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Design Study on Core and Fuel Properties of Helium Gas Cooled Fast Reactors
(Coated Particle Type Fuel Reactor / Pin Type Fuel Reactor)
‘ —Results in JFY2001—

Masayuki NAGANUMAD, Kazuteru SUGINOY,
Naoyuki TAKAKI"Y,  Tomoyasu MIZUNOV

Abstract

In the Feasibility Study on Commercialized Fast Reactor Cycle System in Japan (F/S), two types
of Helium gas cooled FBR core (Coated particle type fuel core and Pin type fuel core) have been
studied. One of the main issues of this study is considered to be consistent achievement both of core
performance and safety features. Therefore, in this study we conducted the parametric study on the
issue to choose the directions of core and fuel design, and studied the designs of the two core
concepts. In conclusion, the following results have been obtained.

[Coated Particle Type Fuel Core]

The parametric study shows that the increase of fuel volume fraction results in not only core
breeding capability improvement but also safety feature improvement, which is due to the
reduction of depressurization reactivity. Therefore, a core with the maximum acceptable fuel
volume fraction (16.2%) is designed based on the sub-assembly thermal hydraulic considerations.
The core reveals about 1.1 of breeding ratio with 150 GWd/t of discharge average burn-up and
possible safety features of core meltdown proof in “depressurization accident without scram and
forced convection”.

[Pin Type Fuel Core]

The parametric study shows that it is difficult for pin type fuel core to achieve core meltdown
proof in “depressurization accident without scram and forced convection”, because a pin type fuel
core has low heat capacity and low Doppler coefficient. Therefore, a core with passive shutdown
mechanism for depressurization events is designed. The core that applies Si;Zrs as core material
reveals about 1.1 of breeding ratio with 150 GWd/t of discharge average burn-up and possible
safety features of core meltdown proof in “depressurization accident with passive shutdown and
without forced convection”.

Based on the results, a coated particle type fuel is selected as a core concept to be studied with
more priority in the JFY2002 design study.

1) Fuel and core system engineering group, System engineering technology division, O-arai
engineering center
* > attached from The Japan Atomic Power Company (JAPC)

This report is the outcome of collaborative study between JNC and JAPC (that is the
representative of 9 electric utilities, Electric Power Development Company and JAPC) in the
accordance with “The Agreement About The Development of A Commercialized Fast Breeder
Reactor Cycle System”.
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RED IR E S CORREBRITIE R 2 X — X T HBEHl 21T o 72, 2000 4EE
FLOBBHEA RISV TIE, 441 22RO L,
- fENTE TV
BHTETNE LTI, /= A b 3 RKOELERSERNRLETHLDL
L., M2 EZE LK 4.4-16 DBV ETFMELE, 22T, v —hAy
M EOAREICERERZERL, 2V X— 22 b 3 EKETOEHDS)
REEBTHI L L L, v —bAV b 3 EOKRLE LTI, FEMixts
EEHRAD L UTHRRFBEEAE, BV HIOBEES KA & LTHEMTEY
REEAER BVAIOBEESEAS L L THEARPRIESKLEETS -
L
- BEHRESM
BREBESEROREBET, EREFO 1.5 %Y T 5 0.103MW L L, 20
fDOEERIZ OV TIE 2000 FEF LOREHERENSOUT OBV EE L,
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- RRBEEEAK : 0.103 MW (fBXME : 1.000)
- FMPEHYEBESE : 0.096 MW FEXHME : 0.932)
- FaRARPESE : 0.091 MW (t8%HE : 0.885)
=AY MAEGICODIEHERL LT, XERT —F Nz E5% 0.8 218E
L7,
- AAFEE
Zay = AV FOAODOTEE LT, ERHFMED 0.4 %ZHEEL 3.15
m/s & L7z,
- BHBTE S
BEEHEZHEEL, 0.6 MPa & L7z,

(i) fRHTiER

BB ORERE LT, ERBEESGROE=REMBE M) TOIRE, &
W, ZOMNBICHET 2HFGEHRBESEROBECMFIAIRE A%, BHE
L - BEBHAEY@ERE 0D —RZHEB LT, K44-17TXR L, BHEV O
— R, FEAE & bR EIRENEHE LI 5 18 B8 TR 76 CIEL 7221 |
EOE L - THERCITEFE L — 2k LAEL RABENE N,
ZOESED B - THRTIRENS LA T 283, BET I EEGERER»LD
BHRDRICLIDZDOEEZ LI, BIHFRABRESHAOEELAEZES D TH S,
4.4-18 « X 4.4-19 ICEEHE L - AV @EHE 0.9 — X0 FRKEEREMBICE
JAMEOBENME R Lz, BREEE L BICHERNE CITENDRICIVIE
ERETLTWAEHEFRLND, £7c, BRBRESGEDOa U — M2V MEE
BT FREMNICRBIT 2BRFMIBELSME, BHEL - H0@EHE 0.8 —R %k
LT, X 4420 10R L7, EBHREHRICEY a2 %— F 22 METTREIZET
LTWaR, BECEKTHREZECAONADEINBMEDEROATHY, HE
B FFEFTONE CTIIEREIZE TH D Z LB, s,

Pk, EEEMOBERAEEOHREER LGS, 2 /83— A MHAOE
DEBREITETET EEIEE 2,000CI2% L 80°CRE) +5Z L8R DHHN
Tro Ffo, T X—FA YV FOEFRMBESMITESFOMRICL Y FHIEIND
ZEeRbhhot,

444 ZE&etE
441 HTHRELE 2001 BEL 77 L AFELMTOWVWT, EORERSHELHER
N, HTARABEFE CHE SN A REBNR2E LWERIZOW CEV RN & M3
BTz, REHRERE LU, O BHEFER+FRXT 7 LK+ BARTEREREY
E5, @ ULOF =4, @ REHMSRHEFBIRGARKERD SELEZHE LT,

(1) TBEEH+R 7 7 AR+ BRMERER F&
HAGEAF TROBE LV EEZ DN DBEFBICRA 7 7 LK+ BRBRIR
ERA DR ERBIC OV TEMRIEAENT 2 FiE LTz,
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(1) fEMTSRME

By NF ¥ URVESERSH:
- EAEES : 5.22 MW
- BERRE : 2.45 kg/s

- RENR SR
SEHZEEROESEL

- EZEE DA
Z7u—Y R M) 7 ZREREEE LY, BB D EEGEYE) % 50cm?

Il R

-a—ARE T
Z—EUREBEEREE 2B (BE 90%TE—EU v Z—Er U v
T D WEERE)

- FREEZRE R

4 RHERER (7T 4 F o ROBEER, F—Y 2 ) vy FE 108)
- R RIRANES
TEFEFFNIE 6 MPa 2 bR REFHSKE 0.6 MPa £ TOR T 248E
- RIS
Ry 7788 - BIEERISEIZDWT, LTOEEEE AWV C#EITZEHE (L7
7 L AP L ORETERE R, R
- Fy 7 542% : -0.0093 Tdk/dT
- WERKGE :1.2$

(i) fENTRER

TRERL LT, M4421 12Fy NF Y U RVBEORBRE, K 4.4-22 2 FER
FUSEDRBRE, K 4.4-28 IZFRBANENOBRE, X 4.4-24 [ZFLH - REOE
BEmrL7,

FEMTDOFER., BEERICA 7 7 A KK+ARBEREZERSDEERLVE
RITBWTYH, LIRE—7REI, SENEEMBEOEEHEL T 1,960°C(ELHA
% 180 ®), ¥, 2RE—ZEEIZ. HABRBRIT 2,122°C(ELREILE% 3,400
Me. RIBRRETHD 2,200C2 TEISZ L AR ONT-, ZOREREE LT
I3, 1 DREBERGEDRTIZE 2D THY, lichky hF ¥ U RVESED
HAOBMESIALNTNEZ LHEBEXOND, BHEIZOVTIL, 2001 EEFLO
By MY URVESEH I R BT X A HEAFEAEOHEIZ LY | 2000
FEESFD 6.87T MW 235 5.22 MW £ THIHl SN TR Y, FEEEDBIEMIT L Y
RNIBICEBIMSNTZRHEF LR TNE D TH D,
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(2) ULOF %
BEFZUADERIIBIT HREMEEZERT 5720, BMEFHICKRV TR LW
RBFH I3 ULOF £ (Unprotected Loss Of Flow : i BHEELELNT SOV TE)
REMEREAT & 6 LT,
(1) YT &M
Ry MF ¥ U RNVESEEL
MBEE+R 7 7 LR+ E RERREL FH LR
XEHREMIROEBEL
ca—RNF T
Z—EUREBEYEEE 28 (F—Er b vV a—R N E Y R

- FRIEEABRE R
4 RHBRBEER (7T 4 F R OBEERBN, #—E2 M) v 7% 10B)
- RTIFRBNEN .
EREFENE 6 MPa 236, #—EVFBROBEES & OBEMNLIZL Y, 3.75 MPa
FTRT vy 7RIET2HE
- RO
Ny 725K - BIERISEICDWT, UTOEEMEEZ AW CHETZER (L7
7 L ZFLORKETHMEE R, RKB
- Py 754&%: -0.0093 Tdk/dT
- BIERSGE ¢ 0.4 $ (REFHFFORGEICR L, EAETS % AN
iz & v ®RE)

(i) fEMTRESR

fRATRESR S LT, K 4.4-2512Fy FF¥ U RIAVBEORE, K 4.4-26 IZEER
FICEDERE, K 4.427 WFABNEAOERE, K 4.4-28 1ZFLHA - EORE
BazmrLT,

BT ORER, ULOF BERIZBWTYH, 1 R —Z7BEIL. SRS DE
BhiE L C 1,974 CELBHAEZ 116 B), £z, 2RE—7BEIL, BRBRKRET
1,26 7°C(E&£M1A% 1,800 )RS BERIRETH S 2,2000C% TES Z & AR
bz, ZZT, LVELWEB L ONDS MBEFH+R 7 T 5KE+HRERE
) ELHLV, ULOF E4HFD 1 RE—J7BEOFNEL RoTWBERE LT
X, BRUHOFERBENOHEILIZbDEEX DND, BEEHSMETIE,
EHE, MBI TH—EUIE M) v L, FORBRELEER 20— k
FyoEBELTWSH, ULOF EREM T, BEREZPDLI—XME T UR
AL TRY K 4.4-28 LK 4.427T DB TH? 5 L 5 I HBOBMES KX L,
TRV OBERISEDOBABRNKEL Db EEILLND,
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(3) RBIZZHLBFIRBITRER RPN R
HABHIFETIX, BEERROMEBEELRSZRARK, SR - AT T U R - R
FIZBWTHMEN BV T2FRIILEFMEBE LN X TFEINS, £I T,
T ZTiE, BBIRSHRRIC BV TRBIE AR L RIS EEEREAIC KR L B AT
BIRELRIBERZB/EL. EAKAOREFNIZERTLIZ L E LK,

(i) fRAT S

- BREREAGR M

AR L 2 AR T - 8.6 kW (BRBI SRHABAMAIF R & L TFEILEZ 19 B %
BE, €ORRITIIT D EEED HRIE)

- R ARBHNED
B SRHRF DA & L TRREMRAY 2 8E

- MBS
HRBREBATEEREZHE

(i) fEATHER
TR E LT, K 4.429Fy FFy RNV EESEICBIT 285 MBEEST

LTz, .

FEMTOFER, Ry FF ¥ VRNV ESEOREERREIX 1,316°CTH Y, FRIZH
ZRETHD 2,200CEKEL FHBZ ENVBOH BN, 7272, ZOERIZBIT
EEEMEIL2.25 X103 kg/s EFEFIT/NIWETH 5 O CERFES KRR 2.45
kg/s), 5% ETNADOFN - A v V2 HBICE LEEMARTESLELE L b5,
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F4.4-1 2001 FEELV T 7 VU RFELNIBIT 3 EERELD « BB
(R BERLFTIREBHE L)

HH 2001 B L 2000 EEELF L
Gl Pl 2400 MWt —
SFLHADIRE 850°C/460°C o
WEMIES 6 MPa -
L ERE R 564 cm 562 cm
IR 1.8 m 3.2 m
*{3 WERT 7oy  EE(ETF) 40cm/40cm —
E EahyF 22.23 cm 24.7 cm
| a2 o— MRV MERER 58.4 % 33 %
BRI F R R 60 % 60 %
ATREL REE (MN) 16.20 % (1.77 f%)* 9.15%
#wEREH (TiN) 18.85 % 10.65 %
g (8iC) 8.00 % 8.00 %
mHE (He) 56.95 % (0.79 f£)* 72.20 %
BB R Z (5N 100%3E4E) —
BRI TR 1.94 mm —
PAEHZE R 1.5 mm «—
" LR (V977 120 1 m(40%%% B TiN) —
g HB2E GRER) 100 2 m(100%%5 E TiN) -
L otk oo os— R AV MR [SICESIC =2RYy b -
= I R— KA NNERNE 8.4 cm 10.0 cm
=AY MAERNE 20.1 cm 19.2 cm
ayR—=hr A MERE T 4 5.0 % 4.0%
2y~ FAV MAERE VT 4 40.0 % —

* 0PN DEIL 2000 EEEMHE & DI,




JNC TN9400 2002-074

#4.4°2 2001 EELV T 7 LU RFLIBIT 3 EE RS

(W BhL 7 EURRRHF L)

EH 2001 FELF L 2000 EEIF L
Pu E{LEE(Py /5D 17.1/22.6 wlo 20.5/217.0 wlo
B SR B EE 9.6 5 MWd/t 9.5 5 MWd/t
BEY A 7RSS 18.7 » A «—
Ny FE TRy F —
PRBE R R R G BE 0.34 % Ak/kK’ 1.1 % Ak/kK’
1SR 1.21 1.09*

B — 7w T IR

0.78 X 10% n/cm?2s

0.73 X 103 n/cm?s

P—EE TR

2.7X10% n/cm?

2.5 X102 n/cm?

BE T AT AEHEERR 48 & 117 4

N AL % -0.0088 Tdk/dT (0.96 fZ)* -0.0092 Tdk/dT
: 0.0081 Ak/k 0.0084 Ak/k

a1 };J‘h: 05 fH 1 14

*1 EHEY bE LTADJIIS 2 EH LB E(ADJI2000 L 1.15)
*9 0N DEIL 2000 EEEME L DM




JNC TN9400 2002-074

#4.4-3 BREEE 15 F MWdA/t L O EE Bk E
(BB FEVRBHE L)
. _ BREEEE 10 75 MWd/t 470
I5 BN €ex FE
AR WRBEEL 15 77 MW/t J7.L (2001 FEEEVITV/ALE L)

JRTFIFEH 2400 MWt 2400 MWt
Ein A 7 VE X 28.1 5 A 18.7 » A
Ny FH TRy F TRy F
B H SR B B 13.9 F MWd/it 9.6 57 MWd/t
Pu E 1k EE(PaI/41AD) 17.9/23.6 wlo 17.1/22.6 wlo
BRABE R BRI E 0.90 % A k/kk’ 0.34 % Ak/kK’
HEFEEL PARLE O 0.4538 0.4897

SMAKE 0.2570 0.2751

Gy VAN AR 0.1936 0.1946

wEm7TZ oy b 0.2441 0.2518

&5t 1.1485 1.2107

Ky 7 IR -0.0078 Tdk/dT -0.0088 Tdk/dT
. . 0.0038 Ak/kKk’ 0.0031 Ak/kK’
o I it B (g% 1%

T S i BE (B s M IE12) 116 $ 0.94 $

7 4.4-4 MOXBBHF L OEER M

(TR TR )

el e EWREHFE L
5 MOX BRBHE L = "
H OXBRFHIFL (2001 £ELEVIFV/ASE L)
BEFIFEH S 2400 MWt 2400 MWt
BV A 7 VR E 187 » A 18.7 A
Ny FH TNy F 739 F
B SR B 12.6 57 MWdit 9.6 7 MWd/t
Pu E{bEE(Pal/41aD) 22.9/30.1 wlo 17.1/22.6 wlo
IR R BN 1.38 % A k/kK’ 0.34 % Ak/KK’
HETELL PRRIE D 0.3914 0.4897
AR T 0.2181 0.2751
BFEmM7TI vy b 0.2171 0.1946
BwhEm Ty B 0.2274 0.2513
&5t 1.054 1.2107
Ky 7 1% — -0.0088 Tdk/dT
WE B B A ) - O'Og?;ﬁk’k
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WEIRGHA (E0) 2104
@ HEE (ZFELER) 30tk
O HE (REFELR) 6k
O FlEE (RFENFELR) 41K
& &t 97 9%

K 4.4-1 2001 EELV T 7 Ly RFLOFLEE
- (BT BB L)
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8.008401
7.00E+01 C—7 W EE © 64, 9W/cc
6008401 /\\
_5.008401
©
3 4.00E+01
g Vs AN
i
3.00E+01
T s Ll
2.00B401 Ekd ikl 777k
1\ ]'
1.008+01 T \,“,,»‘ V rree
RAHE RHHE
0.00E+00 . - - . ( SOOI
-200 -150 -100 -50 0 50 100 150 200
FFC LD & OB FIEERE(cm)
REisEsp]|
7. 00E+01 P HEE ; 66.4W/cc
6. 00E401 /—\
5. 00E401 / \
2 4008401 \
s 4 LY
& TR i RS
A}
53.00&‘01 F5-2rbrvr} 72 Jj‘
] f
2. 00E+01 k
)
1. 00B+01 e e, }
W } ]
21 Rtk
0. 00E+00 ' : - : ; .
-200 -150 -100 -50 0 50 100 150 200
Bl S ORI FIPERE (cm)
[T R ]

4.4-3 EhHFEHEIST Q001 EEL 77 L RFEL)

(PRI LET)
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8.00E+01

PIREF & MUFL vy maee  12.0Mc
7.00E+01 L atas

§.00E+01 ‘M aess \\

W i '\'

5.00E+01 \

i 4. 008401 \
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2.00E+01

EHE
TIvooh

1.00E+01
2L
Rtk
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Fehiladp & DR FAIEERE(cn)

[ 4]

8. 00B$01

t—2 HHEEEE : 66, 4W/cc
7. 00E401 i

M m no‘\ SHEEL
p
6. 00E+01 — :
\
p
5. 00E+01

4. 00E+01 \

3. 00E+01

Wi (W/cc)

2. D0E+01 o

1. 00E+01 ‘\

0. 00E+00 . - - * .
0 50 100 150 200 250 300 350 400
FFL 5 OB A FIFERE (cn)

R ]

4.4-4 BFHEASH Q001 EEL 77 L2 RFEL)
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bitacy: £

SRITRRE
S ;SiC
(& =337 47
RE;SiC
(F -374F 27 \
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TRAZER
BERTHE
T ROy 4
R & -323F 47) g . no
-BRETEER . 4 0%
-5 B 40%
(BRI HER)
,‘ FRER
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EEK]]

TEMPERATURE
ABSOLUTE
KELVIN

~ TER= 273
s, ;g e LOCALMX= 1253,
i LOCALMN= 733.0

witfyin i) i i sz Ty 1253.
iy HH i) S i b \ 1216,
1178.
1141.
1104.
1067.
1030.
992.8
955.7
918.6
881.5
844.3
807.2
770.1
733.0

-

H
St
g

4.4-6 TN —PFAUNEEEOEBEEaZ
(EHIEERERR)

85 (K1)
TEMPERATURE
ABSOLUTE

LOCALMX= 1253,
LOCALMN= 733.0

1253,
12186,

Bl E
%E]lll!r A !z X

B 4.4-7 mEIREREMEICKT SETMETEIEED ¥
(EHEEFL)
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EEHEA DM

WO [w/s]
LY, ZHRBR S Ak
(EHRWTFHRE)

VELOCITY MAGNITUDE
MIS

ITER = 279
LOCALMX= 1624
LOCAL MN= 06244

vy
III:;
By

i
;rn“:
iy,

4.4-8 ==X MREEOTE = F (ETNVERO XY, Z FRESEFD

(ER-EERIT)

50

o
<

[n/s]

20

FmE & YHmss4 )

4
#
fon
(=4

B E il"]’é‘wﬁﬁﬁfﬂﬁﬂ)iﬁﬁﬁﬁmﬁﬁ L f:]‘ET‘zfa %,

200 400 600 800 1000 1200 1400 1600 1800 2000
PLFHRPOOFE  [m]

4.4-9 WEEROEITMFLEDH ST M5
(A% EERRF)
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N () 2EigbmE .
P N . : i E [w/s]
R | %, CHRAY R
AN | ERATSE)
A VEL COMP UV

SRS ; -|ITER= 279
R LOCAL MX="1.598
S LOCAL MN= 0.5496E-02

i
;
g
(2]
-~
N

i
i
1
i
4
“
bt
Y
=

RIRRRRARRE
g

e T
1 T [ IZ y

X 4.4-10 B HFMEEEEME CORFmMmEXY b
(EREEREF)

- — 59 —



JNC TN9400 2002-074

P/F=3.5
e 0.26%
TEMPERATURE
KELVIN B E[K]
[TER= 252

LOCAL MX= 2287,
LOCALMN= BO3.0

2297,
2178,
2095,
1834,
1813.
1832,
1571.
1450.
1329.
1208.
1087.
966.1

845.0
724.0
603.0

L~

4411 = MAV NREEDOEE2 X
(& &8F)

Hil7 g : 825mm
P/F=3.5

E&iREEL i : 0. 26%

TEMPERATURE
ABSOLUTE
KELVIN

IREX]

X 4.4-12 BEEEREMBICBITAEFMBEEE2
(& B
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Bh5EALR : 975mm P/F=3.5
REEBEEL WE : 0.26%

VEL COMP UV

MER =~ 252

LOCAL Mx= 0451 1E~01

LOCAL MN= 0.3021E-01
_ - D45ST1E-01 -

~—  0D4404E-01
. 0.4298E-01 °

R g e [w/s]
R uicys
(ERNEHHE)
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S RA R
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X 4.4-14 ZJ5H & BHF MRS &2 AR LIERENY v
(R &)
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D y .: 2 .é'“ﬂ f‘%
8. 0507 HF A B R ;Eiu._ } ;
;
: P/F-3.5
7.08-07 | — &Jimass flow . i B , g . 0.26%
— E FEmass flow ‘
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6.08-07 } - - -
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TEMPERATURE
ABSCLUTE
KELVIN BT K

LOCAL Mx= 2428,
LGCAL MN= 5347

2400.
2262,
2123.
1985,
1846.
1708.
1568,
1431.
1292
1154.
1018.
876.9
738.5
600.0

B,
G g e,
TR

BARBEOHE AR IES

Hfr: K

¥

X 4.4-18 HEEEEMNEWEICBIT2EE= ¥
(FEETEEL)

TEMPERATURE
ABSOLUTE
KELVIN AT K

LOCAL MX= 2333,
LOCAL MN= 5947

RaTIRIE K

2400,
2262.

2123,

. 1985,

SRR 1848,
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N OO T AR R S 1431.
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1018.
876.9
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L

X 4.4-19 EEEEMNENEICBITAEE= V%
@EHA Y : EF0.8)
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500 Ay MF v RVEAHBERE
——ky FF ¥ RIS BEEE
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X 4.4-21 Fv bFr X VBEORERE
( MEEHA+ R 7 7 AR+ BRBRERE E5)
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