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Study on Reactor Safety for Various FBR Plant Concepts (1)
- Results in 1999 -

Hajime Niwa'’ , Yoshiharu Tobita'’ , Tomoko Fujita®’ ,
Kunitoshi Kurihara'’ , Hiroshi Endo!’ , Masayoshi Endo !’ |
Kennichi Kawada'’ , Satoshi Fujita®’ , Hidemasa Yamano 2’

Abstract

The Phase 1 of the Feasibility Studies on Commercialized Fast Breeder Reactor
Cycle System is being performed for two years from Fiscal Year (FY) 1999. This report
describes the results obtained in FY 1999 as an interim report of the Phase 1 from the
viewpoint of reactor safety for various FBR plant candidates. The objectives of the study are
to understand the safety characteristics of advanced fuel and to examine the fulfillment of the
target level of reactor safety in each plant concept. The items studied are the recriticality
characteristics of degraded core for various core concepts, investigation of the measures for
avoiding recriticality event, safety analysis of sodium cooled MOX fueled cores, target of void
worth in core design for sodium cooled reactors, and investigation of core disruptive accident
sequernces in various reactor concepts. The results of this study have been reflected properly to
the core and plant design. In FY 2000, the study will be continued along with the progress of
the plant design in order to prepare for the judgment of the candidates from the viewpoint of
reactor safety.

' Nuclear System Safety Research Group, System Engineering Technology Division, OEC

2’;Fast Reactor Safety Engineering Group, Advanced Technology Division, OEC
WBS: 1—1—-F—©®@)
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TS PEEKSHRBWR), EXKGH, BERKEGH(SCFBR)
HEREEAENNERES, FOHFEDER

(i) 7=z X2 FRAREEHE
ERRRFELICBT S FLEESEOKRFICBV T, T2,

D BHAVEDSNEZFD - 752 MERC BT ES - SHNERSEEOFR
FOFug

@ %#75 FBR 28173 RENLERERICHT 2 O REE SRS
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[25 3R]

[1] HEEEE BE #. AP T. IHE— ¢ERESEEBEFEOELESMNE
AHICBS T 2] (FR 11 FELXRMEREE),. HEFZTHSE  T989906. LK
124 5 A, BMEEANENRRBIZERT, RE 1 7 ) EFigis

[2] M.C. Billone et al., Progress in Modeling Carbide and Nitride Fuel
Performance in Advanced ILMFBRs, Advanced LMFBR Fuels, ANS Topical
Meeting Proc., p.516, 1977.

[3]E. A. Fischer. An Equation of State of Plutonium Nitride Fuel. (FZKA 6081,
1998 5 H) '
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F41 NaBHAIMOXIED : AATH SAF LS TT

Na-MOXAKE!F Na-MOXKER
(120cm) {80cm)
- General -
Power (MWT) 3800 3800
Burnup, Max/Av. 15.0 15.0
(10 MWD/MTM)
Core Eq. Diam. (cm) 459 510
Core Height (cm) : 120 80
Axial Blanket Length (cm) 1.2/10.0 40740
Upper/Lower
Pu Enrichment 17.1/194 222712717
Inner/Outer-EC-Core (Pu / Pu+ll) (Pu / Pu+U)
Coolant: _
Inlet/Outlet Temp. ( c) ' 395 /550 3957550
- Fuel] Design -
No. of Fuel Assemblies 462 576
Inner/Outer No. of Pins/Assembly 234 /271 294
Hex Cell Pitch (mm) 195.4 194.5
Fuel Pin Pitch (mm) 9.85
Inner/Outer Duct Outer Face-to-Face (mm) 64.6/192.4 60/191.5
Inner/Outer Duct Wall Thickness (mm) 1.5/3.0 1.0/5.0
Clad Outer Diam. {(mm) 9.7 8.8
Clad Thickness (mm) 0.6 0.6
Clad - Pellet Gap Width (mm) 0.09 0.09
Pellet Inner/Outer Diam. (mm) 226/8.32 22871742
Pellet Density (%TD) 95 95
- Core Reactivity Coeffs. - (Used in SAS4A for EOEC-ULOF Analysis )
Max Void Worth (3) (EQEC) 7.4% 5.2%
Core Fuel Doppler (10 Tdk/dT)
Na-in Core -1.3 -6.6
Na-Out Core -5.4 -4.9
Beta Effective (10 ) 345 3.36
Prompt Neutron Life Time 0.508 0.398

{Na-in, micr.sec)

Note
* Not Including ex-wrapper sodium worth



£4.2 NafHMOXMEHFLULOFBSERIBRANTEE (B LFL  BOEE120cm)

FPS* value Fuel motion Void Fuel motion
LOFhalving| "o Peak net Peak | frombolling |p o ve. fuell Boling | Inittation In | Te2CtVItY | | o In
worth . nomalized initiation ramp rate at
Case tirme reactivity temperature [initlation [s] volded unvoided
{positive sum) total power | to maximum fuel motion
[s] ($] (K} {Ch. channel [s] channel [s]
[$1 [P/Po] fuel (Ch.) initlation Ch)
temperature ’ [$/5] )
11.456 12.818 12.822
5.5 7.4 1.015 1200 22 3210
@ Void 7.4% case (Ch.71) (Ch.10) 24 (Ch.5)
13.046 15.156 15.165
5.5 6.0 1.004 500 18 3010
(@ Vold 68 case (Ch.71) (Ch.12) 18 (Ch.5)
14,473 17.412 17.425
8.5 5.0 0.966 150 16 2900
@ Vold 5% case (Ch.71) (Ch.12) 8 (Ch.5)
10.900 12.048 12.050
5.5 8.0 1.021 1090 22 3190
| Void 83 case (Ch.71) (Ch.54) 35 (Ch.5)
*FPS: full power second. One FPS Is the thermal energy generated during 1 second of nominal power reactor operation.
#4.3 NaimHMOXBEFLULOFESERBEMITEERE B 2450 : 08 280cm)
FPS value Void
Fuel motion Fuel motion
LOF hatving| "ol Peak net Peak | frombolling |1, \ ve fuell Boing | Inltlationin | TSV | o Honin
. worth - nomalized initlation ramp rate at
Case time . reactivity temperature |initiation [s] volded unvolded
(positive sum) total power | to maximum fuel motion
[s] %1 [K] {Ch.) channel [s] channel [s]
(%] [P/Pol] fuel (Ch) initiation )
temperature : [$/s] )
14.957 18.124 18.140
. 2 . 12 2780
DVold 5.2 case > ® 0967 130 _ (Ch59) | _(Ch.o5) s (Ch.41)
13.802 16.366 16.380
. . 0.876 180 12 2830
@ Vold €5 case 55 5.0 (Ch59) | (ch.95) 1 (Ch.41)
12.438 14.486 14.495
. . . 12 830 *
@ Vold 78 case 5.5 70 0994 360 2 (Ch.59) (Ch.95) 19 (Ch.41)

950-1002 00P6NI DNI



5.1 RESURE ICHIT 2P0 - HEOEEIMEEO LB
" # > MOX#iH SEME  (#2) | BWmE (#1) BB (316SS)
MOX  (20wt%PuQ2) U-20wt%Pu- MN (20wt%Pu02) (at 1753K)
Ahes Tsol./Tlig. (K) 3002(s)/3041(L) 1346(s)/1480(L) 3100 1713(s)/1753(L)
BRlEE Hsl (U/kg) 2.66E+05 9.00E+04 2.08E+5(#3) 3.39E+05
e Tbp(K) (under 1 atm) 3811 3703 NA(Not avail.) 3085
EFEEE Hevap (J/kg) 1.66E+06 ?? NA 6.24E+06
EE p (kg/m3) at solidus 9980 14640 12172 7250
#BE p (kg/m3) at liquidus 9190 14142 11208 7226
[o-g] (atm/m) _ 0.889 1.368 1.084 0.699
EEZh Cp (J/kg/K) at solidus 687 214 300 690
H# Cp (J/kg/K) at liquidus 503 214 300 775
RS kK (W/m/K) at solidus 3.2 30 31 36.2
BREE k (W/m/K) at liquidus 2.5 30 31 18.2
FhEREL 1 (Pa.s) 4.50E-03 6.50E-03 NA 6.00E-03
v=u/p(m2/s) 4.90E-07 4.60E-07 NA 8.30E-07
Prandti No. Pr=Cpu/ k (-) 9.05E-01 4.64E-02 NA 2.55E-01
FEEAN o (N/m) 0.494 1.55 NA 1.6

Note #1: 2R OMMEET —& HAEIEREECER
#2: R/ BESIEMEEA7S0CLLET, £EREE Y., BEMEEN1100CEMAS &, ENHTHRICLSFRECERNEL S,

#3:$91730°C (2003 K)LL L TMNIBRRIOSB (U, Pu) ENDSIFEET B, CORBERIGCIIRSRISTH Y., BEHOBHL
1.161E6 J/kg-MN&FHETE 3.,

960-100Z 00P6NL DNf



RS2 MHESIAMORTEN

et MOX MOX & 21k 2={e
S (RLry ) (A8 2) Namky K NaA> R HeA > K
_ BREART V2 v VRETPb-UPU)-0 (- LBRILAMERR| BIF (D 7IRMEER (B
5 ZEMEMITER OFTEEEIE S Y, B (L. BEET, THEES)
_;';J .
P (Rt ?) MELBEREICAMERRE BT (O 7FARS (FE
: L. BEET, THSLED)
EFORLERG (HEIERLE | BLES BALRRS BERRS
Bk (B) Naii BHEFTHRED  |Nak> R0
CO2EDRIS CO2& DRI
A BiF BiF BT | BT
Bi7 kESes TSI ERBEERE (&|7vET&kEERE (2
NasR RHFHEEONa [RICRIEEDHN L.  |BICRIEEDHER L,
kRIS WA TR LD | WEERTEEED
7k HRNH D) HAIMH D)
Na > Rt DNa
¥ 453
=R (B3E) &% BB Tl ? BETHIRE

980-100Z 00¥6NL ONI



@F U AR ORE

#5.3 RUImARRLRTTVES

MOX R EL S EIRE 2hmE
rOYF4 KROS54 ROTF4
0.3 |0.5ae)| 0.7 0.3 0.5 0.7 0.3 0.5 0.7
FEHEE 5(MW/m3) 0.2 0.22 0.21
10(MW/m3) 0.56] 0.134 0.36| 0.068] 0.148 0.44] 0.064] 0.146 0.38
15(MW /m3) 0.09 0.1 0.098
30(MW /m3) 0.056 0.066 0.062
F7 4.0E-4(ref)(m) 0.134 0.148 0.146
BTE 1.2E-3(m) 0.26 0.27 0.265
3.6E-3(m) 0.605 0.65
(b)eB A M DS
MOX AL S BIRE Z{be
RO 54 AT 4 s T
0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
Fe IR 5(MW /m3) 0.41 0,215 0.405
100Mw/m3)|  0.122] o0.258] 0.695] 0.076] 0.132] 0.335] 0.112{ 0.252] 0.645
15(MW/m3) 0.192 0.098 0.186
30(MW/m3) 0.118 0.058 0.114

IL77 52

950-1002 00P6NL ONI
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#54 MHEREOT FU Y ASNZRSETORE L0

bt SEIRE
HFAU-— m H Bl v b &R SE{Lthitsl
(Hesf{ K) (Na:k> B) (Nazk>~ ) (HesK > i)
OBFRIE ERINE s Ll i
sz et 2L 2750%C 1200¢C 2800C. 1730C(2000K)LLEDEB S T MATE - I0E LT
HESSTRELLDN, EVAOLD CHC B SMRRTHR
BT THAIRRIZITEASEE L,
BisppsE e an 2200°C 800 770°%C 1100%C
ERE SR 1100°C 660°C 600°C 800%¢C
4 1 HEEREHR 700C 850~675C 700%¢C 700°C
_ (& U—TR : REE _ _
(7 V=) DI-BOBENRSLE) (&Y —THi) (2) —FiiR)
FIGEEEM Fu7SE8 x s b
KA REGE H X a
@Z R ULOF, UTOPEY@35H: UTOP:EA31 & iR & MM S 1 RIHRT 222 | UTOP: RS R — Wi RSES R~ ERDENES
(MOXEAR) & D EHERY) BOOY EX by THENEE (288 SIREaHEEL 1 KCRRTSADON Y FA by FHIASE (/555 HENETE
HFm ULOF: R B S~ B RN L B A SR RN S LR s
ULOF:JE i AREGHLLL TSASSERT | (3L, EHAERSCLSDRIEFRMIMNEY, SASSHBIMICEM Oy KR Fv FISINED
t ZRRIFEEBROYANSE
BRI BAMEE BENBE HETE
SAS S oMM SSOTRHICEAT SSASSHRHE £ XI5 | MHHSBNRADBBHSICLY, BRESH | BUSSHOHADRBTEICEL | Nakly KRS 3 00, BIEEH
H, JREN, KRR R IR TR, Y, BRSESERah, BREE | EDR. BiEHmELE o,
BRI,
OBERHAR 6$
Aol KRISESIR mgm‘m’s:’?&““ﬂ"ﬁ BL. BUABT—OBE. M ik 58 ME— S OUR, W e B RERERLE
“ FHOOTRES Y, 5L, RUF—so | Bb BRIRT o ﬁg‘ TR HRF-SORE. BATS . ‘
Wi, RN LE
e,
- " _ THBSSHEHRES
SRR R ’ﬁmﬂ*’g‘;‘;gfx’*ﬁﬂ“*mm L. EOAMECONTENERER A R, CDALFUAERHS, S RIBEERETE,
LUARNERRO R, TP OBASEE
@Naprini Eophelin Energetic FCIDREMEMRML, |BORSHEN S, ULOFSORNARTEE | RIMAN500CUETHY, PRI L UBMIALI D 0, BHBNRI
H{ER FC It RBA1500CRE L FHENSEY, Energetic| 3&FEMEITOEnergetlcs  FOIDERERSE (3100CLLL) ERITREESS
FCIDBBETTAEE ALY, B35, LOALNREEHAOWEECE UFCIZEANS AL LA, Mt
F=S QM. SATIHENSE,
NELRINOEELENT ZARNAEM 1) BAELNERTOAIEND, LECHL (1) SEMRRONE RMTINF—ONT, ONRREONT. BOZHE
RHEREARCODTHRL, ToRMEL T, F7VRSINSORRRENLNEENG | HE0E) . COABRRBOEE, CECENHRORHEET,
BB LSRN EO AR5, 3, 2) BEOMMRAABBICE CSBAIRE SRR L 12 D WS
/MBI, SRS, EMBHEEAESOR | HTARTOSHIMERE, FBLHCT, 77V IRNHRRONR ALY
EREEA RF-SORAABLHBERORHMSE,  |[mEMCEE,

3) NaZightd DEMMNN, FRECLLASEVI COHRESI VRN
B (BULFCIORENE) ZRAZAATHODESRMEOFCISELITEYT
DBESBHS.

4) BT 5 OBBAE L HEIRORNS L E,

BHERLBATOBMIFACE IS/ F—FEMRTI LT, HOMELENTE STRIENS S,

960-100Z 00¥6NL DON[
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;6.1 BIRICAWESERHBUELYMEF.O G
FREMT
165 Na < ol
75 bE SREBFL BT AL AAZ FLEIEF L
JNLEREF (LR TAFSE.
(K hB100FkWeld) Vol.38.No 11 (1657)) |
<0 - B
AL IB{Na/CQ2/Ph) - L= =
ALIEAR(Mox/Metal/MN) BE (Metal) ELniMN) AL M)
o Ei4E(He/Conlant} Na Na Na
Bl e AR
L (MWE/ Mwe) 2600/1000 2600/1000 .
MEE (1.0E4 MWA/RA/TEE) 15811 ... 18.2/12.8
FAZNES 3N 7#/3658 -1 1,/ 11 = SR IR W -4 -1 = D
FLFERE(m) 2.97 3,93 R 3.88
SRl Em) 1.0 . 07 0.9
BB N(CRE L) 6913 8501 10624
RO ER(tone)
i AW 388 335 306
#mhH(W/em) iy 316 227 231
"X IC; 491/ 0C: 514 381 382
HENREMW). . T 91.0 66.8
BA_
#IEEELTE) 98.2
B8 _(R0Es) 26,9 35.1 33.3
| 29.8 23.4 22.1
. 34,4 32.7 N 353
Frwd 8.0 7.0 6.5
AEEREC)
ADZERD 355/510 380/530 390/510
EETRE. ()
__ry 560 730
-ANEH 432.5 455 450
At 432.5 455 450
Baatl-reed: #4
SR () 5t/2nd) 25(18+7) 36(30+6) 37(25+12)
R C/OC) 288(174/114) 444(246+198) 216/234
WS vy bR LE/TE(em).. 0/0 0/30 35/35
138 259(1B:61,08:198}) 84
. 271 331 331
Fr ,;;-ﬂmm) 159.7 161 167.3
| FEL 2 1 - {mm) 88 8.2 . 8.35
P/D{-} 1,239 1,171 1.176
& & R EER (mm) 3o 8 155.7 156.5 .. 1623
CR Inner_duct/FA Inner duct
#2 FBE(mm), 728 8 /Inner duct 4 4
MBS (mm) 7.1 7
#EEOE(mm). 0.5 0.42, .
2B (mm L 2 (mm) 1.85/Y 7 1.07E z2200mm... | .o JeBIE DS
ﬁ'ﬂﬁl’fl "%{ﬂ’"ﬂ) 6.01
P L b EBE(STD) B4 -
A2 5 7 R EE(%ETD) . BO ]
EEX w7 (um)
PLERE P AU
LS4 8 R (g /nin),
PuBALE(C/OC) 14.7/20.3 asg/21.3 15.4/17.2
| [Pu-fissile/Pu-total=0.71 . . .. |..... [Put/Pusli] e APUE/PUS ]
RIRRIGE _(HAKKKY e . 3.78 326 . | o248
Eit 1 A Gl R 1.08 L4 . 1.2
| fEIREEI_(5E) .
ARPETINE 3.59E-03 e 3:B0E03 | (3.69E-03)
ENR I B (sec) . 2.76E-07 2.68E-07 . .. S
4.77E415 4.97E+15 2.79E415

EREEY - b
Ko7 S DE

BAEREHFEN/om2 -5 |

T

ﬁﬂﬁﬁﬁ%ﬂ(xm‘a kKK /T)

ELEBRREER( X107

L LRSI YT S I ¥ S B
BEABREHXIOAKK/T), [

(207 3%akMKY

.. EQEC.

e BT SR
LEEME
10
2

(21 HARAKY
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=71 f"f‘*fl]ipL%D‘é&ﬁﬁﬁ”*k@*@ﬁgﬁ{ﬁ%{#&t}fﬁ%

CSIMMERZIIT A8 B -

LDAAHRLDH 5.01%
) - SMAFEL 3.73%
@)t « SHEFELD - TS >y b 3.19%
OAM - AQFEL - 8BTSy b - LRI T LF 0.90%
Fiy ,
1,498

©) P SR - 255> 7y R

SIMMERTL 188

<nﬁ®@m§%m%<manﬁg‘ - 7.25
QL OBREE L L EE o7 B Z 3.97%




£7.2 KAHFE : BEMRELOTEST
B B RBWR HPWR SCFBR FBR(MOX) i &
(B2)
BEHN MW 1100 1000 1520 1600
(Zth MW) 3188 2900 3600 3188
FLBE m 0.68 2 2.8 0.8
FOSHEE m 7.2 5 2.8 5.1 :
AR A 924" 21071692 576 1) BhFREIESEMAE
S % 2) ¥ /7 T/hyh R
% 45 543 55.7 407
A 34.8 279 33 35,0 3) A
i 20.2 20¥ 1.3 24.3
BhE MOX MOX =327 MOX
Pufis EEM P % 10.2 6.6 8.2 14.8 4) FiRET Sv DT
Pufis BtER)> % 18 15.0 12.3 14.8 S) IRLBEEAKSOM
BEFELEE (1Y m 0.44 1.48 1.88 0.52 8) WAR-HBSH SRR
RBELSE ()7 m 0.31 1.08 1.56 0.33 7) BEOHBEE

950-100Z 00F6NL ONI
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EEAREZ (cm)

BRAEX,

100 v (qﬁﬁ / &R j
LMOX#;%“.%&‘L (=iB) J
— iR
—— MAHEER 4.6m
-——— MEEEE 1.8m
50 }
Atz L
..-=-_=‘_‘___"L__ -L..;.L
REHER S =
0
5 10 15 20

B 2.1

Pufis B{LE (%)

FEBXUVFRERBAEIBIVERE S (MOX BE)
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40 1y 4 EIRTARER )
\\ (L FSUSRE AT &)
L\ ROSF4 0
\“ \
R \
— ) \
E . \\ E— MOX #%}
2 0 SN —— e R
B N S PR
E \.‘\\
\‘\.‘\
0
> 10 15 20
Pufis Z{LE (%)
20 BEREN SR EETROERE REEDL T 4=0)
80 — ( MR SERA R W
NN (FESUSREHER %)
' \\ SUS IR ABELH 0v74 0.3)
60 | f O\
\‘ \ ———
L\ MOX R}
8 RN Eiet e
?m,u 40 1 s\\\\
BS Teal
ﬁ -
20 | ~eee
0 ]
> 10 15 20

Pufis BLE (%)

23 BEREDNSRIERTREROBERES (A7 4 —IEA)
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EETLFAT—2 BETLFAT—R (hESEADNE UALEE)
WERY SMASIRIAD < BED" VA PIERY SNARIMALD : SET VA
WERY ST AEL HERS SMUIA : O

7]'])‘7,(1 j—U747\.
g e T
TSR
¥ hh
P P
5 hh s
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EET VIh BET Uik 1 =k
':D‘.%?Eiwm
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WIS Y M EBEHK

HERL T2 B , Rl P D EE 1 L
1.1 210 ‘
L T BET LS AT -2
— “ 1.510
& 0.9 L \ / BETLF LT~ 2
B W
?ﬁ 0.8 ,/ . & % 1107
% 1&&7“10%@—1‘\ [_-H \ '
2 4 , BEF L+ Ay—2
B : \. 108 ; / ]
0.6 :mmmﬁwm%iﬁa 1' | ! ‘/\\
3 0.95s! S
0.5 1 1:01s o) PO DU YA, ST Y,
-0.5 0 0.5 1 1.5 -0.5 8] O 5 1 1.5
BiR IS (sec) HEEREE(s)
K 3.2 WY M ZESERBEHERITER
JEETLFLr—2  BEILFLT—R
s  hrie= AOALNEH 1
‘ B4C
L _ UAB
; i 60 "CORE
. —?———
17 % t 39 -8as
I 1.7 3591 ; = ! ’ ‘ ..ﬁ ’ plenum = L 9]E= 3.37) p]'enum

mIET LV AICERT DIEE

F [FE A EDREINR

If*#—luu.n':l:'uﬂ%laa'ili BEZLFAICERT HIZEEIZIEZRA0
- {HL. FCIDZEICL > THELHEANEAT S,
HHALQRAINRET 5.

K33 WY FAHERGE, 40%BBHT HF O FLRER
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BEER,UA

B/ L

gas plenum

| ABD#AHIFR UABZZ L
= .

BHER /UABK L

HR T F A~DBEEBAEL

A riralr—& by M BTV AR,

1.1 28
-~ . :
N y +
a TF R e S ]
w : L*:i \ REEIER UABZE L ]
B ootf o, 2 et
2 g \ E
£ osf » LABDZ-BilkR ~UABZE L
K s 4 ]
2 [ *
L 0.7 F N
0.6 L mm*ﬂmmzroc%ﬁ] N _;I :
- 0.78s: 2.61s |
o J-J1 "IPENINE NN U I N DU IR S D
-0.5 0 05 1 1.5 2 2.5 3
i8R (sec)

B34 LAB —HHIBRBESHEMBTERE RN %8
IR MBEREY/LAB OBHIRE >

T T

LT

=

Lower gas
plenum

LABHIB& “UABZL L

¢]

“Time= 6 0ZEN))

! [ Gas or Gap
4 Cadorcw
~: Pin

B CR

b Lifuel

b1 Liq steel

- Lig sodium

FLIREL

B 3.5 LAB —HRHIBRBUE A AMITRIR 0% MBI R O B B
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73y b I 1508

S (&E)) 1BERPL (&it)
PR L R 2524k B4tk
iSRS =54 2104k 46268 | 704 1544k
g2tk | S0k 2044k

A: Address
B: Cycle
C: SAS channel

T 2SR S # SUSHR 3%

241 2 MREEAK TSRS
11 oamaEat GOLD BEmTs sy MISH
1 DB P AR

54 LR AH AR A K

OB

4.1 NaBH MOX BMEFLBITET IV (E1HFL: FLEE12 0cm)
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——— [0,
I Temp.
1.50 T T 11 T 1 _ 3500
1.25 [ Ao m...q 3000
1.00 £ fzsoo
= F :
20.75 / 1 2000
2 " ]
[¥) - -
£ 0.50 3 1500
g - .
0.25 | 3 1000
0.00 F 1 500
-0.25 L imimielemeipfot™, | g
1270 1275 12.80 1285 12.90
Time [sec.]_
@ Void 7.4% Case
1‘50 _l 1] ” L] L L LB I_ 3500
1.25 E 1 3000
. ——
_ 100 £ el 3 2500
=3 o o -
2075 F " \ 3 200
£0.75 Esuarrr 0
g - \ S
8 . -t
2050 F q 1500
B 3 \ -
0.25 F 5 1000
0.00 f q 500
0,25 Nl L, T
1730 17.35 1740 17.45 17.50

Time [sec.]

@ Void 5% Case

Normalized Power [P/P0], Core Fuel Temp. [K]

Normalized Power [P/P0], Core Fuel Temp, [K]

Net '?‘g:;ap
1.50 T = 3500
1.25 | e 3000
1.00 E ‘___J/ 3 2500
= " .
2075 & .,/ 3 2000
U e .
g F 3
e 0.50 £ 3 1500
2‘-'3 - 3
0.25 F 1 1000
0.00 F = 500
0.25 i 40
1505 15.10 15.15 1520 15.25

Time [sec.]

® Void 6% Case

125

e,
ll Temp. I
1.50 1 3500

3000

—
]
(=]

2500

2000

e
wn
[an]

1500

Net Reactivity [$]

o
[y*]
wh

1000

0.00

500

o
-]
o
LU TElryrrres Illl\lll LILBLEL I||I

-0.25 Braey

11.90 11.85.

12.00 12.05

Time [sec.)

@ Void 8% Case

4.2 Na {mH MOX BEHFR.L: ULOF EREHBEMITEE

(58 LIF.D

CFDEE 120em)

LI Ll [HESNMAR NN 111 LAl llilill Il'l

12. 10

Normalized Power [P/P0], Core Fuel Temp. [K]

Normalized Power [F/PO], Core Fuel Temp. [K]
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2.50E-05

fuel reactivity worth [delta K / kg]

0.00E+00

1.50E-05

FUELRA dfbr ch.1
FUELRA na-mox ch.23(120cm)

1.00B-05 |- -~

5.00E-06 |

D-FBR
(CH.I fuel worth maximun)
‘.‘ (RING 1, lncycle)

[N
~

LY

:.r ] | | \\
5 Na-MOX R AN
/¢ {CH.72 fuel worth maximum) v
’ (RING 11, 1 cycle) .‘

-0.8 -0.6

B44.3

-0.4 0.2 0 0.2 0.4 0.6 0.8
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