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Ḻ ḻ

V JNFL

 2021 6 14 2021

V Drigg LLWR site

LLW Repository Ltd.⁸ñThe 2011 Environmental Safety Case Environmental Safety Case ïMain 

Reportò, LLWR/ESC/R(11)10016. (2011)

V Waste Control Specialists LLC (WCS) LLRW land disposal facility

WCS, ñApplication For License to Authorize Near-Surface Land Disposal of Low-Level 

Radioactive Wasteò, Revision 12c, May 1, 2007.(2007)

V Near Surface Disposal Facility (NSDF)

CNL, ñSafety Assessment Report, Near Surface Disposal Facility Safety Caseò, 232-03610-SAR-

001, Revision 2, Canadian Nuclear Laboratories, January 8 2021(2021).

(1)



Ḻ ḻ

V

 (2008).

V SFR

SKB, ñSafety analysis for SFR Long-term safety Main report for the safety assessment SR-PSUò, 

Technical Report TR-14-01 Revised edition , October 2015 (2015)

V (SFL)  (SE-SFL)

SKB, ñPost-closure safety for a proposed repository concept for SFL. Main report for the safety 

evaluation SE-SFLò. SKB TR-19-01, (2019).

V

KORAD, ñNew Korean LILW Repository-Current Status of Radioactive Waste Management in 

Koreaò, EunsangPark, 4th Feb. 2015.(2015)

MinseokKim, Jong-Won Lee. ñThe Status of LILW Disposal Facility Construction in Koreaò, 

15158. WM2015 Conference, March 15 ï19, 2015, Phoenix, Arizona, USA.(2015)

(1)



Ḻ ḻ

V NUMO NUMO-SC

2021

NUMO-TR-20-

03 2021 2 (2021)

V   (TURVA -2012)

POSIVA, ñSafety Case for the Disposal of Spent Nuclear Fuel at Olkiluoto- Synthesis 2012ò, 

POSIVA 2012-12, December 2012 (2012)

V   (SR-Site)

SKB, .òLong-term safety for the final repository for spent nuclear fuel at ForsmarkMain report of 

the SR-Site projectò, March 2011.(2011)

V Cigéo

ANDRA, ñSafety Options Report-Post-Closure PartDOS-AF ò, CG-TE-D-NTE-AMOA-SR2-

0000-15-0062 (2016)

V GDF

RWM, ñGeological Disposal - Generic Post-Closure Safety Assessmentò, NDA report, 

DSSC/321/01 (2016)

(1)



Â

JNFL 2018 8 31 JNFL 2021 7 21
1 2

Drigg LLW

WCS Texas LLW

NSDF

JNES

SFR
SFR

SE- SFL
SFL

0.1 mSv/y

NUMO-
SC

SF

SR- Site
KBS- 3

HLW ILW- LL Cigeo

GDF 2 HLW
ILLW

(1)



Â

֙

Bq

C- 14 1.0E+11 7.7E+13 6.0E+12 2.7E+15 4.8E+12 3.5E+16

I- 129 1.0E+07 3.0E+10 1.9E+08 1.5E+11 7.9E+11 6.0E+13

Cs- 137 3.2E+12 1.6E+15 2.2E+13 1.4E+16 8.2E+15 6.2E+19

Pu- 239 2.3E+10 1.0E+13 2.8E+10 2.3E+12 2.7E+15 3.6E+17

2.3E+11 7.2E+13 3.6E+11 6.7E+13 6.7E+16 1.8E+19

Bq/t *

C- 14 2.1E+05 1.0E+11 3.4E+07 7.2E+10 2.4E+08 1.6E+11

I- 129 1.3E+02 3.4E+04 6.5E+03 4.2E+06 1.4E+06 1.9E+09

Cs- 137 3.5E+06 1.0E+14 3.9E+08 3.9E+11 1.4E+10 3.5E+15

Pu- 239 9.8E+04 7.7E+06 1.6E+05 2.2E+08 2.4E+10 1.3E+13

4.5E+05 1.0E+10 1.0E+07 4.5E+09 1.2E+11 1.3E+15

* Bq/m3 Bq/t

KURION 5 (>30 mSv/h)

Mode 95%ile Mode 95%ile Mode 95%ile

9.6E+11 1.4E+12 3.6E+12 2.9E+13 2.7E+11 2.3E+12

5.8E+10 1.0E+11 6.1E+10 1.7E+12 4.4E+08 1.3E+09

1.7E+17 1.7E+17 1.1E+17 1.1E+17 2.0E+12 1.7E+13

1.9E+10 8.0E+11 1.1E+10 1.9E+11 1.1E+09 6.0E+11

2.3E+12 9.6E+13 1.3E+12 2.4E+13 1.4E+11 7.2E+13

KURION 5 (>30 mSv/h)

Mode 95%ile Mode 95%ile Mode 95%ile

8.2E+07 1.2E+08 3.4E+07 2.7E+08 1.4E+08 1.1E+09

5.0E+06 8.5E+06 5.8E+05 1.6E+07 2.2E+05 6.6E+05

1.4E+13 1.4E+13 1.0E+12 1.0E+12 9.9E+08 8.6E+09

1.6E+06 6.9E+07 1.0E+05 1.8E+06 5.6E+05 3.0E+08

2.0E+08 8.2E+09 1.3E+07 2.2E+08 7.1E+07 3.6E+10

1F  Bq(2021 )

1F  Bq/t(2021 )

2021
30   2020

3 10  2021

(1)



Â

JNFL

Drigg

5%

WCS CWF
FWF DOE

NSDF 90%

JNES

SFR
LILW

SE-
SFL

LILW

ILLW RI

(1)



Â

֙

NUMO- SC HLW
TRU Gr1 Gr2 Gr3

Gr4

SF LO1- 2 OL1- 2 OL3

SR- Site

HLW
ILW- LL /

GDF (HHGW)

(LHGW)
 

(1)



Â

- 11( WCS Texas ) 7.5E- 5 m/s Drigg

2.13E- 03 m/y WCS Texas
0.3 m/y 10 m/y JNFL

500 1000 m
20 170 m JNFL 

pH 6.5 8.3 JNFL pH 9- 11 Drigg ECM
pH 6 9

200 1000
2,000 10 25,000

pH 7.4 (6.6 8.3) Eh - 210 (- 135 300) mV SFR pH: 7.3 1.4
Eh: - 45 69 mV

4.1E- 14 5.3E- 7 m/s NUMO- SC

2.2E- 7 UK 5.3E+2 m/y

100 m 2,360 m )

0.1 mol/L 0.001 mol/L
SF pH 10.0

(1)



ÂJNFL3 

*3 *4

*2

*2

*2

*2 1 2 3
*3
*4

*1

*1

*1 1 7 8

ÂJNFL3

( )  2021 3 1 p.14

JNFL

(1)



JNFL 3

Å 1000

Å 3

Å

( )  
2021 54 6/6  2021 6 14 p.5(3)-28 p.5(3)-30

(1)



Â

Drigg

ISO

C- 14
(

C- 14
)

LLW Repository Ltd (2011)The 2011 Environmental Safety Case Engineering Design, LLWR/ESC/R(11)10020.p56p76
. 

. March 2014.p25

(1)



Â

WCS

¸

¸ 4.0E- 11(m/s)
¸

5

13 m

MCC Modular Concrete Canisters H- 3.5m t 0.16m
300 500

[1] WCS Update for Texas Compact Commission Vermont Meeting, TEXAS LOW- LEVEL RADIOACTIVE WASTE DISPOSAL COMPACT COMMISSION, September26, 2012, p23 
https://www.tllrwdcc.org/wp- content/uploads/2012/10/WCS- Update- for- TCC- 2012- 0926- rev3- with- report.pdf

- Surface Land Disposal of Low- 2007.(2007), p8- 7

[1]

[2]

(1)

https://www.tllrwdcc.org/wp-content/uploads/2012/10/WCS-Update-for-TCC-2012-0926-rev3-with-report.pdf


Â

NSDF

ECM: engineered containment mound

=> =>
2.65 m)

( - 03610- SAR- 001, Revision 2, Canadian Nuclear 
Laboratories, January 8 2021(2021)., p.143, p.145, p.153, p.157

(1)



Â

JNES

Å

Å

(

(
28 

61  7 29 2 15 (2017).

(1)



Â

SFR

SFR

¸

¸

¸

- term safety Main report for the safety assessment SR- - 14- 01 Revised edition , 
October 2015 (2015), p83, p93

(1)



¸

¸

¸

Å1000
Å1 1/3 pH

Å

Å Kd

Å

Å

Â

SFR

¸

¸

¸

- term safety Main report for the safety assessment SR- - 14- 01 Revised edition , 
October 2015 (2015), p258, p264

(1)



(1)

Â

SE- SFL

SFL

BHK

BHA

BHK

BHA

a)
200 L

(b) 280 L

SFL 98 % BHK

BHK

BHA

( - closure safety for a proposed repository 
concept for SFL. Main report for the safety evaluation SE-

- 19- 01, (2019)., p.28, p.63, p.64



(1)

Â

4 (

HIC )

60- 100 m

80 m

JinBeak Park, et al. WolsongLow- and Intermediate-level Radioactive Waste Disposal Center: Progress and Challenges. Nuclear Engineering and 
Technology 41(4):1-16 · May 2009. p8
MinseokKim, Jong-Won Lee. The Status of LILW Disposal Facility Construction in Korea ς15158. WM2015 Conference, March 15 ς19, 2015, 

Phoenix, Arizona, USA. p5
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Â

NUMO- SC HLW
TRU

SF

SR- Site
2

HLW
ILW- LL

( )

GDF

HLW
(Excavation Damaged ZoneEDZ)/



(1)

Â

SR- site

KBS- 3

 . 2022 . 2022 2 . p38
SvenskKärnbränslehanteringAB. Long-term safety for the final repository for spent nuclear fuel at ForsmarkMain report of the SR-Site project. March 2011.
p14 p20
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JNFL

(a) 

3.5 4.5 m/
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(d) 

( )
( )

( )
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JNFL

( )

20 m 
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(1 2 3 )2021 6 
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JNFL

(

)

( )
( )

(
)

(C-14 )

pH 

pH 

 ( )
(1 2 3 )2021 6 



(1)

JNFL

Â

(Distinct Element Method)

2 3 1 

 2021
6 14 2021

( )
(1,000 )

╙ ⅜ ™ ╙ ⇔™

1 ( )

ה
─ ↕⅜1 m ╢

( ⇔)
ה

╛ ↕─ ⅜ ∂⌂™

ה
─ ↕⅜╒╓ ╠⌂™

( ⇔)
ה

╛ ↕─ ⅜ ∂⌂™

( ה
)

ה
╛ ↕─ ⅜ ∂⌂™

ה
╛ ↕─ ⅜ ∂⌂™

2 ┘ 3

( )

ה
─ ↕⅜1 m ╢

( ⇔)
ה

╛ ↕─ ⅜ ∂⌂™

ה
⌐ 2 m─ ⅜ ∂╢

ה
╛ ↕─ ⅜ ∂⌂™

 6 -  19   



(1)

JNFL

( )
( )

2

1

ISA

(C-14)
( )

(m/s)( 1,000 )

╙ ⅜ ™ ╙ ⇔™

1 2.5×10-9 3.0×10-9

2 2.0×10-10 1.5×10-8

3 2.0×10-10 1.5×10-8

 
2021 6 14 2021
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Å
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Å

Å FEP
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Berm
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Å
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Å
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Å BHK
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Å

Å

Å

Å

Å

Å

Å

Å

Å
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Å

Å

Å

Å
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Å

 

Å
 

Å

Å
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Å

Å

NUMO FEP FEP Å
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V SR- Site

Å

Å

Å /
2

Å TWMC( )

Å
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Â

JNFL

( )

A

B C

D

( ) B
Ὥ ὅbw ᾀ, ὸ, Ὥ

b b‐ ·ὙὪ Ὥ·
‬ὅbw ᾀ,ὸ,Ὥ

‬ὸ
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az2

-‗Ὥ·‐b ·ὙὪb Ὥ·ὅbw ᾀ,ὸ,Ὥ
+‗Ὥ·‐b ·ὙὪb Ὥ+ 1 ·ὅbw ᾀ,ὸ,Ὥ+ 1

( )
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( )
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Å

Å
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( )

ISO

Tc U
Well Pathway

Marine Pathway
Stream Pathway

Estuary 
Pathway

C- 14

 

10 100

LLW Repository Ltd (2011)Radiological Assessment Calculations for the Groundwater Pathway for the LLWR 2011 ESC, SERCO/TAS/E003796/011 
Issue 6. p11
LLW Repository Ltd (2011)The 2011 Environmental Safety Case Assessment of Long-term Radiological Impacts, LLWR/ESC/R(11)10028. p79,
p125



(1)

Â

NSDF

2

( )CNL, Supplier Document Post- Closure Safety 
Assessment 3rd Iteration to The NSDF Project, 232-
509240- ASD- 004 (2020) p.5 8, p.5- 40, p.5- 54
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Â

JNES

Å

Å 0.1 

Å

Å

Å

Å 1/10 

Å

Å

Å
1

Å 2 

( ) H20.9.24



(1)

Â

SFR

- term safety Main report for the safety assessment SR- - 14- 01 Revised edition , 
October 2015 (2015), p265



(1)

Â

SE- SFL

BHA

BHK

- -

SFR SFL
A

B( - closure safety for a proposed repository 
concept for SFL. Main report for the safety evaluation SE-

- 19- 01, (2019)., p.131, p.132, p.135, p.139, p.140



(1)

Â

2

1400
Kd

JinBeak Park, et al. WolsongLow- and Intermediate-level Radioactive Waste Disposal Center: Progress and Challenges. Nuclear Engineering and 
Technology 41(4):1-16 · May 2009. p10



(1)

Â

NUMO- SC 

Å

65,270
ÅTRU Gr2

11,400 8,500
Å

Å

Å

Å

TRU Gr1 2 4H Gr3 4L
Å Gr1 2 4H 4L
Å Gr1 3 4L
Å Gr1 2 4H
Å Gr1 2 4H

Å

Å

NUMO 2021
 6-

13  
NUMO- TR- 20- 03  .2

NUMO 2021
 6-

13  
NUMO- TR- 20- 03  p.8

JNC 1999
2
JNC TN1400 99-

020  V- 54 , 5.5- 5

NUMO 2021
 6- 13 

 
NUMO- TR- 20- 03  .17

JNC 1999
2

JNC TN1400 99- 020  
V- 55 5.5- 6



Â

SF

Å 1 mm
1000

Å

Å

Å

ω F
ωDZ EDZ

EDZ
ω TDZ

F

DZ

TDZ

POSIVA, POSIVA 2013- 01 Models and Data for the Repository System 2012, 20139 ,P546

(1)



Â

SR- site

 
 

/

DFN

LDF

LDF

Svensk AB. Long- term safety for the final repository for spent nuclear fuel at ForsmarkMain report of the SR- Site 
project. March 2011. p633 p648

(1)



Â

 Cigeo

>1

ILW-LL

- Post-
Closure Part DOS- AF , CG- TE- D- NTE-
AMOA- SR2- 0000- 15- 0062 (2016)
P253,256,P262,266,

ILW-LL

(1)



(1)

Â

GDF

Å  (Ex.
(1.E4 9.E4) )

H

(1E- 5 m/s )

Vault ( )

( )

( )



(1)

Â

1E- 12 6E- 10 m2/s ( NSDF JNFL)

SRF SRF JNFL

2E+6 m3/y NSDF
2.4E+5 m3/y JNFL

1.3E+7 m3/y 8E+6 m3/y JNFL

(m3/kg)

C 0.004 0.5 0 0.05 0.0001 0.005 

Cl 0 0.0021 0 0.001 0

Nb 0.01 10 0.01 10 0.02 0.75

Tc 0 0.0004 0 6 0 0.0001

I 0 0.0037 0 0.001 0 0.001

Cs 0.002 0.3 0.01 0.1 0.28 1

Pu 0.08 10 0.08 10 0.02 0.55

ÅC

ÅNb Cs

ÅCs

Å Tc Kd

ÅPu

(p214)



(1)

Â

(m3/kg)

JNFL*
1 2 3

Drigg
WCS

NSDF
Select Waste Combined 

Waste*

C 0.004 0.5 0.05 0.05 0 0.005 0.017

Cl 0 0.0005 0.001 0 0.0021

Nb 0.01 10 2 2 10 0.17 0.43

Tc 0 0.0003 0.0002 0.0002 6 4.0E- 05 4.0E- 04

I 0 0.001 0.0001 0.0001 0.001 0.001 0.0037

Cs 0.002 0.01 0.1 0.1 0.015 0.28 0.18

Pu 0.08 10 0.4 0.4 10 0.4 0.6
*JNFL

C- 14

JAEA- SDB

* NSDF
Kd

Select 
Waste Combined Waste

 Kd

(p214)



(1)

Â

(m3/kg)

JNFL
1 2 3

Drigg* WCS NSDF

C 0.004 0.05 0.05 0.05 0

Cl 0 0.001

Nb 0.01 0.2 2 2 10

Tc 0 0.0002 0.0002 6

I 0 0.0001 0.0001 0.001

Cs 0.01 0.1 0.1 0.015

Pu 0.08 8 0.4 0.4 10
C- 14

JAEA- SDB
*

(p214)



(1)

Â

(m3/kg)

JNFL
1 2 3

Drigg WCS NSDF

C 0.0001 0.0001 0.0001 0 0.005

Cl 0 0 0 

Nb 0.02 0.02 0.02 - 0.75

Tc 0 0 0 1.0E- 04 1.0E- 04

I 0 0 0 0.0011 0.001

Cs 1 1 0.9 0.3 0.28

Pu 0.02 0.02 0.02 0.1 0.55
NSDF

Kd

(p214)



(1)

Â

1.0E- 3 SFR 2.0E+2 m3/y SFR

3.2E 14 SFR 2.0E- 9 m2/s SF- SEL

SRF BHA SRF SE- SFL

5.0E+5 m3/y JNFL
1.0E+7 m3/y JNFL

(m3/kg)

C 0 5 0 9E- 5 0 0.0019 

Cl 0 0.001 0 0 0.0001

Nb 0 50 0.1 3 0.02 50

Tc 0 3 0 63 0 1

I 0 0.0013 0 0 0.0001

Cs 0.001 0.02 0.05 0.11 0.00065 0.05

Pu 0.013 30 0.02 63 1.5E- 5 5

ÅC

ÅNb

ÅTc

ÅCs

ÅPu

(p214)



(1)

Â

(m3/kg)

JNES SFR
SE- SFL

C 0.00025 0
Carbonate species2 5 

CH4, organic acids0

C- ind* State I, II, IIIa, IIIb: 0
C- inorg:

Satte I: 2, State II: 5, State IIIa:2, State IIIb: 0.7
0.05 0.00144

Cl 0 0 Cl(- I) 0.001 State I, II, IIIa, IIIb: 0.001 -

Nb 0 0 Nb(V) 50
State I, II, IIIa: 50

State IIIb: 5
0.05 1.23

Tc 2.5 0
Tc(IV) 3

Tc(VII) 0.001
State I, II, IIIa, IIIb: 3 0 0

I 0.0013 0 I(- I) 0.001 State I, II, IIIa, IIIb: 0.001 0.001 0

Cs 0.0025 0.0025 Cs(I) 0.001
State I,: 0.001, State II: 0.002, State IIIa: 0.02, 

State IIIb: 0.02
0.005 0.0189

Pu 0.25 0.013
Pu(III) 10 Pu(IV) 5 30
Pu(V) 0.1 Pu(VI) 2 30

State I; 5, SateII, IIIa, IIIb: 30 1 13.9

*C- ind BHK
* SE- SFL pH

State I State III Kd

State I Na pH
12.5 State II
State IIIa (CSH)

 State III CSH
 

(p214)



(1)

Â

(m3/kg)

JNES SFR SE- SFL

C 0
Carbonate species9.0E- 05 

CH4, organic acids0
0

Cl 0 Cl(- I) 0 0

Nb 0.1 Nb(V) 3 3

Tc 1
Tc(IV) 63
Tc(VII) 0

63

I 0 I(- I) 0 0

Cs 0.05 Cs(I) 0.11 0.11

Pu 5

Pu(III) 61
Pu(IV) 63
Pu(V) 0.02
Pu(VI) 3

61

TRU 

pH > 9 12
Eh= - 600 - 400 mV

T = 25 80
< 6 (mol/L)

(SKB MX- 80
)

pH > 9 12
Eh= - 600 - 400 mV

T = 25 80
< 6 (mol/L)

(SKB MX- 80
)

(p214)



(1)

Â

(m3/kg)

JNES SFR SE- SFL

C 0.0001 0 0 0.00191

Cl 0.0001 Cl(- I) 0 0 -

Nb 0.1 Nb(V) 0.02 0.02 0.343

Tc 1
Tc(IV) 0.053

Tc(VII) 0
0.099 0.327

I 0.0001 I(- I) 0 0 0

Cs 0.05 Cs(I) 0.00088 0.0077 0.00065 0.0162

Pu 5
Pu(III / IV)

pH < 10 0.015
pH > 10 1.5E- 05

0.028 1.18

TRU
1 2 4 

SR- Site
500m

5,190 mg/l
22mg/l pH 8

(p214)



(1)

Â

EDZ 6E- 2 8E- 1 m3/y HLW1 3 800 m3/y TRU
SF 2.7E- 4 m3/y EDZ SR- Site 5.3E- 4 9.9E- 4 

m3/y 1 Cigeo  4 m3/y

/ 1.3E- 12 5E- 8 m2/s 7.4E- 12 9.5E- 10 m2/s
1E- 13 2.5E- 10 m2/s

SRF NUMO- SC TRU Gr3 GDF NRVB_ (0.1 10%)
SRF

3.2E+4Finland 1E+9 NUMO- SC) m3/y

(m3/kg) (TRU )

C 0 0.2 0 0 0.0071

Cl 0 0.0001 0 0 1.0E- 05

Se 0.00022 0.01 0 0.04 0 0.1

Tc 2E- 05 1 0  63 0  50

I 0.0001 0.00056 0 0 3.5E- 05

Cs 0.0002 0.0013 0.04 0.093 0.00035 1

Pu 0.2 7 0.02 100 0.15 250

(p214)



(1)

Â

(m3/kg)

NUMO-SC SF
SR-Site

Cigéo GDF

C 0 - 0 0
3.0E-04 ( )

0.001 ( )

Cl 0 0 0 0
0 ( )

0 ( )

Se
ᵑ1E-03

ᵒᵓ Cl- 4E-02⁸ Cl- 5E-02
- 2.95E-04 0

0 ( )

0 ( )

Tc
ᵑ8E+00

ᵒᵓ Cl- 1E-02⁸ Cl- 0E+00

4.0E-01( )

2.0E+01( )

5.29E-2(к)

0(н)

14 ( )

50 ( )

I 0 0 0 0
8.0E-06 ( )

0 ( )

Cs
ᵑ4E-02

ᵒᵓ Cl- 1 ⁸ Cl- 0.1 β
7.0E-02( )

1.0E-03( )
3.49E-04

0.14 ( )

0.5 ( )

Pu
ᵑ3E-01

ᵒᵓ Cl- 3E+01⁸ Cl- 5E+00

1.4E-01( )

2.3E+02( )

1.48E-2(й) 5.29E-

2(к) 9.14E-3(л⁸
м)

5.5( )

20( )

ᵑ
ᵒ
ᵓ
β : TRU Gr.3 1
000 1/1000
1,000 1/100

▪ꜟ◌ꜞ▬○fi

pH 8.1

Eh -267(mV)

0.871(mol/L)

⅔╟┘

0.19 M⁸pH 7.6⁸
3.5E-4 M

⌐0

pH = 8±1 

T < 40ᴈ
=<1.5(mol/dm3)

│ ─

(p214)



(1)

Â

( ) (m3/kg)

NUMO-SC SF
SR-Site Cigéo

GDF

C 0 0 0 0 0

Cl 0 0 0 0 0

Se 4E-04 0
0(и,м),

0.04(к)
0 0(-и), 0.04(к)

Tc 5 2.1 63(к),0(н) 0(н), 63(к)

I 0 0 0 0 0

Cs
ᵒ Cl-ᵓ Cl- 4E-02

6E-02
0.28 - 0.093

Pu 1E+01 23
100(й),63(к),

0.02(л),3(м)

100(й), 63(к), 

0.02(л), 3(м)

pH 10
Eh - 407(mV))
T 25

0.182(mol/L)

pH > 9 12
Eh= - 600 - 400 mV

T = 25 80
< 6 (mol/L)

(SKB MX- 80
)

0

pH > 9 12
Eh= - 600 - 400 mV

T = 25 80
< 6 (mol/L)

(SKB MX- 80
)

(p213)



(1)

Â

DriggLLWR 10- 6/
0.01 1 mSv/

DriggLLWR 3 20 mSv/
1 mSv/

10- 6/

10- 6/

0.01 0.25 mSv/

  

Publ.103 Publ.60 Publ.103 Publ.60 Publ.103 Publ.60

5.5 6.0 0.2 1.3 5.7 7.3

4.1 4.8 0.1 0.8 4.2 5.6

10- 2Sv- 1)

2007  (2009) p.19
The 2007 Recommendations of the International Commission on Radiological Protection
ICRP Publication 103 (2007)



(1)

Â

JNFL 0.0033 0.004 mSv/
C- 14 Ni- 63 Ni- 59 Nb- 94 Pu- 239 240

DriggLLWR 5E- 10 1E- 7 y- 1

C- 14 Cl- 36 I- 129 Ca- 41 Mo- 93

WCS TexasCWF 0.067 mSv/ 10
C- 14 Cl- 36 Tc- 99 I- 129

NSDF 0.015 mSv/ 4100
Th- 228 Nb- 94 Ra- 228 Ra- 226 C- 14

0.45 1.9 /
C- 14 Cl- 36 I- 129

SFR 9.0E- 07(AD5000 )
Mo- 93 C- 14 Ni- 59 I- 129 U- 238

SE- SFL BHA / BHK 60 /
C- 14 Mo- 93

5.38E- 5 3.74E- 3 mSv/
C- 14



(1)

Â

NUMO- SC

SF 1.79E- 03 Sv/ C- 14 4.45E- 04 
Sv/ C- 14 6.83E- 05 Sv/ I- 129 Cl- 36 3.40E- 05 Sv/

Cl- 36

SR- Site Ra- 226

1E- 6 Sv/y 100
Cl Se

GDF HLW I- 129 Cl- 36 I- 129 Cl- 36 Se- 79 ILLW
Cl- 36 C- 14 Nb- 94 I- 129 Cl- 36 Se- 79 Ra- 226

0.04 Sv/y ( 40 )
I- 129 Se- 79

Cl- 4E- 3 Sv/y ( 9 )
I- 129

Cl- 0.7 Sv/y ( 12 )
U- 233

Cl- 4E- 3 Sv/y ( 9 )
I- 129

Cl- 0.9 Sv/y ( 13 )
U- 233

TRU 2 Sv/y ( 3,000 )
Sr- 90 I- 129 Se- 79

0.1 Sv/y (3.5 )
Cl- C- 14 I- 129 Ra- 226
Cl- C- 14 I- 129 Pb- 210 U- 233

0.2 Sv/y (4 )
Cl- I- 129
Cl- I- 129 U- 233



(1)

Â

V

JNFL

Drigg (PDFs)

B3 B3
LLWR

WCS 95%ile

NSDF

Kd SEF SRF EDTA
Kd



(1)

Â

V

JNES Kd

Kd

SFR 95%ile
Kd

SE- SFL DFN



(1)

Â

V

NUMO- SC

SF

SR- Site

(

GDF I LLW
NRVB
HLW
I LLW HLW



(1)

Â

DriggLLWR
500

SFR

C- 14

Kd

SF

GDF Kd



(1)

Â

JNFL 10 m

Drigg
LLWR

5,000
1 C- 14 Th-

232 Ra- 226

WCS 
Texas

NSDF

Co- 60 Co- 60
300

NSDF

Å

Å

Å (JNFL)



(1)

Â

1F

JNFL
2019 12 2021 10

1F

1000

Drigg

WCS

Class
Class

1F

NSDF
ECM

1F

1F



(1)

Â

JNES

SFR
1000

Kd 10

SE- SFL
BHA

BHK

C- 14

10



(1)

Â

1F

JNES

SFR
1000

SFR

SE- SFL
SKB

500 m

SFR

1F Cs- 137 Sr- 90 1000



(1)

Â

NUMO- SC

SF

SR- Site

GDF

Kd



(1)

Â

1F

NUMO- SC

1F TRU

SF
1F

SR- Site
( )

Cigeo TRL
TRL 1F

GDF Kd

( 500 m )

TRL



(1)

Â

֙

V (p.80)

V (p.82 p.83)

V

(p.80 p.84)

V

(p.87)

V (p.85)

V (p.80 p.86)

V

(p.82 p.83 p.84)

V

(p.81 p.86)

V (p.82 p.83)

V

(p.84 p.85 p.87)



(1)

Â

(m3)
1 KURION KURION) Cs SUS 2,877 

2 (AREVA) Cs Sr 422 

3 SARRY (SARRY) Cs SUS 1,385 

4 (HIC) 2,279 

5 HIC 9,806 

6 ALPS- 4_Ag (I) HIC 207 

7 ALPS- 2_ Sr HIC 310 

8 ALPS- 3_ Cs HIC 207 

9 ALPS- 6_ Co HIC 413 

10 ALPS- 5_ Sb Te HIC 207 

11 ALPS- 7 1 Ru Tc HIC 68 

12 1 (<0.1 mSv/h) 34,656 

13 2 (0.1- 1 mSv/h) 30,140 

14 3 (1- 5 mSv/h) 6,079 

15 4 (5- 30 mSv/h) 20,729 

16 5 (>30 mSv/h) 19,617 

17 17,264 

18 RPV ( L1) (RPV) 230 

19 RPV ( L2) RPV 186 

20 PCV ( L2) (PCV) 1,164 

21 PCV ( L3) PCV 1,211 

22 PCV ( L2) PCV 431 

23 PCV ( L3) PCV 449 

24 ( L3) 23,677 

25 ( ) 6,454 

26 ( L3) 8,766 

27 ( ) 370,586 

2022 ( )



(1)

Â

֙

V

V

ü 50

ü 300 400

ü 10 70 m 300 400

ü 300 m

֙

V

V 1000

V 10

V

V

(p.178)



SFR

SFR

HLW

TRUGr2

TRU

HLW

TRU

Â

(1)

(p.178)



(1)

Â

SFR

SFR SE- SFL  

 SFR  EDZ

HLW 

 SFR SE- SFL

 SFR SE- SFL

SFR

    

SFR

OP SFR

 SFR TRU

HLW

SFR

(p.178)



Â

Cs Sr
Kd

EDZ

(1)

(p.178)



Â

֙
V

V

V

V

V

֙
V

V

V

V

V

֙
V PEM
V

V

V

V

V EDZ
V

֙
V

V

V

(1)



Â

Cs  Sr

Cs  Sr

TRU TRU

Cs  Sr

Cs  Sr

TRU TRU

Cs  Sr

Cs  Sr

TRU TRU *

(1)

* 

1F (p.201)



Â

֙

֙

V

֙

V

֙

V

֙

V

V Eh

V

V

֙

֙

֙ 95%ile

(1)

1F (p.201)



(2)



(2)

Â

ü

ü

ü

ü

ü



Â

Â

Â

ü

ü

ü

¸

¸

ü  

ü 2

ü

ü

ü

ü  
2021 IRID

ü NUMO- SC

(2)



Â

(2)

Â



Â 2021 IRID

2021 IRID

¸

ü

Å

Å

ü

ÅNUMO Cm- 248

Å3 C- 14

ü

¸  

ü  UK SFR

ü

Å DF

ü  UK SFR

Å

ü  SFR

ü  UK

(2)

Â  

UK SFR



Â

ü NUMO- SC
ü Drigg

ü NUMO- SC GBI

ü (GBI)
GBI

from to
GBI GBI

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10 +

F11

F12

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

F25

F26

F27

F28

GBI βGBI

(2)

Â  

F

(p.336)



Â

(2)

Â  

ü

ü

GBI
GBI

GBI

*1 *1

*2

*2

*2

*2

*1 1 0.3
*2

(p.336)



Â  

(2)

Â

NUMO

FF

ü NUMO 2021 IRID

ü NUMO 2021

IRID NUMO

 NUMO HLW Cl-  



Â  

(2)

Â

ü NUMO
GBI GBI

ü NUMO GBI 1 Bq/y

ü NUMO NUMO- SC
1E+6

ü

ü

NUMO
GBI

Bq/m3 
Â

C- 14 I- 129 Sr- 90

NUMO- SC NUMO- SC NUMO- SC

1.00.E-09 1.00E-09 1.00.E-09 1.00E-09 1.00.E-09 1.00E-09

1.05.E-08 1.05E-08 1.26.E-07 1.26E-07 1.31.E-07 1.31E-07

1.06.E-08 1.06E-08 5.65.E-09 5.65E-09 3.24.E-09 3.24E-09

C- 14 I- 129 Sr- 90

NUMO- SC NUMO- SC NUMO- SC

3.54E-19 3.54E-19 6.71.E-17 6.71E-17 1.89.E-17 1.89E-17

0.00.E+00 0.00E+00 1.19.E-19 1.19E-19 3.86.E-25 3.86E-25

5.22.E-18 5.22E-18 7.92.E-19 7.92E-19 4.18.E-19 4.18E-19

Sv/yr



(3)



(3)

Â

֙ 2023

֙

֙ JAEA-SDB 2021

֙
֙ 2021

Â

֙
֙Cs, Sr 1F

֙ (p.86)

֙
β 30  

 2020 3 10  2021

 0.01 (1/y)
 1E-3 (1/y)
 1E-4 (1/y)
 1E-5 (1/y)

(p.247)
(p.263)



(3)

Â

Kurion
Cs-137 C-14 600

C-14 I-129

C-14 Sr-90 600
C-14 I-129

C-14 Sr-90 600 C-14 I-129 600

2 
(0.1-1 mSv/h)

Cs-137 500 C-14
500

( L3)

Cs-137 C-14 600
C-14

( )

Cs-137 400 Cs-137 Sr-90 400

ÅC-14 I-129 C-14
ÅC-14 I-129
Å



(3)

Â

10

Â 50

300-400

50-400 300-400

10

(p.101 104)

Â 0.3mSv

1mSv 20mSv



(3)

Â

67.9 m

7.2m

8m

4 m

39 m

36.4 m

6.5m

3m

4 m
32 m

117.5 m

18 m

─ │
≢ ⇔√ ⌐
↔≤─

╩ ⇔≡ ∆╢⁹

1

1E-07 kg/m3

2100 h/y
1.2 m3/h

( 54 kg/y

165 kg/y
1

0.3

10



(3)

50 300 400 600 300 400 600 10 50 300 400 600 300 400 600 10
Dose(˃ Sv/a) 6.0E+08 1.9E+06 2.0E+05 7.5E+03 6.9E+05 7.1E+04 2.7E+03 8.1E+02 6.0E+08 1.9E+06 2.0E+05 7.5E+03 6.9E+05 7.1E+04 2.7E+03 8.1E+02

KURION

Cs-137 Cs-137 Cs-137 C-14 Cs-137 Cs-137 C-14 I-129 6.0E+08 1.9E+06 1.9E+05 2.4E+03 6.8E+05 6.8E+04 8.5E+02 2.7E+02
Sr-90 Sr-90 C-14 Cs-137 Sr-90 C-14 Cs-137 Cs-135 5.0E+06 1.2E+04 2.5E+03 1.9E+03 4.3E+03 8.8E+02 6.9E+02 1.9E+02
H-3 C-14 Sr-90 I-129 C-14 Sr-90 I-129 Tc-99 3.8E+03 2.5E+03 1.1E+03 8.7E+02 8.9E+02 3.9E+02 3.1E+02 1.5E+02
C-14 I-129 I-129 Tc-99 I-129 I-129 Tc-99 Cl-36 2.6E+03 8.7E+02 8.7E+02 6.8E+02 3.1E+02 3.1E+02 2.4E+02 1.0E+02
I-129 Tc-99 Tc-99 Cs-135 Tc-99 Tc-99 Cs-135 Se-79 8.7E+02 6.8E+02 6.8E+02 6.2E+02 2.4E+02 2.4E+02 2.2E+02 6.6E+01

Dose(˃ Sv/a) 2.2E+09 5.4E+06 5.0E+05 2.0E+04 1.8E+06 1.7E+05 6.9E+03 4.2E+02 2.2E+09 5.4E+06 5.0E+05 2.0E+04 1.8E+06 1.7E+05 6.9E+03 4.2E+02
Sr-90 Sr-90 Sr-90 C-14 Sr-90 Sr-90 C-14 Tc-99 2.2E+09 5.4E+06 4.8E+05 1.4E+04 1.8E+06 1.7E+05 4.9E+03 2.7E+02

Cs-137 C-14 C-14 Sr-90 C-14 C-14 Sr-90 Se-79 2.8E+04 1.5E+04 1.5E+04 3.9E+03 5.1E+03 5.0E+03 1.3E+03 7.1E+01
C-14 Tc-99 Tc-99 Tc-99 Tc-99 Tc-99 Tc-99 Sn-126 1.5E+04 1.3E+03 1.3E+03 1.3E+03 4.3E+02 4.3E+02 4.3E+02 5.4E+01

Cd-113m Se-79 Se-79 Se-79 Se-79 Se-79 Se-79 I-129 1.4E+03 3.0E+02 3.0E+02 3.0E+02 1.0E+02 1.0E+02 1.0E+02 1.2E+01
Tc-99 Sn-126 Sn-126 Sn-126 Sn-126 Sn-126 Sn-126 Cl-36 1.3E+03 2.4E+02 2.4E+02 2.4E+02 8.3E+01 8.3E+01 8.3E+01 3.3E+00

Dose(˃ Sv/a) 6.4E+07 1.6E+05 1.5E+04 6.3E+02 5.1E+04 4.8E+03 2.1E+02 2.6E+01 6.4E+07 1.6E+05 1.5E+04 6.3E+02 5.1E+04 4.8E+03 2.1E+02 2.6E+01
Sr-90 Sr-90 Sr-90 C-14 Sr-90 Sr-90 C-14 Tc-99 6.4E+07 1.6E+05 1.4E+04 3.3E+02 5.1E+04 4.6E+03 1.1E+02 1.6E+01

Cs-137 C-14 C-14 Sr-90 C-14 C-14 Sr-90 Se-79 1.0E+03 3.4E+02 3.4E+02 1.1E+02 1.1E+02 1.1E+02 3.7E+01 2.7E+00
C-14 Am-241 Tc-99 Tc-99 Am-241 Tc-99 Tc-99 Sn-126 3.5E+02 8.2E+01 7.9E+01 7.9E+01 2.7E+01 2.6E+01 2.6E+01 2.6E+00

Am-241 Tc-99 Am-241 Am-241 Tc-99 Am-241 Am-241 I-129 1.2E+02 7.9E+01 7.0E+01 5.1E+01 2.6E+01 2.3E+01 1.7E+01 2.1E+00
Cd-113m Sn-126 Sn-126 Sn-126 Sn-126 Sn-126 Sn-126 Cl-36 8.0E+01 1.2E+01 1.2E+01 1.2E+01 4.0E+00 4.0E+00 4.0E+00 7.5E-01

Dose(˃ Sv/a) 9.0E+05 3.0E+03 3.9E+02 9.4E+01 1.1E+03 1.4E+02 3.3E+01 8.4E+00 9.0E+05 3.0E+03 3.9E+02 9.4E+01 1.1E+03 1.4E+02 3.3E+01 8.4E+00

2 
(0.1-1 mSv/h)

Cs-137 Cs-137 Cs-137 C-14 Cs-137 Cs-137 C-14 I-129 8.9E+05 2.9E+03 2.9E+02 3.7E+01 1.0E+03 1.0E+02 1.3E+01 3.7E+00
Sr-90 C-14 C-14 Ag-108m C-14 C-14 Ag-108m Tc-99 1.6E+03 3.8E+01 3.8E+01 2.2E+01 1.4E+01 1.3E+01 7.9E+00 1.9E+00

Ag-108m Ag-108m Ag-108m I-129 Ag-108m Ag-108m I-129 Cl-36 5.5E+01 3.6E+01 3.1E+01 1.2E+01 1.3E+01 1.1E+01 4.3E+00 1.5E+00
C-14 I-129 I-129 Tc-99 I-129 I-129 Tc-99 Se-79 3.9E+01 1.2E+01 1.2E+01 8.5E+00 4.3E+00 4.3E+00 3.0E+00 6.3E-01
I-129 Tc-99 Tc-99 Cl-36 Tc-99 Tc-99 Cl-36 Sn-126 1.2E+01 8.5E+00 8.5E+00 6.1E+00 3.0E+00 3.0E+00 2.2E+00 3.3E-01

Dose(˃ Sv/a) 2.5E+05 1.3E+03 5.7E+02 4.7E+02 4.6E+02 2.0E+02 1.7E+02 1.4E+00 2.5E+05 1.3E+03 5.7E+02 4.7E+02 4.6E+02 2.0E+02 1.7E+02 1.4E+00

( L3)

Cs-137 Cs-137 C-14 C-14 Cs-137 C-14 C-14 Tc-99 2.4E+05 7.8E+02 4.1E+02 4.0E+02 2.8E+02 1.5E+02 1.4E+02 6.5E-01
Sr-90 C-14 Cs-137 Am-241 C-14 Cs-137 Am-241 Sn-126 4.4E+03 4.2E+02 7.8E+01 4.2E+01 1.5E+02 2.8E+01 1.5E+01 1.6E-01
C-14 Am-241 Am-241 Pu-240 Am-241 Am-241 Pu-240 Ra-226 4.3E+02 6.8E+01 5.8E+01 8.6E+00 2.4E+01 2.1E+01 3.1E+00 1.5E-01

Am-241 Sr-90 Pu-240 Pu-239 Sr-90 Pu-240 Pu-239 Pu-239 1.0E+02 1.1E+01 8.8E+00 5.4E+00 3.8E+00 3.1E+00 1.9E+00 9.7E-02
Pu-238 Pu-240 Pu-239 Tc-99 Pu-240 Pu-239 Tc-99 Pb-210 1.7E+01 8.9E+00 5.4E+00 2.9E+00 3.2E+00 1.9E+00 1.0E+00 7.7E-02

Dose(˃ Sv/a) 2.5E+05 8.0E+02 8.6E+01 6.9E+00 2.9E+02 3.1E+01 2.5E+00 1.2E+00 2.5E+05 8.0E+02 8.6E+01 6.9E+00 2.9E+02 3.1E+01 2.5E+00 1.2E+00

(
)

Cs-137 Cs-137 Cs-137 Tc-99 Cs-137 Cs-137 Tc-99 Tc-99 2.4E+05 7.8E+02 7.8E+01 4.1E+00 2.8E+02 2.8E+01 1.5E+00 9.4E-01
Sr-90 Sr-90 Tc-99 Cs-137 Sr-90 Tc-99 Cs-137 Sn-126 8.2E+03 2.0E+01 4.1E+00 7.9E-01 7.1E+00 1.5E+00 2.8E-01 1.3E-01
Tc-99 Tc-99 Sr-90 Ag-108m Tc-99 Sr-90 Ag-108m Cs-135 4.1E+00 4.1E+00 1.8E+00 7.8E-01 1.5E+00 6.4E-01 2.8E-01 7.5E-02

Ag-108m Ag-108m Ag-108m Sn-126 Ag-108m Ag-108m Sn-126 Ra-226 1.9E+00 1.3E+00 1.1E+00 5.7E-01 4.6E-01 3.9E-01 2.0E-01 3.7E-03
Am-241 Sn-126 Sn-126 Am-241 Sn-126 Sn-126 Am-241 I-129 6.0E-01 5.7E-01 5.7E-01 2.5E-01 2.0E-01 2.0E-01 9.0E-02 2.3E-03

1

1 2 3 4 5Â



(3)

Mode+Geomean MG)  ό˃{Ǿκ)

27  (m3)
50 300 400 600

300 400 600 10

KURION 2,877 6.0E+08 1.9E+06 2.0E+05 7.5E+03 6.9E+05 7.1E+04 2.7E+03 8.1E+02
(AREVA) 422 7.5E+09 1.9E+07 1.8E+06 3.4E+04 6.6E+06 6.1E+05 1.2E+04 3.6E+03

SARRY 1,385 1.0E+09 3.3E+06 3.4E+05 1.3E+04 1.2E+06 1.2E+05 4.6E+03 1.4E+03
2,279 2.2E+09 5.4E+06 5.0E+05 2.0E+04 1.8E+06 1.7E+05 6.9E+03 4.2E+02
9,806 6.4E+07 1.6E+05 1.5E+04 6.3E+02 5.1E+04 4.8E+03 2.1E+02 2.6E+01

ALPS-4_Ag 207 4.1E+04 2.4E+04 2.4E+04 2.4E+04 7.3E+03 7.3E+03 7.3E+03 6.3E+03
ALPS-2_ 310 1.3E+06 3.1E+03 3.0E+02 2.7E+01 9.8E+02 9.6E+01 8.6E+00 5.4E+00

ALPS-3_ 207 4.4E+03 4.8E+01 3.8E+01 3.7E+01 1.5E+01 1.2E+01 1.2E+01 7.9E+00
ALPS-6_ 413 5.8E+02 2.3E+01 2.2E+01 2.1E+01 7.1E+00 6.8E+00 6.7E+00 4.5E+00
ALPS-5_ 207 1.0E+03 3.8E+01 3.8E+01 3.8E+01 1.2E+01 1.2E+01 1.2E+01 8.2E+00

ALPS-7⁸1 68 3.0E+03 2.0E+02 2.0E+02 2.0E+02 6.0E+01 6.0E+01 6.0E+01 4.0E+01
1 (<0.1 mSv/h) 34,656 2.4E+03 8.1E+00 1.1E+00 2.5E-01 2.9E+00 3.8E-01 9.1E-02 2.3E-02
2 (0.1-1 mSv/h) 30,140 9.0E+05 3.0E+03 3.9E+02 9.4E+01 1.1E+03 1.4E+02 3.3E+01 8.4E+00
3 (1-5 mSv/h) 6,079 4.8E+06 1.6E+04 2.1E+03 5.0E+02 5.6E+03 7.4E+02 1.8E+02 4.5E+01
4 (5-30 mSv/h) 20,729 2.0E+07 6.8E+04 8.8E+03 2.1E+03 2.4E+04 3.1E+03 7.6E+02 1.9E+02
5 (>30 mSv/h) 19,617 4.4E+07 1.5E+05 1.9E+04 4.6E+03 5.2E+04 6.8E+03 1.6E+03 4.1E+02

17,264 1.9E+06 6.1E+03 7.0E+02 9.1E+01 2.1E+03 2.4E+02 3.2E+01 1.0E+01
RPVῤ (Ԋ ╠L1) 230 3.8E+09 7.3E+07 5.5E+07 4.2E+07 2.6E+07 1.9E+07 1.5E+07 1.5E+06
RPVῤ (Ԋ ╠L2) 186 6.2E+08 1.2E+07 9.4E+06 7.3E+06 5.0E+06 3.8E+06 2.9E+06 3.2E+05
PCVῤ (Ԋ ╠L2) 1,164 6.6E+08 4.7E+06 2.5E+06 1.8E+06 1.7E+06 8.8E+05 6.3E+05 6.7E+04
PCVῤ (Ԋ ╠L3) 1,211 6.6E+08 4.6E+06 2.4E+06 1.7E+06 1.6E+06 8.4E+05 6.1E+05 6.5E+04

PCV ( L2) 431 6.7E+08 9.1E+06 6.3E+06 4.8E+06 3.2E+06 2.2E+06 1.7E+06 1.9E+05
PCV ( L3) 449 6.7E+08 8.7E+06 6.0E+06 4.6E+06 3.1E+06 2.1E+06 1.6E+06 1.8E+05

ῤ (Ԋ ╠L3) 23,677 2.5E+05 1.3E+03 5.7E+02 4.7E+02 4.6E+02 2.0E+02 1.7E+02 1.4E+00
ῤ (Ԋ ╠ ) 6,454 2.4E+05 7.8E+02 8.1E+01 4.0E+00 2.8E+02 2.9E+01 1.4E+00 5.1E-01
ῤ ( L3) 8,766 2.5E+05 8.3E+02 1.1E+02 3.5E+01 3.0E+02 4.1E+01 1.2E+01 3.5E+00

ῤ ( ) 370,586 2.5E+05 8.0E+02 8.6E+01 6.9E+00 2.9E+02 3.1E+01 2.5E+00 1.2E+00
559,818 0 445,342 110,804
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(3)

Mode+Geomean MG)

27  (m3)
50 300 400 600

300 400 600 10

KURION 2,877 Cs,Sr,H Cs,Sr,C Cs,C,Sr C,Cs,I Cs,Sr,C Cs,C,Sr C,Cs,I I,Cs,Tc

(AREVA) 422 Sr,Cs,Cd Sr,Cs,Tc Sr,Cs,Tc Sr,Tc,Se Sr,Cs,Tc Sr,Cs,Tc Sr,Tc,Se Tc,Se,Sn

SARRY 1,385 Cs,Sr,H Cs,Sr,C Cs,C,Sr C,Cs,I Cs,Sr,C Cs,C,Sr C,Cs,I I,Cs,Tc

2,279 Sr,Cs,C Sr,C,Tc Sr,C,Tc C,Sr,Tc Sr,C,Tc Sr,C,Tc C,Sr,Tc Tc,Se,Sn

9,806 Sr,Cs,C Sr,C,Am Sr,C,Tc C,Sr,Tc Sr,C,Am Sr,C,Tc C,Sr,Tc Tc,Se,Sn

ALPS-4_Ag 207 I,Sr,Cl I,Cl,Sr I,Cl,Tc I,Cl,Tc I,Cl,Sr I,Cl,Tc I,Cl,Tc I,Cl,Tc

ALPS-2_ 310 Sr,H,Cd Sr,Cl,Tc Sr,Cl,Tc Cl,Tc,Sr Sr,Cl,Tc Sr,Cl,Tc Cl,Tc,Sr Cl,Tc,Se

ALPS-3_ 207 Cs,H,Cl Cl,Cs,Tc Cl,Tc,Se Cl,Tc,Se Cl,Cs,Tc Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se

ALPS-6_ 413 H,Cd,Cl Cl,Sn,Tc Cl,Sn,Tc Cl,Sn,Tc Cl,Sn,Tc Cl,Sn,Tc Cl,Sn,Tc Cl,Sn,Tc

ALPS-5_ 207 H,Cl,Sr Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se Cl,Tc,Se

ALPS-7⁸1 68 H,Tc,Cl Tc,Cl,Sn Tc,Cl,Sn Tc,Cl,Sn Tc,Cl,Sn Tc,Cl,Sn Tc,Cl,Sn Cl,Tc,Sn

1 (<0.1 mSv/h) 34,656 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Ag,I Cs,C,Ag Cs,C,Ag C,Ag,I I,Tc,Cl

2 (0.1-1 mSv/h) 30,140 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Ag,I Cs,C,Ag Cs,C,Ag C,Ag,I I,Tc,Cl

3 (1-5 mSv/h) 6,079 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Ag,I Cs,C,Ag Cs,C,Ag C,Ag,I I,Tc,Cl

4 (5-30 mSv/h) 20,729 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Ag,I Cs,C,Ag Cs,C,Ag C,Ag,I I,Tc,Cl

5 (>30 mSv/h) 19,617 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Ag,I Cs,C,Ag Cs,C,Ag C,Ag,I I,Tc,Cl

17,264 Cs,Sr,Ag Cs,C,Ag Cs,C,Ag C,Tc,Ag Cs,C,Ag Cs,C,Ag C,Tc,Ag Tc,I,Cl

RPVῤ (Ԋ ╠L1) 230 Cs,Am,Pu Am,Cs,Ag Am,Pu,Ag Am,Pu,Pu Am,Cs,Ag Am,Pu,Ag Am,Pu,Pu Tc,Ra,Pb

RPVῤ (Ԋ ╠L2) 186 Cs,Am,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Tc,Ra,Pb

PCVῤ (Ԋ ╠L2) 1,164 Cs,Am,Pu Cs,Am,Pu Am,Pu,Cs Am,Pu,Pu Cs,Am,Pu Am,Pu,Cs Am,Pu,Pu Tc,Ra,Pb

PCVῤ (Ԋ ╠L3) 1,211 Cs,Am,Pu Cs,Am,Pu Am,Pu,Cs Am,Pu,Pu Cs,Am,Pu Am,Pu,Cs Am,Pu,Pu Tc,Ra,Pb

PCV ( L2) 431 Cs,Am,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Tc,Ra,Pb

PCV ( L3) 449 Cs,Am,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Am,Cs,Pu Am,Pu,Pu Am,Pu,Pu Tc,Ra,Pb

ῤ (Ԋ ╠L3) 23,677 Cs,Sr,C Cs,C,Am C,Cs,Am C,Am,Pu Cs,C,Am C,Cs,Am C,Am,Pu Tc,Sn,Ra

ῤ (Ԋ ╠ ) 6,454 Cs,Sr,Ag Cs,Sr,Tc Cs,Tc,Ag Tc,Ag,Cs Cs,Sr,Tc Cs,Tc,Ag Tc,Ag,Cs Tc,Cs,Sn

( L3) 8,766 Cs,Sr,Eu Cs,Sr,C Cs,C,Ca C,Ca,Cl Cs,Sr,C Cs,C,Ca C,Ca,Cl Ca,Cl,Sn

( ) 370,586 Cs,Sr,Tc Cs,Sr,Tc Cs,Tc,Sr Tc,Cs,Ag Cs,Sr,Tc Cs,Tc,Sr Tc,Cs,Ag Tc,Sn,Cs

559,818
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