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Estimation of Solid Waste Generation

- This figure shows the time change of the volume of solid waste in temporary storage facility.
- If any measures to volume-reduce the solid wastes are not taken, total volume of solid wastes
will be increased to about 750,000 m? by 2028.

Year

G 2014 | 2015 | 2016 | 2017 | 2018 | av1o | 2020 | 2021 | 072 2073 | 2024 | 2025 | 2026 | 2027

900,000

¥ Combustion of spent protect closing was started on March, 2016
800,000

3

i¥) Fuel debris is not included in

E

g

=

B "

-43 700,000 the future estimation

S 500000 -
> >30mSv/’h
‘T 500000 1 to 30mSv/h
s D.1 to ImSv/h
g_‘ 400,000

= L Rubble
& 300000 0.005 to 0.1mSv/h
s

o 200000

5 <0.005mSv/h _
S

* Rubble means solid wastes including contaminated metal, concrete and soil

Ref. RREN BEE—EREFARBHR(OF) OELEE 4
THRETHIERREEZEMOEREICDOLNT (20165%4A)



Estimation of Solid Waste Generation with Volume-reduction Measures

- Several volume-reduction measures such as combustion of cut tree and protective closing and
the volume reduction of rubble, are considered. If these measures are attained, the volume of
solid waste in temporary storage facility can be reduced. The temporary storage of solid
wastes except low-radiation rubble will be ended by 2026.

_ Year
en :
LR 2014 2015 20162017 2018 2019 2020 2021 202212023/2024 2025 2026|2027
2 900,00 We need volume-
b 800,000 - Cut tree ’_‘ Protect closing 1 to 30mSv/h reduction
§ B O-ltolmSvh 0.005 to 0.1mSv/h technology of
- o i <0.005mSv/h - Contaminated Soil solid wastes
g 600,000 ]
% 500,000 —-| Volume-reduction of rubble starts from I2020
o Combustion of cut tree and protect
a 400,000 closing starts from 2019
£ 300000 AR RET SR
)
~
S 200,000
qé A
E 100,000 =
S 0

Ref. RAEN BEH
The storage of spent Development of BT HEEF(1F)
protect closing will contaminated DELIEECRET S
be ended until 2021 soil treatment Bk @ﬁq%@gﬁ,:g
technology LT (2016%54A4)




Release of Radioactive Nuclides to Environment

Release to atmosphere

Cs-134,Cs-137

Nuclear Power

® (s and I were released to the atmosphere by the explosion of reactor
buildings and fallouts of radioactive elements contaminated widely in

Eastern Japan.

® A short-lived nuclide, I-131, has already decayed. Nowadays Cs-134
and Cs-137 are main radioactive nuclides of environmental pollution.

Total amount of released 13’Cs : 15 PBq ¥*Cs : 18 PBq

1PBq=10'°B
Data By Nuclear and Industrial Safety Agency (2011) 1 i
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Circumstance of Cs deposition in Eastern Japan

= Y TR
‘ . : Koriyama city

Fukushima city l Fukushima city l
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Air dose rate [uSv/h]

: & B

A ! litate village
Fukushima Fukushima
Daiichi NPP |, Daiichi NPP |

April 29, 2011 September 28, 2013

The width of plume becomes narrower as time elapses Radioactivity of 1*7Cs and **Cs
1s reduced by not only the physical decay, but also the weathering effect such as wind

and rain. The decreasing rate of the radioactivity is faster than that by the physical
decay.



Classification of Contaminated Waste (2011)

Fukushima Pref. Outside Fukushima Pref.
Specified
Specified Waste
P Waste
i Waste from Designated Wastes |  Soil and waste Soil and waste
Hmicaty . (Paddy straw and wastes
of Waste Contaminated waste eneratod Bom s nd generated by Only generated by
management area | sewage facilities and waste | decomtamination | designated | decomtamination
( Wastes from restricted | incineration facility, whose waste
areas and deliberate radiation doses are above
evacuation areas ) 8000 Bg/kg.)
about
Weight of about about 15 to 31 about 1.4 to 13
g about 500,000 ton o 3 80,000 s 3
generated waste 60,000 ton/yr million m ton/yr million m

Contaminated waste is classified as three categories, waste from contaminated waste management area,
designated waste (> 8000 Bq/kg) and soil and waste generated by decontamination. In 2011, Ministry
of the Environment estimated weights of the wastes. These values are very large.




Flow Diagram of Specified Waste and Contaminated Soil

Specified waste

Waste from contaminated Designated waste
waste management area >8000 Bqg/kg

Combus- burned
tibles ash

Soil and waste generated

by decontamination

Burn

/ Temporary \

73

Storage
/ Facilities \ \

v v

Below
100,000 Bg/kg 100,

Recycling

by Classification

d(t; Primary Volume Reduction }

Leachate-controlled
Landfill Sites
Waste Disposal and Fukushima EcoTech
Public Cleansing Law 8,000 to 100,000 Bq/kg

RIBE. B EGREFRYAEEFR YA b, 2015/2
http://shiteihaiki.env.go.jp/initiatives_fukushima/

-

¥

Interim Storage
Facilities

by

{ Secondary Volume Reduction

Physico-chemical Methods }

N

To Final disposal /




Proposal of Solid Waste Treatment System

Con_taminated Combustible Waste
Soil, Rubble Cut Tree-Protect Closing

|
Classification Combustion
Furnace
lCIay minerals

Incombustible {- - -

Materials Ash
l Washing Water
Subcritical Adsorption
Water Washing Solidification
Organic acids i Adsorbent
lon Exchange |Washingl Functional glass
Water
t
1s Processl l ond Process
Cleaning Objects Solidified
(< 3000Bq/kg) Substance
Proposed
System
Reuse
Construction . StOI:age
Material Final disposal

We propose a new solid waste
treatment system with two
processes to realize the concept of
solid waste treatment.

1%t Process (HTT process)

(DRadioactive elements (Cs) in solid
waste are recovered in subcritical
water with organic acids or alkaline
and alkaline earth ions.

@Cleaning objects can be reused
industrially (e.g. construction material)

2"d Process

(DRadioactive elements (Cs) in washing
water are concentrated in highly
selective adsorbent or functional glass.
@ Radioactive elements (Cs) are
solidified in stable inorganic materials
(e.g. glass, heteropoly acid). A small
amount of radioactive waste is stored

finally.
10




Proposal of Solid Waste Treatment System

-

~

Contaminated
Soil, Rubble

| Classification

lCIay minerals

Incombustible {-
Materials Aéh

4

Combustible Waste
Cut Tree-Protect Closing

Combustion
Furnace

Washing Water

Subcritical
Water Washing
Organic acids

lon Exchange

1st

Washing] Functional glass

Adsorption
Solidification
Adsorbent

ter

Cleaning Objects

(< 3000Bqg/kg)

Reuse
Construction

Material

l 2"d Process

Solidified
Substance

Storage

Final disposal

We propose a new solid waste
treatment system with two
processes to realize the concept of
solid waste treatment.

1%t Process (HTT process)

(DRadioactive elements (Cs) in solid
waste are recovered in subcritical
water with organic acids or alkaline
and alkaline earth ions.

@Cleaning objects can be reused
industrially (e.g. construction material)

2"d Process
(DRadioactive elements (Cs) in washing
water are concentrated in highly
selective adsorbent or functional glass.
@ Radioactive elements (Cs) are
solidified in stable inorganic materials
(e.g. glass, heteropoly acid). A small
amount of radioactive waste is stored
finally.

11




Cs Adsorption in Various Clays

Clay

Minerals

STRUCTURE OF

Montmorillonite: 2:1 type, high expansion

Vermiculite: 2:1 type, intermediate expansion

lllite

. 2:1 type, non-expansion

Kaolinite: 1:1 type, non-expansion

STRUCTURE OF A KAOLINITE LAYER

23 :Silica layer

@ : Alumina layer

@ :Cs*
O :Nat, Kt or

(Competitive cation)

o

|v|92+, Caz

MODIFIED FROM MATHIESON (1958)

-

-

——_—

Edge site

Vermiculite

Edge site
lllite/micas

lintermediate expansion) (non-expansion)

Kaolinite
(non-expansion)

STRUCTURE OF

10Dl

Interlaminar site

‘V‘i\‘?’

Surface site

Montmorillonite
(high expansion)

12



Adsorption of Cs(I) into Clay Mineral
Contaminated soil with Cs-137(t,,=30yr)

2:1 type layered clay mineral

Cs is adsorbed strongly into 2:1 g &w -] :tgt_rajljdral layer
type layered clay mineral of soil o7 @ : — .E)Clt’a heziral layer
- (Al, Mg, Fe)

:Cs™*

120 =
= 100 _
g 80 Vermiculite(2:1 type) High . B
= o | adsorption s
'g_ 60 amount
_% 40 Montmorillonite :
< 20 ' e = Adsorbed Cs is recovered easily.
O 0 Kaolinite(1:1 type) 1 i Vermiculite .

D ion of Cs i ifficult.
0 1000 2000 3000 4000 5000 esorption of Cs is very difficult

Equilibrium conc. of Cs [ppm]
If Cs is desorbed from vermiculite, the recovery of Cs from soil is improved 13



Subcritical Water

Ionic product of water becomes larger in

= L ) Water Phase Diagram 1 Critical
subcritical condition under high temperature i | Water
(about 200°C) and high pressure (about 3MPa). U (suberiticat | /N
_ g | Water Critical
+ 5 Liquid | point
§ 1
A / Gas
Specific Chemical Properties of Subcritical Water
374
@ High-speed Hydrolysis Effect ;:;pemture [C]
- Cs adsorbed in organic materials can be 10 - 100
recovered to water phase by the decom- o <« "'——'--\1
position of organic materials. é / 80
- Cs adsorbed in inorganic materials is also S -15- _» e E
recovered by the high-speed decomposition of -2 ., =
inorganic materials by subcritical water with £ . '*‘m.._ﬂ - 40 é
organic acids. v k 5
@ High-speed Ton Exchange Effect N :_g;f A
Cs adsorbed in inorganic materials can be ~25 ' fpsessnsl

. 0 100 200 300 400 500
recovered to the aqueous phase by subcritical Temperature [C]

water with alkaline and alkaline earth ions. | enic Product and Conductivity of Wated 4




Ion-exchange Recovery of Cs from Vermiculate at Room Temp.

Room Temperature
O Experimental Conditi
777 8.84 : xperimental Conditions

30} 19‘72%/2 | Ad§0rptlon a.mount of P .
= ==2420mge | Cs into vermiculate Volume of salt solution =10ml
> 13864 mg/g Weight of Vermiculate=100mg
g 60 Conc. of salt=0.1M
= Temperature =25 C
=401 Operation time=24h.
S
a 20F- \

’ M O B
O Cﬂ C}ﬁ C N Q
*é' QQW\% 0 & ‘Z* %@
Solutlon

> Ability: Fe3*> K*>S.W > H* > Mg?* > Citric Acid > Na* > NH,*.

» Sea water has a relative high ion exchange ability.
» Ion-exchange technique is useful for the recovery of Cs from Vermiculate.

15



Ion Exchange of Cs Adsorbed into Vermiculite

1st HTT ond HTT
100 by Sea Water

p— V o a2 a a a N

e

é ® K* @ Cs* %Mg“, Ca?*
7]

& 60

S

= Room temp.
L a0 for 50h
N

.

R

=

7]

>

Q20

'HTT by
Pure water

0
HTT uslng water Desorptlon Testat HTT operatlon 2 HTT operations
{30min) 25°C (50h) using salt water  using salt water
{30mIn}) {1h)

Experimental Conditions

Volume of solution=50ml
Weight of Vermiculite =0.5g
Temperature =250°C
Operation Time= 30 min
Conc. of salt-0.5 M

Adsorption amount
of Cs into Vermiculite

B 4.84 mg/g
B 8.84mg/g

19.7 mg/g
B 242 mg/g

Conc. of 133Cs in soil
= 10mg/kg

» HTT using water is not useful for the desorption of Cs

» Sea water+HTT promotes the desorption of Cs.

> Desorption rate of Cs with salt solution at 25°C is very slow.

16




XRD Analysis of Cs-Vermiculite

Intensity (arb unit)

LA A X R X 2

Original sample

143 A
& O
m%‘

1500
Ori
11.9A
—10mg/L.  Cs
1200 1000gmg/L Cs ® K* @ Cs* %Mgzﬂ Ca?*
900 Low loading sample
%4.3 A
600 ig
® K+ @ Cs* ffﬁ?‘Mg2+ Ca
0
High loading sample
20/ 9 CuKo)
10 74
25 A: Regular interstratification of Mg and K layer 10 1A

14.3 A: Hydrous Mg?* layer

12.3 A: Partial hydrous Mg2* layer ®K @ Cs' %Mgﬁ, Catt

11.9 A: Random interstratification of Mg and K layer

10.7 A: Cs collapsed layer

10.1 A: Biotite K* layer 17



Desorption ratio (%)

Low ionic strength (0.01M)

' 15 time (50h)
| 2" time (50h)
mmm 3" time (50n)

Lo 4™ time (250h)

Cs Desorption from Vermiculite with low Cs loading (25C)

High ionic strength (1M)

Desorption ratio (%)

NH4 Na

Cations (0 01M)

Hydrous radius: Mg(Ca)> Na> K(NH,)
Hydration energy: Mg(Ca)> Na> K(NH,)
Ion valence: Mg(Ca)> Na= K(NH,)

Ca?*/Mg?*
Divalent Cations

Mono Cations

i

Ii

.

10.1~11.7 A

Cations (lM)

» Cs is desorbed more easily by divalent cation.
» High concentrated K*(Na*) desorbs Cs easily.
i » NH," desorb the least Cs™.

Mono Cations




Cs Desorption from Vermiculite with High Cs Loading (25°C)

Low ionic strength (0.01M)

High ionic strength (1M)

Coo [ 15t time (50h) D100 " 15¢ time (50h)
d.. —_ nd .
§ go | = 2% time (50h) 3 80 | —2 ) time (50h)
< 379 time (50n) 107 A < w379 time (50h)
S 60 mmm 4™ time (250n) D O O O\ S 60 [mmm 4™ time (250n)
= 10.1 & =
= N .
S 40} KK _®_ ® S ao}
=" =¥
S S
g 20} g 20}
- H B - LN
L = 0
NH4 Na K Mg _ Ca ____ e NH4 Na K Mg Ca
Cations (0.01M) K+ >Na—|— ~ Mg2+~ Ca2+ > NH + Cations (1M)
~~ ~~ 4

Radius: Mg(Ca)> Na> K(NH,)
Energy: Mg(Ca)> Na> K(NH,)
Valence: Mg(Ca) > Na= K(NH,)

After Cs desorption |[j>

Divalent Cations

Cs is rarely desorbed by each cation in dilute solution.

Cs is desorbed more easily by high concentration of K™. .
High concentrations of Na*, and Mg?*/Ca?" are useful for |
desorption.

Cs"1s rarely desorbed by NH," .

____________________________________________________________________________________

NH,*

Mono Cations Mono Cations

10.7 A

I!
Il

10.6~11.7 A 10.4 A

® 0
10.1 A

®__®__K K V.

L
l

® 0

() o Ty W o oM

!

I
l

19



Cs Desorption from Vermiculite with High Cs Loading (25C)

Effect of K* conc.

100 [ 4" time (250h)
2 ol I 3" time (S0h)
< I 2" time (50h)
'g ek I 1 time (50h)
g
= 40F
=9
St
(=]
s 20F
a
0
K" Cations (M)
1500
Ori
—1000ppm Cs
1200 ——o.01M KCI Interlayel'
0.1M KCI1
1M KCl
900F — 3mKal collapse

Intensity (arb unit)

600

300

Desorption ratio (%)

Effect of Mg?* conc.

100 [N 4" time (250h)
I 3" time (50h)
I 2" time (50h)
ol HEE 1" time (S0h)

4}
20F
= e
0.01 0.1 1 3

1] 3

Mg”* Cations (M)
1500
Ori

——1000ppm Cs
~ 1200} ——0.01M MgCl,
N
E 0.IM MeCl, Interlayer
= 900 b 1M MgCl, .
= ——3M MgCl, expansion
<
2z 600}
%
=
2 300 /*\W :
= \ \
~ o~

0 2 M 2 2 2 N =

B Cs desorption is promoted by the high concentration of cation.

B Diffusion ability of divalent cations to the collapsed interlayer is very weak at

room temperature due to their larger ionic radius.

____________________________________________________________________________________________________________________________________




Cs Desorption from Vermiculite with High Cs Loading (250°C)
High Cs loading o

100 - i > The results are contrary to those at 25 °C.
I 5" time HTT .
_ goh It dmerr i » The Cs desorption is promoted by the ! 5
S gt subcritical water washing with divalent |
-% 60 | = 1" time HTT E cations. |
= ok 1074 | > The use of monovalent cations is not !
2 101 A useful for the desorption of Cs. E
é% 20f : > Both Cs and original K are desorbed by !
0 _. . . E Mg2+'

NH4 Na K Mg Ca ®K+®CS+ jithngr Ca2+ b

Cations (0.01M) XRD analysis
NS G S K N N, e
L SREEOLIEER S ' ——1000ppm Cs 11.9A
------------------------------------- S 1200}
After Cs desorption = HTT 0.01M Na
_____________________________________ HTTO00IMK 19 4A
o . : )
| Mg2+ /Ca?* K*/Na*/NH,* CAR RN TRY
Divalent Cations Mono Cations 2 600
\ 9V VYV VUV gy o=
m 143 A m% 10.7-11.1 A &
P
\0.1 A 1014 = 300
e =
Pr— V¥ 2 a2 a a a N
0

20/ 9 CuKa) 21



Cs Desorption from Vermiculite with High Cs Loading (250°C)

00 Effect of temperature Effect of ionic strength
5" time HT'T I-l I 2" 3 4" 5
< 80} mmsimerr |
é B 2" time HTT é
.g 60 L M 1" time HTT -§ 75k
é 40f % SOF
= &
z ) I Z asf
= =
0 0
100 250 0.01 0.1
________________________ Temperature CC) MgClz(moyL)
(100-250C), S/L=0.5¢/50ml_| | HTT(250°C), S/L=0.5g/50ml
' Mg*BEO00IM,L/S=50ml0.5¢ |+ MgREDMMIZH->TAAY
| ERERS KRB DM E A4 3T | ATHLERE @M, Cshn Rt IR 1Y
"""""""""""""""""""""""""""" nn
« IMEBETEHRK, BREICLAE
HELLACSHHRERIE T,

e IMEEORETIZIEDRFT
CsRRREERB0NTEEMNRATFTESo



Cs Desorption from Vermiculite with High Cs Loading (250°C)

Effect of L/S ratio

[ ' ]| Mg™ + 2Cs-VermSMg-Verm, + 2Cs™ |

Enhanced Cs Desorption

|_ ____________________ /

4 N o
1. Mg?" concentration ‘n‘

< 2. Cs" concentration ﬂ, >

100 200 400 , 600 800 3. Temperature 1l
L/SJ:l: [mL/g] \_ _

________________________________________________________

. L/stth“i%hua“él:?iﬁo'cﬁvi‘?ﬁaizribﬁi%?]nLA Cs i B 2=
&0

e 0.0IMMDIEAAEREIZENTE. L/SEEAKRELIEDHE, 2[E
FBEDEETL00%DCsIRBEARIBEIZTE D, 23




Cs Desorption from Vermiculite with High Cs Loading (250°C)

1434
0.14

24
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BRTIREFFRITEDOXRDSHTHER (<75pm 53 #RETR D LLER)

1 I PDF 00-046-1045 5 O2 Quattz, syn
1 PDF 01-070-3752 ( Ma0 .98 Cal02 ) ( AN .02 5i2.98 08 ) Albite
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100003}
5000
8000
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000
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4000
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Comparison between cold test and hot test (250°C)

i Temp.250°C, L/S=100, :
I [Mg¥]=0.01-3M
100 o | s
. 80 - &0
E‘E. 70
B 60 = 108 § 60 -
® EE EC
2 3@mE  ° "
20 * :
0 : . 10 -
0.5 1 0 A
o 108 2@ H S
MgCl, (mol/L) MYELES
(a) =2 —sb NidlR (Mg il i) (b)als & BB (Mg #e A 4if)

-’_!‘ =

Wit |

---—----1

10.7A

10.1A

Twtha

.l..u_'ub
(a] Frayed Edgesite (b} CalBAFIC B
~ OB Edgeif D54 (o273 4




Volume Reduction Technology of Cs-ccontaminated Soil

In the 2! process, Cs in washing
water is concentrated by an

[C°"t=gg§{'ated] adsorbent, ferric ferrocyanide
l and solidified into glass
B 1st process .l .
S ; (1) Subcritical water washing
l 2" process Release of Cs from Soil to water
Subcritical Adsorption ( 2 ) AdSOfptiOﬂ
‘.fo;'f,?;;;”if?;’.‘t% ¥ - Selective recovery of Cs from washing
l Decomposition | 1 water by ferric ferrocyanide
Cleaning Material Im:ci?ril?iﬂjtzifr]tion B ( 3 ) SOlldlﬁcathH
(= 30008dlka) Cementationete) | 4 - Thermal Decomposition of
l l ferric ferrocyanide
- Leaching of Cs from residue to water
_Reuse and diluted HNO,
onstruction Final disposal
Materials

- Immobilization of Cs in glass

30



Future Adsorbent --- Porous Glass with Alminosilicate Gel

1. Synthesis of porous glass with aluminosilicate gel

Raw materials Mixing Melting Molding
Siliceous sand, 1200 to1500°C 800 to1100°C
:°rg’°’°':| o Borocllicate glass Phase separation Porous glass
800 Al2Us Q \\ i\.‘s‘ NS Chemical ol
Heatin N treatment

| Heating N A\ s

500-650°C ;\{\ \' N Mineral acld

1-5000 b RN R

8i02 phase

N

. Selectivity

25

B203-Na20 phase

8i02 skeleton

Al203-8i02 gel

—50

k|

<

240 T 349

%

L3 L

=y

320 =

(=

]

210 |-

=]

< 3.9

SN N
100 10

Init. Cs conc. in sol. [mg/L]

3. Adsorption performance

B Initial conc. of these ions
5~ are 500 times of that of Cs

h

5 [ \
"
0 .
- KI CﬂH Cs

Cs conc. [mg/L]

Adsorptingg geigent [%]

Cs is adsorbed selectively compared

with Na, K and Ca.

8

=

Before After

Ads. Ads.

- Washing solution after
subcritical water washing was
used for the Cs adsorption test.
- The content of alminosilicate
gel is 3 wt%. The concentration
of Cs in the washing solution is
6.5 mg-Cs/L.

- 1g of the porous glass was
added to 100mL of the washing
solution.

- Cs was adsorbed selectively
and the adsorption capacity is
0.6mg/g-Glass. 3 1



Mass and Radioactive Balances of Future Treatment System

Alkaline and alkaline earth ions Classifi- Contaminated
> ” Fine cation Soil (Feed)
4x10° kg grains + .
Coarse 8x10°kg
grains 7500Bq/kg

1%t process

Subcritical L Cleaning Soil (Reuse)
water washing 4x10% kg . 1350 Bg/kg

1070 kg
Porous glass
with alumino- i

l Washing water5.34x10"Bq

Alkaline silicate na
Alkaline earth Washing _ 2 .Proces.s .
ions > Water tank Solidification of radioactive
For conc. elements (Cs and Sr)
adjustment T l
< Vitrified object | Volume-reduction ratio
Alkaline and alkaline earth ions (Final Waste) | of glass to soil

2).7563"513) =0.53/10000

0.45 GBg/kg | =about 1/20000

Feed Conditions (Continuous operation is assumed)

Contaminated Soil Operating conditions
Feed :10,000m3(1.2x107 kg). Processing speed:30~40ton/day
Radioactivity : 50,000 Bq/kg Processing period:300 days

32



® A solid waste treatment system, which consists of two processes,
subcritical water washing process and solidification process of
radioactive elements, is proposed.

® (s adsorbed strongly in clay minerals (vermiculite) was released
to water effectively by the subcritical water washing process
using organic acids (decomposition of clay minerals) or several
salts (high-speed ion exchange ).

® In the case of the immobilization of Cs into glass, the high volume

reduction of contaminated soil is attained by the introduction of
the proposed system ( volume ratio of glass to soil = 1/20,000) .
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Radioactive Wastes generated by Decommissioning of 1F NPP

- Gaseous waste, liquid waste and solid waste containing radioactive elements are generated by
the decommissioning of Fukushima daiichi NPP.
- Gaseous and liquid wastes are immobilized in solid materials and the release of radioactive

elements to the environment can be suppressed.

Gaseous waste Liquid waste

exhaust | PCYV gas
g4as . | Management

Polluted Water
Treatment Facility

Sy.s tem L gl T s AR Adsorbents, Sludge
RTFRE Filter T S
Radioactive elements in Solid Radioactive elements in liquid S(;h?
gaseous waste from reactor waste waste is recovered in polluted waste
vessels is collected by filter water treatment facility
Solid waste
Secondary wastes from
Rubble etc. Treatment facility
Polluted mefal’ Spent Adsorbents,
foncrete,t SOtl'l, cut Sludge
ree, protective |
closing and filter m]‘....‘ Ref. HREN EEE—RFHREHR
L Gpomt#ETREY SRRV,




BRTIREFFRIEOXRFSITHER (<75pm 73 MRATE D LK)

EA IR IEBRTIE
AT | DR | D ERET | DEIE

SiO, | 631 | 587 | 549 | 609
AlLO; | 200 | 208 | 266 | 18.1
Fe,O3 | 115 | 127 | 120 | 11.1
Ti02 | 1.6 1.5 1.4 2.5
MnO | 0.2 0.2 — 0.1
MgO | 09 2.7 1.9 2.1
CaO | 09 0.7 1.0 1.0
Na,O | 0.3 0.9 0.4 1.5
K,0 1.2 1.5 1.4 1.8
P,05 | 0.3 0.3 0.2 0.6
=8t | 100 | 100 | 100 | 100

DERETE (<75um) ITEWTHHARICKELEZEEITALY,
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‘L/S=20D 154 . 1EIDAMIEB T50%DCsE RN TESH EEHER
"L/S=20I2H 1+ 5 YIRL LB D F R =R

100

L/S=100D 1[A¥E{ET
[N E77~78%

90

30

70

. L/S=20D 1[A3R £ T
[F] IR Z= 5096 12 A},

50

30

10

0.5M Mg 1M Mg 2ZM Mg 2507C 280°C

L/S=100, 250°C L/S=20, 1M Mg?*
1B D BEERF K FICE T HCSEIRED LR 38



Adsorption Tests of Cs by Ferric Ferrocyanide

Recovery of Cs released to hydrothermal water by ferric ferrocyanide

Swt% Ferric
ferrocyanide

<D @®100ppm CsCl solution (control)

— (@2 Washing water after 15t HTT
* Swt% Ferric ferrocyanide was added in
these waters - -
@Control ~ @ 1stHTT . Stirred for 24h JGn=cd
(Subcritical water washing) l/—\‘ Ve O I A
120 \Cs" Y T &
\ /T~ i
Befor —~ PRI S O -
100 | lells Before RN S =
S Adsorption K=o
2 80 ¢ P = =
97.5%

percentage
98%

\

After

\ * Cs in hydrothermal water
was adsorbed effectively by
ferric ferrocyanide.

Conc. of Cs
A
&

After

Control 1st HTT * Easy recovery of Cs by a

tional t
Ads. amount 1.05 mg-Cs/q-PB  0.98 mg-Cs/q-PB conventional adsorben 39




Mass and Radioactive Balances of Proposed System

Adsorption of Cs [ (o inated || 20,000 Bq/kg (total radioactivity 2.4 X 10" Bq )
(41g/Fe FC-kg) Soil Soil volume 1 X 104 m3 ( 1.2 X 107 kg)
l (Conc. of'33Cs 0.010g/Soil-kg)
Bulky soil
Classification ) 8x10° kg
Process (2/3 of total s?i'l) o
3,000 Bq/kg (2-4x107 Bq)
Recycling Water Fj;fogsrl?in Fe ferrocyanide Water Cleanup
g adsorbent Process
(1/3 of total soil) 2.50x10° kg
54,000 Bq/kg  (2.16x10"! Bq) T
Water Subecritical wat .
4x108 kg u ci')lr(l)c::3 s;zva €ry Washing water Adsorption Waiéer
Organic Acid (sep eff. 95wt%) 4x108 kg 4x10° kg
0.3 moliL l :(}?132%’;13 1(; 61312) * Cs-adsorbent 2.50x103 kg
Residue (133Csl£102600¢) .
4x10° kg 5 Decomposition fem) lhg)Sn %‘3“:{6
2,700Bq/kg | (1.04x10' Bq) .65x10° kg
137C+133Ce= ]
Volume Reduction= 0.466m?/(1x10*m?) 3 cs Rocovon1i0wise)
=1/21442 Glass _} Vitrification
2 A5 RELHEE
=#71/20000 9-2x10% kg < X 1k g LR
Number of Glass Rods =3 Vitrified Object (Cs:10wt%)  2.0x10% Bq/kg
(one Glass Rod =170 L) 1.03x10° kg (0.466 m® =466L) (2.05x10'"' Bq)




Adsorption of Cs by Porous Glass with Alminosilicate Gel

1. Synthesis of porous glass with aluminosilicate gel

Raw materials Mixing Melting Molding
Siliceous sand, 1200 t01500°C 800 to1100°C
Boric acid

Borocilicate glass

\Q

1-5000 hr

SiO2 phase

2. Metal selectivity
—_ 25

20
15
10
5

Initial conc. of these ions

Adsorption percent [%

|
o3

Cs -|s‘ adsorbed selectlvely
rather than Na, Kand Cs

Phase separation

Heating
500-650"C

Porous glass

\\3 Ny

\\‘ R

Chemical
treatment

‘\\\

B203-Na20 phase  SiO2 skeleton  Al203-SiO2 gel

3. Adsorption amount

24
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Volume Reduction Technology of Cs-ccontaminated Soil

Contaminated
Soil

1

Classification

Hydrothermal
Treatment
Biomass or Salts

Cleaning Material
(<3000Bg/kg)

l Hydrotherma
water

Adsorption

¥

Decomposition
of Adsorbent

Immobilization
(Vitrification.
Cementation etc.)

Proposed
Process

Reuse as
Construction
Materials

Final Disposal

A new volume-reduction process of Cs-

contaminants is proposed for the
secondary volume reduction during
interim storage. This process has four
steps as follow,

(1)Hydrothermal

Release of Cs from Soil to water

(2) Adsorption

Selective recovery of Cs from water

(3)Decomposition
Cs Conc. by leaching from residue

(4) Immobilization

Immobilization of Cs into glass

22



Conventional Volume Reduction Methods of Contaminated Soil

Volume Tem Initial
Operator Object Reduction [eo C]p "|Radioactive Cs | Cs Removal [%]
Method Conc. [Bg/kg]
.o o .
Toshiba Co. Soil Oxallc.acld 95 5,000 93% (f01: 5 times
was hing was hing)
Wet
Process Hydrothermal + .
75% (85% if
Tokyo Tech. Soil Coagulant 200 55,000 .A( /o. l
. adding blasting)
settling
Dry Taiheyo ] sublimation o
Process | Cement Co. Soll method 1300 60,000 9%

This table shows conventional volume reduction technologies of contaminated soil. Toshiba process
and Tokyo Tech process are classified as wet processes. Toshiba process is a typical washing process
using oxalic acid.

Taiheiyo cement process is classified as a dry process. This is a sublimation process. Cs in
contaminated soil is transferred to gaseous phase.




Conventional Volume Reduction Methods of Contaminated Soil

Volume Tem Initial
Operator Object Reduction [eo C]p "|Radioactive Cs | Cs Removal [%]
Method Conc. [Bg/kg]
C o .
Toshiba Co. Soil Oxallc.ac1d 95 5,000 93% (f01: 5 times
was hing was hing)
Wet
Process Hydrothermal + .
75% (85% if
Tokyo Tech. Soil Coagulant 200 55,000 .A ( /o. :
. adding blasting)
settling
Dry Taiheyo ] subli o
Process | Cement Co. Soll met 1300 60,000 99%

Recent Progress of Hydrothermal process for the volume
reduction of contaminated soil




HTT Desorption

I

» Pure water is no use to desorb Cs
»Sea water HT'T significantly increases the
desorption.




IN—SF 354 bDCsA 74 VMM RED LLER

100

Desorption [%o]
=)
)

+ 8K
"""""" §§

4.84

8.84

[ 1Sea Water Batch Desorption
..[ZZZ Sea Water HTT 1 time...........

RN S%a Water HTT 2™ time
N
N

19.72 2420 38.64

Loading Capacity of Cs (mg/g)

V/m =
50ml/0.5g;
250°C, t:30 min

» Pure water is not useful for the desorption of Cs
»Sea water+HTT promotes the desorption of Cs.

13



Mass Balance of Proposed Volume-reduction Process

R led C inated 100,000 Ba/kg Adsorbent
ecycle
e | Comampated | 1y | Adentbent
l l (1.2x107 ton) l
Water Hydrothermal
1.2x107 ton Hyg;gtcheesr;nal Water ) Adsorption 'H
Biomass with Biomass 1.2x107 ton Process
Organic acid
0.3 mol/L l l1 .2x104 ton
Solid e
. Decomposition
,Besidue Brogess
5000 Bqg/kg
Cs
l 1.14 ton
Glass Vitrification
2.66 ton _' Process

(1 vitrified rod =170 L)

Number of Vitrified Rods =10

|

Vitrified Object
3.80 ton (1.7 m3)

Distilled
and
Recycled

T

ydrothermal
Water
1.2x107 ton

Oxide Residue
1.044x104 ton

Volume Reduction = 1.7x10° =0.0017%
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Sequential Desorption using Sea Water

100
Desorption with sea water (S.W)

5t
4"
I 3

2 Adsorption: 28d; 1(

st 1000ppr
. HTT : V/m:50ml/0.5¢

= =N o2}
— — —

Desorption [%o]

[\
=

Batch Desorption HTT Desorption

HERE HITHRHE

15



XRD Results With Sea Water Desorption

HTT Cs-Verm(5th)

HTT Cs-Verm(1st)

/

Cs-Verm(1d)

Intensity (arb unit)

Original

2 4 6 8 10 12 14 16 18 20
20/ 0 CuKo

> T

» The peak of Mg?* appears after HTT desorption again.

he peak of Mg?" disappears after Cs* adsorption.

16




OV REEDE

Adsorption: V/m: 100 ml/g; Con: 1000ppm
HTT : V/m: 50ml/0.5g; 250°C,30 min

-— g |
|

Adsorption Capacity (mg/g)

28

7 14
Adsorption Time (d)

100

~
N

[2/4] uonndaosa(q

» Adsorption is increased with the time.
» Desorption is decreased with the time.

14



Fukushima EcoTech

T E— T ——] = r——— s ——T =—g—er= —

Fukushima EcoTech_is located at border betweerr\l”'lr'ﬂdr.nioka a-nd VNarah'a.. ;i'l_ié'-lréach‘ate-.

controlled landfill site is on the top surface of the hardly-permeable ground. Double water
barrier sheet is laid on the ground.

TR R 2 & Fo Sl T A FTTWERIRL S 2L ol T BRIRE N T
ETELEMYATLERA TLET, ()

R S0cm

ok el S

—— b k]
| . FRA (TR PR
— Fukushima Ecotech B T

sl () T,

LTLEd (8 AR L RETI )

— - Futaba )

= Seepage Water
P Water .
DSHPTER:199.bha Seepag? ate Regulating Tank
BT ER: 94.2ha Regulating Tank :
ETHR K9SHM A
HEHE HT74Em’ b i N

[ TSR M5

(tammomm | (™" Leachate Treatment

System F”A
(m f‘p f e A

REE . HEREDDEILNIEHE, 2014/05 8
http://shiteihaiki.env.go.jp/pamphlet/pdf/landfill_disposal_pamphlet.pdf



Hydrothermal Decomposition using Subcritical Water

Promoting water solubilization of polluted
materials by hydrothermal decomposition
using subcritical water

-9 o

Ionic product of water becomes largest in
subcritical state under high temperature (240-
280°C) and high pressure (3-4 MPa).

@ Cs adsorbed in organic materials is
recovered to water phase by the
high decomposition effect of organic
materials.

@ Cs adsorbed in inorganic materials is
recovered to the aqueous phase by the
high-speed ion exchange effect.

@ Only water is used in the decomposition
process. No secondary waste is formed.

Pressure [atom]

Water Phase Diagram 1 Critical
I +  Water
218 N oUW G
- | Subcritical
! Water Critical
| .
Liquid | point
Solid .
1
,,/ Gas
100 374
Temperature [C]
=10 100
= o
2 pre )
= I -80
S 5 ™ —
o K 60 &
© py 'l. >
g 2 £
ol *‘*Jr _ 40 =
£ 20~ E
M -.‘.' & (=)
o0 — AR |} 20 ©
= | [wmwses AEE H
-25 L Yoanannnm 0

0 100 200 300 400 500
Temperature [C]

Ionic Product and Conductivity of WatelrI 1



Hydrothermal Decomposition of Comtaminated Plants

Hydrothermal Operation

 Water is added twice the sample

1. Hydrothermal operation at 200°C (14 atom) for 30 min
2. Gas vending at 170°C
3.

Sampling at 70°C
pInS Before After
VEL 2L Y

Organic compounds were decomposed by the hydrothermal operation.
Most of solid components were decomposed to light-weight
compounds, which were dissolved to water phase. Cs is also transferred
to water phase. 12




Sampling of Polluted Soil in Iidate Village

Soil A 23,600 Bq/kg
Soil B 55,000 Bq/kg

EEE

ff_mi_ F:*a

N *'“*H'-H ORRSEH 18
A e @ Tidate village
\ J E L
o PR T g AT T U ﬁ}ﬁiﬁ Ofﬁce

’JA-M\-()EHE ‘“:ﬁ e SR aam e I '-:1:::;_. EiH
s “;Imlllr ?}\fﬁ‘/ By == B ﬁ ﬁﬂﬁﬁ.\.'l;- =
mich? ﬁﬁ"lﬂi g ‘“'lf % &
AR s
o s ukiishima
g -
= Daiichi NPP i
R

S5k - o= 0 Dlrectmn to
: L Fukushima Daiichi

\ Soil A NPP 37
i ; ERSEFT
"IL "
: o,
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Removal Test of Cs from Soil B

Soil B

55,000 Bq/kg

Cs removal : 75%

Water
260°C 4MPa 400g
Soil 60 min < i Solid
1 4,2
V08 B | 1858 | o 340 %q
1650 Bq = 690Bq =
= = | Water Sludge
z PIE ass3g [S a2
Water _’g Water 380Bq | | 1210Bq
90.1¢g = | 68.6g ﬁg "
960 Bq S | Water
e | 417g
;—’. 40Bq
Cs removal:56% 5

uonyeune)

Ferric Ferrocyanide 0.2wt%
Ion Reaxtion P 0.2 wt%

~3g(estimate)

sl Disposal

Waste
water

14



Time Schedule of Volume-reduction of Contaminated Soil

uolildnpay

=
(72}
©
o
q
v
=

Proposed by RANDEC (Radwaste and Decommissioning Center)

1~5yrs 6~10yrs 11~15yrs 16~20yrs

Elemental

21~25yrs

10yrs

26~30yrs

Processing 10 million m3 soil for

Processing 3 million m3

Technologies
. Ope-
Demonstration tion
Faculty Primary volume reduction
construction y

soil for 7 yrs

Conceptual Faculty

Scondary volume reduction

design Construction

Construction period : 8
yrs

Desian Treatment Plant Final
9 construction Waste
Cany
out
——  Disposal site :
construction Disposal

(EXFEH-RE2EE-BH)




Generation of Contaminants in Fukushima Prefecture

Contaminants Volume [m3]
Contaminated Soil below
10,060,000
8,000 Bg/kg
Contaminated Soil from 8,000
’ 10,350,000
Bq/kg to 100,000 Bq/kg
Contaminated Soil above
10,000
100,000 Bq/kg
Ash of(.fonfbustlble 1,550,000
Decontamination Wastes
Decontamination Wastes
above 100,000 Bg/kg 20,000
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