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A lot of efforts have been made recently for researches on development of PSA methodology, 

its applications, and trials of risk-informed operation and maintenance in nuclear fuel 

facilities in Japan. Quantitative performance criteria consistent with Nuclear Safety Goals, 

which is essential for risk-informed decision making, however, have not been discussed yet 

for those nuclear installations. A subcommittee under the Nuclear Safety Research 

Committee has been organized by Nuclear Safety Research Center of Japan Atomic Energy 

Agency to prepare the technical basis and a typical procedure to derive the quantitative 

performance goals for further discussions by the regulatory bodies to establish the objectives. 

The activities in 2008 fiscal year have been summarized in this report carried by the 

subcommittee of research on performance goals for nuclear fuel facilities. 
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Normal operation – any person on the site  Target 1  

The targets and a legal limit for effective dose in a calendar year for any person on the site from 
sources of ionising radiation are:  
Employees working with ionising radiation:  

BSL(LL): 20 mSv  
BSO: 1 mSv  

Other employees on the site:  
BSL: 2 mSv  
BSO: 0.1 mSv  

Note that there are other legal limits on doses for specific groups of people, tissues and parts of the 
body (IRR).  
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ionising radiation are:  
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Normal operation – any person off the site  Target 3  

The target and a legal limit for effective dose in a calendar year for any person off the site from 
sources of ionising radiation originating on the site are:  
BSL(LL): 1 mSv 
BSO: 0.02 mSv  
Note that there are other legal limits to tissues and parts of the body (IRR).  
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Design basis fault sequences – any person  Target 4  

The targets for the effective dose received by any person arising from a design basis fault sequence 
are:  
On-site  

BSL: 20 mSv for initiating fault frequencies exceeding  1 x 10
-3 

pa  

200 mSv for initiating fault frequencies between  1 x 10
-3 

and 1 x 10
-4 

pa  

500 mSv for initiating fault frequencies less than  1 x 10
-4 

pa  
BSO: 0.1 mSv pa  

Off-site  

BSL: 1 mSv for initiating fault frequencies exceeding 1 x 10
-3 

pa  

10 mSv for initiating fault frequencies between  1 x 10
-3 

and 1 x 10
-4 

pa  

100 mSv for initiating fault frequencies less than 1 x 10
-4 

pa.  
BSO: 0.01 mSv pa  
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Individual risk of death from on-site accidents – any person on the site  Target 5  

The targets for the individual risk of death to a person on the site, from on-site accidents that result in 
exposure to ionising radiation, are:  
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-4
 pa  

BSO: 1 x 10
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Frequency dose targets for any single accident – any person on the site  Target 6  

The targets for the predicted frequency of any single accident in the facility, which could give doses to 
a person on the site, are:  

Effective dose, mSv  Predicted frequency per annum
BSL BSO  

 2 – 20   1 x 10
-1

 1 x 10
-3

 

 20 – 200   1 x 10
-2

 1 x 10
-4

 

 200 – 2000   1 x 10
-3

 1 x 10
-5

 

 > 2000   1 x 10
-4

 1 x 10
-6
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Individual risk to people off the site from accidents  Target 7  
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The targets for the total predicted frequencies of accidents on an individual facility, which could give 
doses to a person off the site, are:  

Effective dose, mSv  Total predicted frequency per annum
BSL BSO  
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accidents that result in exposure to ionising radiation, are:  

BSL: 1 x 10
-5

 pa  
BSO: 1 x 10

-7
 pa  

 

1992 SAP P44

2 1992

SAP P44

P44

 

SAP

 

HSE HPA P44 100

R2P2 136 Target 9

 

Target 9

628 ALARP BSO 100

 

Target 9 Hinkley Point Barnes

HSE
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1992 SAP P45 P46 

SAP ‘ ’

1992 SAP P45 P46

583

HSE

 

 

 

(1) Health and Safety Excutive, “Safety Assessment Principles for Nuclear Facilities”, 2006 

Edition, Rev. 1 
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4.3  

4.3.1  

OECD/NEA CSNI

WGRISK FCS 2004

PSA

PSA SAP

(1)  

 

(1)  

HSE

BNFL 1980 1990

PSA  

PSA

pfd: probability of failure on demand)  

pfd 10%

 

initiating fault)

  

SAP 4.3-1  

 

4.3-1  

 (mSv) 

( )

 (y
-1

) 

0.1 to 1 10
-2

 

1 to 10 10
-3

 

10 to 100 10
-4

 

100 to 1000 10
-5

 

> 1000 10-6 

  

 

(2)  

1997 (formal deterministic safet 

analysis)  

 (robustness) PSA
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 PSA

 

 NII SAP PSA

 

 

(3)  

>10 -5/y 

 

4.3-1 10-5/d

2

3  

 

10

10

10

10

10

10

-5

-4

-3

-2

-1

-6

10
-7

10
0

(1/y)

1000100101

(mSv)

0.1

(Conservative estimate)(Conservative estimate)

Safety Measures

2/3

10

10

10

10

10

10

-5

-4

-3

-2

-1

-6

10
-7

10
0

10

10

10

10

10

10

-5

-4

-3

-2

-1

-6

10
-7

10
0

(1/y)(1/y)

1000100101

(mSv)

0.1

(Conservative estimate)

1000100101

(mSv)

0.1

(Conservative estimate)(Conservative estimate)

Safety Measures

2/3

 

4.3-1  

 

(4)  

4.3-2

10
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10001001010.1
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4.3-2 (pfd) 
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1
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4.3-3 (pfd) 

 

(5)  

4.3-4
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1
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1

11

1
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(6)  

4.3-5

4.3-6  
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1

1

2
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(7)  

BNFL  

 

 

 

 

 

PSA  

 2

 

 

 

 

 

(1) Stuart Drake, Application of deterministic criteria in addition to Probabilistic Safety 

Analysis , British Nuclear Group*, Risley, Warrington, UK, presented at the Joint 

WGRISK/WGOE-FCS Workshop for PSA for Non-Reactor Facilities", 4th - 5th October 

2004, NEA Headquarters, Issy-les-Moulineaux, France. 
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5.1  

5.1.1  

 15 12

 

 

a) 

 

b) mSv 5.1-1

 

c) a) b) 5.1-1 NII SAP b)

CDF LERF a)  

 

5.1.2  

 

 

5.1.3  

mSv

250 mSv

1 mSv

0.1 mSv

2.4 mSv/y 10-6 death/y 25

1 2

 

 

 

5.1.4  

CDF CFF
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50 PUREX

10-7/y

 

 

5.1.5  

10-7/y

CDF CFF CFF CDF

 

 

 

1020 fissions*1 *2 10 mSv

10-4/y 1020

 

*1 

1020 fissions  3 m3

 

*2  

1/10

10-4/y 1/200

10

10

10  

 

 

 5.1.3 0.1 mSv

10-1/y  
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5.1-1   NII  

 

(1/y) 
 

mSv 

BSL* BSO* 

0.02  1 

0.1 1 1 10-2 

1 10 10-1 10-3 

10 100 10-2 10-4 

100 1000 10-3 10-5 

1000 10-4 10-6 

 

Large release 10-5 10-7 

Plant damage 10-4 10-5 

Criticality 10-3  10-4 

*  *BSL: Basic Safety Limit,  BSO: Basic Safety 

Objective 

 

 

 

(

) 
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5.2  

5.1 5.2-1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2-1  
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PSA MOX

5.2  

 

6.1  

 5.2

 

 

6.1.1  

(1) 

 

 

6.1.2  

6.1-

(1)

(2) (3)

(4)

(5)  

 

(1)  

6.1-1  

10-6d/y

)

1

10-6d/y

)

1
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(2)  

 

 

(3)  

×

1mSv

6.1-2  

 

 

(4)  

1

 

 

(5)  

 

 

j
i

i / × i

Sv × /Sv × (-) 

 

i

0.05 (2)

/Sv 0.1 (3)  

 

j i

i / × i Sv  

× /Sv × (-) j 

6.1-2 
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1

 

 

 /y Sv ×

/Sv × ×  

 

6.1.3  

(1)  

 

 

 

10-6/ 10-10/

6.1-3  

 

 

(2)  

6.1.2 (2)

75

6.1-4

75

 

 

(3)  

10-10/

6.1-4  

10-6

10-10

10-6

10-10

6.1-3  

Pu

C

Pu

Pu

C

Pu
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0.6mSv

 (4) 6.1-1  

 

 

 

 

(4)  

3

75 0.6mSv 6.1.2 (5) 1

×10-4/  

 

6.1.4  

 

 

 

(1) Safety Assessment Principles for Nuclear Facilities, HSE(2006) 

(2) 1990 1991  

(3) ( ) ( 15 9 ) 

(4) Nuclear Fuel Cycle Accident Analysis Handbook, NUREG/CR-6410,(1998) 

 ARF5E-4 ARF 2E-3 25

NUREG/CR6410  0.38m3

1m3 0.38/

 

6.1-1  

1 1019fission

U235 Pu239

MAR

1E-2

DF10

1E-3 HEPA0.25

5E-4

1 

RFLPFARFDR

1 1019fission

U235 Pu239

MAR

1E-2

DF10

1E-3 HEPA0.25

5E-4

1 

RFLPFARFDR
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6.2 MOX  

 

6.2.1  

MOX

1

MOX

2

 

 

6.2.2 MOX  

MOX JAEA 1 MOX

MOX

MOX

MOX

1/10 10-7 / 1Sv 5%

10-7 / 2.0 10-6Sv/

 

 

6.2.3  

3 HEPA

3

HEPA

1 103 2 105 3 106 4

HEPA 3 106

HEPA HEPA

HEPA 2 1

0.1 6.2-1
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(1)  

MOX HEPA 2

16 2.68 10-13Sv/

75%

2.3Sv

( )

40%  

40%

8.0 10-7Sv/ 2.3Sv

3.0 10-7/

3.0 10-7/  

 

(2)  

1.55 10-12Sv/ (1)

6

3.2

30

2 15%

10 2.0 10-7Sv/

HEPA 2

40% HEPA

8.0 10-3/  

 

6.2.4  

MOX PSA PSA 22

22

1 6.23 10-3/

HEPA

HEPA GB

HEPA 1 HEPA

6.2-2 MOX

MOX
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(1)  

HEPA 2

15%

3.0 10-7Sv/ 22

22

6.2-1

4.8 10-1Sv 6.0 10-7/

HEPA 1

103 6.0 10-4/

 

 

(2)  

(1)

HEPA

(1) 3.15 10-11

9.0 10-9 280 (1)

4.5 10-12Sv/

10

2.0 10-7Sv/

GB HEPA

GB HEPA 3

99

4.8 10-1Sv HEPA

4.0 10-1/  

 

6.2.5  

MOX MOX

 

 

 

10  

HEPA 1 103 2 105 3 106 

HEPA 1.4 10-8/h(DP-1633) 200 3.4 10-5

2 1 /
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/ 0.1  

 HEPA

HEPA

 

 

(1) HEPA 2  

40%  

3.0 10-7/ HEPA

HEPA

 

(2) 10%  

8.0 10-3/ HEPA 2

 

 

(1) HEPA 2  

 ( 15%) 

6.0 10-7/ HEPA

HEPA

 

6.0 10-4/ HEPA 1

HEPA

1

 

(2) 10%  

4.0 10-1/ HEPA 3

 

 

10

10 1 1/10  

10-1/
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6.2-1  
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6.2-1  

 

 



JAEA-Review 2009-029

－ 55 －

 

6.2-2  
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20 21

 

 

(1)  

5

 

 

(2)  

 

 

(3)  

(1) (2)
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1024 10-1 d

1021 10-2 c

1018 10-3 m

1015 10-6 µ

1012 10-9 n

109 10-12 p

106 10-15 f

103 10-18 a

102 10-21 z

101 da 10-24 y

SI 

SI 

min 1 min=60s

h 1h =60 min=3600 s

d 1 d=24 h=86 400 s

° 1°=( /180) rad

’ 1’=(1/60)°=( /10800) rad

” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI 

eV 1eV=1.602 176 53(14)×10-19J

Da 1Da=1.660 538 86(28)×10-27kg

u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 

Ci 1 Ci=3.7×1010Bq

R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy

rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T

1 =1 fm=10-15m

1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa

atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J

IT 4.184J

µ  1 µ =1µm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

 
(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI  
  

a amount concentration

substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg

A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI 
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, ,
Gy J/kg m2 s-2

, , 
, 

Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 

bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa

=0.1nm=100pm=10-10m

M=1852m

b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s

Np

  

dB       

SI SI

m

kg

s

A

K

mol

cd

SI 
SI 

SI 

erg 1 erg=10-7 J

dyn 1 dyn=10-5N

P 1 P=1 dyn s cm-2=0.1Pa s

St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx

Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb

G 1 G =1Mx cm-2 =10-4T

Oe 1 Oe   (103/4 )A m-1

CGS
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