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The interest to the high converter or in the breeder is rising as the research
and the development of the light water-type nuclear reactor in future. A
study session about the undermoderated spectrum reactor of the Japan Atomic
Energy Research Institute (JAERI) sponsorship was held in March, 1998 4, on
the 5th. This report is the contents of the study session.

The study session began with the basis lecture to entitle to be " The
expectations to the undermoderated core study" almost.

Next, the review of the high conversion-type core study about PWR and
BWR was reported.

As the undermoderated spectrum MOX core study, the latest situation of (1)
the development of the supercritical pressure water reactor, (2) the develop-
ment of RBWR, (3) the development of the advanced fuel cycle by BWR and (4)
the development of the pressurized water-type breeder were reported from the
university and the maker.

As also the study present situation and the plan in future in JAERI, there
was an explanation about the design study of the undermoderated spectrum
core and the actinide research facility.

The basis lecture, and the report and the explanation were reported as eight
papers and OHP on this paper and the attached paper.

The panel discussion lastly, to entitle to be " Undermoderated MOX core
research and development of the future and the technical issues " was done.

There was an opinion about the way of carrying forward concerned research
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and development, the acceptability of the society, the view of the future, the
cooperation of the electric power or the desire to JAERI and there was wide
inquiry replying.

The outline of the panel discussion was described and the whole text of the

panel discussion was reported as the attached papers.

Keywords: Undermoderated Spectrum Reactor, High Conversion-type Core, MOX
Core, RBWR, Advanced Fuel Cycle, Pressurized Water-type Breeder,
Actinide Research Facility
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2. HiFEE
Basis Lecture

B BGRAF DER 72~ D HAFF
Expectations to the Undermoderated Core Study

i) R
Yosiaki Oka

RRAFIFMERFLIFHA R
University of Tokyo

Recently, for 1/3 centuries, the population of the world was increasing
by twice and the energy consumption is increasing by 4times. The
important problem in the 21th century is to correspond to the increasing
energy demand without destroying environment. At present, 400 light
water reactors are operated in the world. It says that uranium re-
sources is impending and that the fast-breeder reactor becomes neces-
sary when supposing that the light water reactor increases to 2000
plants in future.

The expectations to the undermoderated core study are to search for
the limit of breeding at LWR. In the reorganization of the light water
reactor study, the experimental study of the undermoderated core is
especially expected.

To carry forward the study to pursue the possibility of LWR, it is
necessary to construct a technical test reactor. Many problems occur in
light water reactor study's leaning only to the improvement safety of the
light water reactor at present. The study of the tight lattice core is one
of the study example to search for in the utmost of the light water

reactor.
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Lecture Paper

3.1 SEHARFILIMEOLE 21—
Review of the High Conversion-type Core Study

311 PWRICET3LE1—
Review about PWR

KAR B
Tutomu Ookubo

HZAXIEFHARERR
Japan Atomic Energy Research Institute

The study of the high conversion light water reactor was proposed by
Edlund in the United States of America in 1975. This theme was
aggressively studied in the 1980s. As the reason, the increase of Pu
produced from the repocessing and the delay of practical use of FBR is
given. A high converter core can realize comparatively easily by chang-
ing core of existing PWR to the tight and short core.

In this report, the high converter core study about PWR were re-
viewed. In the United States of America, the study has already ended
but an aggressive study is carried forward in Germany, Japan and so
on. In addition to the reactor physics computation, the wide range
study of such as critical experiment, conduct experiment of the heat
transfer, the fracture behavior of fuel and the reactor-type strategyl are
carried forward. To investigate these studies is extremely useful in

examining a future.
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1. 3U®IC

SRR ICBE T BRI, 1975 FEICKEO EdlundiZ &> TSz
FEAHEIT, 1980 FERITH W THEMAICED SNz, YR ESREEKENEH I N
FERELT, BUEMNSESNS Pu DEMEFBROERIELDENDH - 7z,
INSICEDYEENNFEINS Pu BRZ. HEOFBRTOAHAOKE TS
LERTICRELTITL 2 EEEDIT. YHOBKFFIHOEMEROEMMN S
FHEIND U ANDFEEAOHEDO-DIZ, BREFIHRER LS ENNE
ExNTWEN, BEOPWROFLOAZEZRE TERBZMOXFLEXHT S
ZEIZED, TNHSOEREZRKBICADEEBEHNES (EHERUCREN) ITEKRT
ELMNNETATT ELTEERBKEMERIN. SAEOEKZG W,

Edlund D@L DA 5T, EDOEDKED Uotinen F?X° K/ D Oldekop F>D
1980 EARFHI DR CIC X, FEM A REHMATE L (Vn/VH=0.5 B E OB EF.O
2k, 095 BEOBEBLLNERAIETHD, R1 RRISERKBAIZCTE, D
NBRZOBEMWLZMEPLOCAKODGHAFOLZEEIZBML THORIFEDIET,
BYEBHKEENRENZ, LOLENS, TOEBRFNEARFTFEOERIZEDF
RBENMETDICDONT. BHICHAT RRIGEREICERDODET S ZENHLME
B, FROFPLICHTHLOHEERETHHENGELONDZ & &R
NEZTT. ZTOROFFOMRIT., HHEEEITHA> THHMESZERICREBETE
%5 Vm/Vi=08 BELL LOWEEE TTLEEA 7ML TITK 2 EER .
B, BERABkEICBET AMBROKRENCORRBERE L SON LB TET
bz, ZOERELT, LicdRE TBEEPWRICHTAR/NEDEEIZCLSE
FEDER] EWDKAMRD T TR, SRl E2ERLE TS ETPEHINSE
MR Z2RRT DL NEZILNSFTOREMTIN BRI NEN2IZEN D ANET
515,

ZFO%, KEWBWTREREORFTKRTLTLEDN, K1Y, 7T A,
HAZ THEBHZBRANED SN, FERBENRINZ. HREOHNED. FY)
HEABEIRbELD, BRER, ERZSUERMIRGHED, HETOWKEBEXY, F
RIBLHE  BANBREDLIKIZE-> TS, TNHDOREIL. SBROBRFOHER
EABZERBELD., SEBOBFICIBNVWTHEENHATEDZ LD EDIRNMNST
GATVWBEEZEZLNS, LTIZ,. PWRICBEL THODNHEZZODND T I
—FIEFEDTLE2L—T3%, AL Ea—d. 2N TEORNICESEZE X,
B4 OWMEOHABIIBEICIEDEHDROT., LOFMZERICONWTIE, XXE
DEFRDOELICBNTHSRL TWA SR ESHBI NN,

M, BWRICBET AL Ea—dpgiansg/t, BWRICHL T, A1 FD
GBENERICEHLS Z L2, LIEELWD B OERNAIERF.ODRE
MEINTNW5S,
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2. 1980 FAAH £ TOMSE

ORI ORI, SEmBEBKIFEMFEOHRESRERSZHD T, FETRRAE
3ODMAMNEITFSNS, BB, KED Edlund®, KED Uotinen HE*R XK1Y D
Oldekop F DA TH S, TN 5 OMAMRIT. Vvm/VE=0.5 BE O BEMI TR
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277, '
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EOICDONTREABEANERINSZ I &>, ZOBETIE. ZoF
BREMWICHEEIIELERTA T T THHEDODRAFEMNBEIN, R1Y, 752X,
HAEZHPLELTHEBER 7 —2CEY) T4 AT 4 NED SNT=,

INSHBMOMEDOL D BRI RNAICEL T, XES) KU iz TL E
A—INTNS, INSOREROEEIRZRICRBESINDIELEL-E2H00D., HIX
WX, Figl IORTEFRICEAL TR, HEMRBHERERTHD., BOMRITHRNTHHN
LNTVSE, ZOMIE. FLOEDB/EERVEHE E viyve OBER%E Pu B1k
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LIV ERSTHIENHEKEBOD, EHHEERIIEAD T 2 EMEZ
AL, TOMRR Pu BIEEZAKESLATNE RSV EHEINDESMN, Pu
BILEEZKELSTEESERERELZ TT32ENHTRLEBRICH D ZENS
M3, ZOKIZ, SERFLOOEEEORIZIE. WbWws ML — RAF7OREMN
GHEL. TOEDNT A EEZTHRFATHILEND S, ZOMIcH, EEMLE
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LTI EEDIIRT REBZADHEICRDORST LOT RNV ELLR S, TDHK
OMADREHEIRVES &, BEBHELORE. TSI, 20 TR1 REKD
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3o

3. 1980 FRHEIXE TOHZE

ZTODE., HEOHLEEELTRAIVIIBYD, ST AKUNEEAEH
Mo TITo 720, EEAMIZIZ, B1ETRXZVHOMFEZ MK L -HERTRK
FHELOBMANERTH -2 LNLABNRS, ZOMOWEDERIZED., &
UTERREIFiEICKERESNR SN, FEOTFRBENKRE<HMELE, T
b, FNETIE, WHkOAFHTFHITHA SN TELRFTFENZFOETTEGLR
INTWEWN, A4 AD PROTEUS BERERENS D -/ FMBET — ¥ P &E
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TWFT, #REL TEREBEID 09 LTFICTFR - EREANRSND LD ITHEDOEH
MM L TiT> 72",
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I SICEREPNEDICONT, WFOHBIZLATITENSHRIZ Vi/vE=0.8 LA LD
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MESOBRNEG L FMEERLEERTH o2, 36T, BHRIEODETZH
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BLLT. SERBEKFPICHLTEZASN TBEFEPWRICHT A R/NEDER
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N, TOBRISICHEEZ NI/ vin/vi=l.l Tl 0.8 BED DL DX TIRES
Nz, —4., koM EEH- ZIEHEFOMRESI N, Table 1ITRT LD
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CDFELOKERTIKZ Fig2 IZRT. LALAEARS, TOFLITHT 5 KR L
OCAMWTORTII, REHEERSIRENI2TEOBRMIZEK L WHERNTE
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R @ NEPTUN-II 8% (p/d=1.13 KX 1.27) W EREN/ZA, FIT Fig.3 ITRTHIE
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ENZTNT ERENTZ,

4.2 T35 ADOWE
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T/, 5 EAFTL T, ERASME ® MORGANE D558 <> ICARE O HR&
EREYNEBIN., FHEI— F APOLLO HFOXRIZIERA I NW,
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Table 1 Main Data of PWR and APWR Designs APWR
12 & kott
-
APWRs o
. o Heterogencous g 11
Ret moge m Reactor g
cference or eactor W
PWR (Wider Lattice) | (Tight Lattice) | Seed | Blanket g
Fuel rod diameter (mm) 1075 9.5 9.5 74 | 1 5 101 3 = 8.5% fissile plutonium
fvm m:; ;;n;n-uol—dime@ ratio 1.33* 1.20 1.123 1.30 110 e \e b = 7.5% fissile plutonium
ater-10-fucl-volume ratio 1.67 0.70 0.47 1.0 0.37 = issi i
Active core height (m) 3.90 2.20 2.00 2.18 < \ ¢ = 6.5% fisile plutonium
.Conversion ratio 0.55 0.50 0.98% 0.96" S 091 \o\
Total void reactivity cocfficient” —-1.05 x 1072 +1.5x 1072 -1.34x 107 = \ \\
Water density reactivity cocfficient dk/dp ' 2 \" \
at nominal operating conditions® (cm’/g) | 10x 1072 7x107? ~0 Ix1072 ..3. 0.8 \\
Core pressure drop (bars) 125 2.28 3.70 3.27 : \\\
Average nominal rod linear rating (W/cm) 208 180 165 195 | 159 .§_ \
Plant net electrical power [MW(electric)) 1300 1285 1230 1215 s \\\\
*Square cross section. For the APWRs the fuct rod lattice array is triangular. ;é 07 \ \\
*Calculated at the end of the first core cycle. 2 AN \\
H \\ N
< 0 N
3 N
bl N¢
05 T v - Y
0S 10 15 20

Volumetric ratio moderator/ fyel
Fig. 1  Multiplication factor kg and conversion ratio C of

unpoisoned PuO,/UO, lattices.

Seed Fuel Element
Blanket Fuel Element

Core Barrel = 4210-mm i.d.
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~ 7S /.ﬁ. Cladding o.d. = 10.10 mm
O ®: Z Fin Height =0.3 mm

Helical Lead = 600 mm
p/d = 1.08

Region 1: 49 Seed and 108 Blanket Elements
Region 2: 48 Seed and 108 Blanket Elements Fig 3 FLORESTAN test bundle
Region 3: 54 Seed and 132 Blanket Elements ’

Fig. 2 Horizontal cross section of the reference hetero-

geneous APWR core.
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. Transient Singla-R;d Burst Tests
1300 {+—+ Stainless Steel Tubes 1.4970, ~5K/s
© 10.1 x 0.4 mm
6000 2. [ N SR I
1200 o Smooth Tubes
FLORESTAN Test (APWR) ‘Q o Fin Tubes
4800 \ {6 Helicat Fins, 0.3 mm high)
? 1100 1 Qf [
2600 H \ ' é L L
REBEKA Yest (PWR) 2
. p/d=1.33“ 8 1000 TN - Tt ——&--1-
m=110¢/s 3 \
2400 1600 g ™~
mm
— o/ =180 & 900%a+B N
1200 H .,__I___,___\(_X [ N DN
700 mm @ 8007 T -
L ! 10 Ki/s
oY REBEKA Deformation 1~
120 240 360 480 600 720 700{% Model ~ 1 Kis
Time (s) Zircaloy Tubes
. 10.75 x 0.725 mm J_
Fig.4  Pressure drop 600 v :
0 20 40 60 80 100 120 140 160
Internal Overpressure {bar}
Fig.5 Burst temperature compared to internal overpres-
sure of Zircaloy and stainless steel cladding tubes.
LT 2T
HOXMR K 38 45 AP (RSH) UMY MBS A~
. . . . . 27 R BIPR(RYS)
REBEKA Deformation Maclel Transient Single-Rod Bur asH-1 ZARF
Zucaloy Tubws St S Totes g0 $9.6, 0-8. 65, €-0. 85, P/0=1. 11 WS ERBF (18X18)
76 x 0. 10.1 % 0.4 mm 27 UIMA, 24 PAR-Y P-12.0,8=9.5, C=2.5, P/D=1.26
) ' | Va/Vrod (2 A)+0.358 SNAOAAR. TV 7 AR
150 O Smooth Tubes Va/Vl (WA K)-0.5 2R P T RE (MER) KA
] A Fin T - KA FRR>0{Py' RGm@:9.80) VYT (2 1K) 1. 51~1.98 )
d / [ H-uulr.m,oammm T
{ i -2 SARF ———
A P~9.85, 0-3. 65, C+1,20, P/0-1. 13
100 257 UAMA. TY 7 FAR-4
/ \ Va/vrod (1 }1=0.430
VAV (A 1K)~0.6
/ < R4 FRR~0(Pu! 8. 5%)
I
0T 1K ASH-3 EABF ——
10K P=11.1,0-9.5,C-1. 6, P/0=1. 17
SN0 R, T2 FAR-4
Pu! B :T.22 -
N Va/Vrod {1 A)-0.505
0 JR— W RBRI0.T
800 700 800 900 1000 1100 1200 1300 + LOCAR AR /SN - =7
Burst Temperature (*C) I
: P12 25,0080, c%%? Fpn 712,25 ol:ssozchzmifr/n 1,29
6 Burst strain compared to burst temperature of P Tt R L ey Ty
5(;\%&;17!‘“(“'!) ﬂm Quam; 7;1—7!15“
. . . »
Zircaloy and stainless steel cladding tubes e R i () SR
Va/vt (A k)=t 113 ) Vevi (R aik)-1.61~1.98

(uniform temperature on circumference).
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312 BWRICBSTALE 21—
Review about BWR

MR &K=
Renzoh Takeda

& B NERT
Hitachi Ltd.

The study of the power was begun by the study of the fast-breeder
reactor and the study of BWR, too, aimed to develop a breeder-type
reactor. Some kinds of nuclear superheat reactor are designed around
1960.

The first paper about high conversion-type BWR was reported at 1983.
A paper about HCBWR was reported by the conference which was held
in the cooperation with Japan, France and Germany in 1991. JAERI
reported a paper about the concept in the core of 4 piles. Toshiba
reported the result of the examination of the fuel cycle expenses focused
on the fuel manufacture and the repocessing expenses. Hitachi reported
about the K lattice core, the future generation BWR and the Pu breeder

reactor.
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1. 1ZC®IZ
RBRETEO NG TR E > UG F o 72 & ) WHMA LRI 20 S L7 BWR
b BEGHE % BRI BIRSDIA E o 720 1960 ETTHIC 200MWe PIIEEL, 300MWe D53 HERI D%
BHIFE. 300MWe DA A~ P VEIOMBEIE MSS FEREF 8 R T Do & O HKRHIHR
TRt L2210 7 — ¥ U % V55 & & B [ R0 4 U TSR I 0 ST 4 A 55 O [ 4
R X S, FERGING & B BRI LA DS IREE S N — F =TGR | EIEY A
ZNTHBICLLLbET PWR O KR EITIZF LALLM D BWR IKEF VTS,
70 FEAIRENT T o T PWR TIAE o 72V b W A SIEHF D BWR RO M OIHKIE, 83
EN) —NKEDA Ty F<vEEOTFTTO FY FANERL LR COETTHA I .
BEAT TIOMW T 7X7 OTBE KT 2 & — A, BEHE 61 AR U 91 AAMILMREIES
K& 2 — ADEE6 4 — ADEAKD D % BIRLHREET S . Rk 0.8 25 0.98 D
PRENTWVES, L2 L PuBLEDMAEL OWME VESHHLPRBMILTIRD S0
1986 4E 6 7113 A AREF e o S B h & R4 [FinEkpicont]) Lly
ZAMFARE S, 2P TUTOHSE B L CRIRHREKIF ONFZERSE & £ 2
ZEMREINTWDS,
(1) RBEHIE R % BUTIOK B 0.5 2 5% 0.9 L TH®
Q) BAT7T v FRFAORFERRENMNIEED D, 2 Euﬁmattmm%ﬂ&wmm%%)
A -
(3) BHE OB B BATRKF L FREE L 75
@) BIBRAFEOLETFMBICHETELENDET D
) B E L THELEE G~ 10%FEE) D Pude-UO2 % il v, Pu /S—F—TH % &3EiZ, Pu
Ab—-Y v TELTHESES
(6) TF3k OB HIFHEL Y 4 2 N DSEIE T & B 7z 3 & IS I EIF QR TR UL HY
+4a TRz, F0/8—FF— &Lfih&?ﬁﬁﬂmwmwmAﬁﬁ e L
T DR & AAEFI R & 5
R@¢7Hmm\Bﬁﬁ%h%A%M@ﬁwF]mwaZMh +—] T &Gk
AIBOHEME] ALY LS, PIsEoFAE. HER dal mef&di&uomfm
W ORDIRED D L FALIEEM A & A 7z R 0 s f@%%k#10k#éb&<ﬁw
S ENBISSOTEE LM TH B LIRS T WA, £ DA 80 4EFLHE I 13 BIRHIEAK
FiconwT#e, ZHMERSSTELLDORRI L ENLI, FO—20REE L TIES
A28 HA 6 3 A b7z b EAfoE4E ¢ IO RRES 254k £ - THMfit S n/: THCLWR
Research Information Exchange] T4 &, BWR 1 o B IEIBEAKR 0 BAKN 2 BERTHBIIC
DWTEDMEEFL T
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2. BHAEFHWIZERT it o HCBWR

A HCBWR 3, ZKxJHk
BHARELE 03 LT &L,

-Effective One Rod Cell Model :
Conserve the Volume Ratio (Moderator, Fuel, Structure)

Kk o2 pu 281k
L CHEftt 1.0 20 &L

7= BWR JB.0T, BRI

,, 1.5mm

rod clearance

rod diameter

Lo EROEA P 5 et rod 1441

FEICER T2 7-0I0F 151

L S HICIPLEE 4 el Tl

BioagiL, 203 (Vn/V)etf 0.25

BOWETS 7y M % (1) Fuel assembly (2) Cell model
2.1  Cell Burnup Method

R 1FLTH B, T

SERUX T IERE 5 e, 2T 4 OAF 9 TET, EUBLMTIRY & PRBEIE & BEE R A FRTHIRET 5
F— P NEHRRDY FHR. BEEA FEICOW TETRE TERL TER S, FEHFMD

hEFRNENNY 2 ) VT TE

% 2.1 Core Specifications and Basic Performances of the
ML 725 & B —RT DOFRE Axially Heterogeneous Core
ﬁ'@/\/f L) VA Vﬁm PIREL 2 Parameter Unit Numeric velue
. = - s el A Core theramal power v 2620
IRBERT S DSIENG S 720 MORHIRE | Electrical outout 't 300
usber of fuel bundles -
\ 2| 4 = —s Number of batches - 10.1
'ﬁid)fﬁfé é: N #ﬁ*—l’f&ﬁ‘t’ % E‘l'g’i:’t—: 7 Core equivalent diameter m 4.49
ﬁcilt;lve gorelhiiglin !((“t)hl) cu 45, 30, 30, Ig (150)
- | A ) umber of axial blanke -
W ’ff 2.1 bsﬂ_\‘—;‘o %A?H'ﬂ:{'j\'f/r\(ri Blanket thickness ca 15
Inventory :cgivllebtlzor: ¢ t lég}g
MR 12.3mm7 B2 6 % B MAE Total ¢ t 172,58
. = 2 bk Dischar Aeti GNd/t 45.0
EET, 75 2 & BIGIEIPE ORI scharse exposare %ﬁia:e??:::et Ghd/t 13.6
otal* GWd/t 34.7
- Lokl ke - < FF jet Effective discharge ex re*’ GNd/t 51.8
PE 18 A L PRBHE 151 ADM B Operating crole length FPD® 228
ll'::gss“e p}uton}uu gnricltuent Irt/o 1??2
T — AT R ssile plutonium inventory .
1.5mm VCIE_,ﬂH"%'T N ELIE SN, Pu generation ratio - 1.03
gissug surviving r:tiq kl_/k lsl).(7)(]
e -/ ~, 3 RN - .
NATEOF v 2IVEKYy 7 AL pectile pover  xial blanket | KI/ke 5.8
A LHGR® Aot] ﬂf“ 105
verage L.H.G.R. ctive core m .
’Wib 6 *L"CV‘%O %x:a: blanket t:ll)m 123
ota m .
= A= L4 b e Maximum L.H.G.R. k¥/m 26.1
%X‘d—l-ljj 600MW, JEETF.L\‘*)'/( 7 Minimum critical power ratio - 1.30
. Average void fraction % 50
)DI&[] ﬁﬂ 12FPM\ Pu 7&'{‘{,‘;1&: l_/ 7&,}17:_1 Void reactivity coefficient ﬁt;l}:ﬁvo;g 16X 10-4
- vo .
(near rated flow)* Xik/k
-é 45¢cm @ﬁ,ﬁ\gﬂﬁj\ﬁej 4 @‘ iyk Yoid reactivity coefficient éﬁt;h 24X 104
. ; (whole 0027 \in:id) 0.40
=~ = xcess reactivity - .
V7 ‘/X‘i Pu % 1’2’3W/O r.u'ﬂ: l’ Hot cold swing reactivity = 3.8
3 Puvector (E8/A041AD) 2.1
- =l | =7 u vector
7z 5,10,15,20cm JE 3 DI T T Fresh 0.565 /0.349 /0.057 /0.029
Discharged 0.558 /0.349 /0.064 /0.028

Yoy b 3R SAZFELIC
EFZhEh 200m 7 S O
79 vy MRS R

*) Total therwal output -+ Total heavy metal inventory

bl

° Full Power Day
Linear Heat Generation Rate

Total thermal output + Heavy metal inventory in active core

© 3.4X10"*Ak/k/Xvoid for the basic core axial configuration
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DB S Nfeo W7 T v 4 v P OIES & PuliifE o R Tk, W7 I v 5 v HE
2% 18em KT BT LWL WWET T v 7 v bR WAL T Pu HiEIEAT 1% b3
LI EATREINS.  NHEMTI Vi v MNES ERA FREOMRTE, AE7TI V7 Y
MES% 18em KT 52 EICLWVNET T v v F OB WA T3.5X10%A kk/% K
A FEGROFMICHAITERS Z LIRS NI,

ARRZE L. TFeaPIftis b gk & . SR THBATEERPERIT 70 77 ADTh5E &
neff, BAEHEIC & D Hud b BT 5 2.1 1R T AU 900MW A K

¥ 601 A&, Pu & B L7fFGE S LA S § _
%2 3.1 HCBWR Design Data

45,30,30,45cm O 4J8 T % OIIE 2 15cm DI core moesar rover  0m) -
79y bE3 e, FLOLETWES sem  Rome T s
@jimjj‘l’ﬁ] 55 4y b jf:{ﬂ‘ﬁﬁ XNTwhb, *gﬁ—}%’;‘i Number of Fuel Rods per Assembly 247
- R Number of Guide Tubes per Assembly 24
'ﬁ Pu D E’ftrﬁ Li 966“’/0\ *Zé}f'{:lﬁi Pu ojﬂﬁ’]ﬁ.’_ Fuel Rod Lattice Triangular
~ P - . ue. ameter (mm) .
21115 b 2T Pu 2 BALL 2SS O o e rien o) oy
mﬁjﬁ 4SGWd/[\ —7*‘ 5 v ,j— Y }\ %/él\y) 7: Sraié‘}%'&ﬁlﬁ Fuel Rod Length (m) 2.3
It 34 7GWA/t T PulfEHE AT LOBIEHRILIE 1,00 o e e tvetd fenction « ot )
EEB S No KA FARBIE 15X 10¢ A Fover denetey ) 2
Average Linear Heat Rate (kW/ft) 4.3
kk/%void TRDKFA FREEERT HITETH  pressure (#Pa) 7.1
- . . _ . - Recirculation Flow (kg/hr) 5.2x107
o 25 RFLTR F 79 —REHFREV
Cycle Length {months) 15
b{)‘ Hjjj'ﬁ’%ﬁciﬁ {(1% - T j’s ,() %/—f_t\ ‘fﬁqlii‘_ﬁi Average Discharge Burnup (GWd/t) 45
) Seed Fuel u bw/o
BRI % o % BB O TH B RK e
8 HUBRRE 1L 26.1kW/m, MCPR (3 1,30 T giqu g femse Soersion fetlo 085

REtEEE T L T bo

3. X KF O HCBWR

Y O HCBWR D EE#HTEKI IR T,
477 1350MW CTAME O BREHE A KT 49946 T
JALE & 2.3m AOELE Pu TALRE 7.4w/o, BRBEIE
45GWd/t THZHRL 0.85 D FEIGIFTH 5o FLLD
Wit & BOEHME SR % K 3.1 £ 3.2127R Yo
PREMEA I EE 10.4mm O BRVELFE 247 A HVERKL
BEMIBR 2mm TESMIEET L. 24 RO

PRI DR T- 1S3 A S . BB AR 34K 159 Control Rod Drives
S OMIE % 1 LD RIS PRERTIEHE THIE S N5, 3.1 Cross-section View for
Y 9 2 5 — ORivE L RO 2R 3.3, 3.4 HCBWR Core
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Channel Box

Fuel Rod
Guide Tube

247 Fuel Rods

X 3.2

24 Guide Tubes

Fuel Assembly Concept

WCIRT o BREEEE 1 159 FE CHLTEIA & 4F
LICHIASNBIETH Do C DFLOILH
T B A AL & S EI B SR S HT IR D26 T AT EY
fli i, BF2BEERLL LT, AifON
5 L RAGBZLIE S D A MCPR HSEHM & 1,
ZREN0.14,0.12 Tdh %, —7F ABWR Offi
BHENRFN0.07,0.12 T, BFOTERIZON
TRETKE 2o TWBA, AL L
bREETEHEL TR L T 5o EEHK
FECEBRWNIC & 5 M 58 R THR DK
W R BB 1k 766K T ABWR O 812K &
NEL o Tnh,

4. B BAVERTEREF D HCBWR

Dryer

Sepecator

Shroud Head

Upper Support Flate

Fuel Aszembly
Core Shroud

Fuel Support

Lover Support Plate

Control Rod Guide

Internal Pusp

Control Rod Drive

Absorber Rod

Spider

Center Post

xy il
iy

||~ Control. Rod Clustee

[¥ 3.4 Reactor Internals

A HCBWR (3. BREHE S A
FeREEL ., BT L [ K

WA T v BRGER o BREHE &
b B iR R o PR E A RIS
H#fsHEr-eTws, K 4.1
IR &9 T AR o I
RGBT EFE LI LT, e

Current Lattice

X 4.1

Control Rod—\ N

Enlarged Lattice

Lattice Configuration
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High Burnup High Conversion
Reactor Reactor
(U0, Fuel)

(MOX Fuel)

X1 4.2 Fuel Assembly and Control Rod

of Next Generation BWR
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[X 4.4 Fuel Assembly Configuration
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-+ Control Rod 205

B 4.3 Core Configuration (1350MWe Class)

Current BWR *1—» Next Generation BWR
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Separators
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“h Core Plate
Control Rod
Guide Tube
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X 4.5 Reactor Structure
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BEAEKDOKRE S LBTED 245, HIHEOREL R LAFLTH 2. X 4.2 ICHHABE UO2
PREL & BT MOX BOB OBR& AR & e, MOX BEHXIEHTEDF ¥ v ANVEKE v 7 2Tk
BHEE S ABTRICES L CERMEL. S e idd o Twad, M 43 IWTRH N
1350MW JE DRI 2 7R L T 5o #REHMEARIEKEME S, ABWR O 872 A5 432
AR L. TR 205 K TH B, BBIEAKRD 72 ) OPERARRULE 247 K TREHEET
%5 4.4, FENABPOWN % X 4.5 TR0 F0 D 3 BEIFTEE R I ZR 3 RAEHERE S
D5 0.7, EHLEEAT 0.8~0.84, HiffE 1 A b EHARIERE £ T O RICEEDH 5%k, 70%

KA KDL 0%KA FETORCL 32 5.1 Specificaton of Plutonium Generation BWR

A 3.5% Lk, HllHEE DU REAMMAL — Py P
_ . o arameter - . PGBR-III
fﬁ% 22% Dk EJF)?‘ #—"'[_-Xt‘ M‘ }J [ﬁ] 2 'LJI' Electric power (MW) 600 3900 900
HE—% v FREBFNENH 1.4, |Domepressure (MPa) 7.2 7.2 7.2
13. 12 Ch 5 Coolant flow rate (10%/h) [ 1.04 2.25 2.19
T Core active length (m) 2.00 2.00 1.35
Core outer diameter (m) 4.9 4.7 5.3
5. B 8YERTIRET 9 PGBR Number of fuel bundle 601 601 781
Number of fuel rods per bundle 151 151 151
Fuel rod outer diameter  (mm) 12.3 11.8 11.8
Ry o 12 =1 BN
Rk 7 7\ Pu € BWALL TR Fuel rod-to-rod clearance (mm) 1.5 1.3 1.3
)ﬂ' [ E'ft ENhb Pu & ﬁﬁ}:ﬂ (ﬁ#}‘*"‘ n Moderator-to-fuel volume ratio 0.53 0.50 0.50
[‘9 I[Z D Hj Xhb Pu @ﬁﬁi"‘,—ﬂ L vg- 7z Specific power (kwrkg) 10.7 17.5 20.0
__ |Average power density  (kw/e) 51.4 85.1 97.0
o A3 3 A
bbH Pu HAEFHEAT 1.0 O Pu BifEL Average linear heat
PGBR LILII OEEHETAE 5.1, % [Freronre R e B B
e . Y Acore outlet quality (%) 40 27 28
ﬂ%ﬁﬁ’fﬁﬁi x [Z] 5.1, EE;EI’HII,:‘: * ;Jts Core average void fraction (%) 56 51 51

52T o

PGBR-I (XA T 600MW THEEAS ITEM PGBR-1 | PGBR-2,3
12.3mm DBEHRE 151K, 2 7 2 & —{ill BUNDLE PITCH (mm) | 183.4 174.6
AR R UNAE 18 AR & MR R T B e OV oy | 123 11.8
1.5mm THE & Nz REHEEE 601 1K L e 0D s 13
PR S PLTE S Ao, DRI | ARBISAN | s | sus

BT BWR L32[ L 51.4kWA D XF.L
T, #%5% Pu BALSE 6.5w/o T Pu H§f%
1.0 23 L TWwW5a, PGBR-IT 4k
BENEE 11.8mm KRB %2
1.3mm &< UHIIEERE & 85.1kW/ IS
E&H S TEKL o00MwW 123N L
SFLTH D,  DOFFLORAL KR
Bz 2X10* A k/k/%void ThH b, 1] 2

O NUMBER OF
FUEL RODS : 151

@ NUMBER OF
CONTROL RODS : 18
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B Th B o Tkl L % 5.2 Core Performance of Plutonium Generation BWR
WS, PA MEME LTHEA FA4R Parameter PGBR-1 [PGBR-II |PGBR-III
ﬁ%gg: L7 DH% PGBR-III j;fl,[‘\—(} Discharge exposure (Gwd/t) 45 45 45
%2 zimlt\?miﬁlbﬁ X % 1.35m Operational cycle length (months) 12 12 12
~° h "o ' pu-fissile enrichment* (/o) | 6.5 6.5 7.0
,l:ﬂ< L T Pu E’a'ﬂig{ Tw/o T Pu illg Piutonium fissile inventory (t) 10.9 10.0 9.4
FEH 1.0 23 L Twa, X PGBR Plutnium generation ratio** 1.02 1.02 1.0
it Pu & Iﬁlﬂéﬂt” 75 5= F e Maximum linear heat rate (kw/m) 18 27 30

Minimum critical power ratio >1.3 >1.3 >1.3
A2 NVTHIENTRET, K521

* The fissile plutonium is fed to the natural uranium.

=1z 1~ SIE LS «+ Plutonium Generation Ratio
Np-237 &Y A7 VLTl _ Pu-fissile amount in discharged fuel
@ Np-237 OFEELI{LERL TS, Pu-fissile amount in new fuel

miMUiwmﬁbymfﬁvﬁyﬁMfﬁﬁmﬁKNNW&M?M%&@@%M%W%
%%&MBRmﬂAK;omﬁ%mﬁwA@%%mw&T%umﬁﬁ&&%é:t&ﬁt
Twh,

T T T
- e 7
500 Np-237 s 16001 it
e —_ 7
PERMISSIBLE LIMIT  10ug] y 2 400 TOTAL fAPAC'TY J/ 150
- 1
HALF LIFE 2.1x 105 YEAR s g 2
5 400 s 1 =
7 E
2 , = 1200 , 140 S
PLANT POWER : 1000 MWe Y 4 Z
~ 7 < TE d zZ
) - % 1000 L/ ~CURRENT BWR g
. 3001 CURRENT BWR 1 S 7 ONLY 1y 3
z STORED OUT OF S 800 //COMBINED WITH g
S THE REACTOR) 2 ,+" CURRENT BWR AND 5
S Qo ./ Pu GENERATION BWR[ =
600 Yop <
S 200 5 0 =
= < P e
S 2 400 - RESOURCES| &
— 110 2
100+ £ 200 2
5 100 YEAR ELONGATION OF i
e NATURAL U RESOURCES
0 1 1 1
p 2000 2100 2200 2300 0
ol . , ' A.D. YEAR
i 10 20 30 40 X '
OPERATING PERIOD (FULLPOWER YEARS) [¥ 5.3 Change of Plant Power Capacity and
5.2 Accumulation of Np-237 Required Natural Uranium
L% 3CHK

HCLWR Research Information Exchange Meeting 1 fiif2. JAERI Tokai, May 28-30, 1991
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3.2 KFEZX YT L MOX R/ ORRZR()
Undermoderated Spectrum MOX Core Study (1)

3.2.1 HEFREKFIZONT

Supercritical Pressure Light Water Reactor

@ FHEH. Sy E—
Yoshiaki Oka and Seiichi Kosizuka

BERAFAP R TIZRHERNERFH IT#¥ AR R
University of Tokyo

The supercritical pressure light water cooling reactor is a nuclear
reactor concept with the once through type and the direct cycle reactor
cooled with supercritical pressure water. The cooling water controlled
with the feed pump flows directly to the turbine and a recirculation is
never done by the nuclear reactor of this type.

Therefore, this system isn't equipped with the recirculation system and
the steam separator, the system becomes simple.

As for this system, it is expected that the cost performance improves.

Here, the outline of former study is described.
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1. RU®HIC

B RIEEKARFIL, BEREKZGIMET 2 ERMERY A V) ORFFES
THB[1-4], BHRETIIRARS A& > THRE SN DMHAKY,. BRRINDSI LR
SEEETFEEEHL. ¥—ErA&@h D, #-> T, BESROPQKIMER SO
saE< . BMITHEER VAT LAERD, REBHEFEOR LA TE 5.

KT %
siksag- K

gl

il
(a) BWR (b) PWR
I_L_l
RA T —
—e &
() BEREXAN (d) BEFERKSEF

M1 REST> AT LOHE

2. REHR
TNET. ATFULAKBERAN THBRE RAEE fEZ450°CE U EEH B
U > O30V % W T E R RS IR HIBE 2620°C & L 7= @iRAF L ORET 217785
Foo BREHEIZOWTIE, BRLAVWIE, ZU—TBWLRNI &, @HEFREFITHE
SHDIREBRAT VW EBIVERESIBRUTTHDZ L. NEERHWTHD,
NEHETLOCHBREI ZRDOTND,
BERERETIIEASEEESA SN THE D, BEICIEMCPR & [k O MDHFR
(Minimum Deterioration Heat Flux Ratio) % Fi VY TEURER DOHIERZ B L 3 &t T3> TV
. LOLANS. BEREKIIZEEOHEENENDOT(K2), HARNICIZEAETR
ELUTHRD ZEMTES, BHEAET ) ketT ) EAVEBEFREKOBMERD
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BEmTRERZ, IS O
EREREEBLIZDHDZ
B3ic 7R~ 97[5, 6] BRI
KELI BB DONTHRIRE
BRETL TV EESLE
HeENHEINTBD., £
BREREBRS —BLTWS
ZENOMD, FITHRIL
TIREERFTICE > THES
N-BRERERANVTHE
ZHEHOBRERELZFREL.
INhZzHRITSHIET
MDHFR % % &t il £ S - >
S5IFULEM. 25752 &T. Fis
HEROER & BRI REIT/R > T2,
M MET IR TIRBEEERIT DD
12, 2EOREADY REANDSKE
L9 5 (K4)[8), BB TIIEHE OMm
HMBEMSETLROTWED ., FilkE
EHEOOAMICIAND L DL, Bl
BAHMCA Y 74 AERAWVWTHERED
275 (@5), 3512, MAKO—EIERE
HER LAY RO SHIEHBERZRNER
®mL., koy RRNETEISHI LT,
BEOEOGRHAMBEE&ESTHI LN
TE 3 (X6), KOv RADIREZ i

800

Water rod x 30 Instrumentation tube

Channel box

5 4 SCLWR-HOBREHE & KRBT

0
300

x10*

Cp [J/kg°C]

* 0.0
400 500

Tp[°C]

X 2 BEEREEKOYHE(ET125MPa)

X 104

a [W/m2°C]

Q

8.0
&y Jones-Launder

2.33x10° W/m?

|

;2§;§§§i4}mx1¢

~ Yamagata et al. (Experiment)
Present calculation

il
[=)

by
=)

Dittus-Boelter

2.0

2.0

Hp [Jikg]
X 3 EEFEBRKOBRLER

X 5 SCLWR-HOREHESKRECLE &
A1) T 4 AW
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FTHZEICED., RERICEEZMETE, HEEO SN RIRETH D I EDBRENT
W5,

AR D1100MWeD SCLWRIZEZ S L &k & AW TR SN TV, REDE <
BOPZ DB pMBNEML . A7 —IVTFAY v bbb o T, FEEBEAMIIKEO
ABWRE D HE <7125 EFME N TW/[9, 10). LMALIENS ThoDaIE. WREEN
t%%fmmﬁﬁwmwwn%ﬁ%imh%D@%mm%ﬁmwmmm%ﬁtmb\&

FINTWS(EFED,

TR LEDAMT. BOPE[11]. #IE[12]. EFHIOVTHHEL TS,
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3.2.2 RBWRICDWT
RBWR

T #\=
Renzoh Takeda

#H B L BUTERR
Hitachi Ltd.

At present, there are problems such as the non-spread of the nuclear
weapon, the long lifetime radioactive waste disposal, the occurrence of
Pu for the army, the stopping of the FBR development in Europe and
United States.

The concept of RBWR is the result to have examined the limit of
existing light water reactor technique to get such problem solution.

A problem of the transportation of Pu is solved by establishing the
international atomic energy fuel center which connected the manufacture
factory of MOX fuel and the reprocessing facility of used fuel on one
site.

With using RBWR, the actinide nuclide can be recycled with Pu. In
the design case of 135 kW of electric generating powers, RBWR fits into
the reactor pressure vessel of present ABWR. In this condition, the
void coefficient of RBWR becomes negative and the breeding ratio be-

comes 1.
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4. RBWR O T E#C & BBk

R BWR ¥ T & EHE bR, B OTEHOFOE S TTHAL FRFAEZ, AB
WR O & Ik L C Table 4.1 & Fig.4.1 27k To RBWR—HO, AP u EILE2
SIROME EHD Pu A v ARV MY R RARLAEFLT, WRINHVEABWR &R L
1356 MW JF.0JES 7.2MPa. HFL DAV Table 4.1  Specifications and Core Performance

] LA Ak ftom RBWR-HO[RBWR B2 ABWR-AC|ABWH
A% 2.88m H Do PREHMEASMAEUILIABWR & [ElecricPower  MWe| 1356 | 1356 | 1356 | 1356
. el Al Dome Pressure MPa 7.2 72 7.2 7.2

DA B 8D 720 KTH B BEIE |coeouerRadus  m| 288 | 288 | 288 | 269

- 3 dl A 7 ik dal A A 4k Hws -~ {Number of Fuel Bundles 720 720 720 872
'ﬁ; 3 'ﬁ;bh 1 'Mio) r:le S E}.‘\ 7H‘4/E (] 'ﬁ\ D Rﬂ Iﬁjl i Burnup GWdh 45 45 a8

223 @ Y'iﬁ'lwfbl]ﬁﬂ%ﬁ‘ﬁ}\ SNTWVD, ﬂi‘lJ Core Active Haight! m|{ 052 0.70 0262 3.71

Coolant Flow Rate 104th 2.6 3.2 52
Bk D S YBERIT T kIR ARy A Core Exit Quality % 34 28 3 14.5
5 b . R E SIS ¥ | Average Void Fraction %| 65 59 64 | 38

WAk EHeRTESL IOV V0L ¥ 84/} /> [Core Pressure Drop MPaj  0.15 0.16 0.19 | 0.47
Fissile Pu Enrichment  %| 10.8 10.7 103 3.6

L% BT A0T =T SENTWS, YF[ |Fissie Pulnventory? 5.8 55

. Breeding Ratio 1.01 1.01 1.01
DE & 52ecm TETICENE N 25em, Maxcgg,g‘;g,,r;ga,gates kwit| 133 | 131 | 133 | 125
. . . |mcPR 132 | 140 | 132 | 130
20em DALY T ¥ DMK T T ¥4 v M55 |vod Coetlicient 1044%5ea| _-05 | 05 | 05 | 70

E ¥ M) 1 5 B s i wiolem  {[C72]17| 18 ]221{ 13.5 |27
T HNTVD, JFLEEIM LT RAT 2.6 X g?;:'igul‘;ion e o lasou 2 18
Cwialcm 1519|135 123

10 F ¥/ TAOTHETY 72 —)VOIKAE T 1:Upperand Lower Blanket 25, 20cm  2:For 1GWe  3:Hailing
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MERAOE ST 7.5mm, WEERELF ¥~ Core-Averaged Void Distribution
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80T 4

601

ABWR

Rod Gap 3.9mm |+
Void Fraction 38%

= { QFuel Rod 62
“"””::g @Water Rod 2

Void Fraction (%)

O

2 3
B RELH D BIE 13.3KW/ft, 2Lt iRiiM C P Rod Diameter 19.1, 7.1, 6.4 mm
. Pressure 8.3MPa ac /| ocal Power
Riz1.32 THh b, HOTHROFHZ ANV F—1d Axial Power s T Reaking
Distribution Uniform a a
#¥10KeV TFBR L&Y —HjLLE/NX L, F7 £ |ExitQuaity )
3 -0.45~098 a
7 —fRBUE—3.7X10° A kk/c TABWR® .
g 1+ a
2D ETH Y FA FREIZ-05X10°4 & ;
Kk/ovoid &, % OISR ABWR 9 1H 3 :
MBS T, R -2
3 Standard Deviation O 1.5mm
T 8% ’
(&) A 2.3mm
5. EHFE %5 1 2
Experimental Critical Power
Fig.5.1 Comparison of Calculated and
RBWR O O—2ik, KB 0EZ) Experimental Critical Powers
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%o Fig.7.1 Accumulation of Np-237
8. EBRET I ¥ & — EMAHEHA OIIE
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3.2.3 BWR I & B EERMZMRE ) 1 7L
Advanced Fuel Recycle by BWR

RILE—BB. IRT EE
Shinichiro Matuyama and Yoshiaki Sakashita

HWRZ

Toshiba Corporation

The concept of BARS (BWR with Advanced Recycle System) is de-
scribed. This system is to recycle fuel for breeding type BWR using
spent fuel by the dry reprocessing.

At present, it is studying about the high spectrum core cooling with
light water, the dry reprocessing, Vibration Compaction fuel and so on.
In the dry reprocessing method used oxide, RE and DF are one of the
technical issues. In the case that DF is about 10, RE doesn't influence
a core behavior. According to improve the present process, the possibil-
ity lies in making DF from 5 to equal or more than 10 sufficiently.
Here, the outline, the development situation of these studies and the

prospect of BARS from ablity are explained.
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3.3 {KiBEZX/R7T bIL MOX {FDHRZ(2)
Undermoderated Spectrum MOX Core Study (2)

3.3.1 HIEKEBHEIFICOWT
Pressurized Water-type Breeder

wR A E B RS

Hiroshi Tochihara and Yasuo Komano

=FETxHARH
Mitubishi Heavy Industry

The purpose of this development is the advance of the PWR core. The
conversion ratio (the breeding ratio) are examined.

In the case of heavy water as the coolant, the breeding ratio can be
achieved about 1.1 with using a hexagonal lattice and space about 1 mm
assembly fuel.

In the case of light water coolant, the breeding ratio becomes about
1.0, using a hexagonal lattice and fuel space about 0.5mm fuel assem-
bly.

Here, it reports on the situation of the examination such as the
nucleus design of core, the design of fuel assembly, the heat hydraulics

design of the core, the structure design and so on.
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3.4 EFEMHICH T IMEEIR EREKETH
Present Situation and the Future Plan of Research in JAERI

3.4.1 BRI MVFDODORETRR
Design Study of the Undermoderated Spectrum Core

EE BB
Masaaki Ochiai

FEREFIR T FE R B L LIFHAE
Japan Atomic Energy Research Institute

Based on the experience of the high converter research, the examina-
tion of the undermoderated-type PWR core are started. The design goal
is equal to or more than 1.0 conversion rations, a large-sized core with
1,200,000kWe class, the taking-out burn up of 60GWd/t.

The present design condition is the tight core by about lmm fuel gap
in cooling heavy water. This design is the non-homogeneous forming
core composed in 4 areas and ZrH arranged between the fuel and the
blanket area.

In the future, it examines about the case of the 5 area core in PWR
condition and the case of the BWR condition, too. JAERI examines the
influence of fuel gap on DNB heat flux, critical experiment of

undermoderated spectrum core.
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Actinide Research Facilities

N TII -

Tooru Ogawa

BAXEFHAEFYERZHRESMERY 70 IHEE
Japan Atomic Energy Research Institute

About 1% of Pu and about 0.1% of MA are contained in spent fuel.
In the future, as the result of using a high burn up fuel and a pull
thermal, the higher actinide in the spent fuel and the rise of the
plutonium enrichment degree of the early stage fuel and so on are
estimated. The influence of Pu and MA on the fuel behavior, the safety
the fuel cycle and so on must be correctly evaluated.

There are actinide research facilities in Japan Atomic Energy Research
Institute and it is the facilities which are well-proportioned in this
country. To examine a fuel cycle in future, a basic study of the dry
reprocessing about some kinds fuel (oxide, nitride, metal) included Am,
Cm is necessary. A research program about the basis study of fuel is

carried forward.
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TR AL 1960 | 430 0.8 Np-237 #1g/#110g
Am-241#30 e/ H
KRR EIFZERE | 1974 | 600 16 Np-237 #111g/#190g
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International Status of Deregulatory Reforms

Table 2.1
The Degree of Competition in the ESI
Competitive Opening
Countries
In Generation In Resail Supply
England yes all (1998-)
Scodand yes all (1998-)
Northem Ireland yes, limited all (1998-)
Norway yes all
Sweden yes all
Finland yes all (1997-)
New Zealand de jure yes all
{de facro difficult)
Australia yes all (approx. 2000-)
Chile yes yes, limiced
Argentina yes yes, limited
United States yes no
California* yes all (2002-)
EU yes 29 GWh (2003-)
France (proposed) capacity addition only no
Netherlands yes, limited yes, limited
Portugal yes, limited yes, limited
Spain yes, limited yes, limited
Japan capacity addition only yes, limited™*
.. . ‘f\‘M N-YA"'M " D¢r¢‘),a.ea-60r, ]
- 1. y) < , 6‘ o ! L]
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FIG. 1. Construction Cost History of U.S. Commercial Nuclear Power Plants
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performance (NRC Systematic Assessment of Licensee Performance [SALP])
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part of chart

7 b LFIBOREMEDRIE
- F MY LSS EREEF DR

HAL w (280MWe,60001&M)

ABWR (1350MWe,40001&M)

- BB X b

NTEHRBELETIEOERE (HIFEDIMR)
- PUBARI U IN T &

75 A D4~615

-FEFHEEEORREEET 5L EM
SRRV IBR. U7 VIRMEDHEEDRK L EDREVE



JAERI—Conf 98—013

300 | N ¢
-200%

BsTaab] : WRMIX b (NOAK)

tALe |
.r'l'-n (10075KWe ) @ : PRMIAX b (FOAQ

ERoant
nnnEaxt
E BB/ M xarixm
ﬂ (1005KWe R0
1

% 150
a j_ [Zuutk }
140 et
x P (s
[wnan]
b 1o} xamime | ,
& asozxwessn | !
, I. | [rrvoimwy .| (22D,
| |wwwermnsn —
_ Rk ../ . tsozmcwe - | =X rvosRRY | |
- . S i - - V ’ REH T RBEE =300
d [% +RR 1305KWe
: | zdk———_ [xrruoszxmn
100 ARSI & ; 1 130%5KWe
uaTESLUDAT ' -~
% g0 et THY t ‘ &

w1 E EEEEFTS Y ORES X MHEBR

SEMERUFBRIZEAFY 1 7 )L D1
- AREE
U+ Pu3tihIC & 2 BE—FFEmE Y 1 7
- &R BB (AWLHR)
g BB (OY 7. BFFEREMTHRAR)
SRESFE. REFIR



JAERI—Conf 98-—-013

BRI AZ%ER (RIAR)

F42rATYIS—K (EXY7H5HEmEIC1100km)
BEFRRE - MEOMZERESRE. BEHER
SR & IREVFEIEIC £ AMOX (U-Pui&ER{tHh) MAIEE
FERKE

EEEEIE (BOR-60) . #M#HERIFE (SM-2) . SHAHK
7o0F (MIR. 100MW) . 7—VEVAZRAR (6~10MW, 35) .

B R EIE I KENR (VK-50) . BREMPHIERERIERY

gz L - Wﬂ%*ﬂfﬂvb75>h\
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MANUFACTURE OF FUEL PINS WITH VIBROPACKED OXIDE FUEL

o ——— ey

Kind of fuel Reactor Amount of FAs, Amount of fuel |
_ numbers pins, numbers
UPuO; (p.g.) BOR-60 426 15762
UPuO; (w.g.) BN-350 2 254
U0, (reg.) BN-350 7 889
UO; (reg.) BN-600 6 762
UPuO; (w.g.) BN-600 6 762
UPuO, (p.g.) BN-600 4 508
UPuOx(w.g.,p.g.) BFS 8 1016
UO; (reg.) BOR-60 235 8695

p.g. - power grade Pu

w.g. - Weapon grade Pu

reg..- enriched U after reprocessing

Total (as of the March 1997): FAs - 714 pieces, fuel pins - 29402 pcs.
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Main Data of PWR and APWR Designs

APWRs
Heterogeneous
Homogeneous Homogeneous Reactor
Reference Reactor Reactor
PWR (Wider Lattice) | (Tight Lattice) | Seed Blanket
Fuel rod diameter (mmm) 10.75 9.5 9.5 7.4 11.1
Fuel rod pitch-to-diameter ratio 1.33* 1.20 1.123 1.30 1.10
Water-to-fuel-volume ratio 1.67 0.70 0.47 1.05 .37
Active core height (m) 3.90 2.20 2.00 2.18
.Conversion ratio 0.55 0.90° 0.98° 0.96°
Total void reactivity coefficient® ~1.05x 102 +1.5x 1072 -1.34x 1072
Water density reactivity coefficient dk/dp
at nominal operating conditions® (cm3/g) | 10x 1072 7% 1072 =0 3x 102
Core pressure drop (bars) 1.25 2.28 3.70 3.27
Average nominal rod linear rating (W/cm) 208 180 165 195 | 159
Plant net electrical power [MW(electric)] 1300 1285 1230 1275

bCalculated at the end of the first core cycle.

N

*Square cross section. For the APWRs the fuel rod lattice array is triangular.
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Fig. 5. Horizontal cross section of the reference hetero-

geneous APWR core.
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Main Results of the Present Investigations

Maximum
Maximum Fuel Coolant
Rod Cladding | Pressure in the
Temperature | Reactor Vessel
During LOCA | During ATWS
Reactor °C) (bars)
Reference PWR 1040 180
Homogeneous APWR
Wide fuel rod lattice 1120 182
Tight fuel rod lattice 1100 >230
Heterogeneous APWR
Seed 1285 215
Blanket 975
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Fig. 9. Burst temperature compared to internal overpres-
sure of Zircaloy and stainless steel cladding tubes.
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Fig. 10. Burst strain compared to burst temperature of Zircaloy and stainless steel cladding tubes (uniform temperature
on circumference).
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Fig. 2. Transversal cross section of the RCVS fuel assembly.
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- AT B FLE L (HCLWR-IF1)
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R EN0.9T, RAFZREITA
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- #PBRE_ERD(HCLWR-JDF1)
Vm/VE =1.06, TR EZhE 60 cm X 2E%
SRR N0.83T. RAFREITE
M hhi2 / SEELMRNLL
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(Depleted UO,
. or

Uranium-Metal)

Neutron Leakage

Fig. 1. Conceptual illustration of a pancake-type HCLWR.
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Burnup Characteristics of a Pancake-Type HCLWR by One-Dimensional Calculation (V,,/V; = 0.5)
Item Case 1 Case 2 Case 3

Core thermal output {MW(thermal)] 1042 1042 1042
Equivalent core diameter (cm) 400 400 400
Fissile core height (cm) 50 50 50
Blanket thickness (cm) 30 30 30
Vm/V; (in assembly) 0.5 0.5 0.5
Loading fissile plutonium enrichment (wi%) 11.8 11.8 10.5
Blanket material Uranium-metal uo, Uranium-metal
Average 'inear heat rating at BOC

Core (W/cm) 161 163 161

Blanket (W/cm) 7.5 5.8 1.9
Axial power peaking factor at BOC 1.24 1.22 1.24
Conversion ratio at BOC

(Blanket + core)/core 0.88/0.67 0.84/0.66 0.95/0.72
Conversion ratio at EOC 1.00/0.77 0.94/0.77 1.02/0.79
FSR 0.92/0.84 0.90/0.84 0.96/0.91
PSR 0.98/0.90 0.96/0.91 0.99/0.95
FPSR . 0.94/0.84 0.91/0.84 0.97/0.91
Three-batch discharge burnup (GWd/tonne) .50 49 31
Burnup/net consumption of fissile inventory (GWd/fissile - tonne) 5622 4100 7460
Cycle length (FPD) 517 499 318
Moderator void reactivity coefficient at EOC (pem/% void) +9.5 +22.6 -8.7

JAERI —
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TABELLE 2.1.1%1: Hauptdaten der SWR-Anlagen

Batriebsdruck

Gesamt-Kerndurchsatz

Mittlerer Bindeldurchsatz
Kihlmitteltemperatur am Kerneintritt
Kerneintrittsenthalpie

Kihimitteltemperatur am Kernaustritt
{(sittigungszustand)

Mittlere Stablingenlaistung

Mittlere Wirmestromdichte

Maximal zulidssige lokale Wirmeerzeugung im Kemm:

Stablingenleistung
Wirmestromdichte
Xquivalenter Kerndurchmesser
Aktive Kernh&he

Gitterabstand der Einheitskérnzellen
Brennelement

Anordnung der Brennstoffstibe im Bundel
Gltterteilung

Stababstand

Zahl der Abstandshalter

Wanddicks des Kastens
Brennstab

Brennstofftabletten-Durchmesser

Sinterdichte des Urandioxids

72 ata

32.600 t/h

$4.5 t/h
217 %

292 kcal/kg

o

286 C

230 W/em

$1.4 u/cnl

607 W/cm

1318 H/c:lz

3970 ma
3660 mm

305

TIxT=-quad.

18,75 »a
4,46 mm
7

2,1 mm

12,4 m

10,25 q/cn]

Hillmaterial Zircaloy-2

AufBendurchmesser der lillle 14,30 mm

Hand-t.ﬂlrka der Hiulle 0,90 mm

Vatiante \ 2 3 [ 5 6
Quadrat v Quadrat Hexagonal |Hexagonal |Hexagonal Hexagonal
Zahl von Stiben 49 49 61 61 9N 9
Verhiltnis V(Hy0)/V(Br})- Stabzelle asé 07 a4 06 0.4 [
Verhiiltnis V(H,0)/V(Br) - Bindelzelle 13 1?7 1.0 123 0.88 1
Brennstabdurchmesser {mm) 143 4.3 1.3 4.3 1.3 143
Gitterteilung {mm) 15.30 15.73 1553 16.4 1553 16.4
breiter Wasserspalt {mm) 9.6 9.6 96 8.6 96 9.6
schmaler Wasserspalt {rmm) 4.7 4.7 - - - -
Kasten-Dicke {mm}’ 21 21 2 21 2 21
Stabldnge {m) 230 230 230 230 230 2.30
Anreicherung Pu{sp) - (%)} 30 4.0 L0 40 5.0 L6
Mittierer Abbrand (MWd/kg) 50 - 60 60 - -
Konversionsrate 088 o8 0.95 080 0.98 0395
Tabetle: 71 FSWR - VARIANTEN
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Preliminary Study of Neutronic Characteristics of
an Axially Heterogeneous Type High Conversion
Boiling Water Reactor Core

Y. Morimoto
K. Okumura
Y. Ishiguro

Reactor System Laboratory, JAERI

1. Introduction

(1) Target of Research

.Achieve Greater Improvement of Natural ‘Uranium
Utilization by Pu Recycle

'vaersion Ratio = 1.0

(2) Basic Concept to Achieve the Target
.Effective Moderator to Fuel Volume Ratio < 0.3
-Boiling Water Reactor Core with
a) Closely Packed Hexagonal Lattice
b) Higher Void Fraction than Current BWR
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2. Subject of this research

‘Void Reactivity Coefficent < 0.0 ?
(Power Coefficient < 0.0 by Doppler Effect)

-Axially Heterogeneous Core Concept
-Evaluate the Effectiveness of the Core Concept
to Reduce Void Reactivity Coefficient and

to Improve Conversion Ratio

6. Cell Burnup Method (2)

-Effective One Rod Cell Model :
Conserve the Volume Ratio (Moderator, Fuel, Structure)

rod clearance
1.5mm

(Vm/Vf)eff 0.25
(1) Fuel assembly (2) Cell model
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Core Burnup Method

Code

COREBN2, HIST2

Core model

Axial one dimensional slab
Radial leakage:geometrical buckling

Burnup calculation
under Haling strategy

Lattice constaht

9 group (fast:5,thermal:4)

Interpolation of tabulated
macroscopic cross section

Quadratic expression for
void feed back effect

o
—
o

0.08%
0.06}
0.04}

0.02

i [

o o

. . o
o o .
-~ ) o

1
o
o
(2]

T

Pu-fiss surviving ratio (relative)

-0.08

-
-
-
-
-
-
-

0.0

Fig. 2

5.0 10.0 5.0
Inner blanket thickness (cm)
Pu-fiss surviving ratio vs.

inner blanket thickness
(Natural uranium)
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9. Calculatiocnal Assumptions of the Axially Heterogeneous
Type High Conversion Boiling Water Reactor Core

Electrical output 600 MW
Thermal output 1800 MW
Operating cycle length 12 FPM
Active core height 45 cm X 4

Inner blanket thickness 5,10,15,20 cm X 3

Pu-fiss enrichment of
) 0, 1, 2, 3 wth
inner blanket

Upper and lower blanket 20 ch

Core diameter 4.9 m

(X10-4Ak/k/%void)
, : 1.02

o
o
4

_1-0" \\\ r
~ Pu-fiss 3.0w/o

11.01

'
(o]
<

I
[N
o

Pu-fiss surviving ratio

Void reacticity coefficient (relative)

—4_0 ! ' 1 1 . 1 1.00
200.0 - 210.0 220.0 230.0

Tgtal height of active core and inner blanket (cm) .
Void reactivity coefficient and Pu-fiss surviving
ratio vs. total height of active core and inner
hlanket

|
oq
-~
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Summary and Conclusion (2)

Pu-fiss Surviving Ratio

-Pu-fiss Surviving Ratio > 1.0

-Pu-fiss Surviving Ratio Improved =1.0 %
with Inner Blanket Thickness 18cm

Void Reactivity Coefficient

-Void Reactivity Coefficient Reduced

with Increasing Inner Blanket Thickness

and Decreasing Pu-fiss Enrichment of Inner Blanket
-Void Reactivity Coefficient Reduced

3.5X107* Ak/k/%void with Inner

Blanket Thickness 18cm.

Evaluation of Fuel Cycle Costs

Fuel Types
UO, Fuel in Coniventional BWR
MOX Fuel in Conventional BWR (1/3-MOX)
HCBWR Fuel

Evaluations
_ Levelised Fuel Cycle Cost
(The Economics of the Nuclear Fuel Cycle, OECD/NEA,1985)
Unit Prices ( for UO, Fuel )

Domestic Values (JAPAN)
Pu Credit =0

Unit Price Assumption for MOX Fuels
(Factors to UO, Fuel Unit Prices)

Fabrication Reprocessing
1/3-MOX x 1.7 x1.1
HCBWR x3.5 x2.0

| TOSHIBA |
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15
HCBWR
Pu - Thermal
BWR
~10F — | | 1
3
3 NU
: | L
~ Enr.
U —
&}
“ost / /_ ]
| Fab. e
Repr. &
Trans.
0.0
Figure ' FCC Comparison
| TOSHIBA
13 Y T x
1.2 / T
HCBWR
© /
2=
= 1/3Pu-Th
~11 i
Q
4
= BWR
1.0 5
0.9 - - =
1.0Time 1.5Time 2.0Time

Natural Uranium Price

Figure Dependence of FCC on NU Price

l TOSHIBA
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Thermal Hydraulic Research on HCBWR
at JAERI

Y. Murao

Japan Atomic Energy Research Institute

HCLWR Research Information Exchange Meeting

May 28-30, 1991, JAERI, Tokai

(4) Planned Facilities

(@) High Pressure Water Loop for BWR

Obijectives :

- CHF data under steady state and transient conditions
- Transient two-phase flow data

Specifications :

- Max. pressure 8 MPa
- Max. power : 1.1 MW
- Number of rods 7

—-129—
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(b) High Pressure Air-Water Two-Phase Flow Loop

Objectives :

Sp

Two-phase flow characteristics under BWR
operational condition
Void fraction
- Pressure drop
Film thickness
- Wall shear stress

ecifications :

- Working fluid

Air/Water

Max. pressure 5 MPa

(Air-water density ratio ~ steam-water density ratio
under 7 MPa)

Number of rods 19

The Second Phase of HCLER Thermal-Hydraulic Research

Data base of HCPYR design

.
/
Q:present facility .
N

—13

HCPYR HCBRR
, - - //,---\\\ Re ‘\\
’ v \
Facility High pressure\/ Hydreulic \ ,” Multi-D \\‘ "Hulti*PurPose‘.E ,High pressure: ,hith pressure\ Tvo-phase
vater loop loop : | hydraulic 1, hybrid +t  water loop ,‘ \tvo-phase floy flow loop
(piR) v\ loop ;v loop ‘¢ s (BER) ‘ \ loop ‘
. \ , D [N J \ ’/
~ o - - S
- - - -‘ ‘
Transient Annular flow
twvo-phase flow test section
test section
Objective DXB data Two-phase Hlydraulic Fuel E CHF data | | Trensient Tro-phase CHF Mechanisn
nixing data | | characteristics behavior | ! two-phase flow data data
in PY data H flow data
Result luprovenent of anslysis code 'll_prove-ent of analysis code
Data base of HCBWR design

~
\,:planned facility
/

O_
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Almosphere

(Pressure control)

Alr-vater separator

P :Pressure
F {Flov rale

C :Computer control

2Mm? Air compressor
Qlter
storage
tank h
Po=9
— ""/, -
) T On-off valve
M ”
. . : Control valve
Circulation pump
(150L/min) T I Hanual vaive
Feed vater

Nigh pressure tvo-phase flov loop for BWR

1L.HCBWR Design Study

Lattice Physics Method
HELIOS.HX: model and verifications

Thermal Hydraulics
Critical Quality Correlation

Design and Evaluations
HCBWR Design Concept

2. HCBWR Fuel Cycle Related Study
Objectives
Computer Code and Parameters

Results and Coclusions
NU Consumption
Fuel Cycle Cost

TOSHIBA Hiroshi Mizuta
Ritsuo Yoshioka

| TOSHIBA
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TABLE
Comparison of Calculated and Measured koo’s and Void Coefficients

Code

Experiment

(PROTEUS) WIMS-D | EPRI-CPM | SRAC/J2 ] MC l H.HX
k.* (in C/E)
Core | (H,0) 1.045 % 1.1% 0.990 1.012 1.005 0.996 0.996
Core 3 (Dowtherm) 0.991 + 1.5 0.975 1.014 0.993 0.985 0.988
Core 2 (Air) _ 0.905 + 0.8 1.023 1.070 0.993 0.969 0.979
Void Coefficient® (in 10™*/% Voids)

0.0 to 42.5% —-10.1 £3.5 —14.0 -9.8 -13.0° —12.7 -12.0
42.5 to 100% -17.5+13.0 -9.0 -8.2 —-17.5 -~20.3 ~19.1
0.0 to 100% —144 1.4 111 -89 -15.6 -17.1 -16.1

*Defined as the ratio of productions to absorptions in the FM spectrum. The MC results (zero leakage calculation) were
corrected by the lactor defined as the ratio of two H.HA FM calculations with a target cigenvalue of 1.0 and the MC
k.. to simulate the FM condition. .

*Defined as (kyz — kg )/{(}) - (kyv2 + kvy) - (V2 — V1)), The reduction factor from Dowtherm to idealized 42.5% void
state was assumned to be 1.01 as given in Table X1l of Refl. 8.

| TOSHIBA

‘Assembly pitch {cm]} 22.4

Fuel rod diameter {cm} 1.21

Cladding thickness {cm) 0.06

Fuel rod pitch {cm) 1.47

Rod clearance (cm) 0.26

Cladding-to-channel distance (cm) 0.24

Channel box wall thickness {cm} 0.13

Van/Vy 1.03

Fuel composition Mixed oxide
U0,/Pu0, 88.9/11.1 wt%
15Yy238Yy 0.2/99.8%
239p1240p 241 py 242py 56.7/27.3/11.0/5.0%

Number of fuel rod types 1 {white circle) A

Number of fuel pins 199

Control rod poison material Natural B,C

Number of control rod positions 18 {hatched)

Figure Cross-section and Main Design Parameters
for a 217-Pin Fuel Assembly

| TOSHIBA
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THERMAL-HYDRAULIC STUDY

Development of the Critical Power Correlation
for HCBWR Tight-spaced Rod Bundles

« BIASI Critical Quality Correlation

0 Tight spaced triangular rod lattice
boiling transition (BT) test data

Critical Quality Correlation for HCBWR Application

BT Power Tests with Annulus Tubes
and Comparisons with the Present Correlation

» Annulus Tube Tests

- To study critical power dependence on rod clearance
on the basis of equal heated equivalent diameter

TOSHIBA

Data Base Boiling Transition Tests
(Bettis Atomic Power Laboratory; WAPD-TM-1013)

BT Test HCBWR

Number of Rods

Rod Arrangement

20

5x4 triangular array

triangular array

Pitch to Diameter Ratio 1.36 and 1.21 ~1.2

Heated Length (m) 1.37 1.0

Pressure (MPa) 5.5and 8.3 7.1

Mass Velocity (Kg/m2/sec) 340 - 4000 1800

Average Exit Quality 0.06 - 0.70 0.14
TOSHIBA
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Comparisons of Predictions with_Base Test Data

N
N

_. | o PiD=1.36 (P=8.3MPa) = o PID=1.36 (P=8.3MPa)
= | = PiD=1.21 (P=8.3MPa) = m- P/D=1.21 (P=8.3MPa)
= | O PD=1.21 (P=55MPa) " < 0 P/D=1.21 (P=5.5MPa)
o a 0
5 ’l 5
a
E 1r l:ﬂ,'o o E 1+
Xmean=-0.3%
gel
el .
o * £ o = 49%
2 1]
0 o .
g BIAS! 2 Modified BIASI

!

1 2 0 1 ‘ 2
Predicted BT Power (MW) Predicted BT Power (MW)

o
(=]

o

TOSHIBA

Annulus Tube BT Test and
Comparison with the Present Correlation

100
Converted
Diameter=10.9mm — clearance
S gob
x .
bt o 20 mm
b © 26 mm
2z - a3,
3 60 3.0 mm o
Clearance (mm) I a.
Diameler (mm) 3.0 2.6 2.0 'EJ'
- Dlamaeler ) 40 o,
I 14.3 o o
Y b=}
7]
13.6 o o 20 F
=
13.2| ©
U TP B S

0 20 40 60 80 100
Predicted BT Power (KW)

| TOSHIBA
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HCBWR Design Data

3926
11350

(1)
(1)

Number of Fuel Assemblies

Core Thermal Power
Electric Power

Loy’
247

Number of Fuel Rods per Assembly

24

Triangular

Number of Guide Tubes per Assemb}y

Fuel Rod Lattice

10.9

(mm)

Fuel Rod Diameter
Fuel Rod Pitch

12.9

(mm)

(m)

2.3

Fuel Rod Length

1.

atomic number ratio(Void fraction = 40% ).

Hydrogen to Heavy Metal

83

(kW/1)
Average Linear Heat Rate (kW/ft)

Power Density

4.3

1
5.2x107

7

(MPa)

Pressure

(kg/hr)

Recirculation Flow

Cycle Length

15
b5
Puf 7.§w/o

" {months).

Average Discharge Burnup (GWd/t)

Seed Fuel

0.85

Average Conversion Ratio

TOSHIBA

Figure Cross-section View for HCBWR Core

499 Fuel Assemblies

159 Control Rod Drives

TOSHIBA
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Channel Box

Fuel Rod
Guide Tube

Figure Fuel Assembly Concept for HCBWR
) 247 Fuel Rods 24 Guide Tubes

[TOSHIBA |

. , Absorber Rod

Figure Control Rud Cluster Configuration
for HCBWR

|TOSHIBA
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Reactor Pressute Vessel 'j

Drysr —_——

™ i
i 2

Seperator —___ |
Shroud Head

Upper Support Plate \n{
Fuel Asseably —
Core Shroud ~—_||

Fuel Support ——__ i}

Lower Support Plate — ||

Control Red Guide

Internal Pump

Control Rod Drive ~————__ ] u UUUUU

o

¥

Figure Reactor Internals for HCBWR

Control Rod .Cluster
L

 TosHiBA.

Operational Transients and ?\pcident Calculation _Results

Reactor | Transients / Accidentv AMCPR PCT (K)
Load Rejection 0.14

HCBWR Heater Cut 0.12
LOCA ( HPCF Pipe) 766
Load Rejection 0.07

1350-MWe
Heater Cut 0.12

BWR
LOCA ( HPCF Pipe ) 812

—137—
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Fuel R
Assembly

J00000 {0000

00 02|[g000r

Current Lattice Enlarged Lattice

Fig. 1 Lattice Configuration Of Next Generation BWR Core
for Conventional Reactor Pressure Vessel

Next Generation BWR

[ |

High Burnup High Conversion
Reactor Reactor »
(UO; Fuel) (MOX Fuel)

Fig. 3 Fuel Assembly And Control Rod Of
Next Generation BWR
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D Fuel Assembly 432
-+ Control Rod 205

Fig. 5 Core Configuration (1350MWe Class)

1 ,

(00 OO O ® @ @ )
EIRCPNCING I I PN PN YN
0902090002052090%
©
)
) ( &)
&

O .
OORORORORORORORO
0303080E0803030360
1 90803020808080:08
J080 ORLOLOROCS
§38880 0808080802
Ule@8 2030393000326 %0
026%6%6°6°6%°e%0)

=

Fan
2?7 /. i
Channel Box Control Rod

x

f

(O High Enriched Pu Fuel Rods 175
Medium Enriched Pu Fuel Rods 72

Total Number Of Fuel Rods 247

Fig. 6 Fuel Assembly Configuration For HCBWR
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Current BWR <~ Next Generation BWR

B n
| Steam
. l l | I I [~ Separators
s : 33
= _|__ |_Top Guide
]
' —— Fuel Assembly
Core Plate

&, ! .
?“Tl— Control Rod

Guide Tube

fa—

.

Fig. 4 Reactor Structure

(% 4k (%K
10+ 251
Cold Condition
5F 201
cC
.g HCBWH - |BWR
© 0% Void Fraction .
& © — 15[
> i i Power Operation
- FICBWE EBWR; (Hot Condition)
S st boed o heswr  1BWR
o]
S . 70% Void Fraction
e
-10} 5
0
Void Reactivity Swing | Cold Hot Reactivity Swing Control Rod Worth

Fig. 9 Reactivity Variation Of HCBWR Core
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- 3.0

- 2.0

+1.0

Effective Water To Fuel Ratio

~2.1 (4.9)

7

() Shows H/U Ratio

Beo.s

er.ss
©0.15

L3
~0.7
) 0w

Fuel "Lattice Configuration

(e
)
lo
Q 000000000 o
' 000000000 ets %R0
‘ 000000000 Fassanis L
0 000000000 Sesenanstaees
000000000 Zastieaitets
000000000 Sssaassiates
000000000 o :::' #e%
000000000 eresivatases
‘000000000 B 6
Current Lattice Enlarged Lattice Hexagonal Tight Rod Arrangement : Follower

Neutron Flux (Arbitrary Unit)

Fig. 2 Reduction Of Effective Water To Fuel Ratio

102

101+

P Current BWR (Thermal Reactor)

s \/

1 1 1

07 70T 1107 102 1085 10¢ 105 105 107
Neutron Energy (eV)

Fig. 7 Neutron Spectrum Of HCBWR

— 142 —




Nuclide Number Fraction

JAERI—Conf 98—013

1.0 Pu242
0.9t
0.8
Pu240
0.7-\
0'6'Pu\241
0.5} '
0.41
Pu239
0.3r
0.2r
0.1}
O 1 [l 1 1
0 10 20 30 40 50

Exposure (GWd ~t)

Fig. 8 Pu lIsotope Ch_ange During Burnup

Tabel II

[tem
Conversion Ratio

Cold-Hot Reactivity Swing

Void Reactivity Swing
(From 70% Void To 0% Void)

Control Rod Worth

Local Power Peaking
Radial Power Peaking
Axial Power Peaking

HCBWR Core Characteristics

HCBWR Reference BWR Note
0.8~0.84 0.55
~5%Ak ~6%Ak  Much Shutdown Margin

~—35%Ak ~-—5%Ak Negative Reactivity Change

Obtained-
~22% Ak ~16% Ak
~14 ~1.3 Sufficient Thermal Margin
~1.3 ~1.4
~1.2 ~1.2
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HCLWR Research Information

Exchange Meeting
1991 ,

May 28-30,
JAERI, Tokai

A Conceptual Core Design of Plutonium
Generation Boiling Water Reactor

R. Takeda

- Energy Research Laboratory,

DEQGN'TARGETS

Hitachi, Ltd.

ENERGY RESOURCES

SECURITY OF LONG TERM |-

REALIZATION MEANS

REMOVAL OF U ENRICHING

~LARGE IMPROVEMENT:-
OF U UTILIZATION

REDUCTION OF POWER
GENERATION COST °

REDUCTION OF SEVERE
ACCIDENT POTENTIAL

« NATURAL U + Pu
Pu GENERATION
RATIO -1

USAGE OF WATER
TECHNOLOGY
. AVAILABILITY -

LARGE EXPERIENCE
IN_ LWRS

03

REDUCTION OF EXCESS
REACTIVITY
+ 2 INDEPENDENT
REACTIVITY CONTROL |
SYSTEMS

+ VOID REACTIVITY ~0
« BURNUP REACTIVITY
MARGIN - 0

AVOIDANCE OF
ACTINIDES' DISPOSAL

ACTINIDES’ ISOLATION IN
REACTOR CORE

[ |+ PREVENTION OF Pu -

FIG. DESIGN

MEANS

Hitachi, Lid.

| | RECYCLE TYPE Pu

GENERATION BWR

DISINTEGRATION

« BURNUP OF ACTINIDES

— 144 -

TARGETS AND REALIZATION
OF NEXT GENERATION LWRS
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TABLE I
Specifications of Plutonium Generation BWR
Parameter PGBR-1 |PGBR-II |PGBR-III
Electric power (Mw) | 600 900 | 900
Dome pressure (MPa) 7.2 7.2 7.2
Coolant flow rate (10%h) | 1.04 2.25 2.19
Core active length (m) |. 2.00 2.00 1.35
Core outer diameter (m) 4.9 4.7 5.3
Number of fuel bundle - 601 601 781
Number of fuel rods per bundle 151 151 151
Fuel rod outer diameter (mm) | 123 | 11.8 | 11.8
Fuel rod-to-rod clearance {mm) 1.5 1.3 1.3
_ Mpderatgr-’;_o-fugl volume ratio 0.53 @p} 0.50
$pécific power - (kw/kg) 10.7 17.5 20.0
Average power density (kwie) 51.4 85.1 97.0
e nrate  (wm) | 99 | 148 | 170
Core outlet quality (%) 40 27 28
“|Core average void fraction (%) 56 51 51
Hitachi, Ltd.
ITEM PGBR-1 | PGBR-2,3
BUNDLE PITCH (mm) 183.4 174.6
FUEL ROD QUTER
DIAMETER (mm) 123 11.8
FUEL ROD-TO -ROD
CLEARANCE (mm) 1.5 13
Em%%yf N'?E%RIALS sus SUS

O NUMBER OF
FUELRODS : 151

0000000 @ NUMBER OF
CONTROL RODS : 18

FIG. FUEL BUNDLE CONFIGURATIONS

Hitachi, Ltd.
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TABLE III
Core Performance of Plutonium Generation BWR

PGBR-III {

Pararmeter PGBR-1 PGBR-’II‘
Discharge exposure (Gwdh) 45 45 45
Operational cycle length (months) 12 12 12
Pu-fissile enrichment* Wo) 6.5 6.5 7.0
" [Plutonium fissile inventory (t) 10.9 10.0 9.4
Plutnium generation ratio** 1.02 1.02 1.0
Maximum linear heat rate (kw/m) 18 27 30
Minimum critiéal power ratio >1.3 >1.3 >1.3

* The fissile plutonium is fed to the natural uranium.

«+ Plutonium Generation Ratio
_ Pu-fissile amount in discharged fuel

Pu-fissile amount in new fuel

Hitachi, Ltd.
5 ' ‘ ' T
et
4 - // ]
//
3 - // —
SLOWING DOWN _—
-
,.3\2 2 - /// _
3 1L - .
= | - NET
o 0| =< _
= ™~ —_—
> -1+ ™~ B
— - S
A ~
5 -2t ~< -
= LEAKAGE S
-3 \\ ]
~
S~
,_4 - \\ _
~
~
n ~
-5 : ! | ] ]
50 60 70 80 90 100
CORE AVERAGE VOID FRACTION (%)
FIG. REACTIVITY CHANGE

WITH VOID FRACTION IN PGBR-3
Hitachi, Ltd.
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WEIGHT OF Np-237 (kg)

TOTAL PLANT POWER CAPACITY (GWe)

JAERI—Conf 98—013

| ¥ T
a00r Np-237 /” )
PERMISSIBLE LIMIT  104g yd
HALF LIFE 2.1x10° YEAR 4
400 L— .
'PLANT POWER : 1000 MWe
//
300+ CURRENT BWR // -
STORED OUT "OF /S
| THE REACTOR) !
/
200+ N
100F |STORED N |
THE REACTOR
0 | 1 |
0 10 20 30 4D
OPERATING PERIOD (FULLPOWER YEARS)
Fig. ACCUMULATION OF Np-237.
Hitachi. Ltd.
V4
1600} /
TOTAL CAPACITY. 7 450

1400
1200

1000

T

}
Pu GENERATION /°
BWR

INCREASING i 740

“RATE ,( _
20 GWe/Yr. ,#"~CURRENT BWR

ONLY

7/

REQUIRED NATURAL URANIUM (Mt).-

’ 130
800} ,/COMBINED WITH
,/ CURRENT BWR AND
s00L- // Pu GENERATION BWR 20
CAPACTTY A == GTAL—
400F J3306We,” | =" RESOURCES
| 1o
200 722" 100 YEAR ELONGATION OF
NATURAL U RESQURCES
0 1 1 1
2000 2100 2200 2300 0
A.D. YEAR

FIG.

CHANGE OF PLANT POWER CAPACITY
AND REQUIRED NATURAL URANIUM
Hitachi. Ltd.
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CONCLUSIONS

DESIGN CONCEPT OF Pu GENERATION
BWR WAS PROPOSED.

NUCLEAR, THERMAL - HYDRAULIC, AND
SAFETY CHARACTERISTICS WERE

EVALUATED.

ESTIMATED NATURAL URANIUM
UTILIZATION OF Pu GENERATION BWR
WAS 10 TIMES COMPARED WITH
CURRENT LWRs .

FEASIBILITY OF ACTINIDES RECYCLING IN
Pu GENERATION BWR WAS CONFIRMED.

CONCEPTUAL DESIGN OF Pu
GENERATION BWR (900MWe) WAS
PRESENTED.

Hitachi, Ltd.
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f
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 BEEIC N U THRER T NIE. ERSLITE SN,
RSB EELEELTD, BERREMESTTHD, SHEED LR HEON
THbd,

550 -
| di= 9.4mm 5501 di= 0mm
p = 3l0bar 540 P = 205bar
S00F g, = 473kW/m2 - . 500} Q; = 800 kW/m2
O : » )
° i \ : O 1500kg/m3s
;L!( 50k @ 2250kg/m2s
@
“u L
400}
350 . v 4 . - 1 ~L 1 1 I I i n N
1600 1800 2000 220_0 2400 1400 1600 1800 2000 2200 2400 2600 2800
TLINE kI/KE TyHNE kJ/kg
BESESHICBIT 2 EHE (LS BEFERNCBIIBZRSAT7Y R
1500 : "
t Yamagata et al." ! A
q"=0.2G!-2
1000+ BENRE A >
B (A) 7~/
BOD I~ ‘// R
o ™ Lee-Haller™* 4 EEE
E 509 - (ID=0.94cm) 7 (N)
.;x i v K" Lee-Haller™
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: N iNi24
,.j - ;—! Yarnagata.-xggasr
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! Y ) A bar
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Fig.1-2 EEH{Lm"
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B d=10mm _
Z
A \\\\\__
g
=
N Heat flux
=3
\J \%r
A
Flow
HEGR

- BUERITIC & > TREEROTRNTE S,

X104 -
gol- Q\
O Jones-Launder
2.33x10° Wim?
6.0
85x10°
o
o
~
é 40
9.30x10°
) y
20 x\
\\
N &
——— Yamagala at al. (Experimant)
——= Present caiculation
00 | |
1.0 2.0 30

Hp {J/ka) x 10

BEFRE DRI B B RRER

107
——HHH——F——F Yamagata et al
—— O Not deteriorated T V1T 11
10%}==*® Deteriorated
'u
0
< 10°
E gt
z Jif.hg T
T 10
El AY
3 Present calculation
10
o)
0
orl L LTI ] :
10 10 10
G [kg/m’s]

- 1563 -

REGLHTRR

10*



JAERI—Conf 98-013

BEFEKOBAMICHTEIELD
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2. BEAHLZTD THEAILARERTIC IV REEREFHRETE S,
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HREIBREHEZHEITNII. MDHFR&IRE 2 AWAHEITRWN,
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5% WRELINT X — & DB
ST SCER SCLWR | BWR PWR | CANDU
B E L (mm) 8.8 8.0 12.5 9.4 13.1
HEEE S (mm) 0.52 0.46 0.864 0.572 0.42
BRE L v b EZE(mm) 7.56 6.94 10.56 8.19 12.15
WEME AT Y VA|AT v VA | Zircaloy2 | Zircaloy4 | Zircaloy4
BT MOX U0, U0, U0, U0,
ZET (MPa) 25.0 25.0 7.2 15.5 11.0
REJR S DETER;
3
1 {
P=—%X22E| — **(3)
3 D

P : E/1(Pa, BREBERSMERE & )

E : Y~ 7% (Pa)

t : WEHME S (m)
D : HBEMFHEE(m)

RERLZHEDY » TROfE*

JuhaA 7.83X10"Pa
AT v U AH (1.93~1.99X10"Pa
—v Vil [2.04X10"Pa

* Bl

INVvhad A7 VA BFIMENY FT o
KABFNEBLE

%
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SRBEREEKSHNBAREFFORET
upper core upper core
support palte 1\ support palte
contro! rod / control rod
cluster yar—=| cluster
guide tube / guide tube
infet nozzle autlet nozzle inlet nozzle 4’ outlet nozzle
—> = —- —>
= 7~ — v
N
| hermal shield _ thermal shield
a
active core * \\active core
N % N
fuel assembly / . 4 . fuel assembly
core baffle \ core baffle \ \
N\ N
\ / lower core \ / lower core
N |~ support palte N |~ support palte
ERBEKD Y REEF.G TREFREKD v REERO

Water rod x 30 Instrumentation tube

‘.‘ ¢ '
QRN E R~
20y -,

Channel box
PAEIERE S EE R
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1st cycle
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(BFIEHY 7 4 REHERY)
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F. 1.
1.5 r——r — P.F.1.25
i ——BOC
I _T_hm
A L \ d
8. L
£
o
@ 0.5 \\
0 — " i PRI L
0 50 100 150 200
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yAchyapsyin
BT DR BE508C
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E_~\’é‘___)&\<f$“1aia ]
3) f iy :
= " /O G
550 b
g I /[{ @ \ \ _‘ J
s [ -El/ - . .
NENERNE
g 5°°qr - S
5 [ N
£ 1 N
3 _. .
§ 450 BOC n <
S [ -& -MC
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1
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B H M H 4 AR
P.F. 1.58
16 A M IS 2 s B
1.4 ; // \ /’/ \ \\
1.2 F 7 S B g \\
s - // L \ \
% 0.8 [ ///' \'t
0 o I - -
& 0.4 // — - -BOC ™
0.2 [ ‘\
0 i L 1 1 i PO T § i A A 2 2 l-
0 100 200 300 400
Core height [cm]
/R TFUOBHEEE (%) 5.75/4.81/4.33

E/H/FGd203E B & [%) 20/20/20
E/HRI T Gd203 8 e BE [w%) 3.3/3.6/3.8

REFEIC K 5 REEME

AOw RICENZBHMOBIER2 LS EDZ &ITKD
FEENZFHHL., RERCEZHKT S

8 — —
75 E — lower core
s - = -middle core
§ 7 L 5 rereeeses uppercore
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£
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BEDIERF L. ABWREDEETTLLE

ke WRAFL(SCLWR-H) {E:R4P L (SCLWR)* ABWR
_ R/RIN [MW] 3568/1570 2490/1013 3926/1356
""" mompe 440 40.7 34.5
________ wa/mmaE Ni&&/620C S.5./450C zr2/-
kow ke TR i 5 LR
maty | 211 163 872
"""" TARRE (%] AV 5.43 3.2
170/ S E [m] 4.20/3.32 3.70/2.92 3.71/5.16
T HBE [MW/m3-] ' 101 101 50.6
ﬁ"IL\R-E.J./HiD;‘SEIEEi » _ 280/508 324/397 278/287
ARl 1816 2314 2122
BREHL VAR -['kg/s/MW] 1:16 2.28 1.56
*EMA{EORHHHY

RFMETE GRE) -

S CLWR Q%%
R—=Z2—2Z AR — A
BLRH N MW] 1100 1350
H MR E [°C) 434 538
#ENER (%) 41.8 43.3
REHBIEE (%) 6 5
EL AR

* 1350MWeikUSABWR % LLEBEN R & § 5,
« TEEDEELZHIIUSABWRER L & T 5,
BT - 52%r B
RETFM 404F
Eimy1 7) 135 A
TERRAR] 55H

*S. Tanaka et al., "Plant Concept of Supercritical Pressure Light Water Reactor,” Proc. ICONES, No.2346, 1997
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m

1.2

QAR+ (1ENL)

0.0

SCLWRIK O R ML (MxTEALLE)

W USABWR
01 SCLWR(Base)
B SCLWR(Ideal)

Nuclear Boiler ECCS/Safeguards OtherNuciear Turbinetsiand Electrical

IslandCosts Costs EquipmentCosts

StructuresCosts OtherCosts Total Direct Cost

AR+ (AR

0.0

SCLWRIRM MK (/KWelt®)

H USABWR
O SCLWR(Base)
M SCLWR(ideal)

Osts

OtherCosts Total Capital Cost
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RFFENESR Py BT FHMES
e RE S Lgeah FRK MBS
EEY Y ALLE —ernanzd
EBRERADS) . E“Q”\Z#
i ‘lr%
B 22N iR -
SRS NI oy
' Ofd
¢ -pd——
‘ _N J\,-\ . .,
ey i las %
—@—} $ {@7 -
]
e | = LPCI | ¥
IEFEPE AR (LPCD ) .u | mEknms

AR >0

ERAR T

BEAEEKGHFT S > b RIEK

# ABWRE B SE®EF (SCFR) D
RYRBLUVTENLZLRREFEOLR

ABWR(1350MWe) SCFR(1245MWe)
OF-FIEMMEs v Al =% ' RN ] S—EVRB1 &
AHBM(RCIC) :50kg/sec/unit :80kg/sec/unit
OWBIS K R(AFS) | MEHMIER) 2 & S—tUREH2H
(HPCF:ABWR) :50kg/sec/unit :80kg/sec/unit
Oa#EER(ADS) | 8 #:105kg/sec/unit 8 #:420kg/sec/unit
at 7.9MPa at 25.0MPa
ORES ¥ (AC) 3 A:fEBEN<1.5MPa
O{EE:E AR (LPCI) | RENBUIERH 3 &: REHMAER) 3 &:
(LPFL:AABWR) | 264kg/sec/unit at 1.2MPa | 400kg/sec/unit at 1.0MPa
OReXRERE TD-RCIC TD-RCIC
LPFL/RHR LPCI/RHR
MD-HPCF | MD-HPCF| TD-AFS TD-AFS
LPFURHR | LPFL/RHR|LPCIRHR | LPCI/RHR
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K BILOCARRHT(SCFR)
0 a—I)VRLZ2&KG 1 ENKEN
A ERE IR

308 HBRERED

EE Y > 7 EB(2 out of 3, 20m3/unit)
{EETEARIERN (2 out of 3, 400kg/s/unit)

HEEEIEE1100, C < HIERE 1260. C

1200 —r — —rrrr T T T —r
[ J— 70%Break 1

I - T =2 1 Core Middle
O aoo B JOO%Break\
~ | Core Middle \
& i /f' X,
£ 600 Fr—=tY% SUSSUES W ¥
g A ,_.‘_.‘,.-0* A \k‘t
2 o \ 100%Break P\,
5 - \ Core Top ﬁ‘,
= t_| 100%Break T1e |
200 ¢ ‘ﬁ Core Bottom L g
[ ‘---———o%-——-a——'-o-u-—-f
NS N B
0 50 100 150 200 250 300
Time (sec)
KT LOCARRHT#5 % (SCFR)

Table Comparison with the General Results of LOCA Analyses for Tight Lattice Core

Parameters SCLWR SCFR RCVS*! | RSM0.6*2

o Rod Diameter(mm); Df 8.0 8.8 9.5 8.65
o Pitch{cm) 1.12 1.01 1.223 0.996
o Hydraulic Dia.(mm}; Dh 9.29 3.98 7.86 3.98
o Core Length(m) 5.7 2.7 3.6 2.1

o Coolant-to-fuel Volume Ratio 1.16 0.45 1.1 0.6

o Tum-Around Point(sec) -20 “135 - 50 -130
o Temper. Rise in Reflood(C) 110 220 © 110 - 220

*] RCVS : Convertible Spectrum Shift Reactor in the High Converting Light Water Reactors(HCLWRs) Program carried out by CEA and EDF(8}

*2 RSMO.6: Undermoderated Tight Lattice Reactor in the HCLWRs Program by CEA and EDF(8]
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RERR LTI £ 5
BEEREEAARMF O RS M ORET

ACT(AB) ACT(C)

Reactor Vessel ~ ” SRV/ADS

+——— Power Conversion System .._;

> Dt :

j‘d_ LAt . i

4- dangl Y Turbinfe

- ol A — X ‘

TD-AFS
MD-AFS =5 LPC!/RHRHCIC
LPCI/RHR (9]

(AB)

LRt/

Main Feedwater Pump

Supression Chamber Pool

Plant and Safety Related Systems of SCFBR
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Contents ABWR SCFBR
o RCIC - 1TD-RCIC :50 kg/sec/unit(2.4 %)| - 1TD-RCIC:160 kg/sec/unit(8.0 %)
0 AFS - Motor Driven(MD)HPCF : 2 units | - 1TD-AFS : 160kg/sec at 250bar,
(HPCF) - 50 kg/sec/unit 1MD-AFS : 16kg/sec at 250bar
o ADS - 8 units:105 kg/sec/unit at 79bar | - 8 units :420 kg/sec/unit at 250bar
0 ACT ___ - 3 units, Operat. Pressure < 15bar
o LPCI - MD-LPCI : 3 units - MD-LPCI : 3 units
- 264 kg(13%)/sec/unit at 12bar | * 400 kg(20%)/sec/unit at 10bar
TD-RCIC TD-RCIC
oSafety Sys. LPFL/RHR LPCI/RHR
Config.
MD-HPCF MD-HPCF TD-AFS MD-AFS
LPFL/RHR LPFL/RHR LPCI/RHR LPCI/RHR
o Emer. D/G
- 3 units : 306kw/unit - 3 units : 340kw/unit
Requ. Cap.
** note, % : percent ratio to the rated core flowrate
Initiati i i
é]\’/elaitlng —> gfrg f();r:;?ng —> | Depress.  |—> éz?epéng}hg —| Long-Term RHR
Large LOCA - LPCI Systenv
g > | ADS | [ comator. | RHR Syster
Interm. LOCA > ADS |~> | LPCISystem | = | RHR System
Small LOCA | =——> | AFS |—> ADS [|=—> |LPCISystem |-> | RHR System
VfroyCSAma" rcicl|ars|{—>| ADS |— LPCI System | & | RHR System
LOSP > | RcIC AFs |—>| aps |—> |LPCISystem| > [|RHR Syétem

Mitigation Sequences of Core Cooling for Initiating Events
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1. SF

2. SF

3. SF

4.CD

5.CD
6.CD

7.SF

8.CD

9.CD

10.CD

11.ATWS

* ROSP : Recovery of Offsite Power

Event Tree for Loss of Offsite Power

Initiating Events Surry Sequoyah Peach Bottom Grand Gulf Used Frequency
(Categories in Ref.9) (3loop PWR) | (4 loop PWR) | (1000MW BWR) | (1250MW BWR) in This Study
o Large LOCA 5.0X10™ 5.0X10* 3.0X10™ 3.0X10* A:1.0X10*

o Intermed. LOCA 1.0X10° 1.0X10° 8.0X10* 8.0X10™ Im :1.3X10*
$1:1.3X10*
o Small LOCA (2.1X10% 2.0X10% (3.3X10%) (3.3X10%) (1.0X10%)
- small LOCA 1.0X10° - 3.0X10° 3.0X10° $2:1.0X10°
- very small LOCA 2.0X10? - 3.0X10% 3.0X10? -
o Loss of Offsite Powr. | 7.0X107 7.0X10% 7.0X10% 7.0X10% 1.0X10™

* Note :Taken from the values used in a PSA of Japanese PWR
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o RHR (Recir. Mode)
0 ADS

2.0X10%(2/4)
2.0X10%(2/4)
5.0X10°(4/5)

o RPS(Reactor Prt. Sys.)

4.0X107

7.9%X10%(1/2)

3.6X10°

1.1X10°/1.0X10*
4.2X107

Safety WASH-1400 Japanese Used Data
Systems/Function BWR PWR Domestic Data in This Study

o TD-AFS/RCIC RCIC:8.0X10%(1/1) - - 1/2 :1.0X10?
HPCS:8.8X10%(1/1) 1/1 :1.0X10°
HPCS:7.8X10°(1/2) 2/3:2.0X10%"/1.5X10?

o0 MD-AFS(HPCI) - 1.2 X1032/3) | - 11 :1.0X10"

o Non-Recovery of within1 hr:0.2 within1 hr:0.2 - within 2 hrs : 0.05

Offsite Power within 3.2hr: 0.08 | within 3.2hr:0.08
o Accumulator - 9.5 X10*(2/2) | 2.1X10%1.0X10° 2.0X10°(1/2)
oLPCI 1.5X10%(3/4) 4.7X10%(1/2) - 1.0X10°(2/3)

1.0X10*(1/3)
1.0X10*(6/8)
1.0X10°*

. b

SCFBR : 5.73e-7

|

g 104% //
O 10'6?%"%

3

5

6

8 9

Surry Sequoyah Zion Peach Bt. Grand Gf Japanese Japanese SCFBR SCFBR

(PWR) (PWR) (PWR) (BWR)

(BWR)
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Initiating event Core Damage Frequency I ; 3‘:"

o LOCA 3.11X107(54.3%) LOCA

- Large LOCA(A) 1.2X107(20.9%) ¢,

- Intermediate LOCA(Im) 1.6X107(27.9%)

- Small Break LOCA(S1) 3.1X10°%(5.0%) LOSP

- Very-Small break LOCA(S2) 1.2X107°(0.0%) 224
o Loss of Offsite Power(LOSP) 1.56 X107(27.2%) Tronsrent
o ATWS 1.06X107(18.5%) bé /

| 107
A 3 times of Base Unavail.
0 350% of Bade Unavail
. A
>..
o
T 10 6 A
S . P SRP S N A
N !
| \ Base [(Case
107

0 1 2 3 4 5 6 7
TD-AFS MD-AFS ACT ADS LPCI RHR

Sensitivity of Systems Unavailabilities
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150'6 1 ! | v | ] ( | (]
LOSP
LOCA
B ATWS
& 1.0e6
o
&)
O
o
S
5.0e-7
0.0e+0
Systems | Base Case Alter. 1 Alter. 2 Alter. 3 Alter. 4
TD-RCIC 1 1 1 1 1
TD-AFS 1 1 2 1 2
MD-AFS 1 0 0 2 1

Total CDFs in Base and Alternative Cases
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TR S B K 4 K v R D B B

O DSCFBRERET
FATICER D D5 1) |
BRAFREOHF MO L E
SCFBR-DDF.[MIAf & 58T
SCFBR-D BEOBN | BEEER |
#/BXHT IMWYMWe] | 3000/1245 1155/479
EHE S [MPa) 25 25
LB/ E (m) 2.52/3.50 2.52/3.50
AO/HOREC) 310/431 310/424
BEE 1Z/Y v F [mm] |MOX/8.8/10.1 | MOX/8.8/10.1
BREM/E S [mm) $5/0.52 $S/0.52
Pu EALEE [Wt%] 21.4/23.6 21.4/23.6
FRIPRBERE (GWd/ 77.7 55.0
WEREHEER [y) 25 -
BAF £ (include U) 1.043 0.968
KA FRICE [%dk/k] -1.16 -1.24
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PR

O mumask
@ 75 7y raek

KE{L T v 3= 7 LRB(0.9443[cm])

R-ZEHET N

SCFBR-MNDJF.{MEE &

FOREAR-ZE T VE
Table 1 SCFBR-MN®DJFR.LFETT
#R¥H(Pu in d.U) Natural Nitride
/BRI MW] 3600/1520
1E5L/T 71 [MPa) 25
AL/ IREE[C) 330/438
FLAIE S /EE(m] 2.80/2.83
£ A 4FTE[mm]) 152.4
BETT vy VEEBRE 216/295
BREENZ/Y v F [mm) 8.8/10.1
BHREEM/E X [mm) Inconel/0.32
%5-8: A0

[EREL /G E0AT A B/ ST 45 )
Pu fissile B1LE[%)

55.7/33.0/10.9/0.4
11.4/12.3/12.6

Pu fissile 1 X h Y t] 3.5

TR BRBERE [GWd/t] 38.4
KA N RIS E[%dk/K] -0.78
Pu fissile JRIFE 1.014
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OFIF AR 151
SCFBR Conservative Standard Aggressive
ot Oxide [Nat. N| Oxide ]99%"N Oxide |99%"N
HARAET) 280 360 400
HORE(C] 414 444 518
Seed K BE(g/cc) 0.43 0.30 0.14
BIKUK S [g/cc] 0.55 0.38 0.15
KA B [mm) 180.9 169.9 163.7
BHEE & (mm] 0.52 0.52 0.25
¢ ¥ BB [mm] 1.8 1.3 0.9
Pufis. BLEI%) | 16.4 | 140 | 148 | 11.7 | 11.6 | 9.6
MIEIGWAR] | 463 | 33.4 | 46.3 | 37.3 | 40.5 | 29.3
VoidReac.[%dkk]| -4.4 | -1.3 | -45 | -1.7 | -4.3 | -2.5
R 0.979 | 0.998 | 1.003 | 1.023 | 1.067 | 1.083
CSDT{year) - - - 71 15 | 12

Aggressive SCFBR CCSDT254E AT % 3E 5L

B 7307y MRtk

® 14 ZVERNRAE (EHEE)
O 244 ZVEREREHE (BRILE)
© WA ZIERERSE (ERLE)
B 144 ZIVERERAHE WRILE)
O 244 Z)VERRREHE (BEILE)
B 394 ZVEREREE (EEILE)
© #iH7 5 ASH L MEREH

SCFBR-EN2D4F.CHERR
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SCFBR-EN2D) (1/6) 1548 (BOC)

77

SCFBR-EN2O) (1/6) HiF154s (EOC)

Table 3 SCFBR-ENDIE.L & TG

SCFBR EN1 EN2
##}H(Pu in d.U) 99.0%"°N  99.0%"“N
/B IMW) 3640/1530  3550/1540
A/ ORETC] 360/447 320/490
FELEHE S/EXEm]  2.80/3.16  2.80/3.22
$£4~Fi# [mm) 169.9 173.1
HEBE 216/295 216/295

Pkﬂ%ﬂ&/t" v F[mm] 8.8/10.1 8.8/10.1
BEEM/E & [mm)] Inconel/0.52 Inconel/0.52

PREHETE I (%) 55.9 53.6
Pu fissile B1LE[%] 11.4/12.2  12.0/13.3
X BRGERE IGWAt) 37.6 37.6
KA FRIGE{%dk/K] -1.47 -0.39
Pu fissile FRFF 5 1.023 1.018
CSDT{year] 71 116
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MA total=~25kg/GWe-year

Fraction*
nuclide Half-life(y) PWR FBR
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Am242m 152 0.06 1.4
Am243 7370 11.9 25.4
Cm244 . 18.1 2.7 7.7
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[ 2 i % a3 e 5 ¥ 3B i 5
& E A - b m %, B, H | min, h d 0 = 7 ¥ E
B BR|+07 54 kg B, 9, B ., 0 ~ 7 p
53 fal 7 s D » b AL, L 10 7 3 T
& #Hl7T v =T A k vt 10° | ¥ 7 G
BOPRRE |7 ov o€ v K BLAAL | eV 100 £ # M
Y H & | =* w mol EFERBA | u 10° * =] k
#* Eln v F 5 cd 10| ~ 2 ¢+ h
__________________ o
T @ w7 VT v rad 1 eV=1.60218x 107°J 0 )57 #| da
Ik mlz2rivTy st 1 u=1.66054x 102" kg w7 d
1072 + v F c
10° | 3 ) m
®3 ﬁ@gﬂ]‘%ﬁ? SI %ﬁt%fﬁ 10-¢ -4 %0 ”
%4 SIEticHENIC "
- 10 + / n
% ow |as|MOSEE #r% = 1B A O A
5] i ¥~ n v| Hz s % W B 100 7z 4b f
# =a2=-+tv| N | mke/s’ Y A A 107" ¥ b a
g A, & Hijst 2 A | Pa| N/m’ N - v b ]
TALE- (P, B |0 2 - v J | Nm A= | bar )
I ®, mHEHR|7 » | W | Jds # W Gal 1. &1- 513 (EEBAR] B5 K BB
BB, BHE|V — o v C A-s * a2 Y - Ci ER%D 1985 FHITIC L 0 7251, 1eV
@b, BE, £8H K v bV W/A [ N R BXU 1 udiiid CODATA D 1986 F#E32
% 8| A B |7 » 7 F| F C/vV 5 ¥ rad BT E - 72
g R & WA - 4| Q V/A v /A rem . B
v s s s valv-rvzl| s AV 2. RK4C3HE, /-y~l~.7 w, NI g
B # v = - | Wb| Vs 1 A=0.1nm=10""m SAEEINTLAHORORMULLOTL
B O® % BE|¥ 2 7| T | Wb/m? 1 b=100 fm’=10-2% m? CTIREBLT,

“~ o . ~ — = b = =, H
SRS 1) H Wb/A  bar—0.1 MPa=10°Pa 3. barid, Jlsrw:dﬁ“waﬁﬁ%zbﬂﬁ
vy RERE | ey AR TC | Gal=1 om/s? =10~ m/s? BIRIRD K207 ) — kSRS AT
& gl — A V| Im cd-sr 2

2 1 Ci=3.7x10"°B °
" Eiv 7 A lx ) lm/m ' o 4 ECHMFEBAIEA T bar, barnkk
e | Lol B . 1 R=2.58%10"*C/kg ) ‘
1 & B |~ 7 v ovi Ba| s | vad -1 Gy = 10-°Gy U TMEDHE ) mmHg %2045 7Y
rad=1cGy=
"o @& ®)7 v A Gy Jke o —ARTV B,
g B Y4 Blvy-—--~<wnmb| Sv J/kg lrem=1cSv=10"°Sv
# [ *
71| N(=10°dyn) kgf 1bf H {MPa{=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m?)=10P(#7 X)(g/(cm:s)) 1.33322 x 107 | 1.35951 x 107* | 1.31579 x 10™* 1 1.93368 x 1072
BT 1m¥/s=10'St(Z F — 7 X) (cm¥/s) 6.89476 x 107* | 7.03070 x 10~* | 6.80460 x 107 51.7149 1
x| J(=10"erg) kgf*m kW+h cal (Gt Btu ft - Ibf eV 1 cal = 4.18605 J (1)
E3
o 1 0101972 | 277778 x 1077 |  0.238889 | 9.47813 x 107 0.737562 | 6.24150 x 10'® =4.184J (#fL¥)
Y
I 9.80665 1 2.72407 x 107 2.34270 9.29487 x 107 7.23301 6.12082 x 10 =4.185J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J (EBETR)
- 4.18605 0.426858 | 1.16279 x 10°¢ 1 3.96759 x 1073 3.08747 261272x10°  f@m& | PS (ILEH)
B 1055.06 107.586 2.93072 x 1074 252.042 1 778.172 6.58515 x 10! =75 kef-m/s
1.35582 0.138255 | 376616 x 10" |  0.323890 | 1.28506 x 10* 1 8.46233 % 10'° =735.499 W
1.60218 x 10°'* | 1.63377 x 10°2°| 4.45050 x 10-2°| 3.82743 x 10-%° | 1.51857x 10~2?| 1.18171 x 10~*° 1
ivd Bq Ci alxk Gy rad ;{; C/kg R g Sv rem
& 1 270270 x 107" @ 1 100 el 1 3876 % 1 100
13 & & &g
3.7 x 10% 1 0.01 1 2.58 x 10" * 1 0.01 1
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