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Design Study on the Small and Medium—-Sized FBR (I )

Akihiro Hara¥® Ichirou Kosaka¥®

Mitsuru Kanbe* Katsuya Kinjo¥*

Abstract

We studied the concept of the Small and Medium—Sized FBR as one of
FBR development strategy. This year, we investigated the
characteristics of reactor performances of the Small and Medium-Sized
FBR and the concept of innovative plant.

Main results are as follows}

(1) The characteristics of reactor performances of the Small and
Medium—-Sized FBR (100 to 600MWe) was clear.

(2) One problem of reactor performances of the Small and Medium—Sized
FBR is the reduction of the burn-up reactivity loss, because the
smaller the reactor size is, the larger the burn—up reactivity
loss is. |

(3) The reactivity coefficients of the Small and Medium-Sized FBR,
which is smaller size than 30kWe, is considerably different from
large FBR.

(4) According to quasi static approach, to have inherent shutdown
capabilities, the linear heat rate should be reduced (below
250W/cm at 100MWe core) and the reactivity worth of one control
rod should be limit to about 0.4%ZAk/kk'.

(5) We established the concept of 100MWe innovative plant, making use
of the characteristics of small reactor.

The amount of core structure per power size of this plant 1is
equal to Large FBR(1000MWe). Further, we should examine the amount
of whole plant including BOP. Because of lower core pressure drop
and linear heat rate, the capability of removing decay heat of
this plant is superior to Large FBR.

Because the fuel cycle cost of this plant is inferior to Large
FBR(1000MWe), we should design high burn—up core.

* Plant Engineering Office, Technology Development Division, O-arai
Engineering Center, PNC.
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kWellTTKR& (% 5,
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® FLEEWNEERBEZ B30k Well TR LEZE200cm L T) T dHE 47
KEL A, HHEFRIZFYy 77 —BEEESICHNS E/ASn,

—14-



%2.6 BUCERBUFLER-FIRFRE (R LER)- B 4F {07 2 — 4

7 10/5kWe 305kWe 607 kWe
TR MLS 300W/em | 430W/em | 300W/em 430W/cm 430W/cm
Y E 8.0mm 8.0mm 8.0mm 6.0mm 8.0mm 9.0mm 8.0mm
(ESZT;@%) 69,51 59.39 85.42 -63.46 7777 -80.88 -84.76
(Xﬁfﬁffﬁ%p) 367.0 386.9 318.0 366.1 327.7 312.8 306.9
fi%ffﬁfi) -39.69 -33.23 -54.01 -52.25 -50.5 -48.3 -56.81
(ffg*ffﬁfi) -9.15 -6.67 -15.57 -12.61 1447 -14.63 -17.30
(Aﬁéfﬁm - 0.14788 -~ - 0.15621 - (0.14145)*
( Afff{f%) . 0.24478 - - 0.14152 - (0.09322)*
%j’é%;ﬁ;fﬁiﬁﬁ 3.545 3.361 3.840 3.748 3.717 3.661 3.867
BRsE e b 3.814 3.697 3.988 4.249 3.896 3.717 3.980
1p(X 10-7)

* SOEELLLOTERR262EE0RKkWel 77 L AFLEITENY FL-E X E78mm- 7V ELEEBIT.Iw0EIDETS 5,
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%27 SIREEBKIELE)

ﬁjj 105 kWe 307 kWe 607 kWe

N liwy 430W/em | 300W/em 430W/em 430W/em

v E 8.0mm 8.0mm* 6.0mm* 8.0mm 9.0mm* 8.0mm™**
(“Zo?ﬁgii%ffff 4,235 6.092 4525 5.545 5.768 6.044

| (ﬁfﬁ%ﬁﬁ o 3.519 2,382 3.089 2,524 2.305 2.4362
ﬁfgﬁ%}%ﬁ% 2.399 4.387 3.551 4.075 4123 4.873
(fﬁfﬁiﬁfﬁ) 9.474 -8.902 -9.154 -8.887 -8.707 -8.952
fﬁ%ﬁﬁﬁ% 0.782 1.363 0.995 1.271 1.356 1.485
?ﬁéf&%ﬁ“ﬁ 0.358 0.598 0.573 0.559 0.534 0.6375

*ORPLRICHTAAFCL Y RO ATREREEA L CRRERBEEH LA,
*OBEBE0NEkWel 7 7 L ¥ AL OBRBREEER L THERERREEL L X,

180-88 OTV6NL IONd



PNC TN9410 88-081

0.3 ' | ' T ' I T |
1’ -
PN 0.2 |
1% I
g B
0.1
(Ak/k/AH/H) |
(Ak/K/AR/R) | i
0 i L I i I L J 1 I
0 20 40 60 80 100
JFSR (FkWe)
2.7 IREE M IKTHE
0.3 L B e e A I
s i _
K 02 _ _
iR - -
% ] ]
0.1 |- -
(AR/K/ARVED) | ]
(Ak/K/AR/R) T 7
' 0 1 | 1 ] ] | 1 i L | !
50 100 150 200 250 300 350 400

WRLEMERE  (cm)

2.8 FERiRE D PRI



PNC TN9410 88-081

=

=)
{m.

e
{mL

i3
#

£

-4
(% 108 Ak/kk‘°C)

-6

-10

O 300W/cm,8.0mm

O  430W/cm,6.0mm
A 430W/em,2.0mm

T l i I T I I

EEIMIRE i
BRERE -
e -
i
SRR _
/

i Kw 75—

) TERE
-/3 |
N | 1 { 1 ] 1

20 40 60

BAMT (FkWe)
X2.9 JFELLHFREMICERE

80



PNC TN9410 88-081
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:7 el 6077 kWe _
i
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% 10-6
8 : i :
F I —
9 R )R E0kWe) ;|
7 9mm
7 -6 S8mm -
.
B i |
{;F. 6mm
iy 4l |
(Ak/kKk°C) i
2 . | | '
15 20 25 30
TVEALE  (w/o)
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2.2.2 HEE 7 B IERED

PRISMER{LMIE L o DA 5 BT HIF LA ST 5 & & 4 BASIc, HEY

% RIS/ S ¥ A% 5 ULOF-UTOPIC v THIJIHES C & 5 490 & M L.
ATWSIZHIE T & 2 fgE % b 2P Lo FEARKEL EET 5,

(IIEEY L KISE/ ST » A

MRy 7 RSN S ¥ AR TR TESh B,

Ap=(P/Pg-1)A + (P/Po/F/Fg-1)B + 8TinC + Apext

P,F=

H - RE. T ERIRE

8Tjn = 3 EIF A IREZAL

Apext = RIS EESMEL(HIEES [HR & 512 & 2 IRABUGE)

AB,C=FULENRT A — & (IRFR)
A= FOBHRILEHD-KEL —E THIOELIZ X V£ L 5 e

B= B H-HELFICEEH-FEL OBz & b, SHH BRERESE L
HDOVELARIGET7 14— FNy 7, Fy 75— BRERESIMEE

B, Fv 77— BERENSE. %Ak/kk)

FIGES, %Ak/kk’)

C= AOREBICERBMADRENDEILICEIVELZRICE7 4 — F

28y 7L Fy 77— BRRHR RS HIBHRIE SRR RS B
%Ak/kk’/°C)

(A+B)=VY o b & BT REIRE
TIHREUHN S 5, )

~O R EE{L((A+BYPoid th

B 7 I L AAH A 75 | R
7— i R i BE [ RE {Vr7 ] BER

AR L b

lifﬁ | MRAE

........................................................................................

rarrrrrraarsrdranrrarrarrarsfrarasirnannardinnnaasrrnnnsabanraniannaasnfanaanannsaaans

. )X ATF
)X ATG/2 |

BIRLO B ERE, ABCE 288 & 21212777,

(2.1)
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BIEIREEI. B W TEEER BRI F N REE & R 21BE IO 5 2 1l
THNiE, QLR EFHAVCHLABEONN-RBESS*ROLZEHTE, FHEOL
EHIZI OV TOERERET T LI LV TEDL,

(2)ULOF(unprotected loss of flow)
MY 72 RIS E ST » A6, ULOFOESRES I 0w THRE T 5,

[ oF)F ] @BEFREL KR ZXKROSR Ly THa—~RA Y 0T
5o TOE, BI-MELLVHER, FEHMEBEIF LA T S, TATRKRILL R
AEVFETTL2OTRECTHELMAORED LA T 5, EHNLREZHEEL T
50T, HhH-MELOWMIIFOCAORELFICHL 74— F23y 2 EEIZAT
Y., MODEFGENRNSS v 255 FTERTT 5,

[ BEBERE ] PLOADQREFAEBOPILEFE T 250 THEH. = 2Tk
EERONPER It/ E {(PPe~0). HI-KELY D AEIZLLLD
ERE L., FUSEI)N 7 ¥ A2 SIRLADRE R GHE B CHREZ S D
REEERE)E KD %,

BEROGIEMHOREZQORX LY

P/P, 1 P/P,
Tout = Tin® + AT + = [A - B( - 1) - Apext]
FIF, C - \FI/F,

Tin0 = EAGHFE EIF A LTRE
AT 0 =EHRIFEHF LA REZ
QDR =2 (Hi)14%, WE2%E T 5)
Tout = Tin® + 2AT + %(A - B . Apext=0

QWMB-mEL=0 (HHOETHHREMETIZHTHINEW)
Tout = Tin® + IE(A-i-B) . Apex=0
PUN-RELL=A/B+1 G ADRE R =00
Tout = Tin® + (% + 1)ATc° . Apext=0

S ORE#650°CL T2 0FAGE] LR~ 0Lt T
B GHIM M ORE 2 &M ORERHBR TS 2650°CL T4 DI RIBENS ¥ 2
LB LBACE #3KD 5,
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FRIEAER )
aXIGE Y7 A — % (A,B,0)

ULOF G ETIC & 2 SEMRBHREKRTIC LS Fy 77 — B8
BERGESHMEELASIC L ARGETHEL R ThE RS &
Vi, SORORIGENT A - FABCOIETRIIRT &) L &HIE
KENRSL,

WA O/MNULEFEOFRIZE DFIEESNT A - FETROL TR D,
MDD OB SFEMRERGE 2 /NS C L, XERERDES K& (T
LNOTBERKELLTE, EBEEIE., EHREOBRERELE L. B
HETICI 2EBETE2/NSLTEOTAR/MS LT3,

A B C
e g;}z .................. E e
Hi 70 /AL T/ X : K
e R T AT K HT KR
....... 1&ﬁ,§ﬂjjj{Lxe B
( e {&ﬂ&)(d\) ........................ (}J\) .......................... ( /J\) ............

b e i

BEEREGHMEOEED~@)% 29K T, HEFHOERE 3 GH
MADREPEDLLZWE L@ FRLAKE L, HWHiELE ¥ o (H
RIEREEDPRKEVEHE L@FRL/PEL Lk B,

FI2.1312/R7 & S5 WEFIFOAELIC & ) BE2REIMETT 5,
MBI OET ¥ ol b Fy 75 — RIGEERIZ DT, v
ThOIBEERELETSE 5, EHFEIC L 5EEETIBELIERDEH

KE

EERFOMD-FEREIL A 0~20 RO B AT 2 &M L R +
M4 T, BERERELmTICEBREIEETSEE v, 85K
BEREDN TR SN EEPF~0)E T 5 L, 2140 6 ZHDHECH
WhETROI TCETSEBLEND 5,

105 kWe 305 kWe 605 kWe

oA #250W/em | #9180W/em | #160W/em
(E)¥ ~ ES.0mmD BERE » & (P/F~00 B)
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INEO LI ICHEHBEEIOFkWe T NITEEICHRED 2 BT S5
e ERREFRTHTIENTE S,

c VR BUG B

EEE % 650°C L ¥ 5 7= DI VE L FUIBER AR (Apext) ¥ #2.98 &
UR2.1415R T Lo/ G MERRIC & o TROSERARR /NS
e b,

Rt
a ULOFOERRE B oLzt -> TERT T 5,

bR D EREIRIE K & < ERHTIZ9 5 2 & TEERE 7 filRLITIC
T& 5,

c. 107k Weli KR 71250W/em T BIATRRIKE A+ 0 R & v, HIRIE
JE(650°C)LAFIIZ T & 5,

dit\&k%#@ﬁﬁ@dﬂMWﬂ%#6%@&%%%&k?é%ﬁﬁ
i, BEERELHIRBEDAIIT A 00EHET0EIE: /ST 52
EMRTESL,

(3)UTOP(unprotected transient over power)

HERFH 2 RUGENN T ¥ 20 5 UTOPTORKARIMT KD, HASULE O FIRR
22w THRES Y %,

> 94]

FIEEOES R X5 & ) FISEFRA Sl ha EE+ 2, hho k&
L ) BREHRE G EMBENELL A TRADORIGE T 4 — F25v 2 75
X, WARGE MBS,

[ &AL - BRI OFHE ]

R 7 JUGEE /Y7 v R 5 UTOPT O R -BAMRIM D £ 5HE3 5,
EHMADRESEMREBEEELL 2 v b 0 &+ 5 L BRIBI-BXRE
TRCEENE, (HHE-—F V73 EDLLEVET B, )

Ap
TOP .
popfi-2m) 5.

0 A+B 7

A
P p -
q=q01-[,—(1 - T‘”’) . q=BAMET
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BAFIGENRL N V60t > P OGEORRE-EREHII2EIE T 5,

[ RAARE T 2 BRFURMD &+ A RBE ]
BRBRFE T # 500W/em e LT, & OIS TRIGED NS ¥ 2T 5
&) RRARIGEE KD 5, |

[ ETE#EE]
afnENT A— %
UTOPTCIIIRARME# A ERIC L ARBETHE L 2T 5
Vo, HHEIC L2 RBE/ ST A — ¥ (A+B)IIA THEMEIKE
WIHIBREDP R TREWIE) PET L, '
HA o/ & D A+B)DOMHEE D3 2o /hS b, FEHE
H I (B0BIER) Ti220~30%F2E /N8 & B,

A+B
................. e
7 /N ETF
Y HIEL EF
AR L I

bR AR AMIETH

BAREH-BRBEED £3%£2.10. K2.15127R73, ARIGE SHEHD
HEC & &, MHBEIED > THRAHD-BAMEI & b+ 5 128
FTEHETT, »FNEDLS LV, FARICE FHIBLICAVWLTL S F
DEDLSL LV, I hida. THENS LI IZ(A+B)OEE T HRE YA
KELEL L2V DTH D, T /B2 ERLZEESIZA+B)A/N
EL(Thb bR O B20T, BABHEIKRES RS, L
L, BEBEETHDL LD EECOTRRBHDE LTS wn,
UTOPIZ B\ T b BB HERIRII K E v,

C. RN & IR & § B IR AICE

DA ZRRBET & T A5RARGE £ RK2.10010R7 T, HARIGE
WHEEIZ 2w RENKE VWY, BHEE Y B2z e A SKE
LZv, BEEABEIIZA VT 2 ARCEORB A XFEIZT & O
5,

d.RBE SO o il RRAE
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AR AR H ) B NGB > ] R
(W/em) (%Ak/kK)
430 0.1
................. I
................. T
................. T

cOMETDET FMBERIGEOFIRIZ 2 W IR 5, EiEHDIRET
HliEE 0O HBET 52 GERRERCE CH 2, #HEBEO1IRS [ E 2 HE
T5E, TORBEEIEEIC L 2RARICE . TROLRGELUT TS
NITUTOPD R AR & BRI DL T L +6 2 LT E 5,
AL I BAEROKIIEITEE L, SHIMHET - A 3R L 505, BBER
O PE O HIBR % [ ASUSE O HIR X fIHERKR] & T 5, BBRFEICEIITR
DEHR B,

PRBERCE O HIBR

WA o . sk | 10k

e = = ’

.. %*g%j(,ﬁﬂjjj ...........................................................................................
250(W/cm)

EFE AN
180(W/cm)

.........................................................................................................................

A AR . . ’
160(Wiem) | OTPAWKK | 5.0BAKKE | 6.2%Ak/kk

T &5k )

aUTOPORARENIZFLHEDITRIIB LA LTREL 2v, ARGEAAKZ
WIE ERRMTID KRS &5, MHENERRT 5 & B URGERA N LK
KL IET T 5,

b.UTOPIZ 2\ TR ZERm L. IARKEZHIES 2 2 & THIHTE
%o

cEMMREII250W/em TR APICE O FIRI20.4%Ak/kKEE TH b,
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d.UTOP DA SIG AL MMERUSE & SR T TR E 5 0 T, HIEEARES
A TEEH N 250W/em® & & PRFERIGE & #12.5%AK/KR LI § 5 LB A
Hb,

(4).ULOF % EERE - UTOP D B AFRH ) O H#IFR I FFIE T & B JFls

(2)~(B)DIRE I FET &, ULOFDEERE-UTOP® R AMH T O HIRIZ%f
T & AMRLOEEHE Y EBET 2, (727 LULOFTRE N HAE S
headobkd5,)

ULOFZ b KR & it 5,

UTOP» & RS E 2 ik 5, :

710,30 5 kWe D IFlME FRISRT L 124 B,

77 : 105 kWe 305 kWe
AR #1250W/embLF $#1180W/emLL T

PRBESOG #12.5% AR/ LT #8.4%Ak/KK LT
Pl BIEERREeR LT B,

BN ST A — & 3 — N (BE 2R & 5 HT110-30 5 kWe O PREER &
DETEIEB L UBREEE # [M2.16~1712 /R ¥, REERUSE £ fIIRLLT & 3 5 & R
5~ MWAIEEE 2 Y, 4 2L PEEET 2 EEZ BN B,
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2.2.31F.( D F A4k
QULOFZ2f L Tk, b /AL HEE N L, B2 ERT2 2 &
THIETE 5,

@UTOPIZxF L Tid, #o & s o v THRARIGE & fIRBORERE
E L RIfEMERE)T 5 2 L THIRTE S,

@FBEH B W T, ULOFDOEHM 2K EEE &L UTOPO BAMHEH o FiR
B 7 710,30 FkWelF o AT LI T O & 9 124 5,

i 105 kWe 305 kWe -
7o Hiys #250W/embL #180W/embl T

W SN H2.5%AK/KKET | #98.4%AKKK LT
AL, flEERRE6RET B,

(ZE W)

- D.C.Wade and E.K.Fujita “Trends vs Reactor Size of Passive
Reactivity Shutdown and Control Performance CONF-8709192.-4

+ D.C.Wade and Y.I.Chang “The Integral Fast Reactor Concept :
physics of Operation and Safety® NUCLEAR SCIENCE AND
ENGINEERING:100,507-524(1988)



Bm
B
i
o2

7 3

54

ES

A

&

&3
1077 kWe 3077k We 6077 kWe
430W/em,8.0mm | o e, 8.0mm | 430W/em,6.0mm | 430W/em,8.0mm | 430W/em,9.0mm | “50 7 cm:8.0mm
K77 —Z % AkkK,C) -4.235%10-6 -6.092X10-6 -4.525 % 10-6 -5.545X10-6 -5.768 X106 -6.044X10-6
BMEHERERE -3.519X10-6 -2.382X 10-6 -3.089X10-6 -2.524X10-6 -2.305 X106 -2.4362X 10-6
oA R BE AR 4 2.399X10-6 4,387%10-6 | 3.551x10-6 4,075x10-6 4123 X106 4.873%10-6
XERERERE -9.474 X 10-6 -8.902 X 10-6 -9.154X10-8 -8.887X10-6 -8.707X10-6 -8.952xX10-6
FLT7 I 7 v T EE -4.737X10-6 -4.451 X 10-8 -4.577X10-6 -4.444X10-6 4,354x106 -4.476 X108
BEEFRERCE 0.782x10-6 1.363X10-6 0.995X 10-6 1.271X10-6 1.356 X106 1.485x10-6
7 v f\‘%‘"iﬁ&ﬁmfi 0.358X10-6 0.598 X 10-6 0.573x10-6 0.559 X 10-6 0.534X10-6 0.6375x 10-6
A (%Ak/KK) -0.5428 -0.4152++ -0.5330 -0.5648 -0.5651 -0.5936
B (%Ak/kk") -0.0958 -0.0772 -0.0816 -0.0774 -0.0753 0.0731
C (X 10-6Ak/kk/°C) -15.69 -11.03 -11.65 -11.05 -10.77 -10.44
A/B 5.67 5.38 6.53 7.30 7.50 8.12
A+B (%Ak/KK) -0.6386 -0.4924 -0.6146 -0.6422 -0.6404 -0.6667
(A+B)/C (°C) 466 446 528 581 595 639
(A-B}/C 327 315 387 441 455 499

HELT ST v SRR BEEERER /28 L,
+E IS T B O M EM R BHE K B % 490°C(T00°C X 300/430) & L 72,

180-88 OI¥6NL ONd



#92.9 ULOF®EEE

107 kWe 307 kWe 807 kWe
430W/em,8.0mm | 500w 8 Omm | 430W/em,6.0mm | 430W/em,8.0mm | 430W/em,9.0mm | 429W/em,8.0mm
BEHHODEED (O) 9T b Sico: N N 1027 e 1081 1095 1139
ADEEEfEAnEssco | sz | ssos | s1/280 | e/ | oassiasy | dsesam0
................ Ap“(%/_\.k/kk)* e g 5 o e T
@HHLOERES (C) 826 806 888 e AN NS 85 ] 999
O Pl R PRt - o T P S o
................ e s D
WHMEOEES (O 1294 1253 otoiosc N 1522 ol 1850 o 1637
................ e e o o e
AR EEE O D R E O 847 SRS NS SRR IO 928 - 968
............... o . - e e RS
HBHEDEBREOEOEES 707 — — 788 - 828
............... ] e B e R
Ax* -0.3799(/%) - - -0.3954(\) - -0.4155(]%)
e P R T . S o e
K77 -BEeomMOREDS | 985 ] USSR DO SRRSO SOOI 1047 - 1112
............... i RO - - o
A¥rt -0.454(/7) = — -0.448(/1") — -0.467¢N)
........................ s 0087(,” _ _0066(“ e i
.................. TN E 2 e
SEHHHOREQ P/Py/FFg=2.0 (HEROLI=4%-E&E=20L Lz &)
BHMHORED  PIPYF/Fy=0 BEBOHDETHEFRRETEE L ) oK EVE, Tyu=Ty+(A+BYC)
EHHHEORES P/Py/F/Fy=A/B+1 (BTin~0+ Tout=Ti"+{AB+1)X AT

*APe(BAKKK) = HH L OEEFETER)T660CL T 2 -0 RIS ELREE
ek SE 1R U ) B 0D o EAT SREHE R B % 490°C(T00°C X 300/430) & T 2 B THENI0RDERE BB L 2B &B,COBRETHL S W)
w77 —FET X0TELIEE

180-88 OT¥6NL ONd



72-10 UTOPHRAM T -HAME S

107 kWe BOEkWe‘ 60 kWe
430Wlem,8.0mm 300W/cm,8.0mm | 430W/em,8.0mm | 430W/em,8.0mm | 430W/ecm,9.0mm 450Wlem,8.0mm .
A+B (%AK/KK) -0.6386 0.4924 -0.6146 -0.6422 -0.6404 -0.6667
RAHIEARELELF LY 1.60 1.87 1.62 1.59‘ 1.59 1.57
.......... % j:#ﬁt‘dﬂ(W/cm) o 688 561 697 684 684 675
EAHNEAKIGELS F i) 1.36 1.46 1.37 1.36 1.36 1.34
............. % xﬁhﬂjj(wmm) 585 438 589 585 585 576
BRAHS 1.16 1.87 1.16 1.16 1.16 1.16
............. % xﬁ&ﬁm&m) ..5.00 : o - - - e 500
......... Ap, @BAK/KK)** 0.1 0.3 0.1 0.1 0.1 0.1'
A+B (BARKKY**(E P ER) -0.4757 - - -0.4728 - -0.4886
| Bpop (BAKKK)* (R & THER) 0.3 - - 0.3 - 03

* 1 FL=0.38RAkKKE L7z (&4 — R), 80 ¥ F =0.228%Ak/KE
** Ap, o (GAk/kk) B AT & @RIRF AR L) (500W/em) & 7 5 ARG E
wk% o2 5% T EE O B HIAT A ENE B R % 400°C(T00°C X 300/430) E T A BE TR B30 EE + HE L i 4

180-88 OIF6NL ONd
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3.1-3 SEMLHIR

VEFIF#EEYE O

BB R £ R3AITR ¥, HEHREEMEREN )V — 7E(1,000MWe) & E#r 75 >~ b-
N — FTEI100MWe) % I 7256, BREEHEFICH L. BF AR EYRE TN
1%L %k ote o TIOEP T T v b N— TEG S IFTREF T, B
JAFBLIURBHMOBSTERIEILSELLE VT T v+ &R V1D AThEHEL
b, THIIZMLEERT T v -~ FTE(100MWe) iE EFRIEM R — T E
(1,000MWe) iZ b N BEFIFHEMEH38% L 2 ), B2 A + B L UREEM
DETELE>TVD, THOLELLREFORAr— V5§77 Tid, /AR
FORIBEZERTTETH 5,

SHOBEE LTk, BHA. BEIULR S L UBYEEO - REHNDRET
MEITHIVENH L, EH T POV —THE T VHOELS I X
WHLPLRBETHSD I,




#3.4 RTFHEYE O LEGEE)

BFIEHH 1200MWe 1000MWe 100MWe
77V 4E Super Phenix BRI RS BB TT b kT EHT b EH7I b
IRE 7 — L E v—7E W — TR v—7H nV—7E 7=
BEFiFeaE 21md 8.0md 6.8md 5.1md 3.7Tmo 6.0m¢
EEMES 15.5mH 15.4mH 14.3mH 13.0mH 11.2mH 13.9mH
RFIFEE 1398 228 153 78 35 102
IELFE 307 155 155 20 20 20
BN 514 500 500 50 17 17
FEHmEEF FOEER 150 150 55 55 55
L ea~wik LEZThA
Le~ns s 800 380
600 364 77 150
meE 75 & 640 330
UCs 250 16 14 5 3.5 5
it o et o ? 12.9 12.9 12.9
Bhp i A 1 ? 122 122 117
YE A ok ? 18.6 18.6 18.6
TLeFHEI B
Fy¥ya.94 330 25 17 86 39 12.7
.j_
SEHEZ ? 1938 ton 1743 ton 729 ton 211 ton 362 ton
B 1 0.90 0.38 0.11
&R = 3.1[1] 593.1[2] [3.1[3] & 3.1[4) #3.105]
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3.2 BLICHRRF BR B BTN
3.2.1 F bt U7 ARy ML HBEEU USRI GEER
2EMERF MY 7 AFEy ML W EREABRBESHEZRETEORL v
MRGERED X CHBETRES L CRBEEREC LA ¥ MBMICEHE L /2,

DIRET G0

REE CEE | d=9.0 [mm]
¥r¥y s x=10.8 [mm]
~Ly b ERE d,=8.0 [mm]
WEEE S - t,=04 [mm]
Fry 7HEE~<V v ) 8=0.1 [mm]
IR LR D=120 [cm]
SRR & | H=128 [em]
TG AR ) Tmax=250 [W/em]
¥— % v 7R F.=F,=12
FRLMETR L WERLFTELL a,=0.52(X 0.96T.D)

(L ag=0.11

WHM a,=0.37
Ly hRAITEE S.D=0.91
IR & BISCR E TO R 148(1.2X10%sec)
REBIZZINS O FRIRE PP,=02 (%]

B KARHID Cmax=0.5 [W/em]
=50 [W/m]
[ E(E]

WREL Ly b Bz K,=6 [W/mK]
FryvFarys s A hg=6000  [W/mZK]
BB IMREER K,=20 [W/mK]
Rl b LER pr=10900 [kg/m?)]

le # Cpp=0.29  [(kW-s)/(kg-K)]
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WEM(sus)  HER pg=7810  [kg/m?]
i Cps=0.56  [(kW-s)/(kg-K)]
SEIFH(Na) LEE p,=874 [kg/m?]
| Ho 8 Cpo=1.34 [kW-s)(kgK)]
2FTESE

FEICH Y DT o e T2 WwRENOFMZ1T% » 72,

By FAOFT T LOBRMRB L KRy MLORFENRT A
O BRI X ABREL BT 5,

Fy FERED> S OWREC L ARLETERT 5,

Ry P BLUOMEESES 7 FORTEYERT 5,

PlEoiREic&EE. FLopRERIBRELy ., BBEB LMY Y
LADREeH Il LASERLEZ S, W Y Y LRETE=200°CL L.

1RFEAEAZR O+ b)) 7 A FERET.. L,

Tav.=T + i @
au.= ses
0
VX CpptaghsCpgtaceoCp)

500[£ W] X 3600
=2000°Cl+ [ W1 3600(s]

n 2 3 kg kW'S
Z X (1.2)"X3.7[m"]x| 0.5X10900 3 *X0.29 ;z_K +0.11X7810X0.564+0.37X874x1.34
m g

=200+172=372[°C]

2T P BESGD
t Ry T PIREESE
V : Ry MEE
a @ JROPMETEIL(F : AR S &R, C A
p . BE
Cp: lt#

FIZFLHO WD S ER T 2 BRWREZ 2 K bR FHET 5 &
PRI BT AT ) 7 ARKEE : TNg .
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Tna =To+FrFzAT ., @
=200[°C]+1.2X1.2X172[°C]
=200+4+248=448[°C]
@DF )T LAREBICIOMBICBTSBENICES, FLHBLON
by PRGRE :Tp2ko 5, COBEF Y7 LOBARBRIZERL. £
DIZEDHREEZ B,

r

9 rnax
T =T +
F N
¢ 2ﬂrF F hg c Na

BESE . (RLv bR (Fry TR @R R ARERREA)

w
50{ — 2
m _gl ™ K
=448+ 333+170+204301X10 -—W--

21X 4 X 10 ~m]

=448+41.1=449[°C] o RLy PRLBEERE
Nl Ad
rp o 4%10 " %m] o] MK
= - =333%107°% —
2k w w
F o o2x6[—]
mK
1 1 e :n%z]
— = = 170X107% —
hg W W
6000 ——
mK
e 0.4%10™%m] _¢| MK
— = =20X10" % —
ko i

IW
20| —
mK

i

tna  2.24X1073[m]

2
mK
=30x10‘6|———l
W

o

v oozl
RFAE R

PEE D+l ZelofElic L > Th, Ky bPIZIEFEESREL 2Bo <
Ly PHLGREEIZ449°CLLT . BEERE 3448°CLUT TH %, EBICE R v
FRIZSET B F b ) v A0 BRIES & R v B MR B TRIEME T 2
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D EYSR ORI & ) FRREEKIBIET T 2, FHE TR L 7 G
(Ih)EEREL DL FFIIELIRELTWVS,, o TF PV T LRy FIZL S
BB S ORI L RS B0 BB L 2D b,

(R PR 0 BHE

gl

x=10.8 : —fc d=9.0 -
REMERELL : ap
Edz
g F nX64xX4
a,=—= =0.498

T V3, sxV3Ixaos)

HESEHHTRLL : o

I
—d t
2 CC 1x8.6x0.4x4

a,.= et = — =0107
S ﬁxz 8XV 3 X(10.8)%
4
A EAERELL o
n
1 8 1 nxX9"x4 0.370
a.=1— = =] — — =}.
¢ V3 8%V 3 X(10.8)*
4
¥y 7B,
I
—-d
Qo2 nXBIXOIX4
g \_/Ex2 2xV3 X(10.8°%
4
ARy HEEREE - T/p=0.96
~Ly R THE:Sp=091
s 0.498%0.96
=0.914

D 0.498+0.025
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3.2-2 S A A HENC & B RS RESEm
I TR E LT, EFHEARBEAE T L TERICA 2 OMHITERIC &
H&EHET A FROMITHEIZ oW TEHME L 720

IIRES G
R R d=9.0 [mm]
¥y s x=10.8 [mm]
~ Ly b EE d,=8.0 [mm]
HEER S t,=0.4 [xm]
Fyy 7 §=0.1 [mm]
WA E v AR N=11196 []
YRR Y=k € D=1.2 [m]
TRLE & H=1.28 [m]
ERREFIALE D P=250 [MWth]
SEREIG R AL T q ., =250 [W/em]
¥ % v 7R Fr=Fz=12 (%)
WENA A FRCA T i v=1 [m/s]
SR A ANDRE Tin=20 [°C]
Wik SRR T To AR 14H (1.2X10%sec)
PRELASIRIE O B R P/Pg=0.2 [%]
ZoN Ty Q. =0.5 [W/em]
=50 [W/m]
2)5THE

H A OISR L D iSEhoBE <L v FHNERE  TR@)iZRkKTEH L 6
N5,

@) 1 ¢ TF
A N . m—
wgpl2ky  hg ko Brptty)

q,ma:ch L f oz (o
TZ)=T, + wepll sm(—h—)+sm(ﬁ)] ————————— @
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il
BFER L v b RE Tr(Z)
EENA A ERIRE T(Z)
FOANDFHN A 2 BE Tin=20 (°CJ
BREL~ Loy bR rp=4%10"3 [m]
AR L o b EREER K,=6 [W/mK]
FryoFavysyvA hg=6000 [W/m2K]
WEEE S t;=0.4X10% [m]
WM BTEE K,=20 [W/mK]
BN A BRIERE h=32 [W/m?K]
PRE A IS B AR L ) q’max =50 [W/m]
FFlE & (BLAHEEIHE ) h=2.0 [m]
TR & H=1.28 [m]
BiiF v > 2 VB pHIA AERRE W=61x10% [kg/s]
W E AT A (Ar)Ho gk Cp=520 [(W-s)/(kgK)]

QXN BT 2GHFT A OBEEGEE - hIUTIIE V525 5,

Ry,
WEHIH A DMEERR b=~ Nu

=5.29[mm]
BWHIH A(Ar)DFEHBE 400K & 3 5 L Pr=0.87,

ZETEER LY
Nu=0.5XV Re
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mm
UDh IOOOIT]X5.3[mm]
Re= = 2 =230
A mm
23[ ]
s

Nu=0.5XV 230 =17.6

w
-3

22X10 — | X7.8
k lmK

52|
N 5310 3[m] m?K

[EH5]
OX Al WNBHEHDEE

re o 4X10~%m]

-3 _s| MK

—_— =0.33 X107 =333 X190 E—
2kF w W
2X6| —

mK

1 P m?K
— =170X107 7| e
hg w

w
GOOO[T
m°K

e 0.4X10 ml _¢| MK
BTy S 20x1070| ——
m-K

TF 4 [mm]

h(rF-f- tC)

6 m’K
=28400x10 -
W W
32[—-2-— X(4+0.4)mml

m°K

LLEofnix,

mzK
[ ]=(333+170+20+28400)X10_6=0.029 [ —W—]

O B HE2E I,

(@) Imax™\ 7
X0.029= — x0.029
or 2nr
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- cos 1y 2K
- x0.029| —
anX 4 %10~ 3[m] W

=57.7°C]
tREEZFZOEIZH L TEHET S &,

fﬂ [ Z=0 57.7 X cos(0) =57.7 [°C]
# R L)

e Z=0.1H 57.7X cos{(1X 12.8)/200} =56.5

g < 7=0.2H 57.7% cos{(n1 X 25.6)/200} =53.1

) 7Z=0.3H 57.7X cos{(nX 38.4)/200} =47.5

: 7.=0.4H 57.7Xcos{(mx51.2/200) =40.0

r o | z=o0sH 57.7% cos{(mX 64)/200}  =30.9

;icr g \. GR.L )

ROQARDOWERD 5, HALGISRTEEald

3 x 82
a= z[i?’-x2_3d2] [%(IU.S)Z—HB I

=50.8[mm?]=50.8X10 " m%
BLF v v 2 VEEEE

3
m
f=va=1 [ uid ] ><50.8><10"6[m2]=50.8><10_6[ — ]
LY

L]

3
k
w=fp= 508)(10_6[ ]x12[-———] =61x10~8 g]
8

S

@ HBHBVE NOFE
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(Z2=0 ......... sin(0) +sin{(n X 128)/(2X 200)}=0+0.844 =0.844
Z=01H ...... sin(12.80/200) + 0.844 =1.04
Z=02H ...... sin(25.61/200) +0.844 =1.24

{ Z=03H ...... sin(38.41/200) +0.844 =1.41
7Z=04H ...... sin(51.21m/200)+0.844 =1.56

\ Z=05H ...... sin(6411/200) +0.844 =1.69

¢k 5

max

0
we, i 6{

W
[ — ] X2.0[m]
- =1003{°C]
kg

_ W-s
g 61X10 —= {520 —— | Xn
s kg-K

& - TOR L.

AR ?‘%ﬂﬂif‘hiﬂ&t# EFEPhSAALy b ETORER

[ Tp(0) s 20+ 1003 0.84 +5$ = 921 [°C]
Tr(0.1H) =20+1003%X1.044+57= 1120
Tp(0.2H) =20+1003X1.24+53= 1317
T(0.3H) =20+1003%X1.414+48= 1482
Tr(0.4H) =20+1003X1.56+40= 1625

\ Tp(0.6H) =20+1003%1.69+31= 1746 [°C]
B0 ALy FRLREEIRE

REIC-F e T 2
L N

[(BHEER]

BEOKRE, ~Ly FHLBEFESL LD LYY —F ¥ VAN DR
CHOGZ=H/2)IBWTTHY, FOMHEI

T max = 1746[°C] (WHEEESERE X X 0.5 MKy)
by —Fx A NOEHT AHORE R

T(H/2) =Tin + AT =20+ 1695 =1715[°C]
WHIA A ORI

AT 1695

Tout.av = Tin+ — = 20+ —— = 1433
outl.au in r ) [°Cl



PNC TN9410 88-081

RIZEBHIA ARBE ® Ko 5, BEALFEKERE : aid.
V3, u

'\/“5: 2 II 2
a=2|—zx'—=d"| =2} —(10.8)"— — X8
4 8 4 8

dZ

=50.8[mm?1=50.8 10~ %m?
EHIA AMEERE (Fid,
F=NVa=11196[Z]X1[m/s]X50.8x10 " m?

=0.57[m%s1=34lm%min]
SHIT A GERE - WiX,

k
W=pF =0.57[m%s]X 1.2[ —g; ]

m

kg

min
BHT ZZEN— T OB OB ESE LE LT 5, HHBERIZFLO

BRBEH b b EREN 00.2%I 43 55006WTH 5,

INRETHE e

@ IFELERIAE 2B L A EREA —EBESEE TV T2 H 2 ORIE
BRRE34m%min , 77 A ADMRE20°C)IZ & WiFHIT 28A. <L v Pl
BERREITACCHEERSGREE S ZIZRA L), # AHOFHEE1433°C &
% bo WHIN AREHN — 7L LEOOkWOBHGZZ LE LT 5,

@ EESHAKICLY Ly P OBRMEET O NN, LTOREDNH 5:

=0.681kgls]=41

—— R ARRMEAKBUME L 2 0, BREEER V- RIEHFE{LOBEIZZ

g v,

— 7 aTEFLEOZEMICHENS 5,

— FHREBHEE» S 05| & LIiTREORERA E, L v,
—— FUHE I TOFET ORET 0RLIZHERS 5,

c;: > Txﬁﬁaimﬁﬂq & sz:o

- 78—
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3.3 EIRIEERIFILETAT
A7y VEUTOHEBIC L) BAEBREEFERTWE EEZ LN D,

—— —FRESFEORAIC L VFRLEBRPER SRS,

—— B BRI 21250w/em T, AZUEA30w/em)® Fh L D b
MEV B, BRERIEONL v F OBRICH L TR 42 Y R
b,

AE T ALY RE B EM RERIRO650°C % 2 2 WG T o HiEs

Ppfe h # @HMICEME L. KEFD ZFn &L 7,
DIRET St

EMHETIRfE L ES ST L B,

#3.5 EEEFE—KEEOMNERkg/em?]

KEVF Y Nyl AV
LOOP POOL LOOP POOL
R 3.5kg/cm? 3.5 1.5 1.5
y(ali Sy 1.5 1.0 1.5 1.0
IHX 04 0.3 0.4 0.3
pULl | by 0.5 — — E—
Bl 0.4 - 0.4 _
—REIE 6.3kg/cm? 4.8kg/cm? 3.8kg/cm? 2.8kg/cm?
R TIERE 73 mNa 56 mNa 44 mNa 33 mNa
FRO A DR Tin=2360 {°C]

ROHDORE  (E1EER) Tout.nom =500 {°C]
| (GEF HAERIFETAME)  Toutne=650 [°C]
AR
Sz 6N AMEADREZD S LT, BREEICLVEENHICRETE S

FRBNTS  PNCEWHE AR CTE- 2 6 B,

2gBAZ
K

— 32
Py o=ATyomCpV
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2
2m gH]
K= 23 p
W

nomn

Prnom

= ——— ane @
nom  CpATnom

T ZilEH BAERESALE A DR EZE
ATNe=650-360=290[°C]

WESE m=865[kg/m3]

gk Cp=1.3[KJ/(kg-°C)]=1.3[(KW-S)/(kg-°C)]
N B=2.9X104°C"]

mEkH O AZ[m]

SRAREIE R Kim*]

TR L TR Hplm]

ERFLRRERITE Wnom[kg/s]

SEAGREIFLLE A IR R ATnom =500-360 = 140[°C]

EAG R ) Pnom =250[MWth]

[EHEHBI] &7 5 » b Poolll, EZETFLEAZ=4m)DHE.

250 % 10%[KW)
Wnom= =1374lkg/s]

1.3[ : ]x140[°C]

kg°C

2 nm

— X9.8 Y X 33[m]

m § _4
K= =256[m "]

k 2
(1374)2[ %—]
s

k
2><(865)2[ &

IX9.8X2.9%10 x4

=(290)%2 X1,
P o= (2901 X 865 1.3V Py

mS kg’C  g2°C p,—4
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=5233b[KW]i=52.3[MW]
OO~ Ly FRGEE  Tr@ R TE L LR B,

oo 2 i 22
T (Z) Tin+ sin{ — }+sin| —

WCpn h 2h
q nZz r 1 t r
+ maxcos(—-—)[—F+——+—c+ £ } - @
2or h /1 2k, hg R, hrptt)

EHEOME, <Ly FRLREIZ Y 7 — F v 2L OENMEOEZ =H/2)iZ £ v
TwRARERY, FTOEE

5.225[KW/m]x2[m] . { 64n
T (H/2)=360Cl+ X 2sin| —
F 1374 [ kg 140 KW-8 200
X 0,209 X X1.3 a
11196 | s 290 kg-K
64n
5225[W/m}cos(—) 2
2 _g| MK
+ 5 [500+170+20+10]X10 [———]
2uX4X10 " [m] W
= 360 + 349 + 78 = T8M°C] - L9 lhLEHEE

(P L ADERE) GHIHBELR) (SLy bhLE TOEES)

B, HEERSHEER

30
Telad(H/2)=360+349 + 700 X178

=360+349+4+3=712[°C]

Ty —F 2 VEEIM B OERE

Toui(H/2}=360+349="709[°C]
ThiEF YT ADHHS816CETE S,

2 LOXOFBEIIBVWTHMHEB LT MY 7 A OBEERBIZILUT O
fE# ML 72 (G5 133.2-11HEHE)

e 4><10—3[ ]

2
kF 2)(4, v }

—6 m2K
=500X10 —
w

1 _6 m’K
=—7=170X10 —_—
w w
6000 —
mK

x|~
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. 0.4X10"%[m] _e[ MK
e —9gxi0 % —
k [ W W
c 20| ——
mK
Tr 4[mm] mzK
e - :10.1><10‘5{——W ]
e 89656[-——-]><(4.0+0.4)[mm]
mK
ERIzBWT
k
h= % Nu
Dh
Iz
ol Y
by =T11 —
Dhé5.29[mm]
Nu=6.3+0.03(Re-Pr)*®
VD, o /sIX 5.29
Re= h_ 87[mmis] .2 [mm]=4700
u 0.323[mm s}
140 140 Wnom
V=0.209X — Vnom=0.209 X — X
290 290 pNa
k
1374[—g—]
140 5
=0.209 X X
290

849[%]x11196[ﬁr1x50.8x10— (mya]
m

=0.287[m/s}=287[mm/s]

Pr=0.00561

Nu=6.3+0.03(4700x0.0051)*%=6.68
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FTEMR % RI.6IIRT,
$#3.6 EF BRERIFRERREIES

(FHh L K7 v b+ (250MWth) KEIF(2500MWth)

(mNa) 7 — L H -7 7 — W E N— 7

4 52.3MWth | 45.3MWth 401MWth 351 MWth
(20.9%) (18.1%) (16.0%) (14.0%)

3 45 3MWth 39.2MWth 347TMWth 304MWth
(18.1%) (15.7%) (13.9%) (12.2%)

9 37.0MWth 32.0MWth 284MWth 248MWth
(14.8%) (12.8%) (11.3%) (9.9%)
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v —F v R VEEMEORE 709 [°C]
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#3.7 FAEIR AR

Bt 100MW
ARSI ‘ 250W/emEL T
PR & , 100cm
LT#7I 7 v b 30cm
LG RS 30cm
E7I 7y b %L
HEE 57 b L RAEESE
7 AY 2L
HREESE 9.0mm
HEEWE 0.4mm
P/D 1.2
PORMATR 50.84%
S TR 10.40%
SHMFEL 38.76%




#3.8  ZEEIRL D IE LR

oL B X 100 cm Sk E v F 18.03 ¢
£ % 2 9.0 m P ou B 4t B | (A 12.20  Ww/0
Fob B 8% 152.9 @ (A ) 20.30  wW,/0
w4 s m | Kkeprp | BERBE RAmsppFal KK BB D vsom) et IR
(%BAK/KK') | (n/cm2xs) | (W) | GMIFS) | (A4 8) | (BFR) | Gxm) | (F o)
BOC 1.03162? 1.096E+15 172.0 236.7 1.38 1.28 1.28 1.634
3.41 |
EOC 0.996563 1.293E+15 201.8 205.0 1.02 1.16 1.24 1.444
W@ Lt Fissile Puf (T) BT F| FoEY BoH oS B o= )
47w RN M B g
() | (&) | (R Wrs) | (@E73) @ ¢p) | mwD/T) ] P W73) | (BF3)
BOC .0.93 1.14 0.92 .00 0.00 0.92 98.4 1.6 0.0
185.7 36300
EOC .95 1.15 0.88 0.06 .00 0.94 6.5 3.5 0.0
T2 7 o lirilibE PA3ZOF.MICOFU.DATA 0

SYSTEM DATA

PASOF.9LDEN1O.DATACREF?

CITATION DATA

PA30F.@aLCIT10.DATA(REF?

TABLE DATA PA30OF.aLTBL1O.DATACREF)
OUTPUT FILE (FLUX)
OUTPUT FILE (POWER)

OUTPUT FILE

(APPLE)

WREREL . /0958
X’.&’Hft#&:.\ N
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#3.9 HilHE Y BE SO BE
B keffl keff2 BUGRE
i (%Ak/KK)
Casel - 1.0328846 1.0116377 2.03
Case2 30 | 0.9708510 1.0116377 4.17
190 | 0.9578996 1.0116377 5.55
Case3 30 | 0.9706510 1.0328846 6.21
190 | 09578996 | 1.0328846 7.58
Cased 30| 1.0043316 | 0.9743291 3.07
190 | 0.9966894 0.9597763 3.86
Caseb  : 30 1.0142355 0.9713545 4.35
90 1.0122061 0.9586284 5.52
#+3.10 HUTHICHE o FER
H B %Ak/kk’
mERED 1.65
BRISEE A
JE O B E ORI 1.0
BEEAHD 0.3
y = k< ARy 1.4
Hlf <+ < & FICEEEr A+435

DTLALw | LD
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HUES = & Ry 4 2 U R

3#%3.11
A b J ) L AL,
ax| UDE SUEE wEcE | sMwa)
: (%Ak/KkkY) (BAk/kk’)
Casel - 2.03 X X X
Case2 i 30 417 X e X
L 90 5.55 1.20 1.06 1.28
Case3 30 6.21 1.86 1.64 1.98
: 90 7.58 3.23 2.84 3.44
Cased  : 30 3.07 X e X
£ 90 3.86 X X X
Caseb 30 435 X X X
£ 90 5.52 1.17 1.03 1.25
X EELANE]
+3.12  REASHUS o A
keff(E 8AE) EEMIED HiE A IE L& keff e i
@ 0.9406361 0.0130 0.0134% 0.97 FERFR
® 0.9782906 0.0054 0.01342 1.00 i

DEEORBEOCWm RV TEE LA, BEHEL2T- 7
NHHEMIEIZ DV T, BRI EEIFELOMIEME % v 72,

S DOHIEME WA L 7=,




m g [ty = ] gt-
< (] ™~ ~ o
q & 4 it & 9
o
|
"
A
] 1
1 1 1 ]
1 1 1 ]
1 1 L 1}
1 1 1 1
[ 1 L 1
) 1 L] 1
30,00 i i : \ 28
1 nl L] 1
] ] 1 1
r [} 1 1
] t r 1
t [} 1 )
1 L 1 1
1 [} 1 L
30.0n ; : ; N
15.00 17 19 21 23 25
Ao 00 0 e b
15.00 18 iB 20 22 24
=0 10 | e N A A S R
20.00 3 6 9 12 15
0oy 0 oy oA
§5.00 2 6 8 11 14
ssonog =~ 000000000 oo o e e e
15.00 1 4 7 10 13 27
110.00 .
M3.13  EEFL RZUFOHEFER

1~9
10~15
16~25
26

27
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@ “GENERAL ELECTRIC INNOVATIVE LIQUID METAL REACTOR
PLANT CONCEPT PRISM“ Fast Breeder React Exp Trends Vol2pd43-
450 86)

@ [&BBRBHFBRY 1 7 1(2)] BEFILEVol33, Nob6(1987)

® “PRISM FUEL DESIGN AND RELIABILITY EVALUATION “ANS
Meeting 1986, Tucson

—-106—



—40T—

PRISM(£ B #A#h) PRISM(EE (L4 R 41) SAFR
P2 B — B — ¥ v By
= Nyl 4TIMWth / 4F - 900MWth /47
75 v FEH 1395MWe(156 X 3T ¥ = — I X 35F) 1400MWe(350 X 4T ¥ 2 — L X 11F)
YRR b=y EIEYHE - FEEHYT
g 2B BEH(U-Pu-Zr) YIS v.TN o AIRSEE{LY &R HRE(U-Pu-Zr)
HEH HT-9 HT-9 HT-9
BT REB /Ny 78 18# 3 /33w + 124 A /8%y F 124 A /4839 F
it 42 B 86 Pit=s 96
P73 v b 25 RERTF 4w b 31 P‘J%[S_'fi'?‘/’f-y} 48
i A, S 36(178) B/ b 42(173) b S R A 48(17%)
B FEHmREE 42(1/8) BH AR §E 0 EHF B EE 0
EHEEA~ 48(178) BEHEE~E 48(17%) BEHEE~VE 114(2R8)
wli 6 il A 6 il = 6
FHEERES 2 -0 0 REBEEY2 -0 6 HwBAFLER 3
(&Et 199) Xl 199) (&5t 313)
Eekanihd i (2714) (2717) A
¥ riE (#7.3mm) (#7.1mm) #7.2mm
PR R #9130em). 7T+ v PR L (#150ecm. 754w F L) 9ldem, BI7F 7 v b L
ZARBEL #5344W/ecm #1262W/em
SH#AO/EORE 330°C/ 485°C 357°C/510°C
BRI 15A MW/t 1577 MWd/t 14.6 A MWd/t
IETE L 1.12 1.14 1.02

180-88 OTV6NL ONd



—80T1—

PRISM(£ /8 A #D PRISM(Eft 4844 SAFR
B RIEE 0.06 F 2.80 F i
FIHE1AS & RIBE 0.07TF L 0.50 K L
WiR D 5 ER~D UL 220K A 245F L
AT oBEH TS T425MWth/F. Bt Evo 2B i~ |HZHAEET 2 BRE 2w, Bl
PR 2R CTIFLE E91emTH o /= ELBEAEY., B HoEnId L | HREER- YO FEr o FHRBET
HE W, HIF4TIMWthiz#nm L, &# | Tz, AR REI e METH oD HPRISMERWFLERARELZELSL
PEROTHELEEEFLL-ERD | T, BREAEEIES LTV S, na, BERBEHDIRKZDEEDbLA
na, %,
RE4EH. XHEEEE, CREAE (EHEHNE, 74— FXw 28RCH |71 —FRy 7HRICEIZBEORILE
ATWSaT 5 DEUTED 74— F Ny 72FI0X 5 [HFTasebbic, RBAEBRT V2 (A, 2B CEsREEEE(SASS
EORIEERA (GEMY=HFEHLTwa, THRAE.
TEH RVACS(H ~ F <y
L HHRZER) HRIER BHRERIC L 5 BEaRE
BEREER FEeR SGH-E B #ZEH (ACS) - %
EF—ErNANRIE DRACS. RACSUE FIFESEGHIFR)
KA HD
BB TR AR TR A BT R T T - FRRERLERE. SHRERKRHEFR
D IFES— BT R
ERREETR /YK EE_E% - — & E i j 2%k
—RKERBBERL 7 - 22
EhEAIEHEE - 4

180-88 OI¥6NL ONd



—-60T—

PRISM(& B B Eh PRISM(E: {4 £25) SAFR
. EOEHESR 4.4X10-6/F
277 hRHHE 106 ; .
27 RHGES 106/DEMANDEL OF ~TODBAIH LENE LIS
SomE DATWSHIZ b & 0 RIEEEA - o Sigsf‘&?;gf;ﬁ RACSS
DL B HI % (RVACS) ety »
SERRRILE QERBROLENRLZ T A
OB

DIEE T = — AL A P ERED AR ODEARE L B

B /ME) Bty ML, BEQAEL

CIEKEMTES S >~ b e T T PN
e s ORLHEREEOB/ME — k% BOPOIEZ LA
ERIERT -

DB IR 0 3 F (LT s
TRER)
ORETTF Y MHA P EFIEERS
hxwWigEg{E75 v 1)

OBBHE, TV —THIZEBE
HTHEME., ®RETIAZ0MmLI(89%)
BRT7TI POBEFHE=14FF
VikWe, 350MWez=v P&z h R
FIP#EE21316t. EHENERET68E

180-88 OT¥6NL ONd




—01T -

R s T

BR-017-01

180-88 OI¥6NL ONd



PRISM POWER PLANT (3 POWER BLOCKS)

PNC TN9410 88-081
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{Below Grade)
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PRISM MAIN POWER SYSTEM

54—-—— SAFETY GRADE —————-9-5‘4 HIGH QUALITY INDUSTRIAL STANDARDS "‘E

: TURBINE
I, FLOW LONTROL

STEAM

i
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TR AR SR B L e BTN AR R T

§610M
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A TR AR A LS R S0 BN 3

ol TURBINE

| CONDENSER

i
—
1] i
—e

HEAT
SINK

) - swars
RVACS -~ WATER ]
. HEATERS J
RN LY “'“"’“-/’(namzn : |
REAGTOR STEART GEMERATOR TURBIHE
E< NUCLEAR STEAM SUPPLY SYSTEM (HSSS) > E rzi::g;‘:atvl ETLU?BSISNE
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8NP 20

" METAL CORE THE METAL AND OXIDE CORE
INTERCHANGEABLE
i — il
"}“w/ % % My u,,, !u. ; nglﬂ n@@mu "y
i| w) "/ BN .‘"-"/) (\1 ) ..g = |l|
| ﬁgf§§§§.§§g§§£ H\n = \@Qgi W"\n ,,
N RCE §\\\\\\ \"'
0\\‘\ \§\§§§o%§;' = §'\ \\\\ g Eg, ,,
et o]
r'\ (_.\ i.%’? ]a .Q\\§ b\\
{ inf .. \ '“— o8 ‘—||||||l’
||||||| [“//[I “//[M] j W J( dll.\ =0 %} l\] ”J 1 =
FUEL | 42 (O FUEL 66
INTERNAL BLANKET 25 S INTERNAL BLANKET 31
RADIAL BLANKET 36 & RADIAL BLANKET 42 -
RADIAL REFLECTOR a2 {0 GAS EXPANSION MODULE 6
RADIAL SHIELD 48 {I[b RADIAL SHIELD 48
CONTROL ELEMENT 6 CONTROL ELEMENT 6
TOTAL | 199 TOTAL 199

00000000
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HEFERENCE MET AL & ALTERNATIVE OX_JE CORES

METAL CORE O FUEL 42
&' INTERNAL BLANKET 25
Tu ‘E‘ﬁb% O, © RADIAL BLANKET 36
///f//g}} Mflﬁ & RADIAL REFLECTOR 42
14 ¥ RADIAL SHIELD 48
& CONTROL ELEMENT B
TOTAL 198 METAL OXIDE
POWER RATING (MW 471 471
PEAK LINEAR POWER (kW/it) 10.8 8.0
PEAK FUEL BURNUP {MWd/kg) 150 160
BREEDING RATIO 1.12 1.14
LIFETIME {yr) ** 48 8
REFUELING INTERVAL {mo) i8 i2
: BURNUP REACTIVITY
THE METAL AND SWING, NOMINAL {$) 0.08 2.80
OX!DE CORES ARE ONE ROD RUNOUT
INTERCHANGEABLE WORTH ($) *© 0.07 0.50
SINGLE ROD SCRAM
WORTH (3) * 2.80 3.80
COLD TO HOT FULL
POWER REACTIVITY 2.20 2.45
% From full power at beginning of llfe
2%  With blanket shuffling
(O FUEL @8
&) INTERNAL BLANKET 31
€5 RADIAL BLANKET a2
O GASEXPANSIONMODULE 8
& RADIAL SHIELD 4
& CONTROL ELEMENT 8

TOTAL 129
88-282-05

180-88 OIF6NL ONd



—SIT—

LENGTH INCREASED 10 xN. TO
ACCOMMODATE AXIAL EXPANSION
UNCERTAINTIES AND EXPECTED

FUTURE HIGH BREEDING OPTION

BREEDING RATIO
cspT (YRS)
PEAK LINEAR POWER (KW/FT)

REFERENCE

1.12
45
9.85

HIGHER BREEDING

ALTERNATIVE

N upper Herdwere
i) Enctplug/Shistd
E}B&siﬂmwn

Y Briver Fuel

7l Awel Blonkied

3 Endplug/Stield
Lower Hardwere
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GAS EXPANSION MODULE (GEM)

—911 —

: NORMAL TEMPERATURES
B - ZERO POWER, :
FULL FLOW E — ZERO FLOW,
NORMAL TEMPERATURES
C — NORMAL OPERATION 2

\ COVER GAS

——
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R —

> GAS EXPANSION CAUSES
NEGATIVE REACTIVITY EFFECT

A

N

CORE }

BLANKET

F— SODIUM

Eieas i .
- R

EERERRRRRIRRR
~ TR

B6-466-17
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IN-VESSEL TRANSFER SYSTEM

FUEL n
TRANSFER  |: — -
PORT REFUELING TEMP, 400°F
N ROTATABLE
REACTOR 1.1
DECK \7 e
N e
AN
774lvit ELEVATION
S1t—2in,
NORMAL REACTOR
: OPERATING
1l At SODIUM LEVEL
IN-VESSEL |
TRANSFER . |Nl-{-';_:PER .
MACHINE 3 - INTERNA REACTOR
IVTM) < Al ' — | STRUCTURE VESSTEL
%\J\‘Lﬂc j’“
(11 - SUPPORT
™ T CYLINDER
AS§UEL X
EMBLY . — FUEL FUEL
TSXSEEE““~J A I | ~ASSEMBLY TRANSFER
STATIONR ' IN STORAGE STATION
POSITION  gMERGENCY
- STORAGE
§>\J=J POSITION
— SPENT FUEL
STORAGE
A REACTOR
cone | | | || RERCTO

INTERMED!IATE
HEAT EXCHANGER
(2}
COLLECTOR
CYLINDER

PRIMARY
EM PUMP (4)

. SUPPORT
LI CYCLINDER
Y .\ /’////}

CONTAINMENT
VESSEL
19 {t — 10 in. 0.D,

R7-527-10
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PRISM REFUELING SYSTEM

REFUELING CYCLE
SPENT | cORE || IN-VESSEL ~| CASK
REFUELING FUEL STORAGE
ENCLOSURE T
h 4
o : NEW ) REPRDCESSING
FUEL G Fuel | CORE CASK FACILITY
TRANSFER § :
CASK :
-
CRDM'S
I
|
) CASK
— TRANSPORTER
-~
ROTATING TRACKS TO
PLUG REPROCESSING FACILITY
ADAPTER WITH
IN—VESSEL GATE VALVE
STORAGE POSITION
TRANSFER
IN—VESSEL POSITION
TRANSFER MACHINE eREFUELING INTERVAL 18 MONTHS
o REFUELING TIME 3IWEEKS

{70% EFFICIENCY)

RR-N?1-n7
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PRISM SHUTDOWN HEAT REMOVAL SYSTEMS

TURBINE
 FLOW CONTROL

&

STEAM

SoDiUM DhRUM
ALS
' |atn
| A
NEAT
S‘i‘fﬂ?S
RVACS 5| ]
’t} : AL “m"":";umrsn ; ~
REACTOR VESSEL AUXILIARY COOLING NORMAL CONDENSER
AUXILIARY COOLING SYSTEM {ACS) COOLING
SYSTEM [RVACS) ~NON SAFETY GRADE. —NON SAFETY, GRADE

~SAFETY GRADE

LN P LS
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LOSS OF PRIMARY FLOW AND [HTS

COOLING WITH FAILURE TO SCRAM (ULOF)
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WITHDRAWAL OF ALL SIX CONTROL RODS WITH FAILURE TO SCRAM (UTOP)
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PROPRIETARY INFORMATION OF ROCKWELL INTERNATIONAL CORPORATION

P ¥ R Ty
: & . "‘1“ Pt : ;.: "ﬁa
Iy, B sh| By 3
b _:i’f‘ o ’;
i 3 §

SODIUM ADVANC ST REACTOR

PRESENTATION TO

ADVISORY COMMITTEE
ON REACTOR SAFEGUARDS(ACRS)

WASHINGTON, D.C.
11 FEBRUARY 1988

Rockwel! International

Rockeldyne Divislon

6632 Canoga Avenue

Canoga Park. Cahlormia 91203
{810} 700-5200 ’
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Important NSSS Design Features

Passive Backup

Passlve
Dack Cooling

SASS
Inherent
Shutdown

Passive Natural
Convectlon Direct
Reactor Auxiliary

Cooling System (DRACS)

Rockwell intemational

Rocketdyne Dlvislon

A-Frame Ex-

Simple Pool
Configuration

Vessel Fuel
Transfers

Simple
Containment

Passive Nalural
Convection Spent
Fuel Cooling

Containment
Cooling

Common Primary
and Secondary
Inducer Pumps

9Cr-1Mo Booster
Tube Hockeystick
Steam Generator

9Cr-1Mo
Monoplanar
IHTS Piping

Passive Sodium
Fire Mitigation
Features

Inherently
Safe Core

Large Selsmic

Very Low
IE Power
Requlrements

PPasslve Natural
Convection
Cavity Cooling

COMBUHIUH>EHGIHEEHIHG

Margins

Passive Natural
Convection Reactor
Alr Cooling
System (RACS)

87D-14-2519
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_SECONDARY SHUTDOWN
ROD DRIVES {3)

’

r-9
w

L}
-k
=

Y.

FRIMANY CONTROL
ROC DMVES 16}

rraaTong S —
(SYSTEM 32)
CORE FORMER
H PIECES
ylsvstsu 32
O Driver | 96 ; @ ,
@ Internal blanket 46 SHIELD BANMEL ‘*‘
& Radial blanket 48 -
© Control 6 . 1
)
® Secondary shutdown 3 coneqpnes_| 1 ‘t ] ) T S5 s
Removable shields Y| |
IR ' H
Steel 54 l REIREIE
B.C 60 ,'-‘;“”* H’"I;""“ -
4 1] "'u..: i |-. " i
INLET MODULES " S e R -
313 [SYSTEM 22} i ______ .

¢0MBUWON>EHGINEENING

% Rockwell Intemational

Rockeldyne Divislon

B7D-14-2786
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TEMPERATURE (°F)
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LMR SELF-REGULATING FEATURES
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PASSIVE, DIVERSE NATURAL CONVECTION
DECAY HEAT REMOVAL SYSTEMS

m AIR NATURAL
DRAFT DNACS w AL
305 m :LEAJXEXCHANGER | S‘Rﬁ?r”gﬁ‘r’fer
D
(100 1) LI | {10oF2)
'“I""I““Il:::::“”“"'
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- 5 T
| NATUNAL
CONYECTION .
DRACS LOOP IN-VESSEL DRACS |
HEAT EXCHANGER |V
16.8 m —
(55 1) ||
L=
IHX
SIMPLE
GAS VALVE
| - T % PACS
N s = NATURAL
1 ! X CONVECTION
it41 4 I SYSTEM
(1o1t41n) ~ 3 {NLET )
R 2 (1 OF 4
- ,
» \ L = 7
\\

@L Rockwell International é‘fnﬁ'}t comnunmn>mmmzmmc
<

Rochaldyne Division
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PASSIVE NATURAL CONVECTION
SPENT FUEL COOLING

HE
1 FUEL STORAGE
2 POWER - kW *COOLING STACK
o IN-VESSEL STORAGE ~ F/A  B/A
ilir.., AVERAGE 231 107
i MAXIMUM 27.6 11.6 A-FRAME
e TOTAL 554 128 EXCHANGE
Sid | | EX-VESSEL STORAGE H / e
1 AVERAGE 2.8 1.3
TR MAXIMUM 3.4 1.4 :
o Ha U TR TOTAL 68 16
A BRI &R |_ IN-VESSEL
ORI RER AV ING | STORAGE
7 % -.\ A 4 ! X ll
: ﬁ 3 A ‘ —
-k !
DA M i
'_c' . 1 ¢ \ A | - S |
‘ A-FRAME TO TDS N |
il EXCHANGES ' |
Rl
| Y
!
/) L\
FUEL STORAGE _
COOLING AIR IN &/ |
PEAK ASSEMBLY TEMPERATURES (°F) ‘ -
F/A STUCK IN REACTOR PORT 530 \
F/A STUCK IN FTC 286 CORETO IVS
3 K F/A IN INTERIM STORAGE 695 EXCHANGES
T IVS TO A-FRAME
e EXCHANGES
L% Rockwell International ¥ 1E I:OMI!USTIOH>ENGIHEERIHG
Rocketdyno Divislon B ‘E’
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