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Core design studies have been performed for small fast reactors at two main features of long-life core
and enhanced passive safety as part of the “Feasibility Studies on Commercialized FBR Cycle System”.

The reactor and fuel design study on “Long-life Type Concept” of a sodium-cooled metal-fueled reactor
core with 50MWe carried out in JFY2004 was modified by review of fuel smear density with more
emphasis on irradiation results. The concept aims at no refueling in a core life time and smaller reactor size
supposing installation in a remote district. It has the potential of achieving higher reactor outlet temperature
such as 550 , which is equivalent to that of a sodium-cooled MOX-fueled core and advantageous to
hydrogen production, by introducing identical Pu enrichment and multi fractions of heavy-metal to reduce
power peaking as well as change of space distribution of power density in operation. The allowable limit of
fuel smear density was restricted to 75%TD rather than 85%TD in JFY2004, along with a reduction of
cladding thickness and an increase of core height to compensate for the induced decrease of fuel volumetric
fraction, and an enlargement of gas plenum length to keep the cladding integrity. These modifications
showed feasibility of attaining core life time of 30 years and reactor outlet temperature of 550  with no
need to change the core equivalent diameter. While the core height needed to be increased from 101cm in
JFY2004 to 118cm, the core bundle pressure drop was restricted to as low as about 0.03MPa. Other core
characteristics including core-averaged burn-up of 74GWd/t, burn-up reactivity loss of 1.24%Ak/kk’ and
breeding ratio of 1.08 were found to be roughly equal to those in JFY2004. Reactivity balance and fuel
integrity were also feasible to fulfill the design criteria.

The design feasibility of durable control rod and radiation shielding in a core life time was newly studied.
No possibility of occurrence of absorber-cladding mechanical interaction (ACMI) was obtained in the
analytical evaluation of ACMI for a control rod element with the conventional absorber material of B4C. A
shielding with Zr-H was selected in view of enhancement of shielding performance, and the amount of
hydrogen permeation was investigated. The feasibility was shown to satisfy the target allowance level of
the ratio of hydrogen to zirconium, more than 1.53, with PNC316 used as the cladding material. The
thermal-hydraulic design on flow rate distributions to core, control rod and radiation shielding was also
found to be feasible, provided the bypass flow rate is limited to within approximately 1%

Keywords: Design Study, Small Core, Long Life, Reactor Outlet Temperature, Control Rod, Shielding
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Absorber-Cladding Mechanical
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CDF Cumulative Damage Fraction
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Feasibility Studies on

FS Commercialized Fast Reactor Cycle | FBR
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UToP Unprotected Transient Over Power
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1.010

1.005 |

1.000

0.995 1
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| | |
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0.990
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3.4
50 MWe 30
CDF
CDF
FS [51
3.4.1
16 120 Mwt 30
6] H16 H17
(€H)
)
[6] CDF
)
[6]
70 %D Zr 10 wt.%

(15 mm) 0.4mm 0.5mm 0.6mm 0.7 mm
0.78 mm 0.8 mm 0.89 mm 7

)
3.4.1-1
3.4.1-2
@
0.4mm O0.5mm 0.6 mm O.7mm 0.78 mm 0.8 mm 0.89 mm
7 CDF 0.5
120 MPa ( ) 11.8 MPa ( )
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1.5

120 MPa
3.4.1-3
3.4.1-1
mm
3.4.2
€h)
H16 550
70 %TD 85 %TD
EBR- 12 at.%
2 %
H17 H16
75 %TD H16
/ 85 %TD 70 %TD / 75 %TD / 75 %TD
=<1.5
H16
16
550
H17
@
)

101 cm

- 27 -

CDF
Pu
75 %TD
/ /
16
0.55 mm
118 cm
16

H16
0.78

85 %TD

70 %TD / 79 %TD

0.78 mm
=<2.0

15.0 mm 14.4 mm

CDF



2
)
r
)
H17
€))
cm
CDF
0.38
116 MP
0.a
6.6 MPa
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3.4.2-3

CDF

3.4.2-1

16
3.4.2-4

0.55 mm

0.46

116 MPa

6.5 MPa
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)
3.4.2-2
(118 cm)
258 cm ( 2.2 )
0.031 MPa

258

0.10

97 MPa

5.6 MPa
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3.4.1-1 H16
(W/cm)
0.89mMm | 0.80mm | 0.78 mm | 0.70 mm | 0.60 mm | 0.50 mm | 0.40 mm
0 200.3 205.8 207.0 212.0 218.3 224.6 231.1
3 201.9 207.4 208.7 213.7 220.0 226.4 232.9
6 203.5 209.1 210.3 2154 221.7 228.2 234.8
9 205.1 210.7 212.0 217.1 223.5 230.0 236.6
12 206.7 212.4 213.6 218.7 225.2 231.8 238.5
15 208.3 214.0 215.3 220.4 227.0 233.6 240.3
18 208.7 214.4 215.7 220.8 227.4 234.0 240.8
21 209.1 214.8 216.1 221.3 227.8 234.5 241.2
24 209.5 215.2 216.5 221.7 228.3 234.9 241.7
27 209.9 215.6 216.9 222.1 228.7 235.4 242.1
30 210.3 216.0 217.3 2225 229.1 235.8 242.6
3.4.1-2 H16
(
()

0 629.0

3 631.3

6 633.7

9 636.0

12 638.4

15 640.7

18 639.7

21 638.7

24 637.6

27 636.6

30 635.6
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3.4.2-1 17

2006-060

120 Mwt

50 Mwe

Pu 3

30 (10950 )

1/

118 cm

0/0 cm

182 cm

231cm

6 /24 /48/ 78

572

(SUS
(SUS  Zr-H

6 6
30

0DS  /PNC-FMS

14.4 mm

0.55

70/75/75 %TD

(P/D)

1.11

127

1.0 mm

2.0 mm

187.7 mm

Pu € )
Zr

12.0 wt.%
10 10 6 wt.%

74 GWd/t

*2

74 GWd/t

1.24%A\k/kk =

200 W/cm

39_1W/cm®

*3

0.58><10% n/cm’ s

*3

5.5>10% n/cm?

1.08

[Tdk/dTT™ (

)

-2.7><10%

“(

5.3 $°

*1
*4
*5

Pu/HM  *2

[3=0.00363

*3 E > 0.1 MeV
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3.4.2-2
( 17 ( )
(Wicm)
0 183.3 190.6 166.9
3 185.6 192.4 166.2
6 187.9 194.3 165.6
9 190.1 196.1 165.0
12 192.4 198.0 164.4
15 194.7 199.8 163.8
18 193.2 198.8 164.2
21 191.8 197.8 164.6
24 190.3 196.7 165.0
27 188.9 195.7 165.4
30 187.5 194.7 165.8
3.4.2-3 (
( 17 ( ))
()
0 621.6 625.6 640.0
3 624.5 627.7 639.2
6 627.4 629.9 638.4
9 630.4 632.1 637.6
12 633.3 634.3 636.8
15 636.3 636.5 636.1
18 634.3 635.3 636.5
21 632.4 634.2 636.9
24 630.4 633.0 637.3
27 628.5 631.9 637.7
30 626.6 630.8 638.2
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3.4.2-4 17
( )
ATy, AT ATepag
1.025 1.025 1.025
1.020 1.020
1.026
1.040
1.010
1.000
1.026
1.020 1.300 1.030
Bo) 1.035 1.070 1.080
1.040 1.080
1.00
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400.

350.

300.

250.

200.

150.

100.

50.
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95cm
70%TD

130GWd/t

0.20

3.4.1-1

0.30

0.40

0.50

(H16

0.60
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0.70

0.80

0.90

1.00
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3.5
BOC O MOC 15 EOC 30
650
550 395 AT = 155
1 612kg/s
1.0 (1 )
650
650
Toas = (ATNa xF xR.P.F.+ ATO)X HSF + T,
Tclad
ATy,
Fb 1.1
R.P.F.
3
AT, 10
HSF =1.16
Tinlet
H17 3.5-1 7
565kg/s 1 92.3%
1 7.7
1 92.3
3.5-1
650
4 1
6.2 1
1
4
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3.5-1
kg/s
MW 1

6 221 9.2 55.2 649
12 2.16 9.0 108.0 648
6 1.96 8.2 49.2 648
24 1.85 7.7 184.8 649
6 1.59 6.6 39.6 649
12 1.35 5.6 67.2 650
12 121 5.1 61.2 646
78 - - 565.2 -
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3.5-1
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3.6

16

3.6-1

30

1.24%Ak/Kkk =
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50MWe

H17
H16 85%TD 75%TD

H16

MOX
H16 101cm

0.03MPa
1.08 H16
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3.6-1 17

MWt/MWe

120/50

550

30

1

Pu 3

cm

118

cm

182

cm

231

MPa

0.031

mm

144

mm

0.55

mm

187.7

mm

2.0

mm

10

cm

258

Pu wit / /
Zr witlh
%

12.0/12.0/12.0
10/10/6
70/75/75

GWd/

74

BAK/KK'

124

1.08

n/cm?

E>0.1MeV

5.49><10%

$

5.3
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30

Zr-H

PCR
Zr-H
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4-1

Zr-H/SUS

BCR

ACMI

Zr-H

3.3-1

30
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4.1
4.1.1
BOC MOC
cap/cc
4.1.2
4.1.1.1
@
4.1.1.1-1
6 1
3 PCR4 BCR2
B,C 108
PCR 108
3 B,C
BOC
EQC
MOC BCR
PCR
2 RZ
3
)
2 RZ 7
€))
IOB
1OB
BOC BOC
o cap/s
MOC

MOC

2> 10%cap/cc

B.C 10g
1
2 RZ
3
1OB
PCR
4.1.1.1-1
4-1
MOC
2 RZ
ADJ2000R
30
BOC 1og

108 Qo cap/s
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EOC EOC EOC 108
o cap/s
lOB 1OB
108 [(Ye) MOC
EOC 158
NDyoc = ND, -exp(— P goc *T15 — PO woc 'T7.5) 1
NDgoc = ND, -exp(— PO soc * T15 —POmoc * T1s — POeoc 'T7.5) 2
ND, 10

NDyoc MOC 10g
NDgye EOC 1og
@Oy BOC log
@O, MOC log
@O EOC log

T;5 7.5 2.37>=<108
Tis 15 4.73><108
IOB 1OB
BOC BOC yes 108 108
MOC MOC 1o MOC
Ppo @O MOC log log
EOC EOC 1og EOC
Qo (1Yo EOC 108 log
log 30 B,C 1og cap/cc
BOC MOC EOC 198 0 15
15 30 B,C 10g
2 30 B,C 10g
Ag_1s ReoctRuoc /2> Ty5 3
Ais-30 RuoctReoc 72 Ty5 [4
Aoz AocistAisao [5
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Po1s 0 15 B,C 10g
As 20 15 30 B.C 108
Aos 30 B,C 108
Ry X=BOC,MOC,EOC X log
T, 15 4.73><10°
4.1.1.2
BOC MOC EOC MOC 1.45 Ak/Kkk=
1 Ak/kk=
MOC 1 Ak/kk=
2.55 Ak/kk=
MOC 50cm 2.54
k/kk = MOC 50cm
30 log
PCR log log
B,C 1og 4.1.1.2-1
lOB
4.1.1.2-1 30 B,C log
2 1.32><10%cap/cc
4.1.1.1 2 RZ
1.0
30 1og
1.32><10%cap/cc
2> 10%cap/cc
4.1.1.3
4.1.1.2 30 B.C log
> 10%cap/cc MOC
4.1.1.3-1
32.8/139.3 0.235 1
62.5kW
4.1.2
4.1.2
4.1.1
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B.,C

4.1.2.1
4-1

@

B.C

@)
30

4.1.2.2
4.1.1.3

1)
4.1.1.3
650

0.35kg/s
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650
600
1500
4.1.2.1-1
B.C
5mm
30vol% 30vol%
B,C
ACMI
1 625K
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B,C
19

4.1.2.1-2
19

186.7mm

3mm O.7mm 0.3mm

3mm



)

®
O O

4.1.3
4.1.2.1

4.1.1.2

3.3kg/s

120Mw

B,C

30

30

lOB
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442
627

Novendtern = s

74
1 0.47kg/s
3.3kg/s
1
155 1 612kg/s
650 3.5 565kg/s
47kg/s 1 7.7
3.3kg/s 1 0.5
43.7kg/s 1 7.1
ACMI
1.32><10%cap/cc 30
30
1.7mm
AcMI
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SO0Mwe 120MWth

30

550 395

182cm 118cm

A6MW/m®

187.7mm

5 SASS” 2

Na

19

lOB

20wt% 30wt%

B,C

30vol% 30vol%

30 1

* SASS:

SuUS Zr-H
50vol%/50vol%

Na
19 (SUS 9

,Zr-H

10 )

SuUS SUS
Zr-H Zr-H 45vol%, SUS
Na29%

70vol%,Na30vol%

26vol%,

Zr-H

ZrH, 4

30 1
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4.1.1.2-1 B,C log
D A B /215 4.73%x10®) ,E B C /2 <15  4.73%10%
o o 1 1og
0 BOC 15 MOC 30 EOC
50cm
® o 10*cap/s 5.43><10" 1.53><10" 6.42>10"
(s) 0.0 4.73><10° 9.46>10°
(10%*/cm*) 2.10><107? 1.29>=<10? 7.70%<10°
cap/s/cc 1.14><10"% ™ 1.97>=<10% *® 4.94>10" *°
0 15 15 30 0 30
18 (cap/cc) 7.36><10* 5.83><10* *F 1.32><10%
1
0 BOC 15 MOC 30 EOC
50cm
® o 10*cap/s 5.40>=<10" 1.53><10% 6.35><10"
(s) 0.0 4.73><108 9.46><10°
(10*/cc) 2.10><107? 1.29>=<10? 7.74><10°®
cap/s/cc 1.13><10"% ™ 1.97><10" ™ 4.91>10" ™
0 15 15 30 0 30
108 (cap/cc) | 7.33%<10% ™  5.82x<10% *F 1.32><10%
2
0 BOC 15 MOC 30 EOC
50cm
® o 10*cap/s 5.33>=<10" 1.52>10" 6.13><10"
(s) 0.0 4.73%<10° 9.46><10°
(10*/cc) 2.10><10? 1.30><107? 7.82><10®
cap/s/cc 1.12><10"% ™ 1.98><10" ™ 4.79>10% *°
0 15 15 30 0 30
log cap/cc 7.33<10% 5.82><10% *F 1.32><10%
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4.1.1.3-1

kw

32.8

8.5

41.3

20.7

0.5

62.5
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A
o
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—
*2 *3
SUS IZr-H
A\ 4
A
ee]
—
—
A\ 4
A
o
(o))
& 23 8 & 8 28 "1 cn
*2 SUS 3.3-1 Zr-H/SUS 30 =<0.5
SUS 6
*3 Zr-H 3.3-1 Zr-H/SUS 30 x<0.5
Zr-H 6 0.5
NISINJSIN
Ulalu
S S
S
(@]

4.1.1.1-1 2 RZ
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4.1.2.1-2

-51 -




JAEA-Research 2006-060

4.2. Zr-H

4.2.1
Zr-H

4.2.1.1
@)
4.2.1.1-1 2

3.3-1 Zr-H/SUS

&)

©)

Zr-H

4.2.1.2
Zr-H Q
1 1.61W/cm?
3 2 RZ 3

4.2.1.1-1 4

S 305.1cm?

Omax
qmax Q = S = F3D N

Zr-H N 19

Orax  31.2W/cCm

4.2.1.3
4.2.1.2-1 Ocm
Zr-H 3.93kW

4.2.2

4.2.2
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RZ
30
SUS

Zr-H

Zr-H

Zr-H

1.2
4-1

4.2.1.2-1
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Zr-H/SsuUs 4.2.1 Zr-H
Zr-H
Zr-H
Zr-H 500
Zr-H Zr-H
4.2.2.1
4-1 Zr-H/SUS
(€H)
Zr-H/Ssus 4.2.2.1-1
4-1
Zr-H SUS 50vol% Zr-H 10
9 19
186.7mm  2mm
Zr-H Zr-H SUS
Zr-H  SUS 0.2mm
4-1 36.8mm 3.5mm SuUS
) zZr-H
Zr-H
4.2.2.2
4.2.1.3 Zr-H/SUS
39 6 Zr-H 6><0.5 3
(1) Zr-H/SUS
4.2.1.3 Zr-H 1 3.93kwW
500 Zr-H/SUS
0.89kg/s
Zr-H
650
@)
¢y 39
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4.2.2.1

SUS

Zr-H

39

-2

Zr-H
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34.7kg/s
34.7kg/s 1
4.1.2.2 3.3kg/s
4.1.2.2 1 612kg/s 34.7kg/s 5.7
47kg/s 1 7.7 3.3kg/s
1 0.5 34.7kg/s 1 5.7
9kg/s 1 1.5
1 2
1
Zr-H Zr-H SUS
SUS 650
Zr-H
Zr-H
4.1.2.2
4.2.3
4.2.2.1 Zr-H/SUS Zr-H
Zr-H 500 30
Zr-H H/Zr  1.53
Zr-H 500
Zr-H
Zr-H 500 Zr-H 500
Zr-H Zr-H
/ PNC-FMSE! H/Zr
4.2.3-1 30 H/Zr
H/Zr 1.6 1.3
30 H/Zr 1.53 Zr-H 420
4.2.2 500 80
H/Zr 1.65 30 H/Zr
H/Zr
PNC-FMS 1710
PNC316! 30 H/Zr
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4.2.3-2 Zr-H 500 30 H/Zr
1.53 H/Zr  1.53 Zr-H 520

PNC316 30

Zr-H
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A

o0

<

—
*1

SUS F 7r-H
\ 4
A
Nal

o0

—

—

\ 4

A

o

(@)}

N < < Lo N~ [e)] 8 29 - o
cm
*1  SUS
2-1  Zr-H/SUS 30 x=<0.5
SUS 6
*2 Zr-H
2-1  Zr-H/SUS 30 x=<0.5
Zr-H 6 0.5

—1112]3]4

nw o 9o N~

— o Lo N~ D

o o o o o

— — — — —

4.2.1.1-1  Zr-H 2 RZ
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50
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400
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10
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15 20
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186.7 -
1827 >

LY
i

fé
g
Ieleleleieleletolely
P, 0, L
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4.2.2.1-2 Zr-H/SUS
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H/Zr

1.7

16

15

14

13
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11
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H/Zr

1.65

4.2.3-1

10

H/Zr

15
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18

16 ¢ PNC316

15

N 1.4 PNC-FMS
I
13 |
o |
o™ |
12 | ;
11 | |
10 L ! L
420 470 900 520 570 620
Zr-H (
4.2.3-2 PNC316 30 H/Zr
Zr-H PNC-FMS
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4.3
D 30 B,C log 1.32><10%cap/cc
2.0>10%cap/cc
) ) B,C 30
ACMI
(3) Zr-H 30 H/Zr 1.53
500 PNC-FMS
PNC316
%) Zr-H
1
(5) B.C Zr-H
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MOX

H16

H16

B4,C

Zr-H

FS
30
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30
118cm
74GWd/t

H/Zr

16 50MWe
H16
H16
Pu
550
H16 85%TD 75%TD
H16
550
1/5
1.24%AN\k/kk = 1.08
- ACMI
PNC316
1.53
550

Zr-H
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[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]
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—77 JNC TY9400 2001-011 p.315 2001

>> JNC TN9400 2005-035 (2005)

INC TN9400 2004-030 (2004)
“Na

INC TY9400 2005-004 (2005)

> JNC TN 9400 2002-053 (2002)
2”7 JNC TN 9400 2003-066 (2003)
3 77 JNC TN 9400 2004-031 (2004)

>” JNC TN9400 2004-035 (2004)
4 16

2003 77

”” JINC TN9400 2002-56 (2002)
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BCR 2

B,C
4
BOC
4
4.1.1.2
4.1.1.2
10%%cap/cc
O
30
1 MOC
2 MOC
2 PCR
O
ADJ2000R
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1OB

MOC

MOC
PCR 5

RZ

2 RZ
50cm
MOC
BCR

PCR 50cm

30
PCR

PCR 50cm
PCR 59cm

3 Tri-Z

MOC

BCR

50cm

B,C

50cm

1OB

BCR
BCR
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1OB
50cm  EOC
3.3-2
MOC
3 PCR BCR
3 Tri-Z
BCR
PCR
MOC PCR
BCR
1o 1.32x
BCR
2
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4.1.1.2 PCR 30 B,C log
o 70
o 30 B,C 1og
()1 10g 4.1.1.1 3
(b)°B 4.1.1.1 3
O: 4.1.1.1 3 1 108
@
(d)30 B,C 108 4.1.1.1 3
1oB (C)
A-1 30 B,C log 1
1.41><10%cap/cc 2 1.42>10%cap/cc
1
30 B,C 1og
4.1.1.2 1.32><10%cap/cc
2> 10%cap/cc
1 2 PCR 9cm 30 B,C
1oB
PCR A-1
1 2 2
2 1 BCR
BCR 3 1
PCR
2 1 log
A -1 MOC 15 log
2 log
30
1 2 30 B,C log
BCR 2 PCR
1
2 IOB IOB
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A-1 3 B,C 1g
D A B /215 4.73%10®) ,E B C /2 <15  4.73%10%
1MW
(1) 15 MOC 50cm 50cm
0 BOC 15 MOC 30 EOC
50cm
® o 10*cap/s 5.88><10° 1.40><10’ 5.72>10°
(s) 0.0 4.73>10° 9.46><10°
(10%/cn®) 2.10><10 1.20><10 6.82>10"
cap/s/cc 1.23%<10° ™ 1.68>=<10° *® 3.90><10*
0 15 15 30 0 30
108 (cap/cc) | 6.88=<10% ™  4.90=<10% *F 1.18>10%
(2) 15 MOC 59cm
0 BOC 15 MOC 30 EOC
59cm
® o 10%cap/s 5.88>10° 1.43><10’ 5.72>10°
(s) 0.0 4.73><108 9.46><108
(10*/cc) 2.10>107? 1.18><10? 6.69><107
cap/s/cc 1.23><10° ™ 1.69>=<10° *® 3.83x<10* *°
0 15 15 30 0 30
B (cap/cc) 6.91>10" 4.90><10% F 1.18><10"
(2) 0 30 U“B 1.18x10" 10
(1) 0 30 B 1.18x10% '
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