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A Preliminary Experimental Analysis of
the BIZET Program~—~ Planning and
An alysis of Control’ Rod BEzperiment —
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3 . ok

: Yasuyoshi Kato

Hiroshi Urushihara "

Yasuyuki Ueda™™

Abstiract

A preliminary kstudy has been carried out (0 investigate

design related problems of control rods in a large LMFBR and
to provide a plan "of control rod experiments for the BIZET
Program:.

Items ‘of control rod -experiments were selected after studing
design problems .inherent to the large LMFBR and due to an
extrapolation of ‘design .methods from a protype LMFBR. Then,
a critical mockup cofe for a 1,000MWe LMFBR has been
designed “to <cover the experimental items under a restriction

of an equivalent (fissile plutonium inventory of about 1, 800Kg.

A series of calculations has been done to evaluate control
md";éffEicts‘ of the proposed core comparing with those of the
1, GQOMWe edre.

During tlgisi st‘g‘dy,aj general guideline has been gpropesed to

p a large LMEQR by .using an ir__;ég?fickiem“ Pu  invento-

yea full mockup core, as follows., ’
1. Region sizes: of inner core, outer core, radial blanket

. ;Vdjial, s\h«“iel‘d-'are determined . so  as to be similar in




a sheape and a volume ratio to the designed core,

Z. Plutoniwnm enrichments are determined se¢ as to copssrve a

similar neutroa flux shape to the designed core.

3. B-10 enrichments are determined 8o as to eqgualise the

ratio of the macroscopic absorption cross-seetion (J£a) of a
contrlol rod to the diffusion length (L) of the surrounding
fuel between iwo cores,

4. OCarbon moderator andsor nickel reflector is wused for an

a djustment of neutron spe<strum or flux distribution, if
required.

According to this rule, the critical mockup core, with a con-
traction ratio of one sub-assembiy in the 1,000MWe core to
four-elements in the mockup core, has been proposed te con—
serve relative locations of conirol rods in the core. The mod
up core, with slightly higher Pu(1870K¢ Pu fissile inventory)
and B-10 enrichments than those of the L000MWe core, was
calculated to have an excess reactivity of about 44 aksk and
to provide same neutron flux shapes and same centrol rod ef-
fects, e. g control rod worth, rod worth interaction and power
density change with control rod insertion, as the 1,000MWe
core.

Another proposed core with a ‘close simulation of an inner
core is found to be suited for control rod experiments in
the near center area of the 1,000MWe. The UK probosed core
seems 1o be suitable for a benchmark study of a large
LMFBR.

The effect of carbon moderator and/or nickel reflecior on

changes in control rod effects has been also studied.

*  Work performed under the contract between Power Reactor

.'a}r_;fd“ Nn{:!ear Fuel Development Corp. and Hitschi Ltd.

«x Hitachi Lud.
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Table 2. 1~1 Desige Parometers

1. Core Description

Component Item Unit {1000 MWe Monju
Bgivalent Radius mm | 1,584.2 B84
Fuel Height mm |1,000 | 93¢
Core Vo lume liter | 7,884 | 2335
Diameter/Height 3.19 1.92
No. of Fuel Assemblies
210,192 108,80
(Inner CoreQuter Core)
Radial Egivalent Radius mm 1,292.2 1,200.2
Blanket No.of Fuel Assemblies 252 172
Axial Axial Blanket Thickness
mm | 3507350 300350
Blanket (UpperLower)
No.of Rrimary Rod 25  Heglating Red 12
Assemblies _ ; Safety Rod 4
Control Rod ) ' '
No.of Secondary Rod 6 Hack up Safety Rod 3
Assemblies
" Thermal Power Output Mwt (2,500 714
] Electric Power OQutput [Mwe [1,000 300
Miscellaneous : ‘
Re fueling Interval year 1 0.5
Load Factor % 80 890




2. Core

Tabie 2.1 1

Fuel Assembly Description

Design Parasmeters{continued)

Qomponent

Ttem

; Unit | 1000MWe Monju
No.of Pins per Assembly 271 169
Material (Pu~UJ30s {(Pu-U)0,
Pellet Density %T.D. 85 85
oM 1.98 1.98
Fuel Pellet Diameter mm 5.4 8.4
Bffective Length mm 1,000 830
Isotepic Composition
of Feed Pu 870 |5B/24/14/4 | 752050
(239/240241/242)
?ﬁ:jgoreﬂu ter Core) a-o 17.5/22.5 18.6./26.3
Material 8US8-316 8SUS -316
Clad Outer Diameter mm 6.5 8.5
Clad Thickness mm 0.45 0.47
Fuel Pin Pitch mm 7.9 7.9
Spacing Wire Diameter mm 1.3 1.3
|aap mm 0.1 0.1
Material SUS-316 | SUS-316
Assembly Pitch mm 145.0 11586
Wrapper Tube Outer Diameter om 140.0 1106
Flat-to-Flat
{Wall Thickness min 3.8 3.0
G ap between Assemb- mm 5.0 5.0

lies




Table 2.3—1 Design Parameters(Continued)
3. Blanket Fueil Assembly Description
Component Item Unit| 1,000MWe Monju
No. of Pins per Assembly 91 61
Material UGy UOs
Pelet Density %T.D 85 D5
Fuel oM 2.0 2.0
Pélet Diameter mm { 108 108
Bffective Length mimn 1,760 1,680
235y w/o 0.2 0.2
Material 8U8-316 8UR8 -316
Clad Outer Diameter mm 1290 116
Clad Clad Thickness mm 0.5 0.5
Fuei Pin Pitch mim 135 131
Spacing Wire Diameter mm 1.4 1.3
Gap mm 0.1 0.1
Material SUS-316 SUS -316
Assembly Pitch mm 1450 1166
Wezpper Tube g?;fﬁto?;fieter mm 140.0 1106
Wail Thickness mm 3.8 3.0
Gap between mimn 5.0 50
Assemblies




Table 2.1 —~1 Design

Parameters (Continued)

4, Conirel Rod Assembly Descriptiion
‘, D’ompqnen‘z ‘ :Hem Unit 1,000 MWe Monju
No, of fins per Assembly 37 19
-Material By C Bs O
Peliet Density %TD. 95 95
Absorber ‘Diameter mm 10.4136 Regulating Red
(Primary/Secondary) {Safetyﬂudﬁ:fli
Effective Length mm 1,060 Regulating Hod
LSafety Rodggg
B-10 Enrichkment a/0 5090 456,90 {(w/0)
(Primary/Secondary)
B-10 Loading Kg./ 2.72/8.35 118.4.39
(Primary/Secondary) Assembly
Material SUS-316 8US -316
: Outer Diameter mm 157 {Regxlatinglf%%
Clad Safety Rod 16.9
‘ Clad Thickness mm | 25/1.0 2.7./1.0
(Primary/Secondary)
Pin Pitch mm 170 182
Spaﬁci‘ng‘ ‘Wire Diameter mm 1.2 1.1
Gap mm 0.1 0.15
Material SUS -318 SUS -316
Guard Tube Inner Diameter mm 1160 9 4.0
Wall Thickness mm 2.0 2.0




Table 2.1 —1 Design Parameters{Continued)
5 Material Volume Fracticon in Assemblies
Assembly item 1.000 MWe Momniju
Fuel 341¢ 3359
Core Fuel Cooclant 38.8 490.1
Assembly Structure 2 4.5 2 4.4
Void 2.6 2.0
Fuel 458 448
Radial Blanket Coolant 32¢ 34.2
Fuel Assembly Structure 186 19.3
Void 1.7 1.7
Absorber 17.3 [ 15.9
Rrimary Control Colant 46.5 Regulating 5 3.9
Bod Assembly Structure 352 Red 263
Void 10 . 1.0
Absorber 295 (27.5
-
Secondary Control Coolant 4 5.6 Safety 535
RBod Assembly Structure 24.5 Rod 179
Void 0.4 i.1
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Tabile 2.3~1 Maximum Power Density Variation is LOROMWe

Core by Oontrol Roed Insertion

Definition : {Inserted)~ {(Withdrawn}
etipition - (Withdrawn)

o
Lowid
Lol

Regin Layer No . 3 rdl Layer Coatrol 8 th Layer antrcil All ?;imary Contsol
Rods Inserted Rods Inserted | Rods Inserted
1 -51.6 . +86 2 -~ 31 2
2 —50. 9 . +84 8 ~25 9
3 —44.0 +77 9 ~17 5
4 —25 0 +70 0 + 085
Inner Core 5 -10. 7 +57 8 + 7.2
6 — 2. 6 +490 8 + 8 B
7 + 1. 4 +26. 5 +10 1
8 + 5.1 [+ 7.0 + 7.9
9 .9 1 ‘—-17. i -~ 4. b
9 +11 6 | —~27 3 - 9 2
10 +14.0 —27.7 ~ 21
Outer Core : ‘
11 +17. 9 —30. 5 + 6 0
12 +20. 6 . —27.3 +18 3

~ 13—



- Table 2.3 -2 Maximum Power Density Variation in

300MWe Core by Control Red Insertion
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Table 2.4 —1 Reactivity Regirements and Conircl Rod Worth

Requirements

Primary Controal Rode

Secondary Control Rods

>k
Burnup Reactivity 518 ¢ K gg’
i} Full

Cold Shutuow? to Fu L 00 1. 00 4 4K )
Power Operating KK
R tivity for Accident

eactivi { 0. 70 0. 70
Compensation
Shutdown Margin 1. 00 1. 00
Margin for Keff

) 0. 50

Uncertinty
Operating Margin 0. 20

Total 8 58 % K g’ 2.70 & 4K gy
Cuntrol Rod Worth ** 9. 73 % MK 00 2. 95 @ 4K gy
* 10 %4 design margin included

ok The primary control

in the 8th layer is stuck.

rod worth is defined when one rod

The secondary contro! rod worth is defined when the

primary control rods are all inserted and one secondary

control rod is stuck.



Table 2.4 —2 Primary Control Reod Worth

Cases 4K P Ak s Bubtracied 0%
* 7KK B RK (design margin
Primary Control Rod Worth
10. 81 8. 73

{8th Layer 1 rod stuck)
Primary Control Rod Worth 11 12 0
( 3rd Layer | rod stuck) : 10- 01
Primary Control Rod Worth L 41 o .
(Center 1 rod stuck) 10. 27
All Primary Control Rod Worth (L 82
(25 rods) 10. 64
3rd Layer Control Rod Worth 2. 28 .
(6 rods) ‘ < 06
8th Layer Control Rod Worth

3 5 80 5. 22
(138 rods)
Center 1 Rod Worth 0. 49, 0. 445
3rd Layer 1 Rod Worth 0. 454 0. 41,
8th Layer 1 Rod Worth ‘ 0. 28, 0. 25,

Table 2.4 —3 Secondary Control Rod Worth

4K , 4K , ,Subtracted 154
Cases % “45/KK %“0/RK ( design margin '
Secondary Control Rod Worth 3. 47 2 95
(1 rod stuck, Primary Rod Inserted) ’ “
Secondary Control Rod Worth 3. 49 2 97
(1 rod stuck,Primary Rod Withdraun) ) )
All Secondary Control Rod Worth
. . 4.
{Primary Rod Inserted) 4.78 06
All Secondary Control Worth
(Primary Rod Withdrawn) 4. 66 5 96
1 Secondary Control Rod Worth 0. 565 0. 48,
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Table, 2.5 —~1 Interaction Effect of Primary Contral Rods

pe Center Single Rod Worth

ps 3rd Layer Single Rod Worth

P 8 th Layer Single Rod Worth

£ $raper 3 rd Layer Control Rod Worth (6 rods)

8 th Layer Control Rod Worth (18 rods)

4
pbuyop

Primary Control Rod Worth ( 24 rods, Center One Rod Stuck )

P3,z fayer

o’ : All Primary Control Rod Worth (25 rods)

Symbol Definition Interaction Effect(#)
PS5 1gee — 6 X p3
Iz i s - 16. 3
6 X p3
) 4 P
IP Ps fayor 18 X O3
8 + 14. 2
18 X ps

ie p" — (pE+6Xps +18Xpg)
2.
P&+ 6 X ps +18 X pg Tass

p;+ﬂ tager ( pglager + pﬂplaynr )

I35
- + 41. 1
[ 3P|nyar + p;, layer

IP pP - (pg+ p;lunr + pﬂPiuyer )
[ S + 37. 8

PE 4+ 05 tgee Tt 08 tager




Table 2.5 —2 Interaction Eiffect of Hecondary Control Beds

g8 ¢ Single Secondary Control Rod Worth
{(Primory Control Rods Withdrawn )

e ¢ All Secondary Control Rod Worth
(Primary Control Rods Withdrawn )

Symbol Definition Interaction Effect (4)
s La — 6 X ' + 37 2
6 X pe

Table 225 —3 Interaction Effect between Primary Contro! Rods
and Secondary Control Rods

pTmt :  All Control Rod Worth (31 rods)

Symbol Definition Interaction Effect (@)

,{p_s + 0. 7,3

_....24 .
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Table 228 —1 Major Chaacteristics in 1, 000MWe Class I"BH

in respect to Contsol Rod Effects

Major Characteristics in [,000 MWe FBR

Control rod interaction effect in a 1,000 MWe Class FBR

1
is stronger than that of a Preto-type FBR.
When control rod(s) is(are) inserted, power distribution
2 in a 1,000MWe Class FBR 1is changed more greatly than
that of a Proto-type FBR.
. Prediction of stuck rod position in which stuck rod has
- maximum control rod worth is difficult.
. Neutron Energy Spectra in a 1,000 MWe Class FBR are

harder than those of a Proto-type FBR.
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Table 4.1~%
B—-10 Uontents for BIZRT Mock-up Control %a&ti{i)

(kg As5)
Mock-ip Hod Bymbo | BIZ’;E;’I‘ MQQ%ART
vNa:ural HBoron Hod ’BN | 1.260 0.566
30 % Boron HRod Bsé | 1.908 0.857
B0 % Boron Bod B80 5140 2.317
90 % "ls‘gmn‘ Rod B 80 5.936 2.665

{(f) In this case, Mock-up Rod signifies Nine Element Singularity, Absor~
ber Length in any B-10 content for BIZET Mock-up Rod is 89 Zmm.

Tabie 4,13
Fissile OQontents for BIZET Reforence Core (el

(#/om)

CJell Name Puv—238 Pv—241 Ue 255

lnner Dore Fuel Cell 10.443 0.318 0.482

Quter Core Fue!l Cell 13.083 0.506 0.448

Radial Blanket Cell L . 0.850

Bii-=3 )

Hadial Blanket Cell o L 0.850
Blti=—4

Axial Blanket Cell o L / 0.563
Bi3-8

Natural Uranium e e 3.342

P 46 i




412 HEFEBLIUEEHEOANES
1) B R i AR

Ha.1 -2 ipd kS, ENDF /B (Version M)F—~ 22 MM LT LL 26 B
HEAMBWMHIMUL-1 o ¥~ GhREEML /1 26 Bb L U3 ETEBOE /ERE L
1ty

ZOB SO ANE ~HEGERIKREMUFPFHBEICHNMbOEMU O L L, KHF
EEY RO AERERIC L, (B41~488)

Pk, RMMTICEIBLOEBOMBMEEHL T a2y, MFIRRT LIS
HERTH> T O ROMETRYMERE, PRFRIBELRATEEC L &,
FTHBCHB L LEEL, C¥—BRREOOTHREF L CBRBEL b 3 B
HMRE 26 BTERE & bILEAL I,

LML 20 B, SHEEMOLBERBEICOVTHRM LK, o8
FDER005 FIKLBATHD, PHFRABICOVTIRES v ¥ o SBREBLT
RFAAMEENS BLUARTH 5,

TLT, IBMERMTLAEHOTWBNCRTARBLDOTHELC b T
SR,

.;;47w




W“‘“*“%ﬁ
//;H‘il}i@“’/ﬁ
Ver,# Point-
wise Data and

Resonance

Parmveier
S~

L

26 Neuiron

Group Basic e e FITMITL ]

Libracy /,

s

BYZET Core Dependency

(i) Temperaturs

(2) Geometry
(4) Atomic Nomber

Density

s
/QGandS

Neutron
Grouwp Yibrary
for BIZET

Jove

Fig 41-2 COross Section Data Processing Viow Diagram
for BIZET Core

Jr— 48 e




Table 414
Mutti-and Pew—(roup Structurs for Large
FBR and BIZET Core Uross~section Fil-

26 Group Structiure 2 Group Stiructiure
Group | Lower Energy Lethargy (Group | Lower BEnergy Lethargy
Number Beund Width Numnber Bound Widtih

1 6.5 Mev 0.48

2 4.0 0.48 i) Mev

3 2.5 0.48 1 0.4 3.27
4 1.4 0.57

5 0.8 0.57

6 0.4 0.69

7 0.2 0.69 Mev

8 0.1 0.69 2 01 1.56
¢ 46.5 Kev 0.77

10 215 0.77

11 10.0 0.77

i2 4.65 0.77

i3 2.15 0.77

14 1.0 0.77

15 485 ev 077

16 215 0.77

17 100 0.77 av

1% 46,5 0.77 3 0.0252 14.43
1@ 21.5 0.77

20 10.0 077

21 4.65 0.77

22 2.15 0.77

23 1.0 .77

24 0.465 0.77

25 0.215 0.77

26 0.0252 214

{1} Upper Energy Bound for 1st Group is 10.5Mev
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b ing Velues in BIZET Reference Core
et
Hegion st Growp | 2nd Group Zrd Group
. (1 -
fnner Core i 7872 —4 $.724 g s 3313 -4
fduter Uare ‘ 7518 —4 4.820 —4 - 5176 ~4
i ‘ T
f8adial Blanket 57568 —4 - 4740 —4 4.594 —4
L o & ) - o
Badial Shield 1.328 —4 1.722 ] 2.3468 —4
MNa Followser — 4988 ~4 3.5%24 —4 3027 —4
Matural Boren BRod 5268 —4 3.124 —4 4.782 —4
30 % Boren Rad 5178 -—4 { 2.685 -4 3.248 —4
80 % Beren Bod 4711 =4 3.387 -5 - 8779 —4
59 % Boron Rod 4. 548 —4 — Z.244 ) - 1.952 —4

{1} 7.272—4 impiies 7.272x107™". In this table, figures are used
in the same meaning.

{2} These values for Radial Blanket are used for Bil—3 and
Natura! Uranium.

3} Badial Shield implies Steel Bar.
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3TR, ¥ -RBGEROBBERBT S0 CEBRERLREL, ©OFBE 2 HH
Lk,
1) #RGRoRE

BIN/UK~7 2 AR, BHEBT 527 » bB11~3 & %Ro 5 v ony s
COMIEMIE b A (M4l ~2iIcRT ) &, 2 BRUME, 4 BRENBL+
NTEHUAHR (N4 1 -5 IERT ) Enb s, RREBRECHL bR EDTH
BUSABOMME & 10, Ma 1 -4 TRTMBREFNT 5 ¥ 7 » b DI LA
SHAMAOBRE, AMFOMNOEMITED, 2<% BREOCE 41 — 5 I
THRICTE 2, AR LANE b ORERTR L AKETRLT L3,

TLTHERC O 2REXYHEATEOF LIRS bt B L, £OKE
2F41—6ICRT,

BERMOR <2 P2 OEZ LO0OMWeBRKRF & 0¥ —SBERE OB & S
Lfﬁgmmguwv,%&%xw#@ﬁ&mﬂ&l—Skﬁ?ﬁﬂﬁ%?%ﬁbf
bHARMTE 3, 37, HIMBHEACLVRHEGILTALVZ ERFBREOL
@-ﬁﬁmggmﬁééwﬁk%ﬁﬂﬁﬁﬁéo

q&@f%egmﬁﬁjm,@@1—$m%s¢%¢?5q

BRERT ORRUOFLBB A VBERL L —TIRT, $LEBER (1
HR) TOMMBKEL L —8 KRTLINERLSY, MELLRERDT b0 &

T3,

Table 4.1—6
Comparison of Neutron Flux Ratio between BIZET Relerence
Core and the Core in which Void exists outside Blanket

Energy a Core with Void 1,000MWe Ciass
Group Reference Core outside the Bianket FBR
: ‘ Inrer CorelQuter Coref Inner Gore|Quter Core| Inner Core] Onter Core
g 8 % % % #
1 26.8 28.8 27.3 28.8 25.1 27.7
2. | 3za 327 “32.4 32.6 30.4 31.0
KN 408 | 385 | 403 38.6 44.5 413
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Table 417
Number of Plate (ells used in BIZET BReferemce Core

Region Fuel "‘::zzﬁﬁ“ftz* g‘::;ﬁ;’ﬁi? Shield | Total
Inner Core 60_6‘ 8.!‘ is i 703
Outer Cor 896 54 48 e 298
Radi;;}lul—i_};nket 604 o o e b sos
Natural! Uranium 248 ] 0 i 248
Fadial Shield ’ 492 492

Tabie 4.1—8
Control Rod Positions and Naming
in BIZET Reference Core

Nine Element Singularity van" Element SingularHy
Naﬁme : | Region Name Region
0 : Cvovre Center X Inner CQore
P Y |
Q Inner Coare Z Quter Core )
R U
: 3
- Outer Core




83003 303323y LHZig U1 Yiriom poy
I0I3800 J21U8) U0 1083)y UOIIBIIUAINOD OT—g ¢—T% ‘Hi 4

ﬁmmﬁ\mxvm«:munac 01—

@
I
-
o
o
Ll
o

b

"
[edruoD

064 1

(A3 709%)9310m POY

AtideInBulg JuowWd R DU




SEI00y S3UII Y

LEZIYE ¥

uoiinqitisug yrion ooy (BIPRY T "84

(&) 3231033 2i00) WOIJ I3uBISI(

S Nep—

2310 333RB)

-
o

2i0p 3dwvUY

Ayirendurg 1uswiojy SWI}

—

80

90

snipey

Vo 20

2100 PpazijewIoN

— 80

j031U0p BATE oy

KA

Hizopm poy

duﬁ‘zm




U013 Jasu] [eijded Joj yiJog poy (oijuog

(=) @sic;3 jo dog weijy giasg uceijaesug

002

mw.ll

iy

-3

<2

oed

™~

(210 jo

FEFVIT V0N 1IASU] O 33 UBIS (=X

SL0 050

01

jorjuny) sAilwiay

gilem poy

w2




414 CH¥-BEFERFEOBRH
1) At EE s BIEREECBR
41— TP LELTADEOMBLE OB~ 10BED ¥ REHESL &8
AL, tORBEBEESEH L, 2OHEREE 41 ~61LRT,
2) B Kkl EEEE S s
b - MR BT, B—10 B0 $5LUB0% 00 BEMEELELE
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- A

\\\\ /RN%M Shield
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7
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Fig.41—=9 Half-Insertion of a Center Rod in
BIZET Reference Core {(RZ Model)
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Table 4.1-9 Comparison of Interaction Effect and
Single Hod Worth in a1000MWe Ciass
FBR with those in BIZET Reference

Core

Interaction Relative Single

EBffect (%) Rod Worth

Core ‘ Conditions

1,000 Mwell)| ' —

Class
FBR j,////// - 16 1.0

Conservation ¢f the

absolute distance from
core center to the + 6 0. 88
control rods

Brzer @ Conservation of the

relative distance from
core center to the - 25 0. 97
Core centrol rod

| Reference

‘Adjustmeut of relative
single rod worth

(1) B-10 Concentration is 50 %
(2), ,:B,—, 10 Concentration is 30 %
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4.2.3 v¥—-EROHETITELTE
HGLELT, SlIEEROBHICER LA -8 e D FESEZI oL, LLTEEY -
HBFEOFBRO L ETHELHESEZ, HINEHBRERNP L LAFFERE-AEEX
UBE—-—OWR LT 10
1) - FBoBRES
AEOBRE TR, 842 -1 ERTHRRELEI T L, BHRFELLTE,

I b= { fissile) B ET B,

Tahle 4.2-—1 BRestrictions in BIZET Program

.S Items Bestrictions Class

1 Pu Fissile Inventory 1. 8 ton

Number of Control Rods
2 Shertage B {2

with various Boron Contents

3 Moderaior and Reflectors Not used 3(2)

1) High priority restriction to BIZET Program
g

(2) Lowpriority restriction to BIZET Program.

2) HFREREEZ2BROBFRR

flEEERLGRE LATFEEREELZICHY, 1L00OMWe ZABIF & £k~
REGRLORRLOMBABRT T AL LUK ELFENDO LU, 2OBRBEAL F
LB L, Fhd2~2L103,

LOOOMWe MAHF iCEW 2 EELBY — HEBETESRIL S EBLU
WP HEEBHHRKEVCTE — ZHEPERBTELEEN, HESESREMNEE L
NHEERTHE, 10, B2 -2 TOMBEL T ~CHLTTER, FEY
To THEEEKRL, 7o b a( fissile) BEOIBIBEELHE,- XL,
LT, R42 -20HBADV Db ENL THELEZ 2 2ORSEKEOER
— AE, BE — iffxoubi,



Table 4%2—2 Major Bifferences hetween 1, 000MWe
Class FBR and BIZET Reference Core.

A Items 1,000MWe Ciass FBR BIZET Reference Tore
Ianer Core
i 1. ¢9 0. 65
Volume Ratio (1)
. | Contro! Rod (2)
2 0. 67 0. 12
Volume Fraction
, Fnergy Spectra in the BIZET inuner aud outer
3| Energy Spectra
cores are harder than those in a Large FRA.
The arrangement of Four Element Singularity in
Arrangement of
the outer edge of outer core in BIZRT Helerence

Control Reods
Core is not swvitable for Control Eod Bxperiments,

(1) Ratic of imner core volume to outer core volume

excluding control rods.

(2) Fraction of control rod volume to core volume.

3) FHRBKFRE —AE, BE~ oOEE
AR, BEERROBE, MEABLUL0BRELHR L2 -3I0F7T, ARGBRR
ARFE.C, NAFEL, 7777 b, BREASS L URERKERELARF & 08
PERLDOBRBOFTIRY, KSUPLELIELOTHS, BRERIHBELE,
firiE, MEMEEZEY, AAFLCORREFIROREILFLELEGDTH S,
Baz2~-2h5M42-51, AR, BREGEEOFA~y 7 (17480 ) BL U
RZeFndDot 2t —%475 7,
REFLOKE s, REBFLEREERL, v =20 fissile) BEDBAD

SOEE-HRER L O/EAERL2 - 4LRT,



Features and Problems of Proposed A—and B—Oore

Tatie 4.2 -3
items A - Core B — Core
Inner Core Volume 1l simutated 1l not scimulated
Ratio -
{(n
tarity Energy Spectra 3| not simulated 3| not simuiated
Arrangement of 4l simulated 4f simulated
Contro! Rods
1 Inner core volume it Inner core volume
is greater than is two iimes as
Features Reference Core farge as Reference
volume Core voliume.
2| The ratios of 2| The inner core is
varicus components closely simulated,
are the sam: as
those in 1,000MWe
Jtass FBR.
i} Higher enrich ment |i{Guter core volume
is outer core’must is fairly smaller
Probiems of be necessary. This than inuner core
Proposed Core requires additional volume. This gives
~200kg Pu fissile rise to the problem
inventory. of steeper flux
slope in outer
* 22.3 & core regiomn
1| Use of high enric— |1 Use of high enric—
Solutions for hment uranium in hment uraniwm in
above problems the SNEAK core. the SNEAK core
2| Radial Bliankei is

replaced with

Nickel Reflector

[

) Simularity with 1,000 MWe Ciass FBER
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Oomparison of Reference Core with

A~ apnd B— Core

VA f iems Reference Core A — Core B —Core
Belative
i (1) .0 1. 27 1. 95
Inner Core Volume
Conirol Rod Volume
2 Fraction in 0. 12 0. 07 0. 04
Inner Core
Fissile
3 1.7 ton 1.9 ton 1.9 ton
Inventory
Use of Nickel not required not required required
4
Reflector
@)
51 (ore Height 1.¢ L9 i. 07

(1) Inner

core volume

normalized to unity.

(2) Core height

1o unity.

4.2.4 HEEETOMESOKS

AR, BEOHHFHRAKRTOLXBOBER LI TR L, t0RZL T DEFE DA

BAEMRE L,

1) B A2 b2 T

REFEOEBICLENT, ARV ETEEEGEARCERT 5 L3HT LK
HIEHE R, HeHEBEMEOTEHRILBUZ RN PLOHREBEHE L L A

HLTFO&IuBRER/N,

AEBIUBRUKRZDF LB R ZOREMERBAT A LICLD, FL A
MY P L 000MWe EREFE L K432 E0TE5, STHER B oA

in Reference Core is

in Beference Core is normalized

- EVEOREHOCBAOER, 3LUEFELRL2-5IFT,

ARBLUBRKRIZLOOMWVe BAEF LB LTEDRART P VRELIE
Lo LB LCOC kS HEETENRCEZ 528

hot, (HM41—-14%588DTL)
H— 8 v AREEL, SBEECKEZREALL

BeEO, RIDEEE, 27 bvE

FAEOCLBHDOERD



b, PEFERGM, HDGH~OCEFEL

%

B4z -—-6p5H4

Table 4.2-~5 Advantage and Disadvantage due to
Carbon Mixing in the Core
Items Effect of Carbon Mixing in the Core
1| Energy spectra are softened
2| Neutron flux is flattened.
Advantage ] )
Power distribution in the inner core is
3
fiatiened.
1] Excess Reactivity is decreased,
Disadvantage
2| Fuel cell elements must be rearranged.
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BHEEBOS LBER, 42~ 10 RT LI ICKREF & LB LTAMEL o
HEHRE D, BRAKHFONMPLERBET SRRLFLLRTEHLY, cok
JibhakE o L, MRBEERSFNIFO—BaPHRTEL L, EDkb,
—y o, <)) OLEORKEERCSCLICED, ARFLOMNAE DL
PHERIHEFHELL, REFOARE—REREC LE2HEL),

CCTHERMELT = Y v ERAVEN L, 9, v F 08 FELEL A
HrRHAORGERMLAR 42 ~ 13 R, Rit=» r VEHH OB L 25k & ¢
RHEORIGEREEN 42 - 14 AT, M4 2~-58B0 T2 ¥ LREHEH
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H42-1500842 18754y bE2INTaw Y ALEHBICHRSBRE /-
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6 IR T,

SEHOBRH THRHPELBLT IO BRBRTH 3, BEEZEZDVT=v ¥
VOFHRE, Bb, 77 Vv IR OREBSEZATHMURBES Lok, L
L, SATHESREOROMBIC L D, ARFLNSTC D, REHOERNEG
BAMFLTORRTIROEEC HEFHHCCLRT AN, (M42~19 286
ROC L) BREXTEAMFLHLBOMNEBCHELT, 1,000 MWe AR O
DHEFLE RISEERRETE 0T, PLOAS S iC k2B SBRIE L ic
%ﬁéﬂﬁ%ﬂ(?C&M?é%C&Wﬁgbfﬁmbrw<tém;waﬁign
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Table 4.2-6 Advantage and Disadvantage due to
Use of Nickel Refliectors

Items Effect of Use of Nickel RBefiectors

Neutron flux and power distributions are flattened

j Advantage in the inner core

2| Ewcess Reactivity is increased in ordinary case.

_'.'f;jijsagi“v‘amage 1| not found |
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Table 4.2~7 Pu F,i:ssi‘le(z)lnventoryk in the Proposed Cores

."'"‘:Source o A~ Core - B ~ Core

Uramuw Fzzeis

1 | 152 kg : 152 k
ffon S‘JEAK ‘ ' ¢

, Plutom;nm frmii‘ e : Lo
2 _ . - BT kg ‘ 170 kg
Outer Core o

Totat | 209kg | 322 kg
(). SNEAK Uranium Plate Fuels ( 20 USGS8 and 35U5G8)
(2} Bauivalent Pu Fissile Inventory

(3) Net Available Fissile Inventory due to Replacement of Fuel
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Table 4.2« 10 Comparison of Badial Worth Distribution
between 1L,00OMWe PBHR and A~Core

Control Rod Wi.()@() MWe A = QCore
Location FBR B 30 B 8o
3rd Layer 6.93 (1) 0. 92 (1) 0. 92 (1)

8 th Layer 0. 57 (U 0. 59 (@

(1) These values are relative worths which are normalized

to core center rod worths.

Table 4.2-~11 B=—10 Contents for BIZET Mock—up

Control Rod
(kg Ass. )
Mock—up Four Element Nine Flement
Symbol

Contre! Red Singularity Singularity
Natural

BN 0. 560 1. 2680
B - 10 Rod
30% B~ 10 Rod B 30 0. 848 1908
50% B — 10 Rod B 50 1. 422 3200
80% B — 10 Rod B 80 2. 284 5. 140
90% B— 10 Rod B 3¢ 2. 638 5. 936
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Table 4.2~ 12
Comparison of Muiti Hod Interaction beiween
1, 600MWe FBR and A-Core
‘Interaction Effect(%)
Symbo I(}) Definitionil) 100CMWe A=~Core
FBR Uncorrected { Correctedd
e F s laver—6xg% —16.3 —8.6 —1 4.0
? 6 xo% ' (=117 ) (—17.4)%
P —~18xp}
5 fs ayer TR +14.2 +3.5 +11.6
18 Xps . i
F—( pfetoxd +18xd5 )
1 o’ —(o7ctoxA %) 1423 +183 +31.8
_Fot6Xa +18xd
# - laver<(h layer+d layer|.
I%s- +41.1 +20.8 +34.3
e p% layertph layer
I I —(fetth layertds layer) | ., g +19.2 +327
e Fe+dh layertds 1ayer c T '
tal—(s® +ps
Ie- oo 2 (o +0%) + 07 + 16
o0 + ps i
(1) See Table 2.5—=1 and 2.5~ 3
{2 No Carbon Contained in this Case
* Values in Pathenthis are for B80 Control Reods.
{3) Distance from Rod to Rod is corrected.
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Table

4.2—13

Control Rod Interaction Index

tmﬁ$ﬁ%$ﬁ&té&émmégb#bA%W%mﬁm%%&%%bfﬁﬂ@
KRN EL FTOTLVELTHE LEL S,

1p00MWe
, A~ Ceore
Parameter | Class FBR :
(B50) B50 B8O B65
¢ 1.82 -2 1.63 -9 244 -2 1.85 —2
Lfuel 16.4 17.41 17.6\ i7.60
2 Afuel 1.11 -3 5.86 —4 1.39 -3 1.05 ~3

(1) Neo carbon contained in this case

427 HEHRORE

423mb426@ﬁﬂ®§%,t% ﬁ%@ﬂﬁ@ﬁ&fﬁﬁﬁ@&ﬁMA%ﬁﬁ
#Hﬁﬁ%&brﬁ%f%%cawhmotc

A%ﬁ%mﬁ%ﬁ,4§%ﬁﬁ&®ﬁm#&mﬁﬁf%%&wo5&15%0tt~
%%ﬁ%m&i9tw5%ﬁmwﬂﬁﬁm@§ﬁﬁ%z%%L#@?ﬂ%%m%ﬁ@
7V—r®ﬁ%aﬁﬁﬁﬁmébm%ﬁféa A%ﬁ%ﬁﬁ42~MVrfijm

4¥imkﬂFT®I%AﬁKﬁé?§MT@bgﬁmﬁﬁﬁﬁﬁﬂﬁgﬁ&mﬁi
TOBhETHE, | |

B%ﬁ%ﬁﬁ@ﬁ%a@ﬁﬁ#m®%ﬁ%ﬁ?ﬁﬁkémﬁm&Li%@?é@,

ﬁ%ﬁm*m%@ﬂ@&m%bfm,um%meﬂkﬁﬁmﬁﬁfm&ﬁﬁ%ma%‘
RHTEALL S AL 2 ‘ ‘

§5ﬁ¢5m;ew“”




CBBRUBRNbEC LD RERNS,

-Table - 4.2 - 14
- Comparison of Core Composiiions be twe en
1000MWe FBR and A~ Core

. 1L,000MWe (n
BRegion Class A~Core
¥BH
o Inner Gore 51 0' ; :
B Fuel Assetrdiy “ ‘ 209
OU."“" Cnre ) ) 192
Fuel Assembly 192
Blanket4 259 ‘ ‘
Fuel Assembly 249
: Shu’ld . 420 21
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e Secandary[{gd : 6 . 6

) (I)InProposed A&Core, four elements are 'aséumed‘
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Table 4.2 -—15
Interaction Effect based on Disturbance Parameter
Method in BIZET Reference Core

Control Rod Interaction Bffect(®)

Gepfiguration Predictions” Direct Calculatinns™¥
B30(P, Pr) +12 +14

B30(S, S-r) +15 +17
"B8O(P, P-y) +17 ’ +19

B30(S, S-v) +20 . +23

notes) * Predictions using Disturbance Parameter Method

a; is estimated by total! flux.

a{j) is the same value as the estimation of 2
Prototype FBR. '
# % These Values are given by direct diffusion calculiations.
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8
1.16
1.24
P 8 T
.13
1.12 1
117 =] L1
Q
1.07 Outer Core
1.11
0 R
1.05
ng* Inner Core -
0.97 1.07
Q4
0.20
0.86
P-+ T

Inserted Location 0.95 fem— B30

PV (B30 or B8&O)

'0.94 fe—— B8O

note)
Upper Column Values
are the values of
ai / &Aj) when B3I0(Py)}

is inserted, and lower

values are when BBO

(P-v)is inserted

'F-ijgf,'z4.2—21 Spatial Distribution of Disturbance Prameter
when One Control Rod B30 or B8O is Inserted
in the Inner Core
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115

1.20
P T
i 112 112
¥E I
- [
1.09
L13 Quter Core
0 R
_Lo4 Inner Core 1.06
1.05 .08
Qs
5.97
.00
P-x Ts
{oss | 0.97
losz | 0.96
. S note)

Upper Column values
are the values eof
ai / di} when 2z B30

(8-v)is inserted, znd

(B30 or B8&)

; ,‘,L’,__Inserted Location
|

lower values are when

a BBO{(S-v}is inserted

.,Figﬁ42;42~ Spatial Distribution of Disturbance Parameter
RS .~ When One Contrc! Bod B30 or BBG is laserted

in the Outer Core
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Dod Worth

Reiative Controi

B 20
1.0
0.81
0.67
0.4+
0.2+ Nine Element Singularity
: ; - | | ;
) H 2 3 5 8
Carbon Control! Ratio (Volume %)
Fig 5.1 —3 Variation of Control Rod Worth at the Core

Center, with carbon Contents in BIZET Reference

Core
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Rod Worth (%94k. "k

Control

Four Element S8ingularity
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B— 10 Contents (kg Ass. )

Fig 52~1 B-10 Concentration Effect on Core Center
Control Rod Worth in A—Core
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Table 5 3

Assemblies by HIiMUL~1 Pjie

Calculated Values of Experimertal

All Pu Assemblis(3 cores)

Avarage Kelf 098635
Keff
(9 Cores}’
Average Keff—ll 0.6051
Average Calculated to
Experiment Ratic 0951
02‘:3‘8 /02?5
(9 Ceres) Average

1Calculated to Experi 0070
~—ment—1]
Average Calculated to
Experiment Ratio 0.963

dzfas/azfas

{7 Cores) Average
1Calculated to Experi 0037
—ment—1]
Average Calculated to
Experiment Ratio over 0.99%6
Ali Assembl is{9. cores)

'02{33 /ngas Average Calcutlated to
Experiment Ratio over 0999
All U Assemblis(3 cores)
Average Calcutlated to
Experiment Ratie over 0.993
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