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It is essential from the viewpoint of fusion safety to confine and remove tritium in a
room since tritium handling room is placed as ‘final barrier’ of fusion plant to prevent the
environmental discharge of tritium. At the Tritium Process Laboratory (TPL) of Japan Atomic
Energy Agency (JAEA), the application of our original three-dimensional TBEHAVIOR code to
the tritium behavior in a room of 3000 m’ was verified. The Renormalization Group Theory
(RNG) model was selected as Low-Reynolds model for practical calculation time as well as to
reasonable precision in evaluation of velocity from the engineering viewpoint. A series of
evaluated results indicated that a flow adjacent to a wall surface plays an important role for
tritium transport in a ventilated room. Evaluation of attenuating behavior is further important
since the ventilation is normally stopped for the tritium confinement in the case of tritium
leakage. We demonstrated that an attenuating behavior can also be evaluated well by the
TBEHAVIOR code. Even an attenuating or stagnant flow of less than 10mm/s in a room mixed
tritium concentration uniform promptly. The presence of apparatuses in a room did not generally
affect tritium behavior. Although the effect of buoyancy was limited to the initial period after
the leak, the spread of tritium was promoted by buoyancy. It led to the shortening of elapsed

time until the concentration became uniform.
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1. Introduction

A feature of fusion site is that fusion tritium fuel will be handled in a broad
area of the site. The site inventory of tritium will reach a few kilograms. Radiological
safety for workers and for surroundings is thus the most important matter for
consideration. Only a small number of tritium research facilities for fusion fuel handling
are dotted in the world. In the facilities, tritium has been handled safely with the
common multiple confinement concept. In the concept, each confinement barrier has
individual confinement and detritiation system to confine and remove tritium efficiently
in case of an accidental tritium leakage. There are some limited data on tritium
confinement and detritiation up to secondary confinement such as gloveboxes and
hoods . Only a little fragmentary data on tritium confinement and detritiation in final
confinement such as tritium handling rooms is reported as incidents though such an
accident has not experienced in Japan *. It is needless to say that the soundness of the
confinement and detritiation system for final confinement is an important key for site
licensing. Understanding of three-dimensional tritium behavior in a room of a few
thousand m® or more is thus inevitable matter for the suitable design of the confinement
and detritiation system considering an arrangement of tritium monitors and ducts.

From this background, the systematic numerical study on tritium behavior in a
room has been conducted at the Tritium Process Laboratory (TPL) of Japan Atomic
Energy Agency (JAEA), At the TPL, the Caisson Assembly for Tritium Safety study
(CATS) with a 12m’ airtight vessel called “Caisson” was also installed to acquire the
actual data on tritium behavior in a simulated room™'”. Our original three-dimensional
‘TBEHAVIOR’ code has been developed and improved based on the observed data in
the Caisson with integrating a lot of tritium related phenomena into the code 'V '?.
Tritium behavior in the Caisson has been explainable by the ‘TBEHAVIOR’ code. A
remaining matter for consideration is whether the code is applicable to the tritium
behavior even in an actual-scale room of a few thousand m® or more.

To verify the application of code to the tritium behavior in an actual room, we
confirmed the precision in velocity by the code under gentle ventilation first. A
numerical three-dimensional velocity distribution in the ventilated Caisson was
compared with corresponding experimental observations. What is further important is

an attenuating behavior since the ventilation is stopped for the tritium confinement in
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the case of an accidental tritium leakage. A numerical attenuating behavior in the
Caisson was compared with corresponding experimental observations. The eddy
viscosity model was thus scrutinized. Application of the code was furthermore verified
by comparison with the data on tritium behavior observed in the radiologically
controlled room of 3000 m® at Trititum System Test Assembly (TSTA) at the Los
Alamos National Laboratory (LANL) under the US - Japan collaboration ' '¥. Three
cases of experiments were conducted. In the Case 1, the released point of tritium was a
corner of the room to make clear the effect of surrounded apparatuses on the behavior.
In the Case 2, tritium was released from almost center of the room where a flow is weak
and stagnant. In the Case 3, plenty of deuterium-diluted tritium was released from the

same point of Case 2 to investigate the effect of buoyancy on the behavior.

2. TBEHAVIOR Code and Simulated Tritium Handling Rooms
Figure 1 shows a mesh partition model of the Caisson for numerical
evaluation > 'V, Systematic study on tritium behavior in a ventilated Caisson has been

5)-10 .
10 Caisson was

conducted to simulate the tritium leakage in a ventilated room
ventilated by a single exhaust duct and a single supply duct through the ventilation
system called air cleanup system (ACS). The ducts projected at 0.09m below the roof.
Simulated emergency isolation valve is installed in the ACS line for the demonstration
of tritium confinement. Six stationary ion chambers called TM0-TMS5 and one movable
ion chamber called TM6 were installed in Caisson for tritium concentration monitoring.
Nitrogen-diluted tritium filled in the stainless container was remotely released and
purged by nitrogen to ensure the tritium was swept from the container. As for the mesh
partition shown in Figure 1, the Caisson was divided into 38 meshes in x direction, 43
meshes in y direction and 31 meshes in z direction. The coordinates of ducts and
monitors were reported elsewhere'". How the tritium was released into Caisson affected
trittum mixing behavior. It was strictly considered using the Residence Time
Distribution function '?.

Figure 2 shows a mesh partition model of radiologically controlled 3000m’
tritium handling room called ‘main cell’ at TSTA in LANL. The room composes of a
space of 12.00 m", 29.00 m® and 8.50 m"™ and the hollows. It has 3000 m’ of
approximate volume in total. The room was ventilated by six supply ducts and six

exhaust ducts. Nine ion chambers were installed in the room for tritium monitoring. In
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the intended tritium release experiments in the room, trittum was released immediately
just after the stop of ventilation. Information on the ventilation condition is listed in
Table 1. As for the mesh partition model shown in Figure 2, the room was divided into
26 meshes in x direction, 63 meshes in y direction and 30 meshes in z direction. The
coordinates of ducts and monitors were listed in Tables 2 and 3. Apparatuses in the
room were not taken into consideration in the model shown in Figure 2.

The TBEHAVIOR code is based on three-dimensional turbulent flow model '".
The basic equations of the TBEHAVIOR consist of the equations of eddy motions, the
continuity equation and diffusive equation. As for the equations of eddy motions,
Low-Reynolds model was incorporated in the k- ¢ equations in order to consider the
effect of wall viscosity on the tritium behavior. Four different eddy viscosity models are
incorporated in the TBEHAVIOR code, which are Standard [Launder-Spalding]

115) 116) 1 17)

model ~’, Launder-Sharma model ™, Chien mode

Theory (RNG) model'?.

and Renormalization Group

3. Results and Discussion
3.1 Precision in velocity evaluated by TBEHAVIOR code

Figure 3 shows a typical shot of tritium distribution in a ventilated Caisson in
case of a tritium leakage. We see from a series of shots that leaked tritium forms a
plume and it transfers especially along the flow adjacent to wall surface in a ventilated
Caisson. Precision in velocity distribution adjacent to the wall surface is thus important
in numerical analysis of trittum behavior. We need to incorporate the Low-Reynolds
model in the k- ¢ equations for this reason. As for the Low-Reynolds model
considering the wall viscosity, the adoption of wall functions in the k- ¢ equations is
popular in academic study on turbulence. In this case, we need simultaneously to
subdivide the mesh especially adjacent to the wall surface for the ‘wall functions’ to
improve the precision of the evaluation. Accordingly, huge numbers of mesh volume
were required to apply the model to a large-scale ventilated room and it led to the
enormous calculation time to evaluate the tritium behavior in a long haul even though
precision in velocity especially adjacent to the wall surface was satisfactory. From the
viewpoint of engineering use of a code of this sort, we attach great importance to
practical calculation time as well as to reasonable precision in evaluation. To manage

both practical calculation time and reasonable precision in evaluation, the RNG model
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has thus been adopted for eddy viscosity model in our numerical study on the evaluation
of tritium behavior since ‘wall functions’ are not incorporated in the RNG model.

As for the validity of RNG model especially for the evaluation of velocity
adjacent to the wall surface, Figure 4 shows a typical observed velocity distribution
along x direction in the Caisson under 50m’/h of ventilation flow rate and the
corresponding evaluated results. The velocity distribution was measured by hot-wire
anemometers. The velocity distribution, especially adjacent to the wall surface,
evaluated by RNG model was consistent well with the experimental observations. The
validity of RNG model especially for the evaluation of velocity adjacent to the wall
surface was thus verified through a series of comparative study between experimental
and numerical'".

As for the evaluation of dynamic behavior of velocity using RNG model, Figure
5 shows a typical observed attenuation of velocity at (x,y,z = 0.606, 0.585, 2.150) and
the corresponding evaluated results after the stop of 50m>/h ventilation. The attenuating
velocity was measured by hot-wire anemometers. The velocity distribution evaluated by
RNG model was also consistent well with the experimental observations. The validity
of RNG model for the attenuating velocity was thus verified through a series of
comparative study.

The study made clear that the flow adjacent to a wall surface plays an important
role for the tritium transport in a ventilated room. The Renormalization Group Theory
(RNG) model was selected especially for practicable calculation time as well as
reasonable precision in velocity especially adjacent to the wall surface. The velocity
distribution in a ventilated room as well as the attenuation of velocity was well

evaluated by the TBEHAVIOR code.

3.2 Application of the code to the tritium behavior in a fusion plant
A matter for consideration is whether the code is applicable to the tritium
behavior even in an actual room of a few thousand m’ or more. A comparative study on
tritium behavior was conducted between experimental observation in the 3000 m® room
and the corresponding evaluated results.
The graphs (a) and (b) in Figure 6 show the experimental observation in the
Casel and its corresponding evaluated result, respectively '». The 3.7 ¥ 10" Bq of pure

tritium was intentionally released from the Point A in Figure 2 with purging by nitrogen
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gas with the velocity of 0.2 m/s in 10 seconds. The point A is near a corner of the room
and some apparatuses were surrounding here. Furthermore, the velocity around the
point was stagnant even during ventilation. Since the ventilation was intentionally
stopped just before the tritium was released into the room, tritium plume was spread by
the ‘attenuating flow’ as well as the purge flow. Tritium behavior leaked from the Point
A was thus difficult to evaluate with the code. Figure 7 shows the particle plots for the
visual understanding of evaluated tritium behavior of Case 1. From the comparison
between calculated result and experimental observation in Figure 6, the time until all
monitors became their uniform values (—2400sec) and stable concentrations (—1.0X
10" Bq/m’®) were in satisfactory agreement between them. What is significant judging
from the numerical results is that even a weak attenuating flow less than 10mm/s after
the stop of ventilation made tritium concentration uniform promptly. As for the
behavior of RM-9 that was placed at the most distant point from the point A, the
behavior was still consistent well. As for the behavior of RM-1 and RM-2 that were
close to the point A, each maximum concentration was consistent. Nevertheless, their
elapsed time at maximum concentration and subsequent behavior were slightly different.
This difference was naturally due to our proposed simulation procedure that the
presence of apparatuses in the room was not considered in the mesh partition model.
The most important point shown in Figure 6 is that the effect of apparatuses on the
tritium behavior was dominant only to a limited area as long as they were not apparent
barriers to the movement of tritium plume. The presence of apparatuses did not
generally affect tritium behavior since the volumetric ratio of apparatus to the total
volume of the room was small. Numerical study on tritium behavior in an actual-scale
tritium handling room always gets into difficulty since the calculation time becomes
unbearably long due to the subdivided mesh that reflects the presence of apparatuses.
The proposed method is not somewhat strict, the result however indicates that the
outline of tritium behavior in a room can be practically evaluated. As for the behavior of
RM-5, its vibration was in good agreement. The location of RM-5 was near the center
of the room and the flow around here was stagnant. This agreement thus shows that the
tritium behavior in a room can be practically evaluated by this code.

Tritium release in the stagnant flow is one of the most feasible scenarios as an

unexpected tritium leakage. Case 2 was also performed to discuss how the tritium was
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spread in a stagnant flow. The 3.7 X 10" Bq of pure tritium was intentionally released
from the Point B in Figure 2 with purging by nitrogen gas with the velocity of 0.2 m/s in
10 seconds. The graphs (a) and (b) in Figure 8 show the experimental observation in the

Case 2 and its corresponding evaluated result, respectively'".

The time until all
monitors became their uniform values (—2400sec) and stable concentrations (—1.0X
10" Bg/m®) were in good agreement between them. Although the stagnant flow further
attenuated after the stop of ventilation, trittum was still mixed promptly by the
attenuating flow. As for the behavior of RM-9 that was most distant from the point B,
the behavior was still consistent well. On the other hand, the tritium behavior at the
point close to the leakage is generally difficult to evaluate since an intricate movement
of plume just formed should be simulated. We see from Figure 8 that the observed
maximum concentrationof RM-5 (1.74 X 10® Bq / m’) was well evaluated even though
the monitor was the closest from the point B. The behavior of RM-1 and RM-2 was also
practically evaluated even with our proposed procedure that the presence of apparatus
was not considered in the mesh partition model.

In case of a large amount of trittum leakage, buoyancy due to the large density
difference between tritium and atmosphere affects tritium behavior. Case 3 was
performed to discuss the effect of buoyancy on tritium behavior. In this experiment, the
3.7% 10" Bq of pure tritium was previously diluted by 4 normal liters of deuterium in
the tritium container (volume: 2 liters) to simulate a large amount of tritium leakage.
The gas was released from the Point B in Figure 2 with purging by nitrogen gas with the
velocity of 4.07m/s in 300 seconds. The graphs (a) and (b) in Figure 9 show the
experimental observation in the room and its corresponding evaluated result,
respectively '¥. The time until all monitors became their uniform values (—600sec) and
stable concentrations (—1.0X 10’ Bg/m®) were in good agreement between them. The
outline of tritium behavior was practically evaluated by the proposed method judging
from the behavior of each monitor. Although the effect of buoyancy was limited to the
initial period after the release, the spread of tritium was promoted by buoyancy. It led to
the shortening of elapsed time until the concentration became uniform.

The evaluation of tritium behavior in a ventilated 3000 m® room were consistent
with the experimental observations in all our planned cases. The preceding results prove
that the “TBEHAVIOR’ becomes a practical code to evaluate leaked tritium behavior in

3
a room of a few thousand m” or more.
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4. Conclusions

The application of three-dimensional TBEHAVIOR code to the trittum behavior

. 3 . .
in a room of 3000 m~ was verified. The conclusions are as follows.

1))

2)

3)

4)

5)

A series of evaluated results indicated that a flow adjacent to a wall surface plays
an important role for tritium transport in a ventilated room. The Renormalization
Group Theory (RNG) model was selected as Low-Reynolds model for practical
calculation time as well as to reasonable precision in evaluation of velocity from
engineering viewpoint.

Evaluation of attenuating behavior is important since the ventilation is normally
stopped for the confinement in the case of an accidental tritium leakage. An
attenuating behavior can also be evaluated well by RNG model.

The effect of apparatuses on tritium behavior was dominant only to a limited area
as long as they were not apparent barriers to the movement of tritium plume. The
presence of apparatuses did not generally affect tritium behavior since the
volumetric ratio of apparatus to the total volume of the room was small.

Even an attenuating or stagnant flow of less than 10mm/s in a room mixed tritium
concentration uniform promptly.

Although the effect of buoyancy was limited to the initial period after the release,
the spread of tritium was promoted by buoyancy. It led to the shortening of

elapsed time until the concentration became uniform.
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Table 1 Ventilation conditions of TRE at the TSTA in LANL

Before TRE After TRE started
Flow rate [m’/s] Flow rate [m’/s]
(velocity [m/s]) (velocity [m/s])
Supply Duct 0.743 / each duct 0
(3.000) (0)
Exhaust Duct 1.082 / each duct 0
(5.176) (0)
Through the joints 1.356 0
between roof and walls
Through the holes 0.678 0
on the walls

Table 2 Locations of ducts in the Main Cell of TSTA

X [m] y [m] z [m]

Supply Duct 1 7.60 4.53 4.00

Supply Duct 2 7.60 8.46 4.00

Supply Duct 3 7.60 12.49 4.00

Supply Duct 4 7.60 16.51 4.00

Supply Duct 5 7.60 20.40 4.00

Supply Duct 6 7.60 24.47 4.00

Exhaust Duct 1 1.60 4.53 8.50
Exhaust Duct 2 1.60 8.46 8.50
Exhaust Duct 3 1.60 12.49 8.50
Exhaust Duct 4 1.60 16.51 8.50
Exhaust Duct 5 1.60 20.40 8.50
Exhaust Duct 6 1.60 24.47 8.50

Table 3 Locations of release points and tritium monitors in the Main Cell of TSTA

X [m] y [m] z [m]

Tritium Release Point A 1.95 15.21 0.75
Tritium Release Point B -3.15 0.50 -1.22
RM 1 -0.50 6.60 3.68

RM 2 -2.30 9.30 -0.62

RM 3 -3.90 12.30 3.48

RM 4 3.70 5.90 0.78

RM 5 1.40 14.40 0.78

RM 6 5.02 5.18 0.66

RM 7 3.90 21.40 3.08

RM-8 -2.40 0.50 -1.22

RM-9 7.10 25.00 0.28
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Figure 3 Typical shot of tritium distribution in a ventilated Caisson
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Figure 5 Observed attenuation of velocity and the corresponding evaluated results
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and its corresponding evaluated result
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Figure 7 Particle plot of tritium for the visual understanding of tritium behavior

in the first TRE
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and its corresponding evaluated result
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