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Presentation Notes
I am Kazunari Katayama from Kyushu university. Today, I will talk about  Percolation behavior of tritiated water into a soil packed bed.

http://www.qpn.kyushu-u.ac.jp/lab5/right.html


Location 九州大学 

Fukuoka city 

Hakozaki Campus 
Ito Campus 

Chikushi Campus 

Research Institute for  Applied Mechanics (QUEST) 

Interdisciplinary graduate school of Engineering Science 

Tritium handling facility 

Kyushu Univ. 

(0.5Ci/y) Education for bachelor students 

(Prof. Tanabe, Prof. Yoshida, Prof. Zushi, Prof. Handa) 

Pork-flavored Noodle 

Spicy fish egg 
“Karashi Mentaiko” 

“Tonkotsu 
      ramen” 

Presenter
Presentation Notes
Kyushu university is in Fukuoka City in Kyushu Island. Fukuoka has some famous foods in Japan,  one of them is “Karashi mentaiko”. This is spicy fish egg. Second one is Tonkotsu ramen, this is pork-flavored noodle. If you have a chance to come to Fukuoka, please eat these foods. Kyushu University has some campus in and near Fukuoka city. Our laboratory belongs to Interdisciplinary Graduate School of Engineering Science in Chikushi campus. There is QUEST in this campus. Prof. Tanabe, Yoshida, Zushi, Hanada belong to same department. But our laboratory is located in Hakozaki campus, which have a Tritium handling facility. Hakozaki was main campus before New campus (Ito campus) was constructed. Now, Ito campus is main campus for Engineering faculty.
So, we often go to Ito and Chikushi for some meetings or education.


http://www.kyushu-u.ac.jp/access/images/access1.jpg


Introduction of laboratory 

Prof. : Satoshi Fukada 
Associate Prof. : Kazunari Katayama 

Master Course Student 2: 5 
Master Course Student 1 : 5 
Bachelor Student : 5 

Recent Subject of Research 

•Tritium behavior in Solid / liquid bleeder materials 
•Plasma wall interaction (tritium retention) 
•Tritium extraction by using plasma and permeator 
•Tritium penetration in concrete materials 
•Analysis of exhaust gas from cryogenic pump 

Engineering Official : Toshiharu Takeishi 

Energy chemical engineering course 

Prof.Fukada 

Katayama Dr.Takeishi 

九州大学 

Presenter
Presentation Notes
Official name of our laboratory is “energy chemical engineering course.”
Boss is Professor Fukada. Professor Nishikawa has been retired from Kyushu University, but Nishikawa-sensei comes to our laboratory 3 days a week and supports us still now.
Dr Takeishi is professional for tritium handling. He supports our tritium experiments.
Our laboratory consists of 4 staffs and 16 students. Unfortunately, there is no doctor course student now.
Research subjects are Tritium behavior in Solid/liquid bleeder materials, plasma wall interaction and so on.
Next, I will show you our research activities.

http://www.qpn.kyushu-u.ac.jp/lab5/right.html


Plasma wall interaction 九州大学 

0 200 400 600 800 1000
0.0

1.0

2.0

3.0  W deposit 
Plasma sputtering
10PaD2,200W
Ion flux:2.3×10^20 m-2s-1

Ion fluence:2.0×10^26 m-2

Ion energy:650eV (estimated)
Thickness:1.6µm(estimated)
Temperature:140oC

 W foil 
D ion irradiated
Ion flux:2.6×10^17 m-2s-1

Ion fluence:2.0×10^21 m-2

Ion energy:1000eV
Thickness:50µm
Temperature:20oC

W foil

W deposit

 

D 2 r
ele

as
e r

ate
 [×

10
17

 D
2/m

2 /s]

Temperature [oC]
0 100 200 300 400 500 600 700 800 900

0

2

4

6

8

10

12

14

16

400

600

800

1000

1200
 

Io
n c

ur
re

nt
 [p

A]

Time [sec]

W bulk
 mass 3
 mass 4

W deposition(Wd-1)
 mass 3
 mass 4

Temperature

Te
mp

er
atu

re
 [K

]

Deuterium release from W deposit  
Exposed to EAST D plasma 



Solid Tritium Breeder 九州大学 

I.C.1I.C.2

Bubbler

Cold Trap

Purge Gas

Sample BedCuO

H2/N2 Gas JRR-4, KUR

Experimental apparatus  
for Out-pile tritium release Interfacial 

layer
Surface 
water Gas flow

Grain

Isotope Ex 1

Water adsorption

Isotope Ex 2

Permeation

Coolant

Diffusion

H

T

T

T

T T
O

T

T

H T

H H

H

O T

O T

H

H

O
H

H
O

T

H H

H
O H

Water formation

Pipe

H T

T

H

H
T

H
O

T

H
O

T

desorption

dissolution

diffusion

O
T

O
T

Transfer

Li
OLi H Li mass transfer

Tritium release model
(developing)

50µm1µm

Pebble
surface

Grain

(Li2TiO3)
CEA

Neutron irradiation experiment 

0 1 2 3 4
0.00

0.05

0.10

0.15

LiAlO2 (JAERI)

Li2ZrO3 (MAPI)
Li2TiO3 (CEA)

Li4SiO4 (FzK)

Temperature10,000ppmH2O/N2 purge gas
in JAERI experiment

 

Time [hour]

Tr
iti

um
 co

nc
en

tra
tio

n 
[ µ

Ci
/cc

]

0

200

400

600

800
Te

m
pe

ra
tu

re
 [°

C]

The release curves can be simulated well. 

0 10 20 30 40 50
0.95

0.96

0.97

0.98

0.99

1.00

0

200

400

600

800

1000

Sample:Li2TiO3
10000ppmH2/Ar                          500ppmH2O/Ar
    JAEA(Li added)(30µm)     JAEA(Li added)
    NFI(5µm)
    CEA(1µm)

Temperature

 

To
tal

 m
as

s l
os

s, 
m

/m
0 [

g/
g]

Time [hour]

Te
m

pe
ra

tu
re

 [o C]

Study on lithium evaporation is ongoing. 

Presenter
Presentation Notes
We have been developing tritium release model from solid breeder materials by the basic laboratory experiments and neutron irradiation experiments. Our model takes into consideration diffusion in bulk and mass transfer in interfacial layer and 4 kinds of surface reaction, Adsorption/desorption, isotope exchange reactions with H2 and H2O and water formation reaction. In this figure, solid curves are experimental results and dot curves are calculated ones. As you can see here, our model can simulate tritium release from 4 kinds of solid breeder materials well. Recently, we started JAEA collaboration for lithium evaporation and its effect on tritium behavior. This figure shows lithium mass loss from three kinds of Li2TiO3 at 900oC under hydrogen atmosphere and water vapor atmosphere. It was found that lithium mass loss under hydrogen atmosphere is mainly caused by the reaction with water vapor released from lithium ceramics.



Liquid Tritium Breeder 九州大学 
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We also study about tritium behavior in Liquid tritium breeder, Li, PbLi and Flibe. For example, we observe the permeation behavior of hydrogen isotopes through PbLi  using an experimental apparatus like this and quantified solubility and diffusivity. We are joining the Japan-US collaboration ‘TITAN project’. I went to Idaho national laboratory to performed Li Pb permeation experiment using high concentration tritium. In this winter, I will go to INL again to complete tritium experiment.



Tritium in Concrete materials 九州大学 

Ettringite is a hexacalcium aluminate trisulfate hydrate, (CaO)6(Al2O3)(SO3)3 · 
32 H2O, or (CaO)3(Al2O3)(CaSO4)3 · 32 H2O.

Cement paste Mortar Concrete

+ Sand + Gravel Concrete

+ Sand Mortar Collaboration with JAEA (TPL) 

D2O permeation in cement paste. 
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Tritium penetrations 
from the bottom surface

Exposed time: 6 months
Tritium conc.: 740-1110Bq/cm3

Temperature: 288-298K
Partial pressure of water vapor: 987Pa
Thickness: 10cm
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Presenter
Presentation Notes
Tritium confinement technology is very important for fusion safety. We have carried out study about tritium behavior in concrete materials. Concrete materials are porous and contain a lot of water. We have investigated permeability of H2O and D2O. Permeation of D2O is slower than that of H2O because a lot of deuterium was trapped in the concrete materials by the isotope exchange reaction. In the materials containing hydrogen, understanding of isotope exchange reaction is very important. Eventually, the diffusion coefficient of T2O was investigated using tritiated water vapor under JAEA collaboration.

During core sampling and cutting, tritium contaminated dust is scattered around atmoshpere. So, we put on the overalls.
Tritium diffusivity of cement paste, mortar and concrete was obtained.



Study on T in Soil 
Kyushu University 

In addition, it is important to assume an severe 
accident including tritium leak to the environment. 

Development of tritium confinement system 

In tritium handling facility,  
tritium is confined by multiple 
confinement system. 

Under the concept of Defense 
in Depth, 
Research and Development of 
high-reliable confinement 
system has been performed 
in the past. 

Presenter
Presentation Notes
In tritium handling facility, tritium is confined by multiple confinement system, under the concept of Defense in Depth. Research and development of high-reliable confinement system has been performed in the past.
In addition to these R&D for tritium confinement, it is important to assume an severe accident including tritium leak to the environment.



Introduction-II 
Kyushu University 

A large amount of cooling water is used 
in a D-T fusion reactor.  

The cooling water will contain 
tritium with high concentration 
because tritium permeates metal 
walls easily at high temperature. 

Many Air Clean-up System are installed. 

A large amount of tritiated water 
is generated by the re-generation 
process of adsorption bed. 

Fusion facility has huge tritiated water. 

Studies on tritium behavior in the air and the 
surface  of ground have been done in the past.  

TRIDOSE(JAERI) ETMOD(Canada) TRIMOD(France) UFOTRI(Germany) 

In this study, we focused on trtium behavior 
in soil.  Tritium penetration behavior was 
investigated. 

Presenter
Presentation Notes
In fusion facility, a large amount of cooling water will be used. And the cooling water contains tritium with high concentration because tritium permeates through metal wall at high temperature. 
Many air clean-up system will be installed. This indicates that a large amount of tritiated water is generated by the re-generation process of adsorption beds. 
Studies on tritium behavior in the air and the surface  of ground have been done in the past for the case of tritiated gas is released to the environment. 
However, the case that a large amount of tritiated water is released to the environment has not been discussed to data. So, We focused on tritium behavior under the ground, and in this work, tritium penetration experiment into the soil packed bed.




Sample soils 
Kyushu University 
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1：Dirt walkway (near pool) 
2：Trees near main gate  
3： Dirt walkway (near IR center) 
4： Pine trees  (Dep.Agri) 
5： Trees near (Dep.Arts) 
6：Sports ground 

Sample soils were picked up at 6 locations  
in the HAKOZAKI-Campus of Kyushu University. 

Presenter
Presentation Notes
There are many kind of soil in the world, but we start experiment for the soil in my university.
Sample soils were picked up at 6 location in the Hakozaki-campus of Kyushu university. Three of locations were Trees or garden. Others two were picked up at dirt walkway. And one were from sport ground.
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Obtained particle densities were in the range of normal soil density, 
2.5～2.8g/cm3. 

  Water content in atmosphere was approximately proportional to   
  BET surface area. 

1：Dirt walkway (near pool) 
2：Trees near main gate  
3： Dirt walkway (near IR center) 
4： Pine trees  (Dep.Agri) 
5： Trees near (Dep.Arts) 
6：Sports ground 

Kyushu University 

Presenter
Presentation Notes
Obtained particle densities indicated in Led symbol in this figure, were in the range from 2.5 to 2.8 g/cm3 that is good agreement with normal soil density. Water content is indicated by light blue bar and BET surface area in indicated by blue symbol. It seems that water content and BET surface area is correlate. So this is a plot of water content as a function of BET surface area. It can be said that water content in atmosphere is approximately proportional to  BET surface area.



T concentration in effluent water was measured by LSC 

Fluororesin Tube（ID:2.2cm,L:30cm） 

Sample 1 2 3 4 5 6 

Weight[g] 49.3 28.5 19.1 25.6 29.5 38.3 
Porosity [-] 0.31 0.51 0.35 0.6 0.35 0.4 
Tritium [MBq/cc] 0.87 0.58 0.27 1.15 0.45 0.55 

Kyushu University 

HTO percolation experiment 

Presenter
Presentation Notes
Next, I will explain tritiated water percolation. Soil sample was packed in to a fluororesin tube. 
Sample weight are from about 20g to 50g. Porosity in bed is about 0.3 to 0.6. Tritium concentration in input water were from 0.27 to 1.15 Mbq/cc.
And tritiated water was poured into the bed from top of the tube in grove box. The weight of effluent water was measured by electric balance and its was periodically sampled and tritium concentration was measured by LSC. 



  Percolation rate differed with samples. 

Percolation rate depends on soil particle property. 

Tritium was retained in the soil packed bed. 

  T concentration in the effluent water is lower than input one.  
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HTO percolation experiment 
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Presenter
Presentation Notes
This figure shows the change of tritium concentration in the accumulated water. Tritium concentration at first was low and gradually increases to initial concentration. This indicate tritium was trapped in the bed. This figure indicates the change of effluent water with time. Percolation rate of water is greatly different. But it is independent of bed porosity. Percolation rate may depends on soil particle property.



Percolation rate 

Water flow in saturated soil →Darcy’s law 
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Presentation Notes
Under the experimental situation, water flow in saturated soil follows Darcy’s low. So, the hydraulic conductivity representing the percolation rate is obtained from this equation. The change of water height was monitored by video camera during percolation experiment. The change of water height of sample 1 and 4 are shown in this figure. It was found that percolation rate of sample 4 is faster than that of sample1. by fitting method, hydraulic conductivity was obtained. There is a model for estimation of hydraulic conductivity relating to particle distribution. The obtained two values are good agreement with greager’s values.



Tritium retention ratio is larger than water retention ratio. 

Sample 1 as an example 

Water and Tritium Retention ratio  

Tritium sorption via isotope exchange reaction. 

Water balance [g] Tritium balance [MBq] 

Input                      58.2 50.7 
Effluent                 36.9 31.0 
Sampling               9.5 2.66 
Retention in bed  11.8 17.1 
Retention/Input [%] 20.3 33.7 

sample 1 2 3 4 5 6 

W retention ratio [%] 20.3 15.5 8.44 14.3 16.2 22.4 

T retention ratio [%] 33.7 17.1 12.1 18.2 17.3 27.2 

T/W 1.66  1.36  1.27  1.21  1.66  1.36  

Water & Tritium balance 
Kyushu University 

Presenter
Presentation Notes
Water balance and tritium balance were calculated from experimental data. As you can see here, water and tritium balance for sample 1. 20.3% of water to input water was retained in the bed. On the other hand, 33.7% of tritium to input tritium was retained in the bed. This result indicates that tritium was trapped in soil packed bed not only by adsorption and absorption as water but also by isotope exchange reaction.
Results of 6 samples are summarized in this table. For all sample, tritium retention ratio is larger than water retention ratio.



HT ratio of the water trapped in the soil is assumed to be 
balanced with HT ratio of the supplied water. 

T conc. in the supplied water 
0.87MBq/cc → HT ratio:1.37×108 

Isotope exchange capacity : 8.79×10-3 mol-T20/g 

Sample weight：49.3g BET surface area：1.044m2/g 

17.07MBq－（0.87MBq/cc×11.8cc） 
=6.80MBq 

T in the retained water T total retention 

Isotope exchange capacity 
Kyushu University 

Sample 1 

T in soil particle 

Presenter
Presentation Notes
Here, isotope exchange capacity is estimated as follows.
HT ratio of the water trapped in the soil is assumed to be balanced with HT ration of the supplied water.
For sample 1, HT ratio of input water is 1.37 cross 10 to 8.
Tritium trapped in the soil was obtained subtracting tritium in water from tritium total retention.
As a consequence, isotope exchanger capacity was estimated as shown here.




*Furuich, et al.,J .Nucl.Mater. 
367-370(2007)1243-1247 

HTO water 

   Each sample soil has different isotope exchange capacity which   
   is independent of BET surface area. 
  Isotope exchange capacity in soil is comparable with  
  concrete materials or more.  

IE capacity in soil 
Kyushu University 
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Presenter
Presentation Notes
Obtained isotope exchange capacities  per gram for each sample are compared in this figure. Sample 3 and 4 have high capacity and others have the capacity same as concrete material which have a large structural water. This figure shows capacity per m2 as a function of BET surface area. The IE capacity is seems to be independent of surface area.



Sample Tritium removal ratio 
[%] (residual) 

1            79  (21) 
2            40  (60) 
3            66  (34) 
4            96  ( 4) 
5            91  ( 9) 
6            90  (10) 

T released 
T before purge 

Water purge 
Kyushu University 

After the outflow of tritiated water stopped, distilled water was 
supplied to the soil packed bed. 

0 20 40 60 80 1000.00

0.25

0.50

0.75

1.00

1.25

 

 

Tr
iti

um
 co

nc
. [

M
Bq

/cc
]

Time [min]

 sample1
 sample2
 sample3
 sample4
 sample5
 sample6

Tritium removal ratio is greatly different in each sample soil.  
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Presentation Notes
Next is tritium removal from soil. After the flowout of tritiated water was stoped. Distilled water was supplied to the soil packed bed. This is a tritium concentration in the accumulated water. Tritium removal ratio is greatly different in each sample soil. For sample 4, 96% of tritium retained was removed for sample 4 but only 40% of tritium was removed for sample 2. This result indicated that tritium removal from soil by water purge  at room temperature is difficult.



Water in Soil 
Kyushu University 

(1) Adsorbed water（H2O）released@100-300oC 
(2) Interlayer water（H2O） released@100-300oC 
(3) Structural water（OH） released over 500oC 

Majority of clay mineral consists of sheet silicate. 

Kaolinite 

E.A. Kalinichenko, et al.,Clay Minerals, 37 (202) 497-508 
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Presenter
Presentation Notes
Basically, clay mineral contained in soil has three kinds of water. This water relates to tritium sorption and desorption behavior. Majority of clay mineral consists of sheet silicate. It has been found that adsorbed water and interlayer water are released at 100~300C and structural water is released over 500oC. This is a example of water desorption in the soil. Two large peaks appeared. The low temperature one is adsorption and interlayer water and higher one is structural water. I think that the water adsorbed near surface is easily removed by water purge by isotope exchange reaction, but Desorption of interlayer water and structural water is slow because water migration in the inter layer is slow.



Tritium was gradually released from soil by heating. 
Only 30% of the estimated tritium amount in the soil was released. 

Heating at 300oC 
Kyushu University 

0 20 40 60
0

10

20

30

40

50

60

70

Temperature

 

Time [h]

Am
ou

nt
 o

f t
rit

iu
m

 [k
Bq

] Tritium in soil

0

100

200

300

 
Tem

perature [ oC]

70% 

The released tritium would be trapped as adsorbed water and 
interlayer water. The higher temperature is necessary to remove T. 

30% 

Soil sample 6 containing T was heated in wet argon to 300oC. 

Presenter
Presentation Notes
This figure indicates tritium release from sample 6 by heating to 300oC. The tritium retention estimated from tritium balance is here. But the released tritium is only 30%. 70% of tritium will be trapped in structural water.



For 6 soil samples in campus of Kyushu University, percolation  
behavior of tritiated water in soil packed bed was observed. 

Summary 
Kyushu University 

・Retention ratio of tritium in soil is larger than that of water  
because of isotope exchange reaction with supplied T and H 
in soil. 

 ・Each sample soil has different isotope exchange capacity which     
    is independent of BET surface area. 

 ・Tritium retained in soil was not completely removed only by 
   water purge.  Heating is needed to remove tritium left in soil. 



Thank you for your attention! 
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