by the heat treatment during the

temporally storage.
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1. Introduction

The maintenance scenario and the waste management
of fusion DEMO reactor have been proposed [1-3]. In the
maintenance procedure of the reactor, used in-vessel com-
ponents are removed from the reactor vessel to be replaced.
Then, the low-level radioactive waste (LLW) of approxi-
mately 6000t is generated. The quantity of the radioactive
waste can be reduced by 60 % in total, if some parts of
the used blanket components are reused and recycled for
the other operation of the reactor [4]. However, these are
radioactivated and having a large decay heat. Their dis-
mantlement is available by the remote handling (RH) [5]
only after their temporally storage for a certain period in
the hot cell until the radiation level becomes low to be al-
lowed for the RH [6]. Therefore, the temporally storage of
the blanket components in the hot cell is the essential pro-
cedure for the waste management of the fusion reactors.
However, the study on the temporally storage of the used
blanket components in the hot cell is quite limited.
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It is proposed that the used blankets are removed from
the vacuum vessel (VV) though the vertical port [7, 8] as
multi module segments, which are the back plate integrated
blanket module. These segments must be stored tempo-
rally in the hot cell after the removal of residual tritium
by thermal detritiation process [9]. During the temporally
storage of the segments, their decay heat must be removed.
The segments must be cooled at the adequate temperature
to suppress the effect of the heat treatment on their me-
chanical properties for their reuse and recycle.

In the present study, it is proposed that the used blan-
ket segments are stored dispersively in the plural compart-
ments of the temporally storage area in the hot cell. The
motivation for this system is to achieve the reduction of
the risk and the mitigation of the cooling conditions of
the decay heat without the increase of total floor space re-
quired for their storage area. The changes of the space dose
rate and the temperature condition in the compartment with
time were investigated by means of gamma ray transport
calculation and thermofluid calculation. The purpose of
the present study is to propose the conceptual design of the
temporally storage area in the hot cell.

© 2016 The Japan Society of Plasma
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2. Conceptual Design of Temporally
Storage Area in Hot Cell

Main parameters of the fusion DEMO reactor are pre-
sented in Table 1 [5]. This reactor is assumed to be period-
ically maintained every two years. After the shutdown of
the reactor, the in-vessel components are cooled in the VV
for one month. 80 pieces of the multi module segments
(i.e., back plate integrated blanket segments) are removed
from the reactor every two years. The weight of the seg-
ment is approximately 67 t.

The temporally storage area for the used segments in
the hot cell is divided into small compartments. Figure 1

Table 1 Main parameter of fusion DEMO reactor [5].

Fusion output [GW] 1.35
Major radius [m] 8.2
Aspect ratio 3
Ellipticity 1.65
Thickness of the blanket  [m] 0.6
Neutron wall load [MW/m?] 0.9
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(a) shows the simplified model of the segment, which has
a rectangular parallelepiped shape, though the real shape
of the segments has an arch-shape. This model is used to
evaluate the space dose rate and the temperature conditions
in the temporally storage compartment.

Figure 1 (b) shows the structure of the compartment.
The wall of the compartment is made of a heavy con-
crete. The inner surface of the wall is covered by the lin-
ing made of stainless steel to suppress the transport of tri-
tium released from the segment during the storage. The
coolant for the decay heat removal of the used segments
is a flowing He because tritium should be recovered from
the coolant during the storage. The heavy concrete wall is
cooled by flowing water using embedding piping system.

The plural segments are placed in the compartment
and arranged as their blanket sides facing each other to
have the beneficial effect of the radiation shielding by their
back plates. In this case, the dose rate in the backward
space of the back plates is low. This space can be available
for the installation of the devices required for the monitor-
ing system, such as the temperature measurement of the
segments. The segments are arranged as a circle, and the

| space
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Structure of (a) simplified model of the segment having a rectangular parallelepiped shape and (b) temporally storage compartment.

(c)
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Fig. 2 Plan view of segment installation with interval of 0.25 m in compartment (a) 3 segments installation, (b) 4 segments installation,

(c) 5 segments installation, (d) 8 segments installation.
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example for the installation of plural segments in one com-
partment is shown in Fig. 1 (b) and Fig.2. Then, the total
floor space, S (ora1, required for the temporary storage of all
the segments is expressed as

2
Smm=((W+1)><ﬁ+(F+D+G)x2)
T

Nsegmems

6]

n

Here, the width, W, and the thickness, D, of the segment
are 1.5m and 1 m, respectively. The interval between the
adjoining segments is given as /. The number of the seg-
ments installed in one compartment is given as n. The
number of the segments in total, Nsegments, is 80. The thick-
ness of the heavy concrete wall, F, is 1 m. The gap be-
tween the segment and the wall, G, is 1 m. The height of
the compartment assumed as 22 m considering the space
for the installation device of the shipping cask [8].

The total floor space required for the storage of 80
segments is evaluated by Eq. (1), and the results are shown
in Fig.3. The total floor area for the temporally storage
becomes larger by increasing the number of segments in-
stalled in one compartment as shown in Fig. 3 (a). It is also
found that the curve of the graph has a downward con-
vex when the number of segments and/or the interval are
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Fig. 3 Total floor space required for temporally storage (a) ef-
fect of installation number, (b) effect of interval between
segments.

small. Then, there are some cases which can achieve the
space-saving by the installation of plural segments in the
compartment.

Figure 3 (b) shows the influence of the interval (1)
on the total floor area of the temporally storage. The ar-
rangement of the segments with smaller interval results to
smaller total area. The increasing ratio of the total floor
area by increasing the interval becomes larger when the
number of segments installed in one compartment is larger.
On the contrary, the influence of the interval on the total
storage area is negligibly small when the interval is less
than 0.5 m. The decay heat removal by flowing He should
be achieved even when the segments are installed with the
small interval. The conditions of the interval: / = 0.25m
and the gap: G = 1 m are selected as one example in the
current work based on above mentioned consideration.

3. Conceptual Design of Temporally
Storage Compartment in Hot Cell

3.1 Evaluation of space dose rate in tempo-
rally storage compartment in hot cell

Figure 4 shows the concentration of radioactive nu-
clides in the blanket and the back plate after the shut-
down, which were obtained by the neutronic calculation
by THIDA-2 code with the nuclear data library FENDL-
2.0 [5]. The radio nuclides, which mainly influence on the
dose rate and the decay heat, are 3Mn, YFe and *Mn.
>Mn has short half-life of 2.5785h. *Mn and >°Fe emit
gamma ray of 0.8 MeV and characteristics X ray of 6keV,
respectively. The contribution of latter one on the dose rate
and the decay heat is small. Therefore, the space dose rate
in the temporary compartment was evaluated as the seg-
ments emit 0.8 MeV gamma ray in the present work.

The wall of the compartment is made of a heavy con-
crete for the purpose of the radiation shielding. Table 2
presents the chemical composition of the heavy concrete.
The linear attenuation coefficient of the heavy concrete is

1x1012

E Back plate
1x107" g i

1x101°

1x10°

1x108 1 month

sec 1 min 1 hour

Blanket

7
1x10 1 day .

Induced radioactivity (Bq/cc)

X108 |

1x105 [ i

1x108  1x10®  1x10* 1x102 1
Time after shut down (year)

Fig. 4 Induced radioactivity of blanket and back plate.

Table 2 Chemical compositions of heavy concrete (wt%).

H 0O Mg Al Si_ K  Ca Fe
0416 50.7 0.115 0446 386 007 687 2.74

2405077-3



Plasma and Fusion Research: Regular Articles

Volume 11, 2405077 (2016)

(M (n

(Iv) (1:0.25m, G:1m)
P g

(1:0.25m, G:1m)

(1:0.25m, G:1m)

(1:0.25m, G:1m)

Ty

Dose rate (Gy/hr)

X [em) ‘ -500 ] o
x [em)

Fig. 5 Space dose rate on horizontal plane at level of 5 m from floor surface in compartment after one month of shut down, (I) 4 segments
installation, (II) 5 segments installation, (III) 8 segments installation, (IV) 10 segments installation, (V) 16 segments installation,
(VI) 20 segments installation and (VII) 5 segments installation with larger interval and gap.

estimated as 1.53 x 107! cm™'. The thickness of the heavy
concrete is 1 m, and then the energy of gamma ray can be
reduced to less than 1 eV by this heavy concrete wall.

The space dose rate in the compartment time is simu-
lated by the gamma ray transport calculation with PHITS
Monte Calro analysis code. The geometries are shown
in Figs. 1 and 2. The segments are cooled in the VV for
one month. Therefore, the gamma ray transport calcula-
tion was performed with the conditions, where the induced
radioactivity of the used segments corresponds to that after
one-month cooling in VV (Fig. 4).

Figure 5 shows some examples of the gamma ray
transport calculation of the temporally storage compart-
ment. Fig.5 indicated the distribution of the space dose
rate on a horizontal plane at the level of 5 m from the floor
surface. The total floor space of the temporary storage
area in these cases is indicated in Fig. 3 (a). The dose rate
around the center region is higher than the other part in the
compartment. The space dose rate in a backward space of
the back plate is lower than the other part. The space dose
rate in the backward space is lower than 250 Gy/h even at
the start of the temporally storage. Figure 5 (VII) shows the
distribution of the space dose rate when the segments are
installed with larger interval and gap. The backward space
of the segments with small dose rate is larger than that by
the arrangement with narrow interval and gap (Fig. 5 (I)).
However, total floor space of the temporally storage area

becomes larger as shown in Fig. 3 (b).

The pentagonal arrangement of the segments has the
advantage as all the diagonal lines between the segments
are the same length. These diagonal lines do not intersect
in one point. These features make the gentle distribution
of the dose rate in the compartment, and result to suppress
the formation of the hot spot in the compartment. This
feature may allow the margin for the consideration of the
dismantle procedures in the hot cell and/or the transport of
the dismantled segments. The calculation results for the
dose rate and the decay heat removal in the case of pentag-
onal arrangement of the segments in the compartment are
mainly reported in this paper.

Figures 6 (a-1) and (a-2) show the distribution of the
space dose rate in the compartment one month after the
shutdown of the reactor. The dose rate at the center re-
gion is higher than the other part in the compartment. The
dose rate in the center region has the peak around the
level of 5m from the floor surface, where is indicated as
Point D in Fig. 1. The dose rate in the VV of the ITER
after the plasma shutdown is estimated as 250 Gy/h, and
the in-vessel components are going to be maintained by
RH [4]. Therefore, it is assumed that the segments can
be monitored and dismantled by RH under the dose rate
of 250 Gy/h based on the technological basis for the ITER
RH. Figures 6 (b-1) and (b-2) shows the dose rate in the
compartment 10 years after the shutdown. The dose rate
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Fig. 6 Space dose rate of temporally storage compartment (a-1) X-Z cross section after one month from shutdown (a-2) X-Y cross section
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Fig. 7 Dose rate at center of compartment and at Point D in
Fig. 1 (b).

becomes lower than 250 Gy/h except for the center region,
and the distribution of the space dose rate becomes small.
Figure 7 shows the change of the dose rate at the Point
D with time. The space dose rate in all the part of the
compartment becomes lower than 100 Gy/h after the tem-
porally storage for 20 years.

3.2 Removal of decay heat in temporally
storage compartment of hot cell

Figure 8 shows the decay heat for one segment. Af-
ter the cooling of the segments in the VV of the reactor,
the used segments are transported from the reactor vessel
to the compartment using the shipping cask [8]. The to-
tal floor space of the temporary storage area is estimated
as less than 1500 m? (Fig. 3). For example, the maximum
moving distance of the segment in the temporally stor-
age area is roughly estimated as 77.5m (= 2 x V1500)
based on the assumption as the temporary storage area has
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Fig. 8 Decay heat of blanket and back plate in one segment.

a square shaped floor. It is assumed that the transport speed
of the segment by an overhead crane may not be less than
1 m/min considering the transport speed of the spent fuel
in the spent fuel reprocessing plant [10]. Therefore, the
time required for the segment transport must be less than
1.5hour. Then, the time for the transport of the segment
by the cask including the mounting and the dismounting of
the segment into/from the cask can be roughly estimated as
less than 5 hours. The temperature increase of the segment
by the decay heat in this procedure is less than 30 K.
Architectural Institute of Japan [11, 12] proposed that
the limiting temperature of the heavy concrete wall is
338 K. Therefore, the temperature of the heavy concrete
wall (T, in Fig. 1 (b)) in the temporally storage compart-
ment should be lower than 65 °C. The temperature of the
segments installed in the compartment is evaluated by the
CFD code PHOENICS. Here, the decay heat after the cool-
ing for one month (Fig. 8) in the VV is applied in the cal-

2405077-5



Plasma and Fusion Research: Regular Articles

Volume 11, 2405077 (2016)

Table 3 Thermal properties of materials used in layer structure of wall.

Material Thickness or size [mm] Thermal conductivity
[W/mK]
Lining 304 type austenitic steel 50 16.0
Heat insulator Glass wool 500 0.05
Heavy concrete  (See tablel) 50 1.2

Cooling pipe

304 type austenitic steel 1 inch tube (thickness: 1.2) 16.0

culation to check the coolability of the compartment. The
decay heat of the segment is removed by flowing He in
the compartment. The inlet port having a rectangular cross
sectional channel is located on the top of the compartment
as shown in Fig. 1 (b). Two outlet ports having a rectan-
gular cross sectional channel are located at the bottom part
of the side walls. The size of these ports is 1 m2. The
flow rate of the flowing He is 60 m?*/min. The wall of the
compartment has the layer structures as shown in Fig. 1 (b).
The thermal properties of the materials used in the wall
is summarized in Table 3. The coolability of the heavy
concrete wall is roughly evaluated with one-dimensional
model. Here, the Reynolds number of flowing water is
2567, and the bulk temperature (T} in Fig. 1 (b)) is 303 K.
Then, the surface temperature of the concrete wall (T, in
Fig. 1 (b)) can be kept as less than 313 K by the flowing wa-
ter, even when the temperature of the T, is 473 K. There-
fore, it is found that the temperature of the concrete wall is
kept at the temperature less than 313 K by the water cool-
ing.

Figure 9 shows the temperature distribution in the
compartment. The temperature of the back plates should
be lower than 550 °C to suppress the effect of this heat
treatment on their mechanical properties for their reuse. It
was found that the temperature of the segments was around
the 150 °C at the steady state condition.

4. Conclusion

The temporally storage area for the used blanket seg-
ments is conceptually designed to investigate in detail the
maintenance procedure of fusion DEMO reactor. Major
conclusions are follows;

(1) The used segments are stored dispersively in the plu-
ral compartments in the hot cell for the following dis-
mantling procedure. The total floor space required for
the temporally storage of 80 segments are estimated
as less than 1500 m?.

(2) The wall of the temporally storage compartment,
which is made of a heavy concrete, has high shielding
performance for the y ray emitted from the used seg-
ments. The linear attenuation coefficient of the heavy
concrete is estimated as 1.53 x 107! cm™!.

(3) The distribution of the space dose rate in the com-
partment, in which five segments were installed, was
evaluated by means of the gamma ray transport cal-
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Fig. 9 Temperature distribution in compartment by 5 segments
installation.

culation with PHITS Monte Calro analysis code. The
backward space of the segments has lower space dose
rate than that in the other part. This distribution is
due to the beneficial effect of the back plate as the
radiation shielding. The space is available for the in-
stallation of some devices required for the monitoring
of segment’s temperature.

(4) The space dose rate in the temporally storage com-
partment decreased according to the decay of the ra-
dioactive nuclides in the used segments. The space
dose rate in the compartment becomes lower than the
value proposed for the remote handling in the ITER
when five segments are cooled in the compartment for
10 years.

(5) The results of the thermofluid simulation using the
PHOENICS code showed that the decay heat dur-
ing the temporally storage of the segments can be re-
moved by flowing He. It was found that the segments
can be kept at the temperature lower than 550 °C to
suppress the effect of the heat treatment on the me-
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chanical properties of the back plate. Then, the reuse
of the used back plates in the other operation of the
reactor is available, and significantly reduces the gen-
eration of the low-level radioactive waste.
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