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(Received February 7, 2008) 
 

The FLWR is an innovative water reactor for flexible fuel cycle with hard neutron 
spectrum, aiming at the multiple recycle of plutonium or the trans-uranium based on the 
well-experienced LWR technologies. It can realize flexible and advanced utilization of 
nuclear resources corresponding to the expected change in the future circumstances of the 
natural uranium resource or establishment of advanced fuel cycle technologies by only 
changing the fuel assembly design in the same reactor system. Through detailed design 
studies so far, the core design of the breeder type FLWR with a conversion ratio over 1.0 
and a negative void reactivity coefficient has been established for sustainable plutonium 
multiple recycling.  

The present study deals with the potential effects of utilization of uranium recovered 
from LWR spent fuels as the axial blanket fuel in the core of the breeder type FLWR, which 
is characterized by the five-layer double-flat-core structure. Design studies show that the 
adoption of recovered UO2 blanket can reduce the required plutonium inventory to attain 
the same core performances as the previous core design with depleted uranium blankets. 
Furthermore, the utilization of re-enriched recovered uranium with 235U enrichment of 
about 5wt% as the internal blanket fuel is evaluated to have a potential of a conversion 
ratio of 1.1. The core design with reduced plutonium inventory and a higher conversion 
ratio can contribute to realize a smooth and speedy transition from the LWR fuel cycle to 
the sustainable fuel cycle, as a core design for the transitioning period, during which a 
sufficient amount of uranium recovered from LWR spent fuels is available as resources.  

 
 Keywords: FLWR, Core Design, MOX Fuel, Blanket Fuel, High Conversion Ratio,  

Breeding, Depleted Uranium, Recovered Uranium 
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2.1 FLWR ≥€ₐ₦⌂ ” ‗  

≥€ₐ₦⌂ ABWR 
MWe 1,356 1,356 
MWt 3,926 3,926 
MPa 7.2 7.2 

m 3.8 2.7 
 900 872 

GWd/t 65 45 
  m 0.855 3.71 

104t/h 1.8 5.2 
₦₠≥Ω₉ % 51 14.5 
∑ₐⅎ % 70 43 
₰∙₈ %TD 91/92  

LNW Ot wt%/HM 31.2  
Ote Wt%/HM 9.6 3.8(ₒ≤└ ) 

Ote t 16.1  
Ote  1.04  

kW/ft 16 12 
LBOQ  1.3 1.3 
∑ₐⅎ 10-4ȋk/k/%void -0.5 -8 

Month 15 13 

4 ”

Ote

ῷ⁭•  

CT9 ₒ≤└

 
 

Blanket 
MOX 

Blanket 
MOX 

Blanket  

 
Puf(wt%) cm 

DU 22.0 
18 22.5 
DU 40.0 
18 23.0 
DU 18.0  
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⁴῀ 

║MOX ” ↨⌂⅍⅔ₒ√ „᾿ ⁵‴‖” ‚  ―18wt%‗ ‍῀ 

↕≤└₨№⅍  

║ ₒ≤└” „᾿ ” ⁞ ‚⁭‒―  ⁴Ό᾿ ” ‖„᾿ 

║ ” ‖” ₒ≤└ ₀ ‚

U234/235/236/238 0.03/0.9/0.4/98.7” ₀  ⁴ ‗‗ ‍῀ 

║ ₒ≤└↕≤└₨№⅍‖”235U „MOX ” ‗  ῼ0.2wt%῀ 

║ ∆⌐№⅍” „10.5g/cc῀ 

 

║Puf 1.03  

║∑ₐⅎ  

║ ” 45GWd/t 
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║ €ₐ₦⌂ 18┤  

 

3.1 ‖  ‍ MOX ”↨⌂⅍⅔ₒ√  
 BWR  
Pu-238 2.7 
Pu-239 47.9 
Pu-240 30.3 
Pu-241 9.6 
Pu-242 8.5 

 
 
 

(wt%) 

Am-241 1.0 
Puf (wt%) 57.5 

3.8wt%” UO2 ₀ 45GWd/t‖   ‍  ‍‾”‖᾿ 
‴‖” „ 5 ᾿ 2 ‖”  

 
3.1.2  

᾿ ↨⌂⅍⅔ₒ√ ᾿ ᾿∑ₐⅎ ” „᾿  ᾿

∑ₐⅎ ᾿ ←₿╒└ ₀‾‗‚ ‖ ‚  ⁵⁴ ‖Ῥ⁯᾿

‚⁭⁴ Ό ‖Ῥ⁴῀ ‖„᾿JAEA ‖  ⁵‍∟₯≈≤╒

₪╒ⅎ₮₰Ω√ MOSRA (Modular Code System for Reactor Analyses)13)₀  ―

₀  ‍῀ ₪╒ⅎ₮₰Ω√„᾿ ᾿ ᾿ ᾿↔₉╒ⅎↄ№₦

₀  ⁴∟₯≈╒⌂ ‗ ₀  ⁴↔⌐╒√‖  ⁵―ῷ⁯᾿

₀ ‚ ‒‍ Ό ‖Ῥ⁴῀ 
ῷ⁭• „ T̓riangular-Z” ‖” ‚⁭⁯  ‍῀

ₔ⅜⌂₥╒ „ 9 ‖  ‍῀ ” ‗ ” ₀᾿ 3.1‗
3.2‚  ῀60 ‖᾿ –” „ ∞№₮≈‖ 6  ⁵⁴῀

” ‚„᾿ ᾿₮≈≤ₒⅎ ₀ ῾᾿​” „ ‗ ‍῀ 
‖„᾿ –” ₀ –” ℅∩└⅜⌂‗ ― ₀ ῲ῀ ℅∩└

⅜⌂” „᾿℅∩└⅜⌂ ” Ό  ῼ’⁴⁭ῲ‚  ⁵⁴῀∑ₐⅎ

‚„᾿MOSRA‚ ‴⁵―΅⁴ Dix” ₀ ΅‍῀ 
” ᾿∑ₐⅎ ”∕₦⌠ „᾿ ‚ —ῼMSRAC₪

╒ⅎ 14)₀ ΅―  ‍῀ ≤ₐ↕≤≥‚„ J̓ENDL-3.315)₀ ΅‍῀ₔ⅜⌂₥╒

„ 107 ‖Ῥ⁴῀ ‖„᾿ 3.3 ‚   60 ”

∟℮⌂₀  ‍῀ ∟℮⌂‖„᾿₰Ω└⌐₰ ‖  ⁵‍₧≤↔₇ₐ⅍↔₠⌠

─‗​” ” ₀᾿ ₀  ⁴ ‗ ― ΅᾿ ⁵₀℅∩└⅜⌂∑№₦

₰” ‚ Ὼ ῾―΅⁴῀ ” ∟℮⌂” „᾿ ₔ⅜⌂₥╒∟└Ω₢⌂⌠₪╒

ⅎMVP‗” ‚⁭⁯  ⁵―΅⁴ 16) ‴͂‍ ∕̓₦⌠ ”∑ₐⅎ ‚–΅―„᾿

MOX ῷ⁭•↕≤└₨№⅍ ”∑ₐⅎ ₀  ―​⁵‌⁵ 8̓0% 5̓5% 3̓0%‗ 80%᾿
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45%᾿10%” 3 ”∑ₐⅎ ‖” ₀ῷ ’΅᾿MOSRA” ₀  ‍῀ 
₮₰Ω√‚⁭⁯  ΅ ₀  ⁴ ‚᾿ ” ₀  ⁴ ‖Ῥ⁴᾿

₀΅ῼ–‚  ⁴Ὸ„ ’ ‖Ῥ⁯᾿  ⁴ ₮₰Ω√‚⁭‒―

„ ’‒―ῼ⁴  ͂⁵‴‖”FLWR ” ” ῼ„ M̓OSRA MSRAC

₮₰Ω√‗„ ’⁴₮₰Ω√‖  ⁵―Ὼ―΅⁴17)῀​ ‖᾿ ‖„᾿​⁵⁮” ‗

” ” Ὸ⁮᾿ ‖” ‚ ΅ ‚–΅―”MOSRA-MSRAC₮₰Ω√‚

⁭⁴ ⁞᾿MOSRA MSRAC₮₰Ω√‗MVP₪╒ⅎ‚⁭⁴ ‖”∂└℅

∕╒₦ ” 18) ₀ ‚ ― M̓OSRA-MSRAC₮₰Ω√‖” €ₐ₦⌂ ”

₀0.995‚  ᾿ ” ₀ῷ ’ῲ ‗‗ ‍῀ 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1 ”  

' (
4/-/

2/-/

00/-/

4/-/

1-/

'bl(

0

0

11

0

0

-

0/

5

33

0/

0

LNW

LNW
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3.2 ” 16) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 ” ∟℮⌂ 
 

Extrapolated
Boundary Condition

Extrapolated
Boundary Condition

Reflection
Boundary Condition

23.4 cm

Saturated Water

Stainless Steel
(Shroud)

Fuel AssemblyBlack Absorber

Reflection
Boundary Condition

1

2 2

3 3 3

4 4 4 4

5 5 5 5 5

6 6 6 6 6 6

7 7 7 7 7 7 7

8 8 8 8 8 8 8 8

9 9 9 9 9 9 9 9 9
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3.1.3  

” ῷ⁭• ” Ό  ⁵‍ ”‾‗‖᾿

” ‗ ―  Ὼ‮ „᾿ ‖Ῥ⁴ ”∑ₐⅎ ” ‗

₀  ⁴‍‼”MOX ῷ⁭•↕≤└₨№⅍ ”  ‗ ‖Ῥ⁴῀ ‖„᾿Ῥ⁴

←₿╒└‚ ‒― ₀  ―  ⁴ €ₐ₦⌂ ‖” ₀‾‗

‚ ₀ ‍  ₀  ‍῀ 3.4‚  ‍ ←₿╒└₀  ῀ ↄ№

℅ „ ’⁴‾””᾿΅ ⁵” ←₿╒└‗‾᾿ ₀  ―᾿ „

‚  ― €ₐ₦⌂   ‍ ᾿ ‚  ― €ₐ₦⌂  

 ― Ὸ⁮   ‗ ―΅⁴῀ ” ‚–΅―„᾿ Ὸ⁮ ‚

 ― ⁮‚ €ₐ₦⌂   ‍ ‚  ⁵⁴῀ 

3.2‚᾿ ₒ≤└ ‗ ₒ≤└ ” ‗ €ₐ₦⌂ ₀

 ῀ ᾿Puf ῷ⁭•∑ₐⅎ „ ” ‚⁭‒―΅⁴῀ 

║Puf ”Puf ”Puf  

║∑ₐⅎ ‗ Ὸ⁮ ₀10%  ‍ Ὸ⁮  ‍

∑ₐⅎ ‚  ⁴  

ₒ≤└ ϲ„᾿ ” ‗ ―  ‍‾”‖᾿ ⁞MOX ”  ᾿

↕≤└₨№⅍ ”  „᾿ 3.1”↨⌂⅍⅔ₒ√ ‗  MOX ₀ ΅―  ⁵‍

17)‚ ”FLWR ” ‖Ῥ⁴᾿ 110.5cmῷ⁭•

↕≤└₨№⅍ MOX ↕≤└₨№⅍ MOX ↕≤└₨№⅍=19cm

20.5cm 29.5cm 19.5cm 22cm ₀‾‗‚  ‍῀ ”∑ₐⅎ ₀  ᾿Puf

1.03₀  ―ῷ⁯᾿ „41GWd/t‖Ῥ⁴῀ 

ₒ≤└ ϳ„᾿ ₒ≤└ ϲ₀∂╒₰‚ 45GWd/t₀  ⁴

‍‼‚MOX ῷ⁭•↕≤└₨№⅍ ”  ‗ ₀  ‍‾”‖᾿ MOX  ₀40cmῸ

⁮41.5cm‚  ⁴‗‗‾‚᾿ ”∑ₐⅎ ₀  ⁴ Ὸ⁮ ↕≤└₨№⅍”

 ₀30cmῸ⁮33cm‚   ᾿ ↕≤└₨№⅍”  ₀20cmῸ⁮17cm‚  ―΅⁴῀ 

ₒ≤└ ϲ„᾿ ₒ≤└ ϲ‗ ↨⌂⅍⅔ₒ√ ‗

₀ ‗ ᾿↕≤└₨№⅍ ‚⁸‍‒―235U₀0.9wt%  ⁴ ₒ≤└₀  ‍

‖Ῥ⁴῀ ₒ≤└ ϲ‗” ‖„᾿ ↨⌂⅍⅔ₒ√ ”‾‗‖

Ό 10%  ―΅⁴῀‴‍᾿ ₒ≤└ ϳ‗” ‖„᾿ ”

45GWd/t₀ 4% ’΅ ↨⌂⅍⅔ₒ√ ‖  ―΅⁴῀ 

ₒ≤└ ϳ„᾿ ₒ≤└ ϳ‗ ↨⌂⅍⅔ₒ√ •

₀ ‗ ᾿↕≤└₨№⅍ ‚⁸‍‒― ₒ≤└₀  ‍ ‖Ῥ⁯᾿

₀ 4%   ―΅⁴῀ 

ₒ≤└ ‖„᾿ ₒ≤└ ‗  ― ᾿ ‚↕≤└₨№⅍ ” 

ῷ⁭• Ό Ὼῼ’⁴‍‼᾿ ”∑ₐⅎ ₀  ⁴ Ό ‖Ῥ⁴῀

3.2‚  ‍⁭ῲ‚᾿ ₒ≤└ ‖„᾿ ↕≤└₨№⅍ ”  ₀ ₒ≤└

⁭⁯‾ ῼ ⁴‗‗‾‚᾿ ↕≤└₨№⅍ ”  ₀10cm‗  ―∑ₐⅎ ”

⁵₀ Ὼῼ ⁴ ‗ ‍῀ 
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3.3‚᾿ ₒ≤└ ϳ‗ ₒ≤└ ϲ‖”€ₐ₦⌂ ‚ῷ῾⁴ ”

” ₀  ῀ ₒ≤└ ‖„ ↕̓≤└₨№⅍ ‚235UΌ ῼ  ⁴‍‼᾿ 

↕≤└₨№⅍ ” „ ₒ≤└ ⁭⁯ 2 ῼ’‒―ῷ⁯᾿ ‚

‾ ῼ’⁴ ‗Ὸ⁮᾿238UῸ⁮↨⌂⅍⅔ₒ√‭” Ό  ⁵᾿ ”Puf „

ₒ≤└ ⁭⁯ Ὼῼ’⁴῀ 

3.4‚᾿ ₒ≤└ ϳ‗ ₒ≤└ ϲ” ‗ ”

” ₀  ῀ ₒ≤└ ” ”236U‗237Np” ₀ ΅―„᾿ ‚ Ὼ’

„’΅῀ ₒ≤└ ‚ῷ῾⁴ ”236U” „ ‗  ―  ⁴‾””᾿

​” „ 20%‗  ΅ ‗’‒―΅⁴῀ 

 

᾿ ₒ≤└₀↕≤└₨№⅍ ‗ ―  ⁴ ‗‚⁭⁯᾿ ₒ≤└₀  ‍

‗  ― ” ₀  ⁴‍‼‚ ’ ↨⌂⅍⅔ₒ√ ₀ ‖Ὼ⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4
‖  ‍ €ₐ₦⌂ ←₿╒└ 

 

JAEA-Research 2008-040

豨糫緱緫 豨



 
  

 
- 1

1 
-

3.
2

ₒ
≤
└

€
ₐ
₦
⌂

”
‗

 
 

ₒ
≤
└

ϲ
 

ₒ
≤
└

ϳ
 

ₒ
≤
└

ϲ
 

ₒ
≤
└

ϳ
 

(t/
h)

 
18

,0
00

 
18

,0
00

 
18

,0
00

 
18

,0
00

 
(ή

) 
28

3 
28

3 
28

3 
28

3 
∑
ₐ
ⅎ

(%
) 

70
 

70
 

70
 

70
 

(m
m

) 
11

00
 

11
15

 
11

00
 

11
15

 
 

 
↕
≤
└
₨
№
⅍

 
 

(m
m

)  
M

O
X

Pu
f

 
 

(m
m

) 
↕
≤
└
₨
№
⅍

 
 

(m
m

) 
M

O
X

Pu
f

 
 

(m
m

) 
↕
≤
└
₨
№
⅍

 
 

(m
m

) 
 

 
D

U
 

20
0 

18
 

20
0 

D
U

 
30

0 
18

 
20

0 
D

U
 

20
0 

 

 
D

U
 

20
0 

18
 

20
5 

D
U

 
33

0 
18

 
21

0 
D

U
 

17
0 

 

 
RE

U
 

10
0 

18
 

20
0 

RE
U

 
34

0 
18

 
20

0 
RE

U
 

26
0 

 

 
RE

U
 

10
0 

18
 

20
5 

RE
U

 
37

5 
18

 
21

0 
RE

U
 

22
5 

 
↕
≤
└
₨
№
⅍

23
5 U

(w
t%

) 
  

  
  

  
  

  
  

23
6 U

(w
t%

) 
0.

2  
0.

2  
0.

9 
0.

4 
0.

9 
0.

4 
Pu

kg
/

 
15

.6
 

16
.2

 
15

.6
 

16
.2

 
€
ₐ
₦
⌂

 
21

.6
 

20
.7

 
20

.5
 

21
.7

 
ↄ
№
℅

 
←
₿
╒
└

 
3.

37
  

 
A 

3.
95

 
B 

3.
95

 
C 

3.
95

 
C 

(G
W

d/
t)

 
41

 
45

 
45

 
47

 
M

O
X

(G
W

d/
t) 

79
 

86
 

84
 

86
 

↕
≤
└
₨
№
⅍

(G
W

d/
t) 

19
 

21
 

23
 

24
 

Pu
f

 
1.

03
1 

1.
02

7 
1.

03
7 

1.
03

1 
∑
ₐ
ⅎ

 (
ȋ

k/
k/
∑
ₐ
ⅎ

  
  

  
  

 
3x

10
-5

 
1x

10
-5

 
1x

10
-5

 
1x

10
-5

 

JAEA-Research 2008-040

豨糫緱緱 豨



    - 12 -

3.3 ” ”  ( €ₐ₦⌂ ) 
 ₒ≤└ ϳ ₒ≤└ ϲ 

GWd/t  45 45 
(mm) 1115 1100 

   
↕≤└₨№⅍  (mm) 

MOX Puf   (mm) 
↕≤└₨№⅍  (mm) 

MOX Puf   (mm) 
↕≤└₨№⅍  (mm)  

 
DU 200 
18 205 
DU 330 
18 210 
DU 170  

 
REU 100 

18 200 
REU 340 

18 200 
REU 260  

” W/cc            65 73 
MOX (W/cc) 153 154 
↕≤└₨№⅍ (W/cc) 12 27 

  W/cc  
↕≤└₨№⅍ 
MOX  
↕≤└₨№⅍ 
MOX  
↕≤└₨№⅍ 

 
9 

130 
12 

175 
16 

 
30 

133 
23 

175 
31 

 
 

3.4 ” ” (wt%) 
ₒ≤└ ϳ 

45GWd/t  
ₒ≤└ ϲ 

45GWd/t  
 

 
    

U234  0.012 0.017 0.022 
U235 0.18 0.08 0.62 0.26 
U236  0.03 0.25 0.29 
U237  0.0001  0.0003 
U238 88.17 87.15 87.72 86.52 

Np237  0.02  0.07 
Np239  0.005  0.005 
Pu238 0.31 0.27 0.31 0.28 
Pu239 5.58 6.36 5.45 6.23 
Pu240 3.53 3.92 3.45 4.18 
Pu241 1.12 0.87 1.09 0.86 
Pu242 0.99 1.00 0.97 0.98 
Am241 0.12 0.29 0.11 0.28 

JAEA-Research 2008-040

豨糫緱緹 豨



    - 13 -

3.2 ₒ≤└₀  ―↕≤└₨№⅍ ‗ ―  ‍  

’ €ₐ₦⌂ €ₐ₦⌂ ‭” ” ‖„᾿ ‚  ⁴MOX

”↨⌂⅍⅔ₒ√₀ ‗ ― ” ‚⁭⁯  ⁴ ΌῬ⁴ ‗Ὸ⁮᾿

€ₐ₦⌂Ὸ⁮ €ₐ₦⌂‭” ₀ ⁞Ὸ‚ῷ ’ῲ ‖᾿↨⌂⅍⅔ₒ√ Ό

’ῼ᾿Ὸ– Ό Ὼ΅ ‗Ό ‴ ΅῀ ‖„᾿ 3.5‚  ⁭ῲ‚᾿ ”

↕≤└₨№⅍ ‖” ₀ ‼―MOX ”↨⌂⅍⅔ₒ√ ₀  ⁴‗‗‾

‚᾿ ↕≤└₨№⅍ ‖” ₀   ―↨⌂⅍⅔ₒ√‭” ₀   ⁴‗΅ῲ

’ ῴ”‾‗‚᾿ ↕≤└₨№⅍‚ ₒ≤└‚ ‒― ₒ≤└₀  ⁴

₀  ‍19)῀ ” ‗ ⁴FLWR ” ’⁮•‚ ᾿  ‍

„3.1 ‗ ‖Ῥ⁴῀ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 FLWR  
 
3.2.1 ₒ≤└” ‗ ‭”  

 ⁴ ” ₒ≤└” „᾿ ” ⁞ ‚⁭‒―

’⁴῀​ ‖᾿ ’ Ὸ⁮” ₒ≤└” ‗ ” ₀

” Ὼ΅236U‚  ―  ‍῀ 3.5‚᾿  ‍ ”

”235U ᾿ ᾿ ” ᾿ ”236U ₀  ῀₨╒₰ „᾿

”BWR‖ ‗ ―  ⁵‍ ” ΅ ᾿₨╒₰2„᾿₨╒₰1‚

 ‍ ᾿₨╒₰3„ ”BWR ‚  ―΅⁴῀ ” „᾿

MSRAC‚⁭⁴ ∑ₐⅎ ‖” ₲⌂ ‚⁭⁯  ‍ ‴͂‍᾿ ”

„᾿ ₢₰₨╒ⅎ ‚⁭⁯  ‍῀ ” ‚ ΅᾿ ”236U”

Ό  ―ῷ⁯᾿ ‖„᾿235U‗236U” Ό  ―΅⁴῀₨╒₰2” „᾿3.1

” ₒ≤└” ‚‰′  ―΅⁴῀ 

” ₒ≤└₀᾿ ‖”235U ” ‖Ῥ⁴5wt%‴‖  ⁴‗᾿235U
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‚  ⁴236U” „ ‗  ⁴‗  ῼ’⁴‾””᾿₨╒₰3” ‚„᾿236U”

„2.5wt% ῼ‚  ―ῷ⁯᾿ ” ‭” „ ‖Ὼ’ῼ’⁴῀​ ‖᾿

ₒ≤└‚ ‴⁵⁴236U” ‭” ₀᾿   ∟℮⌂₀ ΅―

 ‍῀ 3.6‚᾿ ∟℮⌂‖”   ” ‗ ₀  ῀

↕≤└₨№⅍ ”235U” „4.9wt%‗  ―᾿236U” ₀ 3.5” ₀

‚᾿0.0᾿1.0᾿1.5᾿2.5wt%‗   ― ₀ῷ ’΅᾿ 30GWd/t‖”

ῷ⁭•∑ₐⅎ ‚–΅―᾿236U₀  ’΅ ‖” ‗  ‍῀236U” ‚

⁭⁯ 0̓.3Ὸ⁮0.7%ȋk/k” ᾿∑ₐⅎ ‗ ―1.0x10-4ȋk/k/%∑ₐⅎ ”

‭” ” Ό  ―ῷ⁯᾿ ‚ῷ΅―„ ” ₀  ― ₀  ⁴ Ό

Ῥ⁴῀ 

 

3.2.2  

‖  ‍ –” ₒ≤└ ‚–΅―᾿ €ₐ₦⌂ ” ₀

 ‍῀ 3.7‚᾿ ₒ≤└ ” ‗ €ₐ₦⌂ ₀᾿ ₒ≤└

ῷ⁭• ₒ≤└ ‗  ―  ῀ 

ₒ≤└ ₀ ῼ –” ‖„᾿ ᾿MOX  „3.1 ‖” ‗

 ῼ᾿​⁵‌⁵110cm᾿20cm‗  ‍῀‴‍᾿MOX ” ↨⌂⅍⅔ₒ√ „᾿

↕≤└₨№⅍ ” Ό ῼ’⁴ ‗₀  ―᾿ ₒ≤└ ”18wt%‚  ―

16wt%‗ ῼ  ᾿ ↨⌂⅍⅔ₒ√ ₀ 10%  ―΅⁴῀ ” ”‾‗‖

”∑ₐⅎ ₀  ⁴↕≤└₨№⅍ ₀  ᾿ ₀  ‍῀ €ₐ₦⌂

‖” ←₿╒└„᾿ 3.4‚  ᾿ↄ№℅ 4.68” ←₿╒└D₀  ‍῀ 

ₒ≤└ ϴ„᾿ €ₐ₦⌂ 18Ὸ ”‾‗‖ 45GWd/t₀  ⁴

‗ ―  ‍‾”‖᾿Puf „1.03‖Ῥ⁴῀ 

ₒ≤└ ῷ⁭• ₒ≤└ ” „᾿ ←₿╒

└D”‾‗‖ €ₐ₦⌂ ₀  ―  ‍῀ ₒ≤└ ᾿ ₒ≤└

ϲ᾿ϳ” „45GWd/t₀  ―ῷ⁯᾿ ₒ≤└ ⁭⁯ ↨⌂⅍

⅔ₒ√ Ό 10% ’΅ ”‾‗‖ ” ” Ό ‖Ῥ⁴ ‗₀  ―

΅⁴῀MOX ” „᾿ ↨⌂⅍⅔ₒ√ Ό ΅ ‗‖ ₒ≤└ ”

⁭⁯  ―΅⁴Ό᾿ ↕≤└₨№⅍ ‖” Ό  ⁴ ‗‖ ” ₀

 ―΅⁴῀ 

ₒ≤└ ”Puf „᾿ ₒ≤└ ”1.03‗  ―᾿1.10‗

‚  ―΅⁴῀ ⁵„᾿ ”MOX ” ↨⌂⅍⅔ₒ√ Ό  ‍ ‗‗᾿

3.7” ” ↨⌂⅍⅔ₒ√ ‚  ⁭ῲ‚᾿ ↕≤└₨№⅍ ‖” Ό

 ⁵‍ ‗” –” ‚⁭‒―΅⁴῀ 

” ↕≤└₨№⅍ ‚„᾿ ‖2% ”235UΌ  ―ῷ⁯᾿ ‖”

„᾿0.7wt%‗ ₒ≤└‗ ‖Ῥ⁯᾿ ⁮‚236U” ‾235U” ‗

‖Ῥ⁴ ‗Ὸ⁮᾿ ” ₒ≤└₀  ―  ⁴ ‗‾ ‗ ῴ⁮⁵

⁴῀ 
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᾿FLWR ‚ῷ΅―᾿ Ὸ⁮” ₒ≤└₀  

―᾿ ↕≤└₨№⅍ ‗ ―  ⁴ ‗‚⁭⁯᾿ ₒ≤└₀  ‍ ‗  ―᾿

” ₀  ⁴‍‼‚ ’ Pu₀ 10% ‖Ὼ⁴‗‗‾‚ P̓uf ₀

1.10 ‚ ‼⁴ ‗Ό ‗”  Ό ⁮⁵‍῀ 

 

 

3.5 ₒ≤└ ” 236U ”  
ₒ≤└ ₒ≤└   ‍ 

 
 

235U 
 

 
 

 235U 5wt%  
236U ( ) 

1  
 

2.2wt% 19GWd/t 235U 0.78wt% 
236U 0.24wt% 

 
0.9wt% 

2  
 

3.0wt% 28GWd/t 235U 0.89wt% 
236U 0.36wt% 

 
1.4wt% 

3  
 

3.9wt% 45GWd/t 235U 0.71wt% 
236U 0.54wt% 

 
2.4wt% 

( )₢₰₨╒ⅎ ‖”  
 
 

3.6 ∟℮⌂‚⁭⁴ ₒ≤└ ” 236U”  
ₒ≤└    

 (A) (B) (C) 
236U (wt%) 0.0 1.0 1.5 2.5 

30GWd/t‖” 
” ‗”  

 
 

0.0033 0.0047 0.0069 

30GWd/t‖” 
∑ₐⅎ ” ‗”  

 
 

0.8Ö10-4 1.1Ö10-4 1.4Ö10-4 

∟℮⌂ 
    (mm)  

↕≤└₨№⅍ 200 ₒ≤└ 
MOX  200 Puf 16wt% 
↕≤└₨№⅍ 350 ₒ≤└ 235U 4.9wt%  
MOX  200 Puf 16wt% 
↕≤└₨№⅍ 150 ₒ≤└ 
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⅍
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⌂
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3.3 ‗ €ₐ₦⌂  

‖„᾿ ‖  ‍ ₒ≤└ €ₐ₦⌂ ‚  ⁴

” ₀  ᾿ €ₐ₦⌂Ὸ⁮ €ₐ₦⌂‚ ⁴ €ₐ₦⌂ ₀  ‍῀

” ‗ ⁴FLWR ” ’⁮•‚ ᾿  ‍ „3.1

‗ ‖Ῥ⁴῀ 

 

3.3.1 €ₐ₦⌂  

”BWR‚ῷ῾⁴ ‖„᾿1 ” ₀  ― ᾿  ―΅ῼ

Ό  ⁵―΅‍Ό᾿ ‚  ‍ ” ₀ ῼ ―

₀   ⁴ Ὸ⁮᾿ ₀ ” ’⁴ ” ‖   €ₐ₦⌂

₀  ⁴ Ό  ⁵⁴⁭ῲ‚’‒―΅⁴῀ 

3.6‚᾿ ‖  ‍ €ₐ₦⌂ ←₿╒└D‚  ‍ €ₐ₦⌂

‖” ←₿╒└₀  ῀ €ₐ₦⌂ ‖” ” ” €ₐ₦⌂

‚  ‍ ᾿ ‚ ΅᾿ ₀ױ⁮Ὸר  ᾿  ⁴

‚  ―᾿ €ₐ₦⌂ „ €ₐ₦⌂‖” ←₿╒└‚ ‒― ₀

ῷ ’‒―΅ῼ῀ €ₐ₦⌂‖ ” Ό  ⁵⁴ ‚„᾿ ‚ῷ΅―

‾᾿ ‗  ↨⌂⅍⅔ₒ√ ⁞ ₀  ⁴ Όר  ⁵⁴῀ 

3.8‚ ” ₀  ῀ ‖„᾿ 3.6” ←₿╒└‚  

―3 ” ‖ ₀  ―΅⁴῀ ”MOX ῷ⁭•↕≤└₨№⅍ ”↨⌂⅍

⅔ₒ√ „ ‚ ΅  ⁴‾””᾿Puf Ό1₀⁞⁞ ῴ⁴‗΅ῲ ‚  ―᾿

‚„ ”↨⌂⅍⅔ₒ√ ‚ Ὼ’ Ό’΅ ‗᾿ ” Ὸ⁮MOX

∆⌐№⅍” „ ’΅‰ῲΌ ‴ ΅‗” ῴ‚‾‗—Ὼ᾿3 ” ”MOX  

ῷ⁭• ↨⌂⅍⅔ₒ√ „ ‗ ᾿ €ₐ₦⌂ ‖” €ₐ₦⌂ ‚

 ‍ „ ↕≤└₨№⅍ ”235U ‖  ⁴ ‗ ‍῀ 

4.7€ₐ₦⌂‗ ‾ ῼ ‚  ⁴ ᾿„ר €ₐ₦⌂‖” ‗

” ‖ ↕≤└₨№⅍ ‚4.9wt% ” ₒ≤└₀  ―΅⁴῀ ‚ ῼ  

⁴ „‖ש ↕≤└₨№⅍ ‚3.0wt%” ₒ≤└₀  ⁴ ᾿ Ὸ

⁮ ῼ  ⁵⁴ ”ױװת ↕≤└₨№⅍ „ ₒ≤└‗ ―᾿ ↕≤└₨

№⅍ ”235U” ‚ ₀–῾―΅⁴῀ 

 

3.3.2 €ₐ₦⌂  

3.8ῷ⁭• 3.6‖  ⁵⁴ Ὸ⁮  ᾿ €ₐ₦⌂ 18₢ ‖ €ₐ

₦⌂ ←₿╒└‚ ‒― ₀ ΅’Ό⁮  ⁴ €ₐ₦⌂ ‚–΅―᾿

​” ₀  ‍῀ 3.9‚ ₀  ῀ 

€ₐ₦⌂ ‖ 2.5%ȋk/k ” ₀  ᾿€ₐ₦⌂ ‖” ‾

€ₐ₦⌂ ” ₀‰′  ―ῷ⁯᾿ ‚„ €ₐ₦⌂‗ ” ₀  ―΅

⁴῀∑ₐⅎ „᾿ €ₐ₦⌂Ό ₁‖ Ό ῼ’⁴‚–⁵― €ₐ

₦⌂ ‖” ‚ —΅―΅⁴῀ €ₐ₦⌂ ‚  ⁵⁴ ” Puf „᾿ €ₐ

JAEA-Research 2008-040

豨糫緱繇 豨



    - 18 -

₦⌂Ό ›‚–⁵―  ᾿ ‚  ‍ Ό ―‮ ⁯  ⁵⁴ 5€ₐ₦⌂‖

„᾿ €ₐ₦⌂ ‖” Puf 1.10₀  ―΅⁴῀ 

‴‍᾿ 3.7 ‚  ⁭ῲ‚ ” ” ‾  ῼ €ₐ₦⌂‖‰′ €ₐ₦⌂

” ‚₰√╒₱‚  ―΅⁴῀ 

 

 

 
3.8 ”  

  
 ר

 
 ש

 
 ױ/װ/ת

 192 192 192/192/132 
(mm) 1100 1100 1100 

   
↕≤└₨№⅍  (mm) 

MOX Puf   (mm) 
↕≤└₨№⅍  (mm) 

MOX Puf   (mm) 
↕≤└₨№⅍  (mm)  

 
DU 200 
16 200 

REU 350 
16 200 
DU 150  

 
DU 200 
16 200 

REU 300 
16 200 
DU 200  

 
DU 200 
16 200 
DU 300 
16 200 
DU 200  

↕≤└₨№⅍  
235U (wt%) 
236U (wt%) 

 
4.9 
1.0 

 
3.0 
0.6 

 
0.2 
0.0 

(kg/ ) 238.4 238.4 238.4 
Pu kg/  13.9 13.9 13.9 

235U (kg/ ) 3.99 2.25 0.43 
᾿„ר ‗ ῀ 

DU: ₒ≤└᾿REU: ₒ≤└ 
 

3.9 €ₐ₦⌂”  
€ₐ₦⌂ 

(18Ὸ ) 
 

€ₐ₦⌂ 
2 

€ₐ₦⌂ 
3 

€ₐ₦⌂ 
4 

€ₐ₦⌂ 
5 

€ₐ₦⌂ 
 

€ₐ₦⌂ 
BOC 
EOC 

1.0243 
1.0085 

1.0278 
1.0022 

1.0267 
1.0011 

1.0250 
0.9997 

1.0248 
0.9995 

1.02516 
1.0000( ) 

∑ₐⅎ  
ȋk/k/ ∑ₐⅎ  

4.5x10-4 2.3x10-4 6.2x10-5 1.4x10-5 1.0x10-5 1.0x10-5 

€ₐ₦⌂  
” Puf  

1.03 1.05 1.07 1.09 1.10 1.10 

„᾿ €ₐ₦⌂ EOC” ₀ 1.0000‗  ― ῀ 
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3.6 ‚ῷ῾⁴ ←₿╒└ 
 

 
3.7 €ₐ₦⌂‚ῷ῾⁴ ”  

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

1.20 

1.40 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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3.4 ₒ≤└ ”  

3.2 ῷ⁭•3.3 ‖  ‍ €ₐ₦⌂ ‗ ” ‚‾‗—΅―᾿

FLWR₀  ⁴‍‼‚ ’ ↨⌂⅍⅔ₒ√ ₀  ‍῀ ₀ 3.10‚

 ῀ ₒ≤└↕≤└₨№⅍ ‗ ≥€ₐ₦⌂ ” ↨⌂⅍⅔ₒ√

„᾿ ₀ €ₐ₦⌂ ‗ ―  ⁴‾”‗ ―᾿ €ₐ₦⌂

” Ὸ⁮  ‍῀ 

FLWR₀  ⁴‍‼‚ Ὸ⁮  Ὼ‮ Ῥ‍⁯” ↨⌂⅍⅔ₒ√

„᾿ ‖  ‍8)῀ 

↨⌂⅍⅔ₒ√ = PufI PufEÖ≥€ₐ₦⌂  

PufI(t/GWe) ‍⁯” ” ↨⌂⅍⅔ₒ√  

PufE(t/ /GWe ↨⌂⅍⅔ₒ√”  

≥€ₐ₦⌂ ” Ὸ⁮᾿ ᾿ ₀ ―  ⁴‴‖”  

ₒ≤└↕≤└₨№⅍ ” ↨⌂⅍⅔√ „᾿ ₒ≤└↕

≤└₨№⅍ ⁭⁯‾᾿≥€ₐ₦⌂ Ό3 ‗5 ” ₨╒₰‖ 14%  ⁵―΅⁴῀ 

 

P̓uf ‚  ⁴ ‗ ―᾿ ” ‏⁸’ ᾿

ₐ└∂└⅍≥₀ ‚ ⁴”‚ ’ ΌῬ⁴῀ 3.10‚„᾿ ‖  ⁵⁴

(reactor doubling time)₀  ‍῀ 

0*FBOC/FG 0 (ȧ-1) 

FBOC ↨⌂⅍⅔ₒ√”ₐ└∂└⅍≥ 

FG €ₐ₦⌂‖” ↨⌂⅍⅔ₒ√”  

0 Ὸ⁮ ‴‖”  

ȧ Puf  

Puf Ό1.03Ὸ⁮1.10‚  ⁴ ‗‚⁭⁯᾿ ↨⌂⅍⅔ₒ√” „

1/3‚  ⁵᾿FLWR” ₀ ‼⁴ ‖ Ὼ’ ΌῬ⁴῀ 

‖” ₀∂╒₰‚᾿ ₒ≤└↕≤└₨№⅍ FLWR₀ €ₐ₦

⌂Ὸ⁮ €ₐ₦⌂‭ ‗ ― Ό ” ₮₰Ω√‚  ‍

” Ό ⁮‚⁭⁯  ⁵―΅⁴20)῀ 3.8‚᾿ 20)‚  ⁵―΅⁴

” ”₮∙≈⌐╒₮≡└ ₀  ῀ ” Ό ” ”‹” ᾿ ”

Ό  ‍ ₀  ‍ ‖Ῥ⁴ P͂uf 1.10” FLWR„ P̓uf

1.04” FLWR⁭⁯‾Pu” Ό  ⁵⁴‍‼᾿ ―” ₒ≤└

”≥↨⌐╒₰‚ ’ ₀ 120 ‚ ‖Ὼ⁴ ‗  ̓⁮‚ Ὸ⁮ ‭”

⁯ ῴ₀ ῲ ‗‖᾿ ”2050 Ὸ⁮ ₒ≤└” Ό ‚’⁴

€ₐ₦⌂ ‴‖” ₀ 240 Ὸ⁮ 150 ‚ ‚ ‖Ὼ⁴ ‗Ό  ⁵―΅⁴῀  
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3.10 FLWR ”  
ₒ≤└ 

↕≤└₨№⅍ 
 

ₒ≤└ 
↕≤└₨№⅍ 

 

( )  
≥€ₐ₦⌂ 

 

 
  

   
(t/h) 18,000 18,000 18,000 

(ή) 283 283 283 
∑ₐⅎ (%) 70 70 70 
(mm) 1145 1100 1255 
   

↕≤└₨№⅍  (mm) 
MOX Puf   (mm) 

↕≤└₨№⅍ 
(235U :wt%) 

 (mm) 

MOX Puf   (mm) 
↕≤└₨№⅍  (mm)  

 
DU 200 
18 205 
DU 
(0.2) 

330 

18 210 
DU 200  

 
DU 200 
16 200 

REU 
(4.9) 

350 

16 200 
DU 150  

 
DU 220 
18 225 
DU 
(0.2) 

400 

18 230 
DU 180  

(kg/ ) 248 238 274 
Pu kg/  16.2 13.9 17.9 

€ₐ₦⌂  18 18 15 
ↄ№℅ 4.7 4.7 6.8 

(GWd/t) 45 46 50 
MOX (GWd/t) 87 77 100 

Pu (t/GWe) 
≥€ₐ₦⌂ 3 ”  
≥€ₐ₦⌂ 5 ”  

 
14.7 
17.3 

 
12.6 
14.9 

 
15.3 
17.7 

Pu  
(t/GWe) 10.8 9.2 11.8 

Pu  
(t/GWe/ ) 1.3 1.2 1.2 

Puf  1.03 1.10 1.04 
( ) 274 82 250 
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