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[1] : https://www.nra.go.jp/data/000345595.pdf
[2] : https://www.meti.go.jp/earthquake/nuclear/decommissioning/committee/osensuitaisakuteam/2021/03/3 -3-2.pdf
[3] : https://www.tepco.co.jp/decommission/data/daily_analysis/archive/pdf_zip/2020/senryo2_20210330 - j.zip
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3 RHR ṕAṖṕ8/9Ṗ 2022

ể ṕ :2021.12.15)

  

134 Cs 2.46E+04 Bq/L pH 3.8

137 Cs 7.38E+05 Bq/L 2.40E+04 mg/L

60Co 2.07E+05 Bq/L 2.50E+02 mg/L

3H 7.69E+04 Bq/L 1.10E+03 mg/L

͡ 8.47E+05 Bq/L 8.00E+03 mg/L

͠ 5.09E+00 Bq/L SSṕ Ṗ 8.4E+01 mg/L

2 ṕ :2022.1.17)

  

134 Cs 1.87E+04 Bq/L pH 6.1

137 Cs 5.23E+05 Bq/L 1.90E+04 mg/L

60Co 1.37E+03 Bq/L 3.70E+02 mg/L

3H 3.41E+06 Bq/L 1.10E+03 mg/L

͡ 5.20E+05 Bq/L 9.70E+03 mg/L

͠ <3.36E+00 Bq/L SSṕ Ṗ 4.8E+01 mg/L
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2FHM2207 JAEA WDX 2022

2
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40(b) ṕ2021Ṍ2022 Ṗ

1

ṕ Ṗ
ID

IP SEM TEM ICP-MS

PCV 1PCV1701D-4 NFD EDX 2022

1 SGTS 1SGTS2201 NFD EDX 2022

1SGTS2202 JAEA WDX 2022

2 SGTS
2SGTS2202 JAEA WDX 2022

ṕ Ṗ
ID

IP SEM TEM ICP-MS

RHR
ṕAṖ

3RHR2201B JAEA WDX 2022

Ṩ3 Ṩ

[1] : https://www.nra.go.jp/data/000345595.pdf
[2] : https://www.nra.go.jp/data/000382271.pdf

Ḳ [2]

Ṩ1 Ṩ
Ḳ [1]

1 2 SGTS

1 2

1 2

ṕ Ṗ ṕ Ṗ

SGTS

S/C S/C

SGTS SGTS

3

RHR (B)

RHR
(A)

S/C

S/C

2021 9 Ḳ
Ḳ
Ḳ /
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ẊFE-SEM/WDX

ÅU Ḳ

U Puṕ2PEN2101Ṗ

Zrṕ2PEN2102Ṗ

ÅU Al Ca Mg Zn
Fe-Ni Ni-Cu-Zn Cr Pb Ti

41

X-6

Ẋ

Å͢ Ḳ60 Co 106 Rh 125 Sb 134 Cs
137 Cs 144 Ce 154 Eu 155 Eu 241 Am

ẊICP -MS

Å235 U/ 238 U

ÅMo

Å Crṕ52 53CrṖ Feṕ56 57FeṖ Ni
ṕ60 61 62NiṖ Zrṕ90 91ZrṖ Ndṕ143 145

146 NdṖ

Å 28 ḲFe
Al Pb Zn Sb U Ca Cu Zr Mn Ni Sn
Mo V Y Gd Pu Sr Pr Ag Nd Pd Tc
Rh Bi As Sm Cd

(b) Ṩ2 Ṩ

<2PEN2101>

<2PEN2101 2PEN2102>

IP ṕ 10 Ṗ

IP ṕ 3 Ṗ

<2PEN2102>

U
ṕFE-SEM/WDX Ṗ

Samples
Mo U

(97Mo/ 95Mo) (98Mo/ 95Mo) (235U/238U)

2PEN2101 0.7± 0.2 1.7± 0.4 0.0200± 0.0006

2PEN2102 0.7± 0.1 1.4± 0.2 0.0193± 0.0003

Ḳ 0.60 1.52 0.0073

U

3ͫm3ͫm

SEI Pu

3ͫm

U

10ͫm10ͫm

SEI Zr

10ͫm

<2PEN2102>

<2PEN2101>

ṕ Ṗ IP

ṕICP -MSṖ

Ṗ 2ͺ

2021

SEM

ẑ 
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42

ẊFE-SEM/EDX

ṕ Ṗ
SEM

SEM
< 2PEN2103 -1>

ṕἲSEM Ṗ

ÅFE-SEM/EDX 23 * TEM

ü U-Zr 6 14
ü U-Zr 5 12

U Ḳ14
ṕU Zr 13 Zr 1

Zr Ḳ4
Ḳ5 ṕPb-S Ti Cu-Zn 1 Ni ;2 Ṗ

* 

4

Ń U-Zr -O UO2-ZrO2

X-6

(b) Ṩ2 Ṩ

<2PEN2103>

U

6

7SEM ḲU

10ͫm10ͫm
SEM

2021
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ẊTEM/STEM -EDXṕ4 Ṗ

Å U Zr 20ͫm ṕU Ṗ U

üU/ Zr -rich Ḳ ( U,Zr )O 2 ṕU:Zr 6:4Ṗ

( Zr,U )O 2 ZrO 2

üFe/Cr -rich ḲFeCr2O4 FeO Fe3O4

üU/ Zr -rich Fe/Cr -rich ṕ 14 12Ṗ

Å U FeO Fe3O4 FeCr2O4 SiO2ṕ

Al Mg Fe Ṗ CaCO3/Ca(OH) 2 Ag-Pb Ni3S2

2ͫm

( U,Zr )O 2

Fe3O4FeCr 2O4

Ca(OH) 2/CaCO3

SiO2+Fe 3O4/Si -Fe-O

2ͫm

U/ Zr-
rich

U/ Zr -rich
Fe/Cr -rich

TEM ṕ Ṗ

ẇ 14

( Zr,U )O 2

( U,Zr )O 2

Fe3O4

FeCr 2O4

Fe rich 
region

Ni3S2

1ͫm

( U,Zr )O 2

Fe3O4( U,Zr )O 2

ZrO 2
2ͫm

FeCr 2O4

Fe, Cr, O

FeCr2O4FeO

( U,Zr )O 2

ẇ 6 ẇ 12

ẇ 5

ṕ Ṗ ṕ Ṗ

X-6

(b) Ṩ2 Ṩ

<2PEN2103> 2021

2ͫm
5ͫm10ͫm
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2

PCV ṕX-53 Ṗ <2PEN2201B>

Ẋ

Å͢ Ḳ60 Co 125 Sb 134 Cs 137 Cs 154 Eu 155 Eu
241 Am

Å͠ 239 Pu+ 240 Pu 238 Pu+ 241 Am
243 Cm+ 244 Cm

ẊFE-SEM/WDX

Å Fe
U ṕU Zr Cr Ni
Zn Mo Ṗ

ṕ
Ṗ

4mm

5 ͫm

U

Fe

5 ͫm

U

ṕFE-SEM/WDX Ṗ

5 ͫm

SEI

(b) Ṩ2 Ṩ

Zr

5 ͫm

Cr

5 ͫm
SEM

SEM

2mm

ẊICP - MS

ÅU Mo Ag Te ṕ Ṗ

Å Cr Fe Ni Zr Sb

2022

ἲ
ICP-MS

SEM

ẑ 
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SEM 100ͫm
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ẊFE-SEM/EDX

SEM
SEM

Å Fe U
ÅU U Zr ṕ Ṗ
Ễ ṕ 11 3Ṍ4 Ṗ TEM

PCV ṕX-53 Ṗ <2PEN2201A>

(b) Ṩ2 Ṩ

2

2ͫmSEM 2ͫmḲU
2ͫmḲZr

100ͫmḲFe

2022

ẇ 11 ἲ U-rich Zr -rich

ẇ 3~4 ἲ U Zr Fe Fe

5ͫmSEM

1mm Zr-rich
U

Fe-rich

SEM 5ͫm

U ṕTEM Ṗ
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PCV ṕX-53 Ṗ <2PEN2201A>

(b) Ṩ2 Ṩ

Å 11 Zr (U,Zr )O2

Fe-Niṕ Ṗ Fe-Cr

Å 3~4 Si-Fe-O
(U,Zr )O2 ZrO2

Fe3O4

ẇ 11ṕU Zr Ṗ

ẇ 3~4 ṕU-rich Zr -rich Ṗ

2022

2ͫm

ḲU ḲZr

STEM

ṕ STEM Ṗ
2ͫmSTEM

Fe

ẊTEM/STEM -EDXṕ2 Ṗ

SEM

SEM 5ͫm

TEM

TEM

2ͫmSEM

FeCr2O4

(Fe,Ni)

(U,Zr )O2

ṕU:Zr 5:5Ṗ

(U,Zr )O2

ṕU:Zr 9:1Ṗ

Fe3O4

ZrO2

Si-Fe-O

(U,Zr )O2
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ẊFE-SEM/WDX
ÅFe U Ḳ

U-ZrṕFe-Cr Cr
Ṗ

ÅFe Zn
ÅCs

Ẋ ẑ

Å͢ Ḳ60 Co 125 Sb 134 Cs 137 Cs 154 Eu

ẊICP - MS
ÅU B Mo Ag
Å Liṕ7LiṖ Crṕ52 53CrṖ Feṕ56 57FeṖ

Niṕ60 61 62NiṖ Csṕ133 CsṖ Ndṕ143 145

146 NdṖ

Å 51 ḲFe Zn Mn
Na Mo Pb Mg C U Cu Al Ni K Cr Zr Sn
Tc Ca Sb Ce Cs B Ga Ag Sr As W Li V
Te Ba Cd Rb Gd Ru Pu Se Pr Rh Np I
Pd Nd Y Re Bi Ta Th Eu Tb Tl

<2WEL2101A 2WEL2101C>

U
ṕFE-SEM/WDX Ṗ

IP ṕ 10 Ṗ

IP
<2WEL2101A>

U 3ͫm3ͫmSEI

Zr 3ͫm Cr
3ͫm

Zn 3ͫm Fe 3ͫm

Samples
B Mo Ag U

(10B/11B) (97Mo/ 95Mo) (98Mo/ 95Mo) (107Ag/109Ag) (235U/238U)

2WEL2101A 0.26± 0.1 0.99± 0.04 1.27± 0.06 0.11± 0.02 0.0209± 0.0006

2WEL2101C 0.23± 0.03 0.89± 0.06 1.3± 0.1 0.054± 0.006 0.0206± 0.0008

Ḳ
0.248 0.60 1.52 1.076 0.0073

ṕICP -MSṖ

<2WEL2101A>

SEM
ṕ Ṗ

(b) Ṩ2 Ṩ

2021

Ṗ 2ͺ

ẑ 

1/100

ẑ 
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1mm

SEM

2021

ẊFE-SEM/EDX

ÅU ḲU-ZrṕFe-Cr Ṗ

Ń UO2-ZrO2

TEM

Å Si-Mg -Ti

Å Fe-O
Zn

ÅCs Mo Cl

ẊTEM/STEM -EDX

<2WEL2101B>

(b) Ṩ2 Ṩ

2

( U,Zr )O 2 FeCr 2O4

FeCr 2O4

FeO+Fe 3O4

Si,Mn,Fe,O

1ͫm

Fe-Ni
ṕO

Ṗ

48

ṕTEM/STEM -EDXṖ

Å 1 U 4ͫm

Å U/Zr -rich ṕ
( U,Zr )O 2 U:Zr 6:4 5:5Ṗ

Fe/Cr -rich ṕFeO+Fe 3O4

FeCr2O4 Mn Ṗ

Å Si Fe-Ni

2WEL2101B -1

(ἲSEM )

SEM U
ṕFE-SEM/EDX Ṗ 1ͫm

U

SEM 1ͫm

1

1

STEM
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2

ẊFE-SEM/WDX

Å Fe U
ḲU-Pu U-Zr

49

Ẋ

Å͢ Ḳ134 Cs 137 Cs

ẊICP -MS

ÅU

ÅB Mo Ag ṕ
Ṗ

Å Crṕ52 53CrṖ Feṕ56

57FeṖ Niṕ60 61 62NiṖ Cs
ṕ133 CsṖ

(b) Ṩ2 Ṩ

<2WEL2102A 2WEL2103A>

U ṕFE-SEM/WDX Ṗ

<2WEL2102A>

ṕICP -MSṖ

U

10ͫm

Pu

10ͫm

10ͫm

SEI

10ͫm

Fe

Samples
B Mo Ag

(10B/11B) (97Mo/ 95Mo) (98Mo/ 95Mo) (107Ag/109Ag)

2WEL2102A 0.25± 0.02 0.6± 0.1 1.6± 0.3 1.04± 0.05

2WEL2103A 0.25± 0.05 0.51± 0.07 1.6± 0.2 Ṩ

Ḳ 0.248 0.60 1.52 1.076

Å 44
ḲFe Mn C Na Mg Cr Cu

Zn Al K Ca V Co Ni Ga As
Sn Sb B Sr Mo Pb Rb Ag
Cd I Cs Ba Ce Se Y Pd La
Pr Nd Sm Eu Gd Tb Ta Re
Os Tl Bi

3ͫm

SEI

3ͫm

U

3ͫm

Zr

3ͫm

Fe

<2WEL2103A>

IP
<2WEL2102A>

IP ṕ 3 Ṗ

2021

Ṗ 2ͺ

ẑ 
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ẊFE-SEM/EDX
ÅU Zr Cs Mo
ÅFe-O Ca-S-O Zn-O Cd-Cr-Cl Cr-Mg-Al-Si-Cl-O

Cr-Si-Ni-O Mn-Al-Si-Cl-O
Å Ti Al-Si Cl-K

2

(b) Ṩ2 Ṩ

<2WEL2103B>

ἲ FP TEM

3 1.872 0.820

4 9.872 -0.014
5 9.785 -0.013

3
SEM
ṕ Ṗ ṕCd Ṗ

ṕ2WEL2103B Ṗ

1mm

2021
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<2PLUG2201B>
<2PLUG2202B>

(b) Ṩ2 Ṩ

2

IP

<2PLUG2202B>

ṕ Ṗ
IP ṕ 10 Ṗ

Ẋ

Å͢ Ḳ134 Cs 137 Cs

ẊFE-SEM/WDX

Å ṕ Ṗ

ṕ Ṗ U

ÅU Zr Fe Cr Ni

ÅU Sn Ca Si Al

U
ṕFE-SEM/WDX Ṗ

5 ͫm
U

5 ͫm SEM Zr5 ͫm

Fe5 ͫm 5 ͫm Cr 5 ͫm Ni

2022

ẊICP -MS

ÅUẑ Mo Ag ṕ
Ṗ

ẑ 235 U/ 238 U 0.01
U

Å B Cr Fe Zr Sb

<2PLUG2201B>

IP ṕ 1 Ṗ

SEM

ṕ Ṗ

SEM

ẑ 
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FHM <2FHM2203>
<2FHM2204>
<2FHM2207>

(b) Ṩ2 Ṩ

2

Ẋ
Å͢ Ḳ 60 Co 125 Sb 134 Cs 137 Cs

134 Cs 137 CsIP ṕ 10 Ṗ

FHM

ṕ Ṗ

IP

<2FHM2203>

<2FHM2204>

IP ṕ 3 Ṗ

<2FHM2207>

IP ṕ 10 Ṗ

ẊFE- SEM/WDX

Å ṕ Ṗ ṕ2
Ṗ U

ṕ U Zr Ṗ

ü U Fe Cr

Å ṕ2 Ṗ U

ẊICP - MS
Å Uṕ 235 U/ 238 U Ṗ

Zr
Å Mo Ag
Å Cr Fe Sb

5˃ƳSEM U 5˃Ƴ

FHM 2

U
ṕFE-SEM/WDX Ṗ

2022

SEM

SEM

SEM

ẑ 
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53

PCV ṕ2017 Ṗ

(b) Ṩ1 Ṩ

ẊFE-SEM/EDX

Å ṕ 1mm Ṗ Fe O

Å Si Ca Al Zn Pb

Å

ü U ṕ 1 3 7Ṗ

ü U Zr ṕ 4Ṗ

ü Zr ṕ 2 8Ṗ

ü Sb ṕ 6Ṗ

ü Mo Pb ṕ 5Ṗ

<1PCV1701D>

ṕ Ṗ

ṕ 1cm Ṗ

<1PCV1701D>

<1PCV1701D -4>

Zr

SEM Fe Si

Sb Zn

FE-SEM/EDX ṕ 5 6 Ṗ

SEM

SEM

ṕ ¬ṧº Ṗ

U
ṕ 4Ṗ

U Zr2ͫm 2ͫm

SEM 2ͫm

UO2-ZrO2 ṕ U-Zr-O Ṗ
TEM Ễ

ü 4Ḳ

ü 8Ḳ Zr

2022

X Y

1 6.077 1.720

2 6.104 1.628
3 7.854 3.247
4 7.195 1.538
5 5.288 1.097
6 5.202 1.016
7 6.333 2.734
8 7.215 1.608

1mm

20ͫm

20ͫm

20ͫm

20ͫm

20ͫm

20ͫm
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PCV ṕ2017 Ṗ

(b) Ṩ1 Ṩ

<1PCV1701D>

ẊTEM/STEM -EDXṕ2 Ṗ

Å 4 (U,Zr )O2

U:Zr 5:5

Å 8 (Zr,U )O2ṕ
3ͫmṖ (U,Zr )O2 Fe

ẇ 4ṕSEM U Zr Ṗ

ẇ 8ṕSEM Zr Ṗ

2022

STEM 0.5ͫm 0.2ͫm
ṕ Ṗ

STEM 0.5ͫm

Zr Fe

Zr2ͫmSEM

1ͫmSEM

TEM

TEM

(U,Zr )O2

ṕU:Zr 5:5Ṗ

(Zr,U )O2

ṕU:Zr 1:9Ṗ

FeO ṧ
(U,Zr )O2

ṕU:Zr 9:1Ṗ

FIB
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1 SGTS <1SGTS2202>

(b) Ṩ1 Ṩ

ṕ Ṗ IP

IP ṕ 1 Ṗ

͢ ṕ Ṗ

Ẋ

Å͢ Ḳ134 Cs 137 Cs

ẊFE- SEM/WDX

ÅU

Å Fe Cr Ni
Zn Si Mg Al Ca
Cu

2022

ẊICP - MS

ÅU

ÅMo

ÅB Fe Ni Zr Sb

5ͫm

ṕFE-SEM/WDX Ṗ

1

SEM
SEM

1mm

SEM Fe Mg

Si Cu Ca

Al

[1] : https://www.nra.go.jp/data/000345595.pdf

ể SGTS

SEM

1 2

ṕ Ṗ

S/C

SGTS

Ḳ [1]

ẑ 
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1 SGTS <1SGTS2201>

(b) Ṩ1 Ṩ

ẊFE-SEM/EDX

Å Cs ṕCs Fe Ṗ

Ń Fe-Cs -Cs
ṕ Ṗ

TEM

Cs
ṕ Ṗ

SEM

5ͫm

SEM

5ͫm

ḲFe

5ͫm

ḲCs Cs
EDX

1mm

Cs-L ṕ͠ 4.3keV Ṗ

Cs-L

Cs

ẑ

ẑ

ṕ Ṗ

2022

SEM

SEM
ἲ ṕU Zr CsṖ

5cm

1 2

ể SGTS

S/C

SGTS

1

ṕ Ṗ

[1] : https://www.nra.go.jp/data/000345595.pdf

Ḳ [1]



©International Research Institute for Nuclear Decommissioning

57

1 SGTS <1SGTS2201>

(b) Ṩ1 Ṩ

ṕHAADF -STEM Ṗ

Å 6¤7ͫm

Å O Si ṕ 1
Ṗ

üFe Al Mg Cs Ti

ü K

üSiO2

Å

ṕ
Ṗ

0.5ͫm

1ṕ Ṗ 2ṕ Ṗ 3ṕ Ṗ

0.5ͫm0.5ͫm

2ṕ Ṗ 2ṕ Ṗ

ẊTEM/STEM -EDXṕCs Ṗ

ṕ 1Ṗ

Fe Cs Si K

ẑ ẑ ẑ ẑ

ẑ ṕWṖ
ṕGaṖ

2022

ӡ O Mg Al Si K Ti Fe Cs

60 4 5 23 1 5 2 Ba

54 4 4 28 1 7 2

62 6 7 16 ̎ 1 6 2 K, Mn

62 6 7 16 1 1 6 1 Ca, Mn

60 4 5 20 1 1 8 1 Mn

Fe2O3

+ 

1 EDX
ṕSi Ḳ Ṍ Ṗ

ṕ Ṍ EDX Ṗ

Ḳat%

ẁ X
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2 SGTS <2SGTS2202>

(b) Ṩ1 Ṩ

ṕ Ṗ IP

͢ ṕ Ṗ

Ẋ

Å͢ Ḳ134 Cs 137 Cs

IP ṕ 1 Ṗ

2022

1 2

ẊFE- SEM/WDX

ÅU

Å Fe Cr Ni Si Al Ca Cl

10ͫmSEM Fe

CrCl

ṕFE-SEM/WDX Ṗ

2 SGTS

ẊICP - MS

ÅU

ÅMo

ÅCr Fe Ni Zr Ag
Sb

SEM

1 2

ṕ Ṗ

S/C

SGTS SGTS

ṕ Ṗ

S/C

ẑ 
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RHR ṕAṖ <3RHR2201B>

(b) Ṩ3 Ṩ

IP

͢ ṕ Ṗ

Ẋ

Å͢ Ḳ60 Co 134 Cs 137 Cs

IP ṕ 1 Ṗ

FE-SEM/WDX

ẊFE- SEM/WDX

ÅU

Å Fe Cr Ni
Na Mg S Cl

2022

3

SEM
ṕSEM Ṗ

1mmṕ 0.45ͫmṖ

ṕ ṧ Ṗ ṕ Ṗ

ẊICP - MS

ÅMo

ÅB Cr Fe Ni Zr Ag Sb

3

RHR
(A)

RHR (B)

RHR
(A)

S/C

S/C

2021 9 Ḳ
Ḳ
Ḳ /

ẑ 
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(1)

(a)

(b)

(a)

(b) 1F

(c)

(a)

(b)

6. 

(a -1)

(a -2) Ṃ Ṉ2 Ṉ

(a -3) Ṃ Ṉ1 Ṉ

(a -4) Ṃ Ṉ3 Ṉ

(a -5) Ṃ
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61(a)

¸ PCV

¸ PCV ṕ Ṗ

ṕ Ṗ

¸ ṕU Zr FP Ṗ
ẑ

ẑ 2 ẓ1 ẓ3

(a -1) 
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62(a)

. ẑ

ṕ Ṗ

ẑ ṕ
SUS Zry Ṗ

.

.

TEM ṕ
Ṗ

SEM TEM ṕ Ṗ
ṕ Ṗ

ICP -MS ṕ Ṗ

ICP -MS ṕU Ṗ

.

Ṯ ṯ Ṯ ṯ

Ń 3 ṕp.14Ṗ

Ń 3 ṕp.14Ṗ

(a -1)
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63(a)

(a -2) 
2
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FHM

PCV
ṕX-53 Ṗ

-

TIPX-6

PCV

2

64(a)

a. RPV VRPV

b. RPV Ṍ VRPV

c. V

PCV
V

d. VPCV

X-6
PCV ṕX-53 Ṗ

FHM

D/W R/B

PCV RPV R/B

ἲ a.Ṍd. ṕ Ṗ

ἲ a.Ṍc. ṕ Ṗ

ẇ

ẇ

(a -2) 

Ṩ2 Ṩ
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65

.

Å

# FeO Fe3O4 FeCr2O4

Å U ṕU ZrṖ Fe Cr

# U Zr Fe Cr

# ṕ60CoṖ FPṕ125 Sb 134 Cs 137 Cs 154 Eu Ṗ TRU
ṕ241 Am Ṗ

Å ṕ Ṗ

# Ti Cu-Ni-Zn Pb-Sb

ἲ X-6

Ṗ # 

X-6

(a)

PCV ṕX-53 Ṗ

Å X-6 PCV

# U Zr

# Mo Ag Teṕ Ṗ

(a -2) 

Ṩ2 Ṩ

PCV
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ṕ Ṗ ṕ1/2Ṗ

FE-
SEM/WDX

2PEN2101 U-Pu ṕZr
Ṗ

Al Ca Si
ṕ Ṗ

Ṉ

Fe-Zn Ni -Cu-Zn Ti Cr SUS Ṉ

2PEN2102 U-Zr U Zr
Zry

Zr
UO2 Zr

U Al Ca Mg Zn Si
ṕ Ṗ

Ṉ

U Fe-Ni Cr Pb ṕSUS Ṗ Ṉ

ICP-MS
( )

2PEN2101
2PEN2102

Crṕ52 53CrṖ Feṕ56 57FeṖ Niṕ60 61

62NiṖ Moṕ95 97 98MoṖ Ndṕ143 145

146 NdṖ Uṕ234 235 236 238 UṖ

Mo ṕSUS
Ṗ ṕ

SEM Ṗ

Ṉ

(͢ )
Ṃ 60 Co 106 Rh 125 Sb 134 Cs 137 Cs 144 Ce

154 Eu 155 Eu 241 Am 243 Am
FP TRU Ṉ

.

(a)

X-6

(a -2) 

Ṩ2 Ṩ
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FE-SEM/EDX 2PEN2103 U ṕZr
Ṗ

U-Zr
U and Zr

U Zr
Zryṕ Ṗ

O Zr
ẁ -͠Zr SEM/EDX

TEM

O Zry Zry O U-Zr -O

ṕSUSṖ

S-Pb S-Ni Ti Cu-Zn
Ni-S-Cr

Fe SUS
Ṩ

TEM/STEM-
EDX

2PEN2103 U Fe-Cr
FeO Fe3O4 FeCr2O4

ṕSUSṖ
ṧ

U-Zr-Fe-Cr-O
Fe-Cr-O UO2-
ZrO2

Zr-U U
Zryṕ Ṗ

U-Zr-O

Si Ca
SiO2 Ca(OH) 2 or CaCO3

SiO2 Al Mg Fe Ca

.

(a)

ṕ Ṗ ṕ2/2Ṗ

X-6

(a -2) 

Ṩ2 Ṩ



©International Research Institute for Nuclear Decommissioning

68

ṕ Ṗ ṕ1/1Ṗ

FE-
SEM/WDX

2PEN2201B U-Zr ṕU Ṗ
Cr

U Zr
Zry

Zr
UO2 Zr

U Fe Ṉ

Ṃ 60 Co 125 Sb 134 Cs 137 Cs 154 Eu 155 Eu
241 Am ṕ͢ Ṗ

FP TRU Ṉ
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Ṗ

Ṉ
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SEM/EDX
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Zry

Zr
UO2 Zr

U Fe Mg Al Ca
Si Cr Ni Cu Pb S

Ṉ Ṉ
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Ṃ 11
Zr (U,Zr )O2

Fe-Ni Fe-Cr

U Zr
Zry
SUS

U-Zr-O ṕ Ṗ

SUS

3~4
U ZrO2ṕ Fe Ṗ

Fe-O
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Zry (U,Zr )O2 U-Zr-O ṕ

Ṗ

ZrO2 Fe

.

(a)

PCV ṕX-53 Ṗ

(a -2) 

Ṩ2 Ṩ
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.

# Fe Zn Mn Fe-O

U ṕU ZrṖ Fe Cr

# U Zr Fe Cr

# ͢ Ḳ60Coṕ Ṗ
125 Sb 134 Cs 137 Cs 154 EuṕFPṖ

FP

# Mo Agṕ Ṗ

Ṗ
# 

(a -2) 

Ṩ2 Ṩ

# Fe Mn

U ṕU ZrṖ

# U Zr

# Pu U ṕZr U-Pu Ṗ

# ͢ Ḳ134 Cs 137 CsṕFPṖ

ṕ Ṗ ṕ Ṗ
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FE-
SEM/WDX
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2WEL2101C
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UO2 Zr

Fe-Cr U-Zr
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SUS Fe-Cr
U

U-Zr -Fe-Cr-O
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U-Zr Cr Fe
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Fe Zn
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Cr SUS
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ṕ Ṗ

Ṉ
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ṕSEM/EDX Ṗ
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ṕCsFeO2

Ṗ

(͢ )
2WEL2101A
2WEL2101C
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ṕ Ṗ
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ṕLi BṖ
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Ṉ

(a)

.

ṕ Ṗ ṕ1/2Ṗ

(a -2) 

Ṩ2 Ṩ
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FE-
SEM/EDX

2WEL2101B U-Zr U Zr
Zry

Zr
UO2

Zr

Mg-Si-Ti Ṉ

Fe-O Zn Zn ṕ Ṗ Ṉ
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-EDX

2WEL2101B U-Zr Fe-Cr
(U,Zr )O2

FeO+Fe 3O4 FeCr2O4 Mn
Si Fe-Ni

ṧ U-Zr-Fe-Cr-O

Fe C
S Ca Zn Pb Sn Tc Ca Mo

Tc
Ṉ

(a)

.

ṕ Ṗ ṕ2/2Ṗ

(a -2) 

Ṩ2 Ṩ
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FE-
SEM/WDX

2WEL2102A Fe U-Pu
Mg-Si

U Pu Zr Cr Fe Ni
Zry

SUS

Fe Zn Cr

Fe Cl

Ṉ

Mg -Si Al Cr Ni Zn
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Ṉ

Cs Ṉ Cs
ṕCsFeO2

Ṗ

2WEL2103A 2ͫm U-Zr U Zr
Zry

Zr
UO2 Zr

ṕTEM/EDX Ṗ

Fe Fe Cr

SUS Fe

Ṉ

Cs Ṉ Cs

ṕCsFeO2

Ṗ

(a)

. ṕ Ṗ
ṕ Ṗ

ṕ Ṗ ṕ1/2Ṗ

(a -2) 

Ṩ2 Ṩ
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(͢ )
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2WEL2103A

134 Cs 137 Cs FP Ṉ

ICP-MS
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Ṉ
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Ṉ

(a)

. ṕ Ṗ
ṕ Ṗ

ṕ Ṗ ṕ2/2Ṗ

(a -2) 

Ṩ2 Ṩ
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.

Ṗ # 

(a -2) 

Ṩ2 Ṩ
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ṕ Ṗ ṕ1/1Ṗ

FE-
SEM/WDX
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U Zr Fe Cr

U Zr
Zry

Zr
UO2 Zr
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Ṉ

U Si-Ca-Al Si Ca Al
ṕ

Ṗ

Ṉ

2PLUG2201B Si Ba Al Ti
ṕ

Ṗ

Ṉ
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ṕU Ṗ

U Zr
Zry

Zr
UO2 Zr

U Fe Cr SUS Fe-Cr
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Ṉ
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134 Cs 137 Cs ṕ͢ Ṗ FP Ṉ
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Ṉ

.

(a)

(a -2) 

Ṩ2 Ṩ



©International Research Institute for Nuclear Decommissioning

76

ṕ Ṗ ṕ1/1Ṗ

FE-
SEM/WDX
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U Fe Cr

U Zr
Zry

Zr
UO2 Zr
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2FHM2207 U-Zr ṕU Ṗ U Zr
Zry

Zr
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U Fe Si Ca Ṉ

2FHM2204 Fe Zn Si Al Ca Ṉ
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ṕ͢ Ṗ

FP Ṉ

2FHM2204
2FHM2207

2 134 Cs 137 Cs ṕ͢
Ṗ

FP Ṉ
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ṖU Zr

ṕ Ṗ
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Ṉ
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ẇ U

> ͢ ṕFP Ṗ Ḳ

AN / WU-238 Ḳ[ Bq /ng]

> Zr Ḳ

WZr - tot / WU-tot Ḳ[ng/ng]

AN : ͢ N [ Bq] ẑ1

WU-238 : 238 U [ng] ẑ1

WZr- tot : Zr ṕ90Zr ṕ0.51Ṗ Ṗ[ng] ẑ1

WU-tot : 235 U 238 U [ng] ẑ1

ẑ1 ṕ + HFṖ ͢ ṕ AN Ṗ ICP-MS ṕWU-238 WZr- tot WU-totṖ

ü ṕEu AmṖ U
V

154 Eu/ 238 U 241 Am/ 238 U Ḳ [1] U

ü U ṕZr Ṗ
V Zr /U Ḳ ṕSEM TEM

Ṗ
V ṕe.g. 137 Cs/ 238 U 125 Sb/ 238 U ṖḲ

PCV ṕ Ṗ

ẇU U

[1] ḯJAEA-Data/Code 2012 -018.

.

(a -2) 

Ṩ2 Ṩ
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> 154 Eu 241 AmḲ
ἲ238 U

> 125 Sb 137 CsḲ 2
ἲ ṕPCV >>PCV Ṗ

> Zr : Zr/U U:Zr 1:1 SEM TEM

ṕ Ṗ

ṕ Ṗ

X-6

U ṕ Ṗ

137 Cs/ 238 U 125 Sb/ 238 U 154 Eu/ 238 U 241 Am/ 238 U Zr /U

[ Bq/ng] [ Bq/ng] [ Bq/ng] [ Bq/ng] [ng/ng]

2

.

(a -2) 

Ṩ2 Ṩ
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ID ʴ 125Sb/ 238U 137Cs/238U 154Eu/238U 241Am/ 238U

2PEN2101 2021/12/27 Ṩ 1.1 Ü0.3 0.07 Ü0.03 0.06 Ü0.02

2PEN2102 2022/01/04 Ṩ 0.4 Ü0.1 0.06 Ü0.02 0.06 Ü0.02

2WEL2101A 2022/01/13 1.2 Ü0.2 (1.6 Ü0.5)ú102 0.07 Ü0.02 Ṩ

2WEL2101C 2021/12/27 2.7 Ü0.7 (2.4 Ü0.7)ú102 Ṩ Ṩ

2WEL2102A 2022/01/06 Ṩ Ṩ Ṩ Ṩ

2WEL2103A 2021/12/15 Ṩ Ṩ Ṩ Ṩ

Ṩ 0.016β3 2.3β3 0.052β3 0.045β3

ẑ1͢
ẑ2 ṕ1 Ṗͅ 2ͺ
ẑ3ORIGEN [1] 10
ẑ4 [2]

ʴ 238U β1 β2 [Bq/ng] Zr/U β2

[ng/ng]

0.353 Ü0.007

0.394 Ü0.006

0.428 Ü0.008

0.42 Ü0.01

Ṩ

Ṩ

0.46β4

[1 ] ḯJAEA-Data/Code 2012 -018
[2] https://www.tepco.co.jp/nu/fukushima -np/images/handouts_111130_09 - j.pdf#page=94 

.

(a -2) 

Ṩ2 Ṩ
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2PEN2103 14

U-Zr :
(U,Zr )O2
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+ Cr -Fe

2ͫm
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( U,Zr )O 2 FeCr 2O4

FeCr 2O4

FeO+Fe 3O4
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1ͫm

Fe-Ni
ṕO

Ṗ

U-Zr -Fe-Cr-O
¸ (U,Zr )O2ṕU:Zr 6:4 5:5Ṗ Fe/Cr -

rich ṕFeO Fe3O4 FeCr2O4Ṗ

ü U-Zr -Fe-Cr-O

ü U/ Zr -rich ẓFe/Cr -rich
ṕ Ṗ

(a)

2

ṕ2021Ṍ2022 Ṗ.

2PEN2103

2WEL2101B

(a -2) 

Ṩ2 Ṩ

U

R/B PCV U

ἲ Zry

¸ Si Mn Ni
ṕ2WEL2101B Ṗ

ü SUS

¸ Fe/Cr -rich Fe2O3

ü
ẑ

ṕ Ṅ Ṗ
ẑ Fe Cr ḲSUS
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2PEN2103 6

UO2-ZrO2

1900K

2PEN2103 5

UO2-ZrO2

1600Ṍ2400K

ṧ

ṧ

ZrO2/(UO 2+ZrO 2)ṕ Ṗ

UO2-ZrO 2
[1]

U

(a)

U-Zr -O
¸ (U,Zr )O2 (Zr,U )O2

ü U-Zr -O 4
U/ Zr -rich

2

2PEN2103

. ṕ2021Ṍ2022 Ṗ

Ḳ[1]

(a -2) 

Ṩ2 Ṩ

R/B PCV U

ἲ

( U,Zr )O 2

2ͫm

( Zr,U )O 2

0.5ͫmFe3O4

ṕU:Zr 6:4Ṗ

ṕU:Zr 1:9 2:8Ṗ

[1] : Piluso, P., et al., J. Nucl . Mater. 344, (2005), pp.259 -264.
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¸ Fe/Cr -rich ḲU FeCr2O4

FeO Fe3O4 Fe2O3

ü

ẑ

ẑ Fe Cr ḲSUS

[1] : http://web.mit.edu/2.813/www/readings/Ellingham_diagrams.pdf

[1] Fe

(a)

U

ṕ2021Ṍ2022 Ṗ.

2ͫm

(U,Zr )O2

Fe3O4

Ca(OH) 2/CaCO3

SiO2+Fe 3O4/Si -Fe-O

Fe Cr O

U/Zr -rich 
phase 

FeCr 2O4

FeO

(a -2) 

Ṩ2 Ṩ

2PEN2103 14 2PEN2103 6

U ἲ

2ͫm



©International Research Institute for Nuclear Decommissioning

83(a)

2

RPV U

U-Zr -O ṕ Ṗ

Å (Zr,U )O2ṕU:Zr 3:7Ṗ

ü UO2-ZrO2 ṕp.81Ṗ

U-Zr -Fe-Cr-O ṕ Ṗ

ü (U,Zr )O2ṕU:Zr 5:5Ṗ

Fe/Cr -rich ṕFeCr2O4Ṗ

ü ṕU ZrṖ

ṕFe Cr Ṗ

SUS Ni

ṕ2020 Ṗ.

U/ Zr -rich Fe/Cr -rich

(a -2) 

Ṩ2 Ṩ

ẑ [1][2]

ẑ

RPV

1ṕ Ṗ

( U,Zr )O 2

500nm

( Zr,U )O 2

FeCr 2O4

1.5ͫm

( Zr,U )O 2

1.0ͫm

[1] : ḯJAEA-Data/Code 2021 -011.
[2] : https://irid.or.jp/wp -content/uploads/2021/09/2020004seijyouhaaku.pdf
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.

Å RPV (U,Zr )O2 Fe-Cr

Å SUS
Fe-Ni

Å U

Ẋ

(a -2) 

Ṩ2 Ṩ

FHM

PCV
ṕX-53 Ṗ

-

TIP
X-6

PCV

2

¸

1.
[1]

2. MCCI [1]

ἲ U

¸

# PCV PCV PCV ṕ
Ṗ Mo Ag FP ἲ

RPV

Ń U RPV
ṕ Ṗ

Ẋ

# PCV PCV Zr /U UO2-ZrO2

ἲ 2. 

[1] debrisWiki ḯ2 : https://fdada -plus.info/wiki/
[2] : https://www.tepco.co.jp/decommission/information/accident_unconfirmed/pdf/20210719.pdf

[2]
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1
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PCV
ṕ2017 Ṗ X-2

1
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a.
D/W

V

PCV

V

SGTS

PCV
ṕ2017 Ṗ

PCV
ἲ a.

1
ἲ a. PCV

(a)

ẇ

ẇ

(a -3) 

Ṩ1 Ṩ

[1] : https://www.nra.go.jp/data/000345595.pdf

1 2 SGTS

2 SGTS1 SGTS

1 2 STGS

1 2

1 2

Ḳ [1]

S/C

ṕ Ṗ ṕ Ṗ

S/C

SGTS SGTS






























































