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Physics Parameter Evaluation of Advanced Fuel FBR Cores

Plant Engineering Office
Technology Development Division
Advanced Fuel FBR Core Working Group®

Abstract

Physics Parameters were evaluated for FBR Cores with new fuels, i.e., metal, carbide
and nitride fuels in comparison wtih the oxide fuel cores.

The main results in FY'88 are as follows.

(1) Some critical experiments and FBR core designs with new fuels were investigated
and reviewed from the view point of nuclear characteristics of the core. For Ir
and N cross sections, which are needed for new fuel cores, JERDL-3 library data

must be used because these cross séctions are not included in JENDL-Z library.

(2) Physics parameters were compared between new fuels and oxide fuel cores. The
conventional two-zone homogenecous core was selected for the ealculation. The four
cores were designed to be equal to another in dimension, core configuration,
specific power density and peak linear heat rate.

Comparisions are summarized as follows.

(1) The burn-up reactivity loss is decreased to be nearly zero for the new fuel
cores, and the breeding ratio is raiseed by about 0.2 for the new fuel cores

compared with the oxide core,

K.Shirakata, T.Sanda (Reactor Reseach and Development Project(until May 1983), Present
Section : Plant Engineering Office), K.Kinjo, A.Hara (Plant Engineering Office),
T.Yamamoto (Reactor Reseach and Development Project (until May 1983), Present Section :
Reseach and Development Planning Section, Reactor Technology Development Division),
T.Takeda, W.Uto (Osaka University), M.Yamaoka (Toshiba Corp./NALG), K.Hojuyama (MAPI),
M.Ohashi (Hitachi, Ltd), and H.Tsunoda (HRI) |
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(ii) The maximum fast neutron fluence of the metal fuel core is about 30% larger
than the oxide core due to harder spectrum and decreased effective fission cross
section.

(ii) The Na void reactivity and the Doppler coefficient for the metal fuel core
are worse than those for the oxide core from the safety point of view, but
reactivity coefficients due to fuel axial and radial expansion becomes more

negative,

(3) Cross section sensitivity analyses were conducted and uncertainties of core
parameters due to cross section uncertainties were evaluated using cross section
sensitivities and covariances.

It was made clear that their total sensitivities to individual cross sections,
except oxygan, were not very much different between the metal and oxide fuel core,
though 100KeV ~ 1MeV sensitivities for the metal are larger than those for the
oxide fuel core. |

The uncertainties of core parameters due to cross section uncertainties are
almost equal for the two cores, though the total uncertainties of ke¢: are about

0.4% largér for the metal core.

(4) Feasibility studies of FCA critical experiments were done in order to
investigate the nuclear characteristics of the metal fuel core.
It was made clear that 80-150 MWe class FCA cores could be constucted for clean
benchmark tests, and the physics parameters of selected FCA cores could simulate
those of 1000M¥e class metal fuel cores well, though-they are zone-type patially

mock-up cores.
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ZPPR-ISTOEBMESFED (IFR) OBAEROBELFE2.2-1cF D,

(2) 7 DihoRER 2 () W
#9222~ AN THEUREI 2 VI BOERERAZ I DD, WTHEEEETH S,

«#2.2-2:' Pu—U~—CIFROTHEBEI/NEIBERESEKTORINRY P LDV 7 ML
DALY 774 F2RANTNS,

+ #2.2-3: UN#RITIH3H, nL i1 EH, MORSEOFHAOBRKREFFRTH 3,

cF2.2—-4: ZThHBUNRBEIZEELTHE D, ZPPRTNMBAFCE T, UgRFE7
SRAYGITF AT TCRBU WS, o

(3) #5 E
RS cHBMB oBAERREL LTS3z FE2.2- 1o FCA—-1 &
F2.2-2cF D ZPPR-ISTOEEBBBFLOAE T TH 3,
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HEMBHA RBEFER

— &EREF CAFRD —

STUDIES OF THE CRITICALTY OF 20% ENRICHED URANIUM FAST CRITICAL

FCA—1I—1EHER

B4, F% | ASSEMBLIES (FCA-D).
BTt JOURNAL OF NUC. SCI. AND TEC., 6(1], P.35~42, JANUARY 1969
@4 JITSUYA, HIROTA, SHOJI, NOMOTO, NAOHIRO, HIRAKAWA, MASAFUMI, NAKANO.
|
= | FCA— I R4 200 AN BR T3, FCAIZ X3 PHIOR
BTk, 20%BHYS v EHAWLEEARBERRRSTbONT,
FCA-IERXRONANTEN
Core composition (%) Core |Equivalent| Core | Blanket | Loaded mass
Assembly S TER e height | core radius | volume |thickness| at criticaiity
" lenriched)! " steel Graphite | (cm) (em) n (em) - k)
1-1-C 82.7 10.83 - 35.56 16.98 32.24 30.9 08.4
% (|12 | 87 | w8 | — ]3| 1216 | 3wst]| 02 | s
4B | B20 | 108 l 207 § 4046 | 215 | 59.25 | =2 | 1312
H oL 20%9REY I ABHER
HEHE: 30coEERMLU SRl
Core Cress Beetlos (Flaed Malf) . %
B
9 n:mmosggggLigy_gngénnn=nassz'msl;unuunm
5 % T
TRt | E ]
[T 2ilH
fid =z

o et e Rt ot e . o o i Sy o0 o e it et 4 o e i s i i . e o o ot e e
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INTERNATIONAL TOPICAL MEETING ON ADVANCES IN REACTOR PHYSICSM ‘
MATHEMATICS AND COMPUTATION, CO. SPONSORED BY CED AND OECD/NEA, 27-30
AVRIL 1987, HOTEL MERIDIEN MONTPARNASSEM PARIS-FARANCE ppl40~156
BENCHMARK PHYSICS TESTS IN TER METTALIC-FUELLED ASSEMBLY ZPPR-15,
H.F. McFARLANE, S.B. BRUMBACH, S.G. CARPENTER, P.J. COLLINS (ANL)-
INVITED

|
IFR7OYx? b2¥H—1tL, FBR—I (REBBFL) cHERExNLS |
o b FYEERETY, FEXNACVISRBRALOEBN B2 RT3
CERHEHMELTVLE, RKAEE, OXBREIMBEORH LOMOXEEGHED |
WErOUB2T>2LTh3, '

= o
48 o i
REFLECTOR 33 |
e “g s
QUTER CORE s
1 |RaDIAL BLANKET hat
! Z. |5
g ES
INNER CORE Ecy o | _3° | 4
o X £5]
L5 L iR 3 g
Ea% @
. o Cw
BLANKET i| & g5
| : ) =0 i
)
! X Evrm E = ©
PPR-15 REFERENCE MODIFIED ZONES FOR ] miaphite 2em EF
CONFIGURATION ZPPR-15 MEASUREMENTS E_2i Na
Flg. L ZPPR-15 Relarenca and Modified Conligurations Fip- . FZ Disgrams of ZPPR-15
Table 1. 2PPH-15_ Core Data
Earameler ZPPR-154A ZPPR-158 Z2PPRSC ZPPR-150
Pu Mass 1336 kg 1328 kg 651 kg 162 kg
CZEYMass T T 16 kg Tokg T BIZKY Y517 kg
Core Heavy Metal 8679 kg BEEE ky 8842 kg 8209 kg
Average Enrichment 13.8% 13.7% 16.3% 18.4%
Ben 0.0034 0.0034 0.0052 0.0066
Zrin Inner Core Zone none 408 kg 409 kg 409 kg
Table . ZPPR-15 Experiment Summary ’
é‘t % Measyrement A, B c. 2
H Crilical Loading

Reaction Rates;
Fission Distributions
2381 Capture Distribulion
In-rod Boron Capture
Gamma Heating

Control Rod Worths -
Central Rods of Various Designs.....”
Rod Banks

Reactivity Coefficients
Sodium Void
Doppler.
Small Samples
Expansion and Bowing,

Neutron Spectrum

Kinetics

Noise

Ostillator

Aod Drop
Radial Shield Effects . i
Na Manometer Reactivity .
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i
|

TRANSACTIONS OF THE AMERICAN RUCLEAR SOCIETY, 1870 WINTER MEETING,
NOVEMBER 15-19, 1970, ¥0L.13, NO.2 pp710~711

i
| RE4Z, #%& | MEASUREMENT AND ANALYSIS OF REACTIVITY DOPPLER EFFECTS f
| B Uf i 2] IN ZPR-3 ASSEMBLY 53 ;
; R.E. KAISER, J.M GASIDLO (ANL-IDAHO) ;
| ?
| !
| ZPR-3/B3VI FNAXZ FLOPu—U—CROCU/Pulkil.6Ts 5,
'\ g | SOREEE, WBEY T AN ML OBESHFLOBROHABETY I |
! [ Vb 3B4r DAY FI-ZFELV Y- XOELBETH S, i
| i
i ‘ |
| |
| NatUOz% P uO2¥ Y 70 Ol X o RGERR2EFL F. |
! !
1
[ i
#® g
! i
E 5
|
1
|
1 !
i _ |
(Net U sIE O e Ve o sample |
1? WEE L D D —HEaREE i ZPR-3 Assernbly 53 i
T SRR 2 ‘ ke =0 E
; TT e AT{°K) Cale Meas C/E ;
1 MEO—BEIREFCH 300-500 -4.76 | -4.43 +0.04 | 1,074 .
| 300-800 -9,72 -9,54£0.04 | 1,018 !
ﬁ‘:jn: % ! % o 300-1100 -14.56 | -13.62 £ 0.04 | 1.06% '
! Total sample worth | -63.3 -58.1 £1.2 1,144 !
| — . : |
| | |
| s
| |
! ! !
! ! |
| : !
; i |
1 T 1
| | é
| b E BEH i
|
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TRANSACTIONS OF THE AMERICAN NUCLEAR SCCIETY, 1970 WINTER MEETIGN,
NOVEMBER 15-19, 1970, VOL.13, NO.2 p731

fE% , &% | PRELIMINARY ANALYSIS OF A MOLYBDENUM-REFLECTED, FAST SPECTRUM CRITICAL
B U B 20| ASSEMBLY
PAUL G. KLANN, WENDELL MAYO (NASA-LEVIS), T.H. SPRINGER (AI)
NASA—-LEVISX , FHABAY AT LOROTE, REGHO2V NI FBEE
= | FOBRERIT2HAREL T 3. 2OFYEREHEL T 2y 2 TBLOEAYFY
— D EERER (UNSEL, n LUGH, MoRE, B8 KD LI 2V -7
bihiThs,
23 in-ﬁ% X22.7ing & D FALL-AWAY SEGMENTS i
MEMERE S &I ) 7 e MOLYBDENUM VESSEL !
=7 : STATIONARY CONTROL DRLAS
d Ly RAIRLE ﬁﬁ LT MOLYPDENUM
w3 | | SamPLE
OB |FielomeEdE, 8 G
TS,/ Al8LEH 3 PRI
BRENTVS, O ookt |
G
ui,; ®-®.o. 'I'. 1
\ [} ' ¥ ' L] L]
LigH . (5 ]
i';\u Elﬁ E l'i I S TARTALUM
| —HHEFZA s bW | e A T"‘:ﬁ"" s . |
- Eﬁ%gﬁ ‘ HAFHIUM
— Ui : ([ e
— Hl s % TANTALUM
g om | e :
— Ko EE A
A TGS TEN
LFUEL TUBE TANTALUM
Fig. 1. Molybdenum-reflected fast spectrum critical !
configuration and fuel assembly. |
L
(i % | 288
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| PROCEEDINGS OF THE 1988 INTERNATIONAL REACTOR PRYSICS CONFEERENCE, 1
iSEPTEMBER 18-22, JACKSON HOLE, WYOMING ppIV-327~340 ;

W%, #& | MALISIS OF SP-100 CRITICAL EXPERTMENTS 1
| Beof gt 4 J. SAPIR, D. BRANDON (LANL), P.COLLINS (ANL), C. COVAN (GE), C. PORTER, |
;s ANDRE (VESTINGHOUSE) ;

f !

! i

I

E%EIDOE EfiERUHZEFER L CHARBL TVW3 SP—10FHMAETFO
= m|$d@ﬁf F32BICZPPR-16TAYFI— I BAEHREITS,
| i @ SP-1003 UN#K2EEL T3, ZPPR'CL;I:]\$'C%@*U+C-CW
] AlLTn3,
| ZPPR-1613/MEY, i 4E T, BeOST AT, BRAA 1A,
|

| FEHAETH GO0kVel ) 2IBEL T3,
BRIRE, BYFAMRESN-FTH-TT
iItﬁF?li Kot ¢120.5% B0, C/RT7— AU
| BN E. RIBERRO—HEFRL TS,

H g TABLE 1. ZPPR-16 Experimental Frogram
Pameter 16A 168 16C
Criticality X X x
Kinelics X X X
Comrol Rod Worths . X X
i Reflector Worths X X
Power Distribution X X
I Gamma Ray Do.sc Distribution X X
N:um_m Spettnum X X -
1 Materisl Worhs x *  Fig.6 ZPPR-168 Intertace and Avial Enrichmani Zanes !
| ’ .
i Table Il - CALCULATIONAL RESULTS
g | - bt . . ;
| | Expl,  _TWODANT. ____ MCNP |
i g . Value Value  C/E . Value CE
1 . . i
| EIGENVALUE . ' . i
| ZPPR-16B 1002 . 1.003  1.002 1.005:0.4% 1004 |
_ ZPPR-16C 1002 . .. - 1.00740.4% 1005 |
L N i |
| 'CONTROL WORTH ($) R - ) 5
Inicrnal rods 255 2397 094 | 226834%1 089 |
! | Radial refector 250 |, 2441 098 . 226434%] 090 !
i i Drums info gaps - 12.6 - - 08:84%7 086 |
j | Drums injwith gaps . 140 - - - 1.747.6%1 0.84 |
! ' : \ :
! i - |
} Ty -kg) /Ky * kg * Begy . ;
; where calculated value of B ¢p = 0.00725 :
|
:‘ ;
' : t
| UF & BER i
' 1
| |
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(a) IFR®
IFROBES2F LD IBREEI-1CTT,
FFELRZU/Pu/ZrEeBiBizHuy, BF0REHZ2E 2 eBBERTH S,

(b) P R I SM (6 (7) (B)
PRI SMOBIHER2E2.3—2~4icF ek,
FELRIFRTREINLU/Pu/ Zraaiflen—202, BHEOREHEE
BHBRUEER-AIESZ ISV PLRBBZIL2HEBLELTVS, NIR Y 5 5 —HDY
BHMEGEFECH 3,

(C) SAFR(S) (102
SAFROBEEELH2.3-52% LB, AFDLERMNCWEPRISMERL T,
IFRTHRRSNEU/Pu/Zr §&B8E 2 R— 2z, BEHRENE, EHERCEE
HRIE- 1, pMleYa s —ENRANIESEFRLTH S,
B, FT2I3-BIEMONICEBSAFROA w2 Py 7PHRLRIFALEHL 12,

(d) BHIFORE Y
F2.3I-TEBFH L BERDI A—NTHAL REHH2THL 1.
HBFOREEFLOL UBENRoREMIEEC LT, HAREE NS A—21HF
MekdTns,

OGEME LT, ULLCO XS TEFESLRAT g,

(e) BLIBEHE O 6 &BREHR DA ORKIT 12
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s MOXH»6EEHBFELNOBIT2HBLCVWIOPBRTSH S,

) Fa—TAryz VESEREFL S
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BlESH2HBAL TV 3,
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(a} CRBRP OREHBRBHLEREFD O
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HER2EHLL, |
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INTERNATIONAL TOPICAL MEETING ON ADVANCES IN REACTOR PHYSICS,METHEMATICS i
AND COMPUTATION, CO.SPONSORED BY CEC AND OECD/NEA, 27-30 AVRIL 1987,

|

RE4, E3% | HOTEL MERIDIEN MONTPARNASSE PARIS-FRANCE pp 311~328

FevR i S THE INTEGRAL FAST REACTOR (IFR) CONCEPT: PHISCS OF OPERATION AND SAFETY,
D.C.WADE, Y.I. CHANG{ANL)-INVITED i
I F R (Integral Fast Reactor) .l/t":f]\ g, V¥, U/Pu/Zr &g i

= yy | SBRRT Y 0—ZERY 4 2 ) (ERELEL HHRE) 2RALTVS. |

PFOLBFIFL LT, BE o BCRESTEINR Y 0 —X8Mel A 2 )
(Bl ISV AR—PEPHF A FOBEER) 2o TiRE T3,

] O=Ap=(P—1)A+(P/F—1)B+8TinC+Apox:

Aod fadlal

Strategy

Fuel Axial Coclant Fuel
Peaira Doppler Expanslon R, Dansity priveline Expension AT &T
saall Ae . | ooy + e }este
Lerge B = { L) - + ap taly + 2lag '2I3¢B)| * ATl
Large C = |BD * ap ’ o Hy *nc_}
Hetal ~0,10" =0.12 +0,18 0,16 N 150 150
. =0.33
Oxide ~0.16 =8.10 «0.1 -0.12 150 %0
-0.27
Deslgn Take Take Hake Take Hake Take Hake
As I As I8 Less ~ As Is Lerge As Is Small

Fig. 1. Core Desige Strategy for Imharent Shutdown

(3) Assenmbly ta Dacch n: Batch o Dincharped
at End af Cycla Ba (H = 0,4,8,,..)

Z

Ztacl Reflactor
Q prtver - e B C Shleld
€) Ioternsl Blanket 6 [ {f) rrimary Control
ji €3 asdlal Blanket () Seconaury Contrab

Fig. 2. 900 MWch Core Layout and Refueling Scheme
)

Fig.

3. 900 Mich Modified Core Layout for

Bigh Incernal Conversion Ratio

|
i
I
|
|
|
|
[
I
|
1
|
l
i
|
|
|
|

!
i
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| INTERNATIONAL TOPICAL MEETING ON ADVANCES IN REACTOR PHYSICS,METHEMATICS}
AND COMPUTATION, CO.SPONSORED BY CEC AND OECD/NEA, 27-30 AVRIL 19087,

i
1

RE%, ¥FE | HOTEL MERIDIEN MONTPARNASSE PARIS-FRANCE pp 295~305
B g 8 CORE DESIGN AND PERFORMANCE CHARACTERISTICS FOR POWER REACTOR INHMERENTLY
SAFE MODULE(PRISM), C.L. COWN (GE-NSTO)-INVITED
DOEDLMR®DA I NAT « FREFFTEO—RELUTEHL -boT, BHEO
g gy | BEMEES, BREEOSH3 LMF R7S Y b oRoEENES2 BEL, 7 X
YHDOFROBHR/RBICKRAMCHEZ B 2280 LT3, “@RMBBHFLY
KEY CORE DESIGN PARAMETERS
Reactor thermal power 425 Mit
Reactor inlet/outiet temperature 594/742 K
Driver fuel material Pu-U-10Zr
# i} Driver fuel residence time 4 years
flefueling interval : 1 year
Ptant capacity factor 0.8
o : . Core height Im
@ INTERNAL sLANKET 25 Axial blanket thickness 0.025 m
g” :::::t::“::‘“ » gss.lemb'l ¥y pitch 0.1596 m |
ko 8 uel pins b1 271
® commaLsuuToony_t Fuel pin diameter 0.00726 m |
KEY CORE PERFORMANCE PARAMETERS
|
I Fissile plutonium inventory - Equilibrium cycle |
Feed Fissile enrichment, w/o ' 25.75
Supplied per year, kg 244.0
Discharged per year, kg 267.2
Beginning of cycle inventory, kg 1007.0
Average breeding ratio 1.15
& % | peak fuel burnup, MWD/kg
Driver fuel 150.3
Internal. blankets 35.9 !
Peak Tinear Power, w/cm 538.1 !
peak fast fluence, 1023 n/cm 2.95
Burnup reactivity swing, $* . -2.15
Sodium void reactivity-driver fuel, $ 2.66
Doppler coefficient, Tdk/dT
Driver fuel -0.0008
Internal Blanket -0.0019
5] #

* 1% is equal to 0.0031 Ak/k

e s
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EXPERIENCE GAINED AND PATH TO ECONOMICAL POWER GENERATION, SEPT.13-17,
1987, INTERNATIONAL CONFERENCE RICHLAND, WASHINGTON, U.S.A p8.6

PRISM REACTOR DESIGN ARD DEVELOPMENT -- V. XWANT, A.E. DUBBERLEY,

A, HUNSBEDT, L.J. NEMETH, E.E. OLICH, M.R. PATEL, N.L. RAMSOUR, S.K.RHOV,
€. SHCATHMEIER.

AEHOEDE, BEHRESEHESEOS 3 HEAR—AES IMFREETS Y |

Fig. 2lLEFFREe Y a— 2T T, FOMEIIU—-Pu—2r
GEBU T LY, EEEHMIHT -9, ¥EHHAFESHE

1

i

{

}

|

|

FOABOBRHLZBEXYBZILTHD, “SEME i
]

|

|

l

AL Fig. T28B)ATTY 4o L3207 H,

O FueL I
() INTERNAL BLANKET 25
=] () RAQIALBLANKET 36
2 RADIAL SHIELD €0
@ CONTROL/SHUTDOWN 6

' TOTAL 188

Figure 7--Core {Metal Fuel)

. Figure ll--Reactor Temperatures After Loss of

FELIEEREHICLEBATHT, EMBORZ S LE
BTHbRECHFEILETS, Fie, I ULOF TORMEE
#%, Fig. 120U TOP COBBRENHB 2T ¥, " 3

CORE SODIUM TEMPERAYURE (°8)
1350

1 I I
L DESIGN LIIT

f—ossmu LIMT OUTLET 1200

1200 =
V INLET
e e e = 100~
100 £R —— o

LIN
OVERFLOW oo

bl ——— ——

woot- /

BODOI 1 1 1 1 ! [} \ \ \

S I |
2 4 3 8 0 12 800 s ¢ 15 29 = £
TIME {HOURS) TIME (MINUTES!

'Figure 12--Reactor Temperatures After Accidental
Hithdrawal of Control Rods at Full
Power Without Scram

@ Metal Core

CORE S0DIUM
TEMPERATURE {°F}

g

sreand
GENERATOR
© Primary Flow DRYOUT

Coastdawn

.f * lwris Cort
, « 368 Resctivity Inssmrian
i

800 |-~

Al1 Cooling by IHTS at Full Power
Hithout Scram
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EXPERIENCE GAIRED AND PATH TO ECONOMICAL POWER GENERATION, SEPT.13-17,
1987. INTERNATIONAL CONFERENCE RICHLAND, WASHINGTON, U.S.A. pl13.1

R4, #F3 | DESIGR OF PRISM, AN INHERENTLY SAFE, ECOROMIC, AND TESTABLE LIQUID METAL
B ot i ¢®°) FAST BREEDER REACTOR PLANT
R.C. BERGLUND, F.E. TIPPETS, L.N. SALERNO, P.R. PLUTA, G.W. MAY,
R. NILSON.
FiRtOENIEFRER, BHEtod s, BEA-ACEBILMFREERTS
= | VP OROBREERAT I L THB, “GEMR"
PRI SMIZ4I5MeREBN v 2 SEH» LR 2 1205WeHB TSV b TH3, RE
Ny 23 2MeDFL3FEE ] S/G Eh 63,
7 = g - /o
T S, .
f 1 - Figure 3-- Huclear Steam Supply System
Figure 2--Hain Power System
Ertolk#Ez LT, ER2AMIFie. KSR T I3 LWRERRAKHE O
FEETHY, BE2AMILWRPERANIVEFBEIE>T 1S,
;ﬂ;u.smwn
nssslm l
Sfie ® )
ﬁ% % o {1885 8 s -]
-r wl s - —
B™ pu.y METAL FUEL ]hhhﬁ-;;‘ .
1000 1 ol Lt | } l | B
a 200 o 200 400 600 BOD OO0 1200 1400 1600
PLANT CAPACITY {MWe) - PLANT CAPAGITY (bt}
Figure 14--Capital Cost Comparisen ) Figure 15--Busbar Cost Comparison
1 Z
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EXPERIENCE GAINED AND PATH TO ECONGMICAL POWER GENERATION, SEPT.13-17,
1987. INTERNATIONAL CONFERENCE RICHLAND, WASHINGTON, U.S.A. pl13.2

FE4%, %% | THE SODIUM ADVANCED FAST REACTOR
Ry Hig 9 R.D. OLDENKAMP, E. GUENTHER, S. GOLAN.
LMRI, USORBKOZRILFFEICIYFLT, LWRDGHMBIKHRE
g | 72Y P eBaTsRHNTETSHS. SAFRILMREH 2 Hno-EH%R
4, BEE, B2 b (BOF 7V a v EEATED) BEFNRBY RAF LS
Fitrz, “SBEARB"
*SAFR7SYbraveTtr STRUCTURALLY
i, 350Mle—~NVEBIDLMR pReEE
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EXPERIERCE GAINED AND PATH TO ECONOMICAL POVER GENERATION, SEPT.13-17,
1087. INTERNATIONAL CONFERENCE RICHLAND, WASHINGTON, U.S.A. p8.7
SAFR BACKUP OXIDE CORE DESIGN

E.B. BAUMEISTER, R.A. DONCALS, L.D. FELTEN, R.A. MARKLEY.

t
1

SAFROV 77 LY AEBHBFLRHTONA Y2 Py 7OMOXEEIZ 21T,
NEREEHZEHE2T TSI 2R T,

AEFERENCE METAL CORE

O am

s L]

4 & (NTERNAL BLANRET “

9 D ‘RADIAL BLAMRET A

() REMOVABLE SHIELDS o @ couTAcL b

1630 @ BACKL SaUTDOWH 3

FIG. 1 SAER CORE LAYOUIS FOR REFERENCT (D) REVOVABLE murLos s

METAL AND BACKUP 0XIOE FUEL DESIGH

FOE2ERMLEROMOXER Lo b ER A2 EFEHY B2 o L COEREER

TERSFERTYS, FhEREFWEQCE)y3 e cBUNALL, BEESS

104

BELL PP LR - 1,

TABLE | OX1DE CORE DESIGH CHARACTERISTILS
REACTOR POWER tew L

BEACTOR QUTLET 723 *45ar
TEMPERATURE K F)

AEACTOR AT K I'F]
ACTIVE FUEL LENGTH
mm]

ARIAL BLANKET, EACH
END.m(m])
ASSEMBLY LATTICE
PIECH, midm |

WIS
t 42 ter

D153 4l

EXCESS REACTIVITY

0182 (E34]

FUEL ASSEMOLY

UPuly
WY

GLARKET AdSELBLY

Wy

Wty

FUEL MATERIAL
CLADDHG AKD DUCT
WATERIAL

HUBER OF Pins

PN CVAWETER. mem der b

;r
LYELE -]
os1igan

Lo
12504m
o3k ioa

12
OPERATING CYCLE LENGTH lyaars)

16
CLADOI) THICKNESS,
o Y

FUEL SMEAR Y, 530~
- DENITY, - » 4 1
GAS PLEWLHA. TOPr
ROTTOM

PEAK LINEAR POWER,
wierm {xwem)

T 3T

F1G. 3 EXCESS REACTIVETY OVER LIFE FOR
THE SAFR BACKUP OXIDE
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PROCEEDINGS OF THE 1988 INTERNATIONAL REACTOR PHYSICS CONFERENCE,
SEPTEMBER 18-22, JACKSON HOLE, WYOMING pp I-177~186

ASSESSMENT OF LMFBR CORE DESIGN CONCEPTS USING METALIC FUELS
T.NISHIMURA, Y.YOKOO, Y.TANAKA (KOMAE), K.KAWASIHMA (HITACHI), I.KAKEHI
(TOSIHBA) , M.KAWASHIMA (NAIG), T.HOJUYAMA (MITSUBISHI) '

ERPEOFRESESEY I¥-Tn3E,, SRR EERERCREH
CRARFEET S &5 BFALES2VRIS TS L 2 BISFLORITEIT S,

(1)%@@1&‘&%%@ TABLE 1 Hain Core and Fuel Design Parameters

™ Plant Electrical Power §50 / 300/ 500 / 1000 Mie
LT ' Hjjjﬁ ' Plant Thermal Efficiancy 38
o e Core Concept Homogeneous core
*E}cé NS A& Number of Pu Enrichment Zones 2 regions
S Rascter Inlet Caolant Tempersture 3ss°c
L’ T %ﬁ% j‘.{&b % ° Reactor Outlet Coolant Tempersture 510°C
G L Fusl Residence Time for Core ' 3 cycles
(2) ﬁ%%*’\[’wmﬁﬁﬁu Cycle Length 365 EFPD
Hixizum Cladding Temperature 5 650°C
B -] LT, ULLC Core Height 10w
Resctor Shutdown Systens Pricary snd Backup Systens
= i Lo Number of Pins per Assembly 271
a) J: 2 ?;i Eﬂ?m"“"‘ Bum‘!l: Pressure Prop 3 1.5 kg/nz
't) *ﬁ%ﬁf? % o Fuel Haterial Uraniuvm-Flutonive-Zirconium Alloy
Fuel Smear Density 75 XI.D.
Plutonium Loaded in Core Reproceased Plutonium from LWR
Haximum Burnup . < 150 W/t
Haximum Linear Heat Rate 5 500 Wem
Sond Materfal Sodium
Structural Macerial Ferritic-Hartensitic Stafinless Steel
Blanket No~Axial Elanket
TABLE 11 Fuel Design Parameters for the Metal Fuel Cores
600/1000MWe 300Mwe 150Mwe
Fuél Pin Diameter, mm ) Y - 2 Y 1 A Y
Cladding Thickness, mm 0.6 0.4 0.4
Plenum Length, mm 1500 1500 1500
Duct Inside Flat-to-Flat, mm 144, 141, 146,
Duct Wall Thickness, mm 4.0 4.0 4.0 |
Assembly Lattice Pitch, mm 156. 153. 158. !
Fuel Volume Fractiom, % 36.4 40.2  42.7 '
& =R
TABLE 111 Core Performance Parameters of the Compact Cores
150 300 600 - §000MWe
Humber of Assemblies
Laner Core/Quter Core 24/24 54/42 108/72 174/114
Radial Blankecr 66 90 114 138
Control Red{Primacy/Backup) 4/3 19/3 15/4 18/7
Pu Enrichmenc{Inner/Outer Core), wt.X 16.4/22.4 15.3/21.2 14.9/21.7 14.1/19.1
Burnup Reactivity Swing, ¥ delta-k/kk’ 3.81 3.88 4,14 3.73
Peak Linear Haat Rate, W/em 490 480 . 500 500
Burnup(Pin Peak/Core Average), GHd/c 99/82 117/95 139/110 1457116
Breeding Racio ) 1.14 1.13 I.14 1.05
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i PROCEEDINGS OF THE 1988 INTERNATIONAL REACTOR PHYSICS CONFERENCE,

SEPTEMBER 18-22, JACKSON HOLE, WYOMING pp I-211~220
Ri%, F% | PHYSICS AND SAFETY ASPECTS OF THE TRNSFORMATION FORM MOX CORE TO METAL

{ FUELED CORE IN A LARGE LMR
“12)i A, TACHIBANA, H. HAYASHI, H. SHIRAISHI (JAPAN ATOMIC POVER),
V. SUZUKI, T. YOKOYAMA (TOSIBA), M. KAWASHIMA (NAIG)
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PROCEEDINGS OF THE 1988 INTERNATIONAL REACTOR PHYSICS CONFERENCE,
SEPTEMBER 18-22, JACKSON HOLE, WYOMING pp I-187~196
45, #F% | A HIGH BREEDIRG FAST REACTOR WITH A NEW CONCEPT OF METALIC FUEL
BT | ASSEMBLIES

¢13) T, HIRAGKA, K. SAKO, H. TAKANO, M. OSAKABE (JAERI)

wﬁwkﬂFBR@%#@WQFBRK&@%H@EEMﬂT,%ﬁ&mwwa
=i 5] HAMHWTWS, USTOSREMBOWHET, FBROBEY A2 VaXr%2L
WR IO TTFohaalgetEnHcHic, SBRElOENENEL2 TS 3 25l
HTBORBESKROFRSLIER T3,

SIEAEN GR35 0 | R 106 s T

PR3 3cehEgEcdsd, N—~FRRXT ‘ st
WREEIBZHZFPHAN-Y Fa—T+ €05
YU e VESEABESEEERL, EREE
BF R EBETE e et
WL e KN a (&8 ' v
# Bl pxmyas,
S F o —T 2R
DELEazmw b
NEiE 2 Fig. A S

1508 ma
ML m=

7 \ Uy .,,-"'-
FOBERFIZ. 222 1 3 unie cend of tube-tnoshell :
- type metallic fuel assembly Fig. 2 Cross section of fuel
NEFENT T, assenbly

| ﬁﬁ@P u— UWH%"U@EEE%TR-& & Bbto
| COEIOFANOE, HEESEL, USBBRLENTS, HVEF@&%%FT

R SBFTE B,
Standard Pu Reactnr
Core Radius 1.3 = keff 1.032
Core Height 1.0 m Initial Breed:ng Ratio 1.90
! Blanket Thickness 50 ce Production of Pu-239,-241
| Fuel Composition, % _ per year(300 day burning), kg . 406
: Pu 7.8 Doubling Time, year
I BU(0.2%) 82.2 (300 day burning per year) 6.1
i 3 ir 10.0 Pover
Plutoniux Enrichment 7.8 % Average Linear
Ho. of Fuel Unit Cell Power Density . 470 ¥/co
in a asseubly 169 Average Power Density 350 KW/ 2
Ho. of Asseablies 234 Thermal Power 1,860 M¥Wth
Fuel Loading, kg Electric Power 725 HWe
Fuel Hetal 43,328
Pu, DU 39,028
Pu 3,416
Pu-238,241 2,456
{ié #

e g S U U Y
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TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY, 1978 ANNUAL MEETING,

VOLUME 28, JUNE 18-22, 1978.

pp 565~566

B84, ¥% | RECOMMENDED CRBRP RELOAD CORE DESINGS USING (U-Pu)C FUEL
Roudi#e ¢ JA. VITTI, N.G. GALLUZZO, J.C. BRITTINGHAM(AI)
{14)
CRBRPD(U~Pu) CERFADLRITFABETL-OT, HEBRH 2R
H i B, FEILVANI EUALNTIEDNTVS, AL TRCRBRP OHAMEE

WP EABVIRE, LA,
B¥s,

2R M EHBEOEE, CAAEEYOTELE

NaX¥ F(U—-Pu)CHlc
- 2 2 2 TOSHEEM 28 FEL ,
LA IT2HD, bRVI®
3FLORE 24T -1 RHC
HODCRBRPLELUEROAC
ZNOFLEE2Fie. LIIRT,
DOEWEFRMHE, 2 X b, 78
Ho SR R Pusd Y R b
DOBSE»HAC22NE2HRL
too MOFEDIIN a K4 FIRE
BRELBITIANSRE DT,

CONTROL v = oLl SHIELD 12821
AODS 118 LS ;

YN BLANKET 1156

R

L IO
" S
~

INNER
CORE 1381

CUTER

CENTRAL
BLANKET N1

o N e i ey by S
A e L L

Fig. 1. AC2N core lavout.

Key Characteristics of Reference Oxide snd Canceptusl Corbide-Fueied CRBR Core Designs

FUEL SYSTEM

(I.I—I’u)Dz {y-PulC

© CORE CONFIGURATYON

T Ress | AemE RE1S T ACIN | Hcss |_ acon T rees |

REACTOR THERMAL POWER, MW

Pu FISSILE INVENTORY, kg (BOC)
BREEDING RATIC {MOC)

COMPOUND SYSTEM DOUBSLING TIME, YR
ACTIVE FUEL Ma ¥OID WORTH,®

CORE-ONLY DOPPLER COEFFICIENT
[(-TAXK/AT)
EHERGY £OST DIFFERENTIALb
{mill/kwh)
AT HOMINAL PDWER
AT 115% POMWER

975 975 1170 975 1268 975 1121
1530 | 1760 1500 1810 1670 1810 1970
1.14 1.25 1.43 1.584 | 1.48 1.582 1.55 !
70 30 13.0 14,7 12.1 14.7 14.2
2.40 9.80 4.47 2.34 5.09 1,21 1.51
L0050 .0023; .0070 | .0037] .0073| .oo038 .0041

- BASE - -4, - -1.5 -
- BASE -2.9 -4.4 -2.9 -1.5 ~1.8

3As per Alsdawg del., i.e., voiding of driver gssemblies only, inciuding axiat blankets, excluding gep, Buff assumed to be 0.0033.
Equivalent CRBR-PSAR and WARD-D-0182 void worths for the RFMS and AFMS ate 2.36% and 0.908%, respectively.

Bai coss relative 1o AFMS (WARD-D-0182} design.
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W.P. BARTHOLD, S.K. LAM AND Y. ORECHA, "ASSUMPTIONS, CONSTRAINTS AND

METHODOLOGY OF ANL ADVARCED FUEL SYSTEM STUDIES", PROC. TOPL. MTG.
ADVANCED LMFBR FUELS, p.594, TUCSON, ANS (1977).

FAH17I5000M¥, BSHA2000MIOAERLMF B ROREI 2175, BAEQITMER) |
RUCENEROBH VAU D 5B REL2EET S, BEYVEE, B#llh%2
RARHMELTCSDT, BHEEFCSLTHRET S, “RADBREHED” |

ﬁa{]f;%# &ijﬁﬁmﬂ ’I) ° % (})ﬂg Table 4.1 'Huelnr Design Assusptions
RIWHIREE U TFOER<I0  roet yover e om0

Total powar peaiking facter L.65

psi, Nafili<35ft,/s, JIIAH  metas rower peskiog toceor s
YEHMELCTHe ENaBEBL, v o ’

FALYIIR O LMF B R O8RS S e it Shomes o "
BTESRIISHEFIOBHC e T i

Elanket compositien CRBR
na,

Control assembly composicion CR8R
= ht =1, 'I:D Pin array triangular
#ﬁ?ﬂ'ﬁg bi ' ﬁjﬁﬁajjj ’ Eﬁﬁ Humber of pins/fuel asaembly 111 !
4 [ =
VOE, BB PEE, Bl oo e o o |
Futl residence time, fpd 300, &09, 990
f%ﬁ%—"f:f 5) 7 o Radial blanket residence Cime, fpd 660, 1200, 1800
Fumber of contrel rode 12-36
Voluse ratie ianer tord to outer core Lome ~ 6D/40 i

e ERQ € V8 b SRR 0BR (Ko R
s 2 B . HRE AR NS X —&), TR & 48 |

. 3N 2

1 HEEEroBERONS A-43RL)E2RT,

- 15 -— T
LINEAR HEAT RATING PIN DIAMETER

¥

; - 14 = ——25 kw1 0O 045 -

% ——— =30 kuitt O 040

g = 13 |- ——— 5k A p3sa . |
i ® 0%

& 121 -

]
7

-

/
¢

-—
e e —

CPTIMUM COMPOUHD SYSTEM DOUBLING FIME, yry

35 0% o3 ow o0& o2 oL ———— gl } !
FiK DIAMETER, m. !
1 t
Fig. 4.1 Optimum Compound Doubling Time as a 2 3 4

Function of Pin Diameter and Coolant SPECIFIC INVENTORY, ko/Hwe

Velociry for Heliue—Bonded (18.5

kW/fr) and Sodium—Bonded (30 kW/ft) .

Carbide Cores. (Externmal Cycle Time Fig. 4.3 Optimum Compound System Doubling Time vs.
Specific Ilnventory, Sodium-Bonded Carbide,
95% of T.D. Pellet DensizyS).

= lyr; Processing Losses = 2I;
Optimized Fuel Residenze Times)1€)
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R.C. NOUES, R.H. KLINETOB AND M.R. KULWICH, "DESIGN OF CARBIDE FUELED
LMFBR CORES", PROC. TOPL. MTG. FAST BREEDER REACTOR FUEL PERFORMANCE,
p.897, MONTEREY, ANE (1979).

1000Mle LMF B R 2RI MO XBHESH 2 RIDUHRAE - ERILET
205 EH0D L HFOLBRHEEFS,

BHTEBU NS A—4% 2Table. 4. 1027 T, BEMEL TR, 3162F VL
ZH L 3.6X102°%vt F TRHADHBISEIZH>WTHE, Y FHlzonvTtHNa
tHeDEAZEALTWS, RITEHSRINDG AR ZOHE2Table.
4,120 T, MHEEHE LT, BBl Vg, AIPEE, 8HAH, FrUDL
R, BBE, HWHAFRLEYXT, CSDTRUMSEY A 2 L E2EHEL T B,

Table &.12 Desi
Table 6,10 Fixed Denign Parsmerers?S} sign Persmaters

4. Fosl pin dieseter {6.85 ¢o 1160 =),
briver hajght, [t 3.0 .
Thickness of asch axial blsnkee, fr 18] b Paak linder powar (55.0 to #0.4 k¥/m),
Fead Iinear pover including hot channel factors, RW/Ie 0.0 &  Padk discharge burnup (30 o 175 WD/kgmb.
. h +~2400

Tatal yeactor pouer, M(th) 4. Pesk difagn [lusnce, Es0.] ¥ {10 to 3.4 = 107} p/cuty,
Reactor pixsd menn outlet temperaturs, *T 1030 .
Keacror mingd miap coglant AT, °F 300 a. Feel pip sassr densiiy (71 to BAX thearaticel denalry).
MWuster of pins paf subkasmbly LY f. Strocturs] mateclisl {cold worhed 316 stainleas steol,
Fus) svelllng raca, 5 &¥/V per JO mud/hp 2.1 #nd high strangeh, Jow pwelling alloys with high snd

T 1 8580 oedium nicke] coupool:icns asdumtd €0 be capable of
Feel prllet manyfactured denaicy, 5 of throretics 1".“.51“ %o domage Clmance {E>0.1 Wa¥) of 2.4 ko
Radial blankai thichnras, rovs ] 3.6 %1027 nfendy,
Radjal blsnkat height, It 4 5. Sodien wvelocicy (6.1 to 13.7 w/auc).

'
]
]
|
|

‘Table 4.13 Sumzary of Principal Reactor Parameters for FER/CP

initial Carbide

Core Core
"Fuel in Criver tegion sublasemblies UPUICLK  (UPUC,ns
Futl in radial blankel subassemblies uc uc
Number bl Griver tagion pubsssemolies 547 505
{includes 35 conol subaasemblees)
Number bl ragisl Biankel subassembies 270 248
Letuce mich. in. 476 4.76
Number of lusl ping pet Odver regaon S7A 169 1 1)
Pask finasr pin powsr, W/ H- o
Dirtver region S/A-luel od clad ©O, in, 022 0.37
Numbwr of fual pins per radisl blanket 574 61 £}
Radial blanked S/A-luel rodd clad 0D, in e.52 0.52
Driver rrgron loed rod spacing e wrep W wIap
Clacding material/thickness, mis CW 21655715 OW JL658/15
Bord Gas Ha
Core pressure drog, Ib/in? 75 75
Mazimum coolant vhecily, t/set 23 %
Length ol oriver regicn, ft a0 3.0
Core aversge ennchments st midequiliberam 132 104
cycie. siom oercent of initial metal slom .
Smeared fuel gensity, gmiem? 9.3 1147
Deiver region
Avarsgt discharge bumup ot driver region S/A, MW/ MT 63,000 48,000 -
Brecting ratic, inslantaneous misequilibrom cyce 132 lL48
Feak 101l Box, n/em?/sec 2 1071 5.9 6.8
Peax gamage tluanes orer region £ > O.1MeV.aseml 1.8z10% 182100
130lherma) Bopper cosflicnt. T /dT Q.0072 ©.002
Reactraty crange dunng fusl rycle %Q-!‘ 2.6 0.0
Average Speciic powsr driver regiond, kW kg Hi §15 90
Reacior porzie o nornie coolbnt lemperature rise, F 3c0 200 f
Nearierm egquilibriium luelh-tyeht o313, mill/hWh 1.65 1.3 i
Compound inventofy soubling time, y7 124 109
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INTERNATIONAL TOPICAL MEETING ON ADVANCES IN REACTOR PHYSICS,MATHEMATICS

AND COMPUTATTON, CO. SPONSORED BY CEC AND OECD/NEA, 27-30 AVRIL 1987,

HOTEL MERIDIEN MONTPARNASSE PARIS-FRANCE pp.975~986

Bt CONCEPTUAL DESIGN STUDY OF LMFBR CORE WITH CARBIDE FUEL, S.HATTORI,
(7 T NISHIMURA (CENT.RES.INST.), H.TEZUKA, T.HOJUYAMA, H.OSADA, T.ISHII
(MITSUBISHI API)
1000l D AR LMF BR2MFE LT, R oEcH 205 ER
=l iy B, OQBMEEEZEMNLT, (NNavns2 bEL (R)EEHBE (N ERBR
E, OFHEFLZTRL, MOXBELMFBRE TSy MpBEOLLE 21T,
a2 MERRL T S,
MERIT OF CARBIDE-FUEL - -FURPOSE OF DESIGN STUDY PARAMETER
—
:g?l'lTEiglggEAR SMALLER CORE CORE HEIGHT
LI e
@ LOWER EXCESS
BREEDING REACTIVITY
FIGURE PURPQSE AND PARAMETER OF DESIGN STUDY
TABLLE COMPARISON CF CARBIDE AND OXIDE FUEL CORE
CHARACTERISTICS '
CARBIDE-FUEL| OXIDE-FUEL
ITEM CORE CORE
1. MAXIMUM LINEAR HEAT RATE (W/em) 760 430
2. Pu ENRICHMENT (Pu/(Pu+U)) {w/0)
i = INNER CORE/QUTER CORE 14/17 15/20
3. FISSILE Pu INVENTORY 53! 3 4
4. BURNUP REACTIVITY LOSS/YEAR (% ak/kk') 1.3 2.9
5. BREEDING RATIO 1.38 1.26
§. DOUBLING TIME (YEAR) 12 26
7. DISCHARGE SUBASSEMBLY
AVERAGE BURNUP (GWd/t) 90 80
3. FAST NEUTRON FLUENCE {N/cm?) 3.1x10% 2.8% 102
(3YEAR)
i 2 9. ROD BUNDLE PRESSURE DROP  (kg/em?) 1.3 3.6
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! . TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY, 1975 ANNUAL MEETING,

i i JUNE 9-13, 1975, VOL.21 pp.403~404

| B4, %% | BREEDING POTENTIAL OF 2000-M¥(e) LMFBRs USING CARBIDE AND NITRIDE FUEL
i

Fr ok | Y. ORECHVA, J. BEITEL, Y.I., CHANG, W.P. BARTHOLD (ANL)
(1!
l

: | 5000HEL DAL MF BRCRDT2R/NCT5 X 51cHe Ky FRENa &Y
t |

B i ORI SRR OIS, [RESER AR ERRE Y v IR |
THRET B, '

r
i
| R TRORE 21T > T\ 5, EuRHR
L ST 14.8~22.2K0Ft (He Y F)
25~35k4, /Tt (Na&®¥K)

» RABEHFE « 25ft s

- BEHOFDT DERE LR ¢ 300°F

HENEX 13t, TSIV MEN 115in, cBFSYr L 1E
CEAKMO LV 160K, Y AHLEY 3000

< RBHETEEEE : 294 2
ORI TRCEYrATWE,

!
!
|
|
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Reaclor Periormance Characterisuics for Various S000-MWi{th) Carbido= sod Nitride~Fualed LMFBRa

'
! | Larbide Mitride
! i Linear | Resgeer® |} . ] meaczar® |
I | |- Hea€® | Pin T Fael a " DoubIing Fual - Deubleg
; | Band Rating ed. Volune Breeding® Tiee Volusa Broeding® Tize
i l Haterial (kH/fe) {in.) Fraction Ratio (years) Fraction Eatio {years)
! P | Beltus 14.8 0.30 0.342 1.342 12.9 0,342 1.241 1.9
] { Helium 14.8 0,35 0.412 1.0649 1.7 0.412 1.330 16.0
' : Heliup 14.8 0.40 0.450 1.484& 13.2 0.450 1.388 16.4
: i Helfun 14.8 0.45 0.497 1.50& 15.2 0.497 1.403 1%.2
v i Heliuvo 18.5 0.30 0.303 1.263 14.7 0,303 1.119 20.%
1 ! Helium 18.5 0.35 0.370 1.409 11.1 0.370 1.284 15.8
[ o \ Helivs 8.5 0.40 0.429 1.466 11.? 0.429 1.387 14.7
i i=] ﬁ% i Heliua 18.5 0.43 0.465 1.493 13.2 0,485 1.391 16.3
. Helivm 22.2 0.40 0-396 L.ddd 11.0 0.396 1.350 13,6
] } Heliun 2.2 D.45 0.483 1.487 11.9 0,443 1.385 1.9
)
t
i i Sodium 2% 0.30 0.296 1.296 10.7 0.296 1.198 15.3
| i Sodiun 25 0.35 0.371 1477 8.1 0.389 1.335 1.1
! ! Sodiun 25 0.40 6.439 1.53% 8.5 0.437 1.419 10.7
| I Sodium 25 0.45 8.456 1.588 5.3 0.494 1.462 11.8
\ Sodiua » 09.30 0.254 1.183 15.8 0.262 1.123 2.1
| Sodium 30 0.35 0.329 1.401 8.2 0.33 1.296 11.)
i Sodium 3 Q.40 0.297 1.537 7.6 0.400 1.39 0.1
i Sodiun 30 .45 0.456 1.562 8.5 0.456 1.444 10.8
i Sodlum a5 0.3 0:216 1.063 &&.7 0.229 1.029 68.7
] Sodium kL] 0.35 0.208 1.300 10.2 0.296 1.1413 4.2
. Scdiua 35 2.40 0,356 1.450 1.% 0.361 1.382 9.8
! Sodiva as 0.45 9.418 1.539 8.0 0.420 3.419 10.1
| . i
2]lotegratad over the squilibriwm cyela.

r b __ fissfle BOC inventory .
t fispile EOC-BOC inventory
\
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TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY, 1975 WINTER MEETING, |
, NOVEMBER 16-21, 1975, VOL.22 pp.515~516 ;
| #84%%, &% | OPTIMUM DISCHARGE BURNUP OF ADVARCED FUELED LMFBRs i
Rotigg | Y.I. CHANG, ¥.P. BARTHOLD (ANL) :

|

20

AL L BHBEIOLMF BR Y H U BRI E@%ﬁ%ﬁh%z%?%

= iy | 2 REBEOFELREHI M U RHRET 3,

b e

e B2 1 14.8, 18.5 & 22.2kWft (He KV )
; 95, 30 & 35N /Tt (Na®YK) ;
e PR 1 0.30~0. 451n

I

|

|

I

AN L BE 2R CFORA RS N,
!

!'%ﬁﬁﬁﬁﬁ=1~5$(R/B@2%)

|

T
|

+CDT2R/NMNTEHOR , | 1 l ;
WAL L B U & &iEkes
CREBFET S HREE
HAS A—22B2TOLE
gahnin,

|

8
]

o
o
|

PEAK DISCHARGE BURNUP, 10° M/

| i 1 ] |
030 035 040 045 050 055
P DIAMETER, In. 5

Fig._l The compound doubling time. (CDT) dependence
on pin diameter and peak discharge burnup
(scdium-bonded nitride, peak linear heat rating =
25 kW/It).
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TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY, 1975 ANNUAL MEETING,
JUKNE 8-13, 1975, VOL.21 pp.404~408

RE~%, FE | IMPACT OF NITROGEN ENRICHMENT ON BREEDING PERFORMANCE OF LMFBR NITRIDE
R o FUEL
210 ¥ 1, CHANG, W.P. BARTHOLD (ANL)
STl ORENERRE, PN2BETs cecBuicmbyiiFce s, 24
=) ity | RELOBRIEC & 3 BB O & Mo 2 F OFFEC >V THIRET B,
2000Mde LMF BR2MFIBFGEY A TONa XY FEBHC > W OIgTEMERE 2 R
LT3,
AL, BHA 2 5000M, FOEE @ 3ft, AMTSY v MEY 150,
BT7SY v b 1BTHB, AR : 0KV Tt, BAGEHMIEE : 25t/ s
EFLTONEMRE LR : 300°FTH 3, SNOMEEI  ND o 2BETS |
18 Bz oL WS,
* 100%%% & Nat%*ﬂ:% Comparison of Breeding Ratios and Reactor Doubling
BEBRLONE AL T Natuca Niide, and Casbide Fuel
@@ﬁﬁﬂ_’, ¢RD T@ﬁﬁ . Breeding Ratio
*’4 vy Iéf @ﬁ% % Eié Enriched Nitride
BT 5, Pin o.d. Core and Core | Natural
- BERBOYBITTED T {in.) Blanket Only Nitride | Carbide
w m| REFY 03 | vaos | rsos | 1ses | paon
mombrvmareL | Gy | m | im | |
+7S vy FERRO : i
_ Reactor Doubling Time (years) : t
. z;’égﬁfl\] atas 'ﬂj % mg Enriched Nitride
Pin o.d. Core and Core Natural
B olasr Yy ENE (in.) Blanket { Only | Nitride | Carbide
t3, 0.30 10.4 111 22.1 15.8
A O R I N
0.45 8.3 8.5 10.8 8.5 : :
(] =1
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TRANSACTIONS OF THE AMERICAN NUCLEAR SOCIETY, 1987 ANNUAL MEETIRG,

VOLUME 28, JUNE 18-22, 1978 pp.563~505

BREEDING PERFORMANCE POTENTIAL FOR (U-Th) OXIDE, CARBIDE, NITRIDEM, AND
METAL-FUELED LMFBRs, |

R.B. TURSKI, P.S. LAM, W.P. BARTHOLD (ARL).

BALHOBE» S U~ ThZEIBBEHEI W TH 3,

1000MieE OHEMLMFEBRZ2HMFIZ(U~Th)—-0/C /N8B OJMRE

oW TIREGEORE « ERESE R NI A —SICHEBR2RET S,

BRI RE L Table. o T X, ROV Y —2Fig. 1loRT,

10

60

»
Q

Denipn A

Total Fowar, AMWig
71 core Hedght, in.

Cycle Length, fpd

cyeles

Inlet Tempazrature, "F

Axial Blanker Thickness, in.
Axtial Reflector Thicknesa, in.

Core Assemhly Repidence Time, cycles
Redin) Blanket Assembly Residence Time,

Mixed Mean Outlet Tespersture, "F

Subchennel Pressure Drop, psi

Heximta Hoclear Linear Hest Rating, kW/ft
txdde /Carbide/Hirride /Hetal

Lore Smaared Fuel Density, I T.D.
Oxide/Carbide/Nitride /Metal

Blanket Smesred Densicy, 2 I.D.

Cladding Thich

Hinimm p/d

{t/d wet st 0.015/0.370)

Maximum Sodiuvn Veleoity, ft/e

Moximm Spacer Voluwe Fraction, vol%

10

&b ~ A
18

3

258

2

650
430
90

20123125730

85/82/82/80
90/85/85785
0.012

1.150
35
4.0

T3 >
Q a

CSOT, yams

40

30

Fig. 1. Thorium=-uranium - fueled 1000-MW{e) LMFBR
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0.30

[23-1]

FUEL VOLUME FRACTION

periormance.

C.AD

T E

BEH




F#2.3—18 FEBEFLORFFIBER — UN SP-100—
PROCEEDINGS OF THE 1988 INTERNATIONAL REACTOR PHYSICS COWFERENCE,
SEPTEMBER 18-22, JACKSON HOLE, WYOMIKG pp.IV-315~326
4%, & | SP-100 NUCLEAR REACTOR DESIGN
RUHi# C. COWAN, A. HARTMAN, G. JENSEN, D. LUNSFORD, R. PROTSIK, D. SWITCK (GE)
(23}
¥EDOE, BWERCHEFHBL CHFHEHABEFFSRI00LHREL T 5,
g | FOEnEEE, 86, BHHEORCEEY A2V TTORE, UNMKELND
N—RE&DO#EH, n LIBROUYFILGHRT V2 LDSAF—THE
BRHBEILTVS, X, REH2T0 33K PEBLZ2EHELTWS,
RHENTUM BAFFLE (BarmIgx) TYPICAL BAYOHEY LOCATIONS
EXTERNAL TO THE (ToraL 42)
HONEYCOMB STRUCTURE
TYPE 1 ASSEMBELY (6)
THO ENRICHMENT ZOWES
AXTALLY
H g ASSEHBLY (&)
ONE ENRICRMENT ZOHE
AXIALLY
TYPE 2 ASSEMBLY (18) .
OKE ENRICHMERT ZOKE
AXIALLY
Fig. 2. Core Layout for the SP-100 Reference Flight System
Key Nuclear Performance Parameters For
The SP-100 Reference F1 ight System
- VALUES
Power (MWi) 2.4
Fissile Enrichments{2)
Core Zone 1 (%) 89
Care Zone 2 (%) 97
Peak/Average Power Distribution
#a R Beginning-of-Life 1.63
End-of-Life ) 1.46
Peak Neutron Fluence (nvt) §.6x1022
Control Worth{b)
Refiector Elements (§) 14.0
Loss of Coolant{b)($) -3.3
Vﬂopp'ler {Tdk/dT - Non Fuel) -0.0039
Power Coefficient(C) (c/ku) -0.073 ~
Temperature Coefficient{c) (c/K) -0.25
a) see Figure 1 for the Zone Descriptions
§it5 # | &AEM b} $ = 0.0071 ak/k at the beginning-of-life
¢) Beginning-of-life .
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(1) SEBRHED @9
FT2A-NARBMANLIZH3EBR~ I OBEWETT, 2FELIE. Fernitf, HED
DF RPEHHL TU £ - 1RE, H—0BEN0oSEMBE LTS 5., AFEMIEHE
BRI ONTEY, SEMNRTSERSFOORECHED TEHRR T —2 24841 T
W,

@ BALIEREHE D OO

#2.4— 2121985 10 BISBRFIC L » 7o 1 ¥ F OBRALIIRE B S IE RS (FRBTR)
DB 2 T,

{hORAPSOD I EZAN—RBE2 MO XD 6B UM EL T 1S, EODRH Lo
BRITZL,

(3 & A
REEGETOHUMEEORBE LT, R24- 12 0 heERREL=ERR ~
TEF2.4-22 3 LD RIPMEHFO=FBTROATH 3,
EBR=IMZOWTHEBEF — 4 VEET, SERSBERBFOOME 21T Dloi# )
TEDS. BUPEEFED (62.5M0) Tow, BRAR»3,
~%, AV FOFBTROMIBERORCHBREFELL LT IETTH 5 M, B0
AR BEL TS AL,
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wE, FE
RUHi

(29>

INTERNATIONAL TOPICAL MEETING ON ADVANCES IN REACTOR PHYSICS,MATHEMATICS
AND COMPUTATION, CO. SPONSORED BY CEC AND OECD/NEA, 27-30 AVRIL 1987,
HOTEL MERIDIEN MONTPARNASSE PARIS-FRANC, P.921-936

RESULTS AND IMPLICATIONS OF THE EBR-I INHERENT SAFETY DEMONSTRATION
TESTS, H.P. PLANCHON JR., G.H. GOLDEN, J.I. SACHETT, R.H. SEVY (ANL)-
INVITED |

EBR—1I (Experimental Breeder Reactor II) OE#HOEHMIX,/NEIDNa |
BHEENERE SV F2EE T2 Thoal, RICEFEFRAYSEL, #5464,

Pump Stop Time 100 sec. Initial Power 100%. Auxiliary

B 1y A OB SR 2T ORCTEY N, BETRLMROBEEZE D238 ;
RT3 LD OBRBHITONTI S, B, FOWHFRCET 3 ERROERE |
RTOmRAES e ZHIFSLEIPRABRE NI, '
FOLEFBEHE RkOBY

MEL: oS5V as ’
B V42 ¢ 3.3020m t
WEE : 31625 Y L 2# :
FYFMiFhUDL
5 m | RefRIbEVE
s FSA8 91k i
- HifEE, FHEIAE : 61% i
oY v 1 58.93mm i
RS A4 NeEl : ~6 or 7/8 ~ i
FREHE : ~10f8 et e T ettt g |
TSy b ~18/E T —— !
‘ Power/Flow i
| XXQ8% Jemperaiure Rise 1. i
Reaclivity e N
3- p,,.,,,- ] j T L) L] 1 T J SV
3 Ve T e ueas
= g o MG oy
w0 R’ ; |
8 |
Lg -3D0 -] 300 000 1300 2000 300
1 1loss of Heat Sink Without Scram fros 100% Power.
1 Test B302. Pretest Predtctions and Heasurements
] of Reactor Temperatures
u- e T et =
—-100 [«] 100 200 200 400 500
Titme info Transient, s |
Comparison of Power to Flow Ratio, Core AT, and Reac- !
I = tivity Ratio for Loss of Flow Without Scram. Test 45, !
1
i

Pump on Battery Power.
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HRBBIEOOEBAEERX — A Y F#R{EWFBTR —

HEHEA HERETFH¥ER
MRFNG3EK DA S, 198841078 (£)~10H (B) MMFERAZE) FRE

R, B8 | BAETHREHAEES - 88
P Fadu ¥ FA Y FoBT 3 BEFARRBOREK - & L s ReRsiE S SR
U (A wF4SHYI-BEFHHARE) S.M.LEE
A BB NERSA (FBTR) Q1985EI0HCERICR-, FBTR
0Tz OB, —AYFTOLMFR(S/G, #—E V) O@EHR L Eiz
= it D74 —VCYF12KETBHZL, —LMFBRAGHE, HEloBHAy K2

iﬁﬁ?%:a,—Na%ﬁ&ﬁaﬁﬁNawﬁﬁwﬁﬁéE&:&,—ﬁ%ﬂ%

SHOF BROBOFTRNA TV OFR,

BEcERoSOEHERM 248322, —ThAAEY3BHRAF, -

FOTR FLOW SHEET
e byl
meazted vivsgt feiimta  Hmt etagsate Tebnt

!
' Fimant Sthnaaly senitE fLID [{ LT T{T 4 CRLAATHS Lo !
Foupr PUMF e [ Lo d Trwgn
B rencnt 200mu (1ws Leersl @ L ComOTAsAtE A PECH WutA
FECOnBART Sobrod (lwd Ledti) ° LA
@ PO LY @ ChmotniTh towtid warld
. Hain Characteristiecs of FBIR !
Cora . ]
i
Nominal Thermal Power e 40 ]
Nominal Electrie Power Hle 1] !
Core Size Dismeter x Height cm 46 x 32 :
Fuel Materisl (Bu-1C |
Fuel Inventory kg 200 |
Pins per Fuel Subascembly €1 )
Pin Outer Diameter o, 5.1 15 i
Meximum Neutren Flux nfemés 3.6 % 10 .
Clad Materiel 316 5§ |
Control Haterizl 90% enviched B.C |
5 e i
Primary Circuit }
Humber of Loops 2 !
Sodium Inventory Te 26.7 !
Flow Rate per Loop kg!n 115 |
Sedium Temperature c 380-515 I
Secondery Cireuit |
{
Humber of Loops 2 i
Sodium Inventory Te 4b .
Flow Race per Loop kEIl 91 ,
Scditm Temperature C 300-510 |
Stean Water Circuit i
1
. Feed Water Temperature og s 200
! Steam Pressure kg/em 125 |
gy Steam Flow kgh 16.5 {
{’E = Steam Temperature c 480 !
|
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(1) BREEO 7 » 1 VLR
F+2.5—1~22R T, JENDL-Z2: 30EEY 2 BBoC &,
JENDL-2&E, Zr, NHEIZ@E#IX A TR,
JENDL-32it, ™' Zr, LZORBPAVI—F (0Zr, 917, 927,
4Zr, ¥Zr) BTN TS, 24720 —cld, 4N, 1SN Ee#io, Narnas
s ns,
B, Zr, NRZ, BEFEF -2 RELETHY, NMMJIENDL — S0 x
NBWMyF—24EE, JENDL~3T Rev.0LEFHR S,

(2) B0 7 7 14 WLKRER
J 'ENDL“Z!-:_HR???H??!'LTL\%Q&EES%, T8 3tc, JENDL—-SWRM>ATH
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(4) B ORSRE & oL

NetZr, “NOJENDL—-3T Rev. 0FF{S{E 2 BIRF —~ 2 2800, 70w b
BHIRL Fie 2HEFEOHE 70y FEIIE2.5—-1~22 PR T DTS,

5, Zr DOPM (HEEFEERF VY ¢ 1) &, N Z r 0LWERAEF -4 102
DEBELIT74 9 L TROEEBOEY, 70y NECOEREHOHE F—HHE
6NB (HRAUEE) . X, %Zr, %Zr O150keVE L OB T OB L MR
OEETOEBASERETSH S, oL, BEERETcH ), FNEEE, 8eF—
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(5) WEMORBI RS L OB
NatZ p (2L T, 14MeVTCODDXEERE OEBSREN TN ZIOATHSB, I
F2.5-3imRT, Zr AT, EEEGR2 D AnTvinicd, DOXHEE
rHET2 E, SBAELERECT—BIKREL, UL, AERER2HEL: (AEH
i) BEO LEBEMH>TEEOCBET 2 o—HEE, M2.5-NLRLEEYTH B,
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2RLTVBM, DDXERBRLL TR,
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D_FHH%,
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2T HRERH B, '
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(2058 R*J SSTDL./J 3 T—100 (1008 55, FFLERGHSTER XN T LB,
NatZ r, NN SN TR,

Q@ BEISARELY
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PHERTBHENSB™, 72— v M, JSDI0002A—RELTHY, TOHBK
WhNetZ r, UNEINMPECDH S, RERERINCKDHTH S,
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F*2.5—1

_NO" NUCLIDES

1 4i-H - 1
2 1-4 - 2
3 3-LI- &
4 3-Lf- 7
S 4-BE- ¢
& 5-B - 10
7 &-C - 12
B 9~-F - 1%
? 11-NA-23

10 13-AL~- 27
11 14-SI- O
12 20-cA- ©
13 20-CA- 40
14 20-CA- 42
15 20-Ca- i3
16 20-CA- &4
17 20-Ca- &6
18 20-CA~ 48
19 21-5¢C- 45
20 23-y - 351
21 24-CR- D
‘22 24-CR- 50
23 24-CR-_ 52
24 24-CR- 53
25 24-CR- 54
26 25-MN- 55
27 24-FE- D
28 26~FE- 54
29 24-FE- 56
30 26-FE~ 57
31 26-FE- 58
32 27-C0- 59
33 28-NI- O
34 28-NI- S8
35 28-N1~- 60
36 2B~-NI- 81
37 2B~-NI- 82
38 ZB-NI- 64
3¢ 29-Cl- O
40 29-ClU~ 63
41 29-CU- &5
£2 41-NB- 93
43 42-M0- 0O
44 £2-MQ- 92
45 42-¥0- 9%
L8 &42-MD- 95
47 42-HD- %6
48 42-M0- 67
49 4L2-MD- o8
50 42-MO-10O
51 72-HF-174
52 72-HF-176
53 72-HF-177
S4 72-HF-178
55 72-HF-179
56 72-HF-180

57 73-Ta~181
5§ 82-PB- O
59 BZ-PB-204%

&80 B2-PB-206

. BAT "ND

2011
2012
2031
2032
2041
2051
2061
2091
2111
2131
21490
2200
2201
2202
2203
2204
2205
2206
2211
2231
2240
2241
2242
2243
2244
2251
2260
2261
2262
2263
2264
2271
2280
2231
2282
2283

228&

2285
2290
2291
2292
2411
2420
2:421
2522
2423
2424
2425
2426
2427
2721
2722
2723
2724
2725
2725
2731
2820
2821

© 2822

JENDL-2 ¥ & &

ND WwLCLIDES

v e e -

&1 "B2=PBraG?
62 B2-PB-208
63 90-TR-228
64 90-TH-230
45. 90~-TH-232
46 90-TH-233
57, 90-TH-234
68 91-PA-233
69 92-U -233
70 92~-U -234&
71 g2-U -235
72 92-8 -236
73 ¢2-u -238
74 93~NP-237
75 93-NP-239
76 94-PU-236
77 94-PU-238
, 78 94-PU-239
79 94-PU-240
80 94-PU-241
81 94-PU-242
82 95-aM-241
83 95-AM-242
54 95-RM-242
BS 95-AM-243
B6 96-CH-242

B7:96-CH-243:

B8 9E-CHM=Z2LL

B9 96-CM-2(5



#2.5—2 JENDL—3 General Purpose FilelZliif§ &N 3

Z Nuclide pA Nuclide
1 H-1,-2 40 Zr-0,-90,-91,-92,~94,-96
2 He-3,-4 41 Nb-93
3 Li-6,~7 42 Mo-0,-92,-94,-95,-96,-97,
4 Be-9 -98,~100
5 B-10,-11 47 Ag-0,-107,-109
6 c-12 48 cd-0
7 N-14,15 51 Sb-0,-121,-123
8 0-16 63 " Eu-0,-151,-153
9 F-19 72 HE-0,-174,-176,~-177,-178
11 Na-23 -179,-180
12 Mg=0,-24,-25,-26 73 Ta-181
13 Al-27 74 ¥-0,-182,-183,~184,-186
14 ' '$i-0,-28,-29,-30 82 Pb-0,-204,-206,-207,-208
15 P-31 83 Bi-209
16 §-0,-32,-33,-34,-36 88 Ra-223,-224,+-225,-226
17 "Cc1-0,-35,-37 89 Ac-225,-226,-227
18 AT-40 30 Th-227,-228,-229, -230,
19 K-0,-39,-40,-41 ' -232,-233,-234
20 Ca-0,-40,-42,-43,-44, 91 Pa-231,-232,-233
~46,48 92 ' U-232,-233,-234,~235,
21 .. . Be=45- _236,;238m_m“”
22 Ti-0,-46,-47,-48,-49, 93 Np-237;-239
-50 94 Pu-236,-238,~-239,-240,
23 v-51 -241,-242
24 €r-0,-50,-52,-53,-54 95 Am-241,-242g, -242m,; -243,
25 Mn-55 -244g, ~244m
26 Fe-0,-54,-56,-57,-58 96 Cm-241,-242,-243,-244 ,-245,
27 Co-59 -246,-247,-248,-249,~250
28 Ni-0,-58,-60,-61,-62, 97 Bk-249,-250
-64 98 Cf-249,-250,-251,-252, -254
29 Cu-0,-63, =65 99 Es-254,-255
100 Fm-255

*) The nuclide with. 0 stands for a matural element.
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40-ZR-000 MAT NUMBER=3400

40-2R-000 EVALUATION : M.SASAKICMAPI)
COMPILATION: T.ASAMI(NEDAC)
HISTORY

MF=1 GENERL INFORMATION
_MT=451 DESCRIPTIVE DATA AND DICTIONARY

MF=2 RESONANCE PARAMETERS
MT=151 RESOLVED RESONANCE PARAMETERS

RESOLVED PARAMETERS FOR MLBW FORMULA WERE GIVEN IN
THE ENERGY REGION FROM 1.0E-5 EV TO 100 KEV.

PARAMETERS WERE CONSTRUCTED FROM THE EVALUATED ONES FOR IR
ISOTOPES OF IR-90, ~-91, -92, -94 AND -94, CONSIDERING THEIR
ABUNDANCES IN THE IR ELEMENT. THE ABUNDANCE DATA WERE TAKEN
FROM REF./1/ TO BE 0.5145, 0.1122, 0.171%, 0.1738 AND 0.0280
FOR ZR-90, -91, -92, -94 AND -964, RESPECTIVELY.

2200 M/5 CROSS SECTION(B? RES. INTEGRAL(B-EV)

ELASTIC

CAPTURE

TOTAL

MF=3 NEUTRON CROSS SECTIONS

BELOW 100 KEV, NO BACKGROUND CRDSS SECTION WAS GIVEN.

ABOVE 100 KEV. TOTAL AND THE PARTIAL CROSS SECTIONS WERE GIVEN
POINTWISE.

ALL THE CROSS-SECTION DATA WERE DEDUCED FROM THE EVALUATED
ONES FOR FIVE STABLE ISOTOPES OF IR CONSIDERING THEIR
ABUNDANCES, EXCEPT FOR THE TOTAL CRDSS SECT-

I0NS 1IN THE ENERGIES ABOVE 100 KEV.
MT=1 TOTAL . ‘

THE DATA WERE CONSTRUCTED FROM THE EVALUATED ONES OF FIVE STABLE
ISOTOES OF ZR FOR JENDL-3,

MT=2 ELASTIL SCATTERING
OBTAINED BY SUBTRACTING THE SUM OF THE PARTIAL CROSS SECTIONS
FROM THE TOTAL CROSS SECTION.

MT=4, 51-8%, 91 INELASTIC SCATTERING
THE DATA WERE CONSTRUCTED FROM THE EVALUATED ONES FOR EACH IR
ISOTOPE. THE DATA FOR SOME LEVELS WERE LUMPED AS FOLLOWS:

MT LEVEL ENERGY(MEV) ZR-90 ZIR-91 ZR-92 ZIR-94 IR-96
G.S. 0.0

52 0.935 51

33 1.205 51

54 1.300 52

55 1.382 52

56 1.467 52

57 1.469 53

58 1.496 53

59 1.5%90 51
60 1.671 54

61 1.760 52
62 1.761 51

63 1.847 54

64 1.882 53

65 1.900 53
66 2.042 54

67 2.057 55

68 2.066 55

69 2.131 55-56

70 2.150 56

71 2.186 52

72 2.189 57-58

73 2.210 _ 54
74 2.259 5940

75 2.319 53

237
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76 2.339 56-57
77 2.486 58
78 2.73%9 54

79 2.740 59
BO 2.748 55

B1 2.820 60-62
82 2.900 63
83 2.958 &4
B4 3.077 56

BS 3.309 57

86 3.448 58

87 3.589 59

:3:} 3.B843 &0

89 3.970 61

THE THRESHOLD FOR THE INELASTIC SCATTERING TO THE CONTINUUM WAS
SET TO BE 2.329 MEV FOR CONVENIENCE OF THE FILE MAKING.

MT=16 {N,2N)
CONSTRUCTED FROM THE EVASLUATED DATA FOR THE ZR 1SOTOPES.
MT=22 (N-NAD

CONSTRUCTED FROM THE EVASLUATED DATA FOR THE ZR ISOTOPES.
MT=28 (N,NP)

CONSTRUCTED FROM THE EVASLUATED DATA FOR THE 2R ISOTOPES.
MT=102 CAPTURE

CONSTRUCTED WITH THE EVASLUATED DATA FOR THE 2R ISOTOPES.
MT=103 (N+P)

CONSTRUCTED FROM THE EVASLUATED DATA FOR THE ZR ISOTODPES.
MT=107 (N,AD

CONSTRUCTED FROM THE EVASLUATED DATA FOR THE ZR ISOTOPES.
MT=251 . MU-BAR

CALCULATED BASED ON OPTICAL MODEL

MF=4 ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

MT=2 ELASTIC SCATTERING
CONSTRUCTED FROM THE DATA FOR THE ZR ISDTOPES CALCULATED WITH
THE TNG CODE/2/.

MT=51-89, 91 INELASTIC SCATTERING
ASSUMED TD BE ISOTROPIC IN THE CENTER-OF-MASS SYSTEM

MT=16, 22, 28 INELASTIC SCATTERING
ASSUMED TO BE ISOTROPIC IN THE LABORATORY SYSTEM

MF=5 ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
MT=16, 22, 28 INELASTIC SCATTERING
CONSTRUCTED FROM THE DATA FDR THE ZR ISOTOPES CALCULATED WITH
THE TNG CODE/X/.

MF=12 PHOTON PRODUCTION MULTIPLICITIES
. MT=102. . . .. e .
CONSTRUCTED FROM THE DATA FOR THE ZR ISDTOPES CALCULATED WITH
THE TNG CODE/X/.

MF=13 PHOTON PRODUCTION CROSS SECTIONS
MT=3
CONSTRUCTED WITH THE DATA FOR THE ZR ISOTOPES CALCULATED WITH
THE TNG CODE/X/.

MF=14 PHOTON ANGULAR DISTRIBUTIONS
MT=3, 102
ASSUMED 70 BE ISODTROPIC IN THE LABORATORY SYSTEM.

MF=15 CONTINUOUS PHOTON ENERGY SPECTRA

MT=3, 102 B
CONSTRUCTED WITH THE DATA FOR THE ZR ISOTOPES CALCULATED WITH
THE TNG CDDE/X/.

REFERENCES

1) HOLDEN, N.E., MARTIN, R.L. AND BARMES, I.L. : PURE & APPL.
CHEM. 56, 675 (1984).

5) ENSDF
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Ref)

Department of Nuclear Engineering, Tohoku University, Sendai 980, Japan

NatZ r OD DX KGR L DOLLE

Nuclear Data for Science and Technology {1988 MITQO), 291~ 294, Copyright T 1988 JAERI.

DOUBLE-DIFFERENTIAL NEUTRON EMISSION SPECTRA
FOR Al, Ti, V, Cr, Mn, Fe, Ni, Cu, and Zr

#M.Baba, M.Ishikawa, N.Yabura, T.Kikuchi, H.Wakabayashi and N.Hirakawa

()

Abstract: The angle-dependent neutron emission spectra have been measured for nuc-
lides cited above at the incident neutron energy of 14.1 MeV. For aluminum, iren,
nickel, copper and zirconium, the measurements were performed as well at 18 HeV
incident energy. The data were obtained at 7-12 laboratory angles for secondaty
neutrons down to 0.6 MeV, The emission neutrons show systematic angle depgndence
and their angular distribution were compared favorably with the calculation based

on the Kalbach-Mann systematics.

(neutron, emission spectra, Al, Ti, V, Cr, Mn, Fe, Ni, Cu, Zr, l4.1 MeV, 1B HeV)
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¥ e ROEBHER O (aff) HPh&dy, nfE (=1.70+ o)) SHEREFD,
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—2DOARERBEATHS .,

nEREI»S5A3 L, SBBBUFOONERERENT K - |AWBEHRDL X o XIgic X
{BEYZ5CTHBH, REBECIK - 2P L0H00L - T3 RTREIETHSB, &
OEHIBRICHRE T3,
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o Kidtd, %HM, FPEECZHNT
DT oFRoFFLTO LEESEBEO—-B(LEYHENmE 2 i+ 3,

% B & g e =ew

(barn)
Na 0.0020 0.70 0.95 0.95
B 0.021 0.76 0.90 0.90
Pu—FPFP 0.54 0.72 0.91 0.91

* B {bpmEloEicsdT s
#% Cr+Mn+Fe+Ni+Mn (Fi)

IS DFERRSEIC>WTH, FEMEFELOESGHER I oEE iRT
hE L, RICEEBEEFEL TR ZOlAEPEL W,

o REE O n & IR
PERER LI I TOREAIC Lo BB X2 REI NS,

@ BREEEOnE
ZhEGE T AN M Lc oYy, BREFIAS B VIEE RS, FEG

BED, HICSBRBFEOTCRASLRS, (23°Pu, 2P u)
@ RO ¥
REFSHEHCRIR N R ICERT 5. ESREEOTOHERBFLO TR
ZOERNELRS, ‘
Col, EBEORMITEEOR S ¥ HERL THlERRILFRE S,
#3.4. 3312 1000We BIF L OFEHY, FHlHEORES & P FIRINETSH
%, TORRPHELUT, BEBEOREE, MDA OHEORRT S b ONT

HoFTH5,

F AT IE O T IR (1000MVe & HIEE)
Bty = B w249

BEHE(F PER <) 0.913  0.018  0.928  0.931
Na, #&#, 8%, KFX o037 0.082  0.071  0.069
Zr, FP

(238U, 270P uHiHETRIE) (0.494)  (0.537)  (0.540)  (0.550)
* MHEaEt 2102 Hgik
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ORI T X3 CBREREB LA 0FERN OIS BAREEL L o, HEE
FEOOHFHLTPIZAE N, CHRTL L CESETEOZICEET 3,
SBHBUR.OORBIEUN OFERII 5 « SAPBEHEL L LRSS LH, Th
13#%3.4.3-3X 0 bh B ESFEL LT Z r OFEFRIUCESITWS, BFE, KE,
SFOPHFRIRBIZIERICDEF L,
FHMBFELOEESREER, FEREEORH X YD L3P uELEOEE
HUE-20wTHEY, EoRIRT XIS, HYE (285U, 240P ) ol FHESENE
(bl X o RIS W,

BABET LT Y XOME

3.4.11BF%3.4.1-1, —2CRLEXICEBARFOORAFEY VLY 21, B
BEFLOBS LV HREL, —F, K ZEYBBFOORKESE 7 L2 Y 2, B
MBBFELOBRILARERVEWIERSES L, BTk, 1000WeFD2HHIZZ
DOEHIz LT TS,
ARFCRBATEI N Y R LUTO X S I RTBRIGEHEER D 5 OREGHEIR Y
FKEOHEETFHE2 B ORI KD 72,

s, GAGEZ? VY RA%2MFFET3 L

4

. MFF=max(Z(di.8+¢:,8) 2)XT
P=1
ELTERDI,
I CREHOBRIROLBYTHB, ,
¢ B2 LIDHASE | BhYE TR
¢ vt D W RME T BTPETR O
T : Bl HER] (=35F=23600X24X 365X 3%5)
HPEFRISHLRVF ~TIELNEY, SR L CE4HEIcoMeENs, 0l
S, BEM LIk Lo FEOME LB, maxid, FLOHORAL2IB3 L%
BEHTS,
AR TOHBTOME, BERIHA L SHHFRICSETI L 2E 25, ZORE
2LUTETRT,

Bk £ B KW 24wy
SebTEY |4 M| 377 4.04 345 3.47

(£40 |k #5| 446 5.00 427 4.2
EEEES | W 8| 0579 0.670 0614  0.640
(B¢ /50| % 8| 0582 0.6 0.618  0.645

¥ 47 10'%°n, cm?sec



CORERIBFLORABEI N Y BB LNBFERLTORETH S,
BRBFEOOE iy 5 &

EHEFR EFRBRTR 10%K
(WIRA, RETHE) K- 2epmeicl 8967

SREHETI 16% K
EE RS RACHEEITWE 695K
E/eipiiiclx 119K

EWSERIERSTINS,

-7, SRMEVALTI, ShETR L EERES L L B YBERL 2o A% 0,
AU TR « EAYBEFEL TR, BERYSRSERBED L v /A X uaE{LY
BEFOIDRIRELB-TWVB, LI3h, SRSZRITBRCBAYBRELO/EY
LPILB-THY, ITNHPEERIMEPAZL BTV YREZERL TV,

R, RABEZVLY AR ROLBY RS,

(1000MYedF.0>)
fik¥r  2.26X102% nvt
2 B 2.88X1023 nyt (1.27)*
RAv4D 2.25X102% pvt (1.00)
2 2.34x102% nvt (1.04)
x Bk e ot

$¢ﬁ¥ﬁw%ﬁm,Eﬁﬁ%@%*ﬁ?i@%ﬁa&ﬁﬁm$y6%ﬁ(¢ﬁ¥ﬁeu

FUTRBOBTHERE) OZRICRELNIN, FAELLOHELTE, BIR, PugikE
REER CREIcHAVIER) 2H—cLTHh, #ASMCAkSBEREB L, 2204
FRFROZRIFOLHOLFRFROEZRIVELTWB 2 ELLNB N, Al
THEFEROERICFEE NG, H5, BHAR—ETH3h 5HSTMERI LS LIF
EFOFHOEHRFRIPEILE3 . UTEBFOLOBDBBTEES 2 L8+ 2,
(BL, AR LOMIERER 2 LB 1, )

Zslen™t)
Bl & B R{Y 24
2 L HHE 0.00237 0.00217  0.00257 - 0.00259
B2 VKR 0.00233 0.00224 0.00259 (.00265




A%, SBoZmEmEs, BepWstozERrya e, O, REOELHER, &
BEHR O 8%, RAPMEALTIL10%Y, SPBEFEL 1% E B->Tw
3, chlieshdFrHOEE2HECEL, FRHICBRBBOEVDHZH, hidk—
FUSRBOBNICES DOEERLSND,

BOBTER™OE T, BEBRECRY, 32 nBoBNiEmREoE S EL
BIi=fissiletiE23°PumA S EZ 5,

P UDERBRFIY DSKIAEE 2SR OCHE T3, §3.4.2-6Rk03.4,.3~
2XH AT OEFSELNS,

((OP uERIIHE - KEIEH L Ui, )

2147 & B AL (4

239p yHF 1.0 (%) 1,00 1.08 1.08
2Py ¥ DY BB 1.0 0.93 0.98 0.99
i 1.0 0.93 1.06 1.07

-7, EBBBEELOTCIII DRHIEMEES/NE VNI L, TRIIINT b LPE
WREBHTHBHBINIC LY Y DRESAMEMESE RO L9 b hd v, iz,
B e {IEHE LT, Tissile@BB B DT & 0 LB B EE B {Lipoie
FLEDHREN,

UEtoHRZ2EF D3,

o MAEET VY R, PHTROGEREE, FORGRETE, v -2 0 HGH0
WTH 3.
SEMBHFEL TR, BIYERHROMCHREEREE I A L OmA, FOE
HEPHTFERLAF O, FOEEEFHETRERSAS WEHE, 37050 8NEmEys
NEVEDTH B, ZOHE, SEBRIFOORRAEE Y VL Y AEYRBIEL X
D HBINERE L I oiz, —F, K - BWBEAD I, EERIANTLYRY
A& 6% (i, 1% (@I ATV, FOLEHoERMFRITE M issi]
cDBNZ XD HFHLRBFEL LD MLy, FEBGPRELHRLHEBEL
TW3, E—F v P REOEZBVHEFRLORAEEI N Y A5 2 3BT H%RE
THBLELLNS,
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WERHBE

FEBERE OB 3B 2N F — (10MeV~EMeV) §EIE 2~ » b L

ERBEFLTORI 2 UF—EE XY P UDELEEBHED L 0 /A X Bk,
RMMEHED L 0 2 U OMEFF L OTHBRBESEA B I 2 b Ex 5ha ,
AU L3P ugbEOR - 2 T10~1.35MeVD RS b LI te L 2 B LR
PO, CTOBEBIC>LTRET S,

BLXVF—~FR2ER, V-REBHRUEOHLL, »o, HRTHLNREET S
PH®E RS Y 2T,
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AR
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ANF-LHOLEREEC AT 3,

TRVF-LHO v {fil, FROLTARELREHLR N EEL SRS, 22T
F-RHOT, (BHLWER 2HET 3, Do TiE, OIEHnTRFELOH
R2IT->TIB,

ZORELEMATE L, D ABLUBEBFEOOERRE L LT, SEMEFLTE
KB %HE, K- SYEEL TN~ IBEERE > T3, T, FEBEUED
THFBEHELOHMI 2 ) FTERORBTARY FLBNEL BB 3 53%, X5
Ky Z:ORPMBFEEL T, SEMELOCR, X532 0@RM»ERE B, 5.2
YREHEO TR ZOBEEMTHEEND, Z20LDICELILE—~CORB-FERAY k)
DRFSREBHBRFEL LK - SAYBRIFEL TR AL BRAZ 2103,

VS OBSITYIEEICE, RO RERTHB, BB, BEACLY » 5O
FNF—  BEEERRB S ATNBOT Y S SHRHMTS . o, B2
By S BN A SN S BN E B P, FCHSEIE LD R BT R F
FEHOSREDLSBVOTELALFE =AY MUNTHEMHC RS S,
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« 240D y » 2387 D—BH (L RAIB S BB ERREIC DWW T
#3.4.3— 20 F L h—B{LEIEMEIC L TR, FRF XY bV oBEWFELTR
—Bm 2 OEBNPEVEEELT IV, HOP R JoksHBER ST 2V F—
U EFWMEDH B, FOMOBEREFHTFARY P UDBBIZELSERS PP L
WO B R r— L TRBETER L, ST 20 6 OWEEOBEKERIC > TH
93,
2387), 240P y DfissionffTHEO T RN F ~KEFRR RO LI BT WS,

B fibarn
Group No. E 238y 220p y
1 3.68—10.0MeV 0.630 1.64
2 1.35—3.68 0.484 1.68
3 0.302—1.35 0.00820 0.73
< 86.5KeV —0.302He¥ 0.00008 0.085
5 9.12-86.5 0. 60007 0.082
6 061eV—9.12KeV 0.0001 0.15
7 101.3—961.0 0.0008 0.43
8 101.3eVEAT 0.000005 0.24

BT, —BEL B0 BABEIIERE, BUTHIZELALYL, 2BOoXN
SR NDOAEXTHRTY, MHOPRIEOVTHRLWENIHEITORFITRES
=%,

LBz, £3.4.3-102% b VT, 1, SBOXAY b LEELY - % - 21
WeREEAE RS THY, SEBETEZREIOASV, fEoT, 1, 2HOIN
b b TR NS 25U Mf issioniERIE, SEMEITI X0 NS C MOMETIE
EE—E L5,

75, 240P y DfissioniEIE, ¥ S 3HORNRY MLICLFREN, ZOHD
285 OV IRSFEE L LB OBE LD AE L, 1 ~3WAXI PV TP
OWFEEL2EAST B EFRLLI-2ACRLERMBELNS,
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ZRERZEFVCLIBHAARLETCOLNTH S,

BMLUT, HADHRIBFEOLLDBRER VL VAS, I, BFELHE LML & &4l
FLOHABERL, AMIFELDOHINES T3, H5, HAEHDRH 3, 20kS ¥
2R3 L BLOEENC R 3 L HEBB OBELIRRRF LWHAEHETL TS,
TRIZDHLTE () THRET 3,

(2) HWAHEE - W HiEE
TIAA-VCHAEE - BADBRL 2o, BRIBAEE, THHEARE, HAS
HICRZRZ D, DEVICEEBEEOCRIBOFENCHL, 735V v rOHABE
HrR»e5,

(3)  HHEE
HAOEE L ZEX LT L THRLY, FO—NVBHSE 0 —h VBRI HT 3,
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COBREBEHEE (EECRMEEL) S2cgsns, zoT, A—REEEA
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3.4.4-12R T,
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OIRTFT7r2R2E1LUTHS, HUBEITEHABRENI ISR, 1ho60
THIT 2%k BEYMBEURLORBAELO 2% EIFFEL L,
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BB D 10~11% v,/ oBE L I6< , BRIEDS LU EE BTV RDTHS S,

W e a—-A N BAZESSFEBBFELTRORRE»oe0lk, Dlokd
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BLEILNS,
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3.4.5 RIGEHE
1000MWe R U 300MIe DB (LY, SEMEUFLEZHR LU TH MUY I LKL FRE, Ky
TR, WRIC L 2BERBOLERIT 1, (FEY A2 L)

(1) FPUDLEA R Fuv7rs—{R(#

SHHEEBEHHGEC LT P UTLKRA FREE2EIAL-NI, Fo7os—HReEk
3452 B LIc, 2T, FPUDLHA FREOBERFY Fr b U I L0FECY
MU TEZRD, (KA FT2FbUDLOBIZR A FIRESHAT 3 & RKE)

£3.4.5-1L0bd3 IS CEBRBFEOOF MU T LF A FRENT, EBpBBEL
OE & th1000M0e@l31.5%A 0 (XY FNaHFS585FT) ~2%A0 (Y FNa®%S
Z) BRELLB TS, 0MYeF LT, EIHES1000MeFDOWTSBBEDOAE &
EREH, RROSERBFOOANR0.9~1.5%Ap RENHE RS,

BREOL IV A NVKBOLBPIPBL O LEBAELLBDE, FPOEEHEL, H
BERRY OB RN FE—HORY (FRUILFA FRRICIEOES52ET5,
BROEIA4.5-3BB) WAL BB RDTHD,

—F, #3452 RT LOE, SEBEELO Py 7SR, BARERZELT,
B 2 VER, KEIE I B EIENRD O OB0% DE L 73 - T % (HENE) . 300
WHelF D & 1000MYe A L 0 ¥EH & D HE13%90.9~0.922 2 o T3, FRDE BV A2 UK
HIZ X WIEE & v L HHED LT3, ChbFPEREMSLEDTHS S,

PEo X3, SBRBMRL TR EABTE 2L, BAYBEMFEL IV LT P UYL
HA FREEAREL, Fuy 7o —{R¥oidEithe {23, H3.4.5—1R3.4,5-2
BREFELOF RS LFA VERCEESOREFEARY FVEFRT,

RSN EDDLIB LI, FRUILBEAL T B I LICEBE/EFERRY M
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(RO T F P U LBRA FIELCHBESFLT3Y, BBBlcRXRELFE5T
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COEIHEEFRIRY P VBB TIESPBIM IO REZNEDTHS S,

$3.4.5-3121%, 1000MyeM4R D0 MU D AR A FGE2BEEHC L OB OF
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%% L EEMBIFEOLOEVPAEL LR ->TE (ERCB-T3) oid, 38 (0,302HeV~
1.35MeV) &, 78 (961eV~101.3eV) R EWVWS T L TH 3, MM VO TUMEFD E
HEABOETSH S, 21T, 343ETHEHARL ISICH LS VTR EBMEHED
DFEBANRZ P BHhEND, A2 b LVOEE (A BASL{CLFESLLTERA
BEXL2LDTHSB, SERMEUADO T b Y 2 48 4 FIREW, B UF
NH R LHBAKEVEIE0.3020eV~1.3MeV) OB LEHBAELBHTNBE I LRI B,
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CHUDENESOHRE EESTWB D TH B,

BRI X 3 RERY (F&RED
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42 WREOBROATT . BEGRE—KIES), IRREISEERERETEIC X8,
INGERWTHIRE, MU TL, #EY, FOTHROBE R £3.4.5-52R
T HFEOMIC AL YRR S #3.4.5-6I0R T, #, BEOBERBIHHNAOE
HEREFEEL T3,

BROBERMT, SEAS OB ONL.METH Y, TR TEERR
BOETHB, HL, BHEBELEEL TS, -7, A2ESBRENITY YL,
FEEEIERL TERSGITFONBIBFFEOVWTEHRRE TILEN S 3,

F VY LOBERMI, XY FFMUYLOFRECP DT, SBBEFELOLN
KEWV, ZhEHEA FREOBERLRACTH 3,

FOEEROERAEIROSEIOBEGETH S,

o HROBEHFHBAHE iE
o BEloFRHME 00 &
o HEMOERYR 0 T

o P UDLDOBRIAARGHER &

RS, 2ODOEOMENAELEHRLELTRLEES, B SRSBEBBE DDA MBI
DEHEOEEDEOEHERAS LI Ebh 35, Chik, BEEERKRE S Y
LEERBOTA ELEBIMIERL X 9L RE W (R3.4.5—488) O TH3,

300MYe 4T D> & 1000MefF O D LB T, RHBE RSN 300WeF DO F AR {, S+
1) LR BRI RIS 1000Mle R OB A Z L, o b, @3 0%5 L L T1000MYelF
DEMIFDOERNELL XS ETEH, #B, RHEEREOZIRLAE (H
L, 00MIIFODOHHOEDICEHESAZ L EBDT 1 — KR w 2 HAEOEE2HEL
TS,

F3. 4. 54 BV THBRRIRLOBBIE E RSB EBBFEOOR LI VLB 1IHX
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%g%ﬁwﬁ%ﬁ&bﬁ/Ap/p?%b.i&ﬁﬁ%@mﬁ?@Uhomﬁbwﬁ@
EBOFABIERIT1000MefF 0T, 36,10 > (B4E9), 45.30 ¥ (&) TH 3 5, Biky
EENY o Blm BRI
(1000MVefF.0>)
0.00759 Ak/k/ b (Bib#n)
0.00678 Ak/k/ by (& B)
ri2s,

B, SERHEBFOOLMEP uSBE ORI, BARRER M) OFEEh s 1w,
%ﬂ%ﬁﬁﬁgutw,ﬁﬁwﬁﬁ%%,Ab%/Ap/pimvmﬁﬁuk%uoﬁﬂ
%%mﬁﬁu,ﬁﬁﬁﬂﬁbwﬁﬁk%mﬁ.:m@%ﬂM(Na)wﬁmEﬁﬁﬁ@&
PIRRHAL L Y SR E L GEMER) B oREE2E52 2 08552 -9
rEX N3,

(3) HFY FNaoe
ARG TR, SRBRURD OBEE - MRS 2 RO 2B, HELFRY FNal, s
¢%Eﬁﬂ%&ﬁb<%ﬁ$“b%tﬁ§%®¥vw7uﬁoTM%&bto%ﬁ%ﬁ@
ﬁ%ﬁﬁ,ﬁ%m;@%ﬂﬁx:uvﬁb,@ﬂ®$vw7ﬁH@Omm%%ﬁﬁ%3ﬂ
Thd,
FYFNaOTFRC LB kor: DRI, 55 EZLTOLI e 3,

NaBEERE KYFNafle

0.427%0.25
(1000MUetF.D)  —0.0359 X = 0.008

0.427X0,25+0.375

W%.%&&%Aptﬁ%o%ﬁ*uﬁyFNaﬁ%QR&HTNHﬁmwﬂmﬁigﬁ
r¥izz,

Lpl, RV YT L THEL REFICHY FNa B S - 8ai, ZOHREEL
%%, hxlinz,

BT, MBS XK N a $B2BET 8 - L URIGEFH LES th s,



#£3.4.1-1 FOBMHHEOT LD (1000MFD, FEY A7)

e B L4 Eod= wAly 211y
PUE {LJE (W/0) 1C/0C 14.1718.0 10.3/13.7 11.0/14.1 10.4/13.3
Ey 16. 1 12.0 12.6 11.9
IR IGE (%A p ) 2.0 -0.2 0.0 -0. 4
HEEIL* MOEC 1.22 1.41 1.40 1.43
B TR EsE- (F) 23. 8 12.6 13.4 12.3
S AT LIEBEBRE . (F) 34. 0 16.0 17.2 15.6
FOBTEYEAEE (v/ee)  BOEC 248 246 247 247
FLEEAENEE (w/ee) BOEC 382 384 388 391
BASEIZ VI 2 (10230vt) 2.26 2.88 2.36 2.34
AP LI Y T R BRATEEE (MW /T) 73800 58200 56900 54600
SE B IMPUETE R (ko) 1393 1304 1412 1390
Pur4 > Y (kg)  BOEC 4465 4585 4711 1682
EOEC 4675 4756 5087 5086
SERFYA7RPUTFI S (ky) 210 571 376 404
Nadi4 REREL """ (%A p ) BOEC 2.0 4.9 - -
EOEC 2.4 4.5 - -
Ko7 —{RE* " (10-2TdK/dT) BOFC -9.7 5.7 _— -
FOEC -8.9 -5.4 - -

+ 8., “IHIRZEFNICLS
#2233 U NAFE 2+ & 2. MPUOBRESES D
++35EFRl2 3. 4. 2T (2) 20

414&4’?:[}%}&1’3@ EOECOJ fﬁ



#3.4.1-2 HFLHEEHOZ LD (Q00MYetED, &Y 4 2 0))

g 3R] &R
PUE {L.EE (W/0) IC/0C 15.2/20.3 11.4/16.
T 18.1 14.1

PR RICE (RA o) 2.5 0.7
WL MOEC . 1.19 1.34
BTG (&) 30.0 16. 4
BE VAT LIEERER " (F) 47.8 21.9
LT HNEE (W) BOEC 222 220
FLERAHNEE (w/ec) BOEC 328 325
BREHE 7 LT R (1023v1) 2.09 2.51
17 L T 2 45 B (MWd/U) 66000 51500
TPy 8 (ko) 419 409
Pu£ >Ry kY (ko) BOEC 1658 1652
EOEC 1708 1741

Rt 4oaPutF 5 (kg 50 89
Narki 4 KEREL " (%A ) BOEC 1.5 3.0
EOEC 1.8 3.4

K75 — (&5 (1072TdK/dT)  BOEC -8.9 -5.2
EQEC -8.2 -4.9

8., _HTRZEFNLIZLE S
235U NFEE XS TP, VPUOHRERZ &
e SEFRIE 3.4, 270 (2) B0
wxae P L G 18 EOECOD fE



#£3.4.2—1 RO 2 IR L RERGREE (1000WefF.D, FHEHRD

& & gitth =ikt

YE L
L 0. 87 1.01 1.02 1.05
BTIor b 0. 12 ©0.14 ©0.13 0.13
BT 5Ty b 0. 23 0. 26 0.25 0. 25
3 1. 22 1.41 1.40 1. 43
PR L 0. 91 1. 06 1. 07 1.10

FE) PPPUDEREE T, P PDERE ST

33.4.2—2 HEFAHL OIS =k WER & AEREEIREL (300MVedALy, T HHHER)

4y &8

Bkt
R 0. 77 0. 88
E7ox7vhb 0. 21 0. 25
Wrsrryh 0. 21 0. 272
H 1. 19 1. 35
P EREL #L Lk 0. 82 0. 92

H) B UOEEZET Y. VPudEZ &0



#3.4.2-3 MEESRENE - BOZEP uFIS (REY 42 1L, 1000MelFiD)

(Bfz b )

il I E7UIvvh &S

%8 Total Py 1.935 o - 1.935

B AL Total U 10,08  7.45  4.08 21.61
el Pu + U 12,02 7.45  4.08 23.55
Pu; 1.393 - - 1.393

Pu, F) 45 -0.090  0.194  0.105  0.209

& Total Py 1,811 - - 1,811

& Total U 13.28  9.11  5.32 27.71
R PU+ U 15.09 9.11  5.32 29.52
Pu, 1.304 - - 1. 304

Pu F4% 0.042  0.209  0.120 0. 371

®HE  Total Pu 1.962 - - 1,962

Bk Total U 13.61  9.89 5.4 28.91
B} Pu + U 15.57 9.89 5. 41 30. 87
Pu, 1,412 - - 1412

Pu . F 45 0.057  0.206  0.115 0.378

KA 2 fotal Pu 1.931 - - 1. 931

E(47) Total U 14.30  10.31  5.64 30.25
e Pu + U 16.23  10.31  5.64 32.18
Pu, 1.390 - - 1.390

Pu F)48 0.081  0.207  0.116 0. 404




#3.4.2—4 f5 B B B o b B (1000M¥etl)

MOX Metal Carbide Nitride

| H
By R i g
BHZMPuER | 1393 1304 | 1412 | 1390
fo (ke) |
4 2 VEH ' ;
BHAKPuER, 1602 | 1675 | 1788 | 1794
fN (kg i i | i
|#4am ‘
P R P u RS
FN—fo (ke)
Y1 2 EH
MpuER
241 £ (kg)

R

2009 371 376 404

154 139 155 1656

23.8 | 12.86 | 18.4 i 12. 3

RDT* (4)
EEY T LG
B | 34. 0

C SDT*()

16. 0 17. 2 15. 6

* RDT=3+« fo/ {(fi—fo)-365/2)
CSDT=4n2+ (3« fotfl- T L/ I((FN-fo)—ath—202FN(1—en)} 3
TIT 2 (BRBIETHRMRE) = 435 (H)
T (F A KB = 1.5 ()
a (BEo 2%E) = 0,03
A CCHPuigEES) = 0.0471 (1)
RIERAEES



#3.42-5 F W B B o K 8 (300MiefFD)

7% |
MOX Metal
H B
YA VR
BoEEP uER 418 409
fo (ke)
A 2 W
Ba#EP uER 469 498
fN (ke)
YA 2N
BAHEEP uFiE 50 89
fN—fo (ke)
Y 2 VR
4ipyuER 59 59
241 £ N (kg)

BT |
30. 0 16. 4
RDT* ¢9) | '
I R |
Rl 47.8 | 21.9
CSDT"™(4)

x RDT=3+fo/ {(£N—fo)+365/4)
CSDT=4n2+ (8- fotfN- T L2/ [{(FN-fo)~afH-201rNA—eT)} 3
SIT 4 (BSICRER) = 4% ()
THEHAERB =15 (@)
o (BEo2®R) = 0,03
A (PP ugREEHR) = 0.0471 ()
RE> A S -



3#3.4.2-6

B BE T b = LOE (1000MYetF.Dy, FFDOE) BT kg
Bt ol ) g{d ! 21k
23%py 3421 3340 3624 3596
T FER 241py 666 626 687 678
total Puf 4088 3966 4311 4274
239py 3451 3497 3799 3792
T HY 2a1py 548 511 569 563
total Puf 3088 4008 4368 4355
239Dy +30 +157% +1765 +196
HaE 241Py -118 —115 -118 —-115
total Puf —-90 +42 +57 +81
#3.4.2-7 B9HHETN P LAOEE (300MelE L, FBEOE Bl ke
Bk B
239py 12_58 1252
A 241py 259 251
total Puf 1517 1503
239py 1244 1269
@A H 241py 217 210
total Puf 14_61 1479
239y —-14 +17
1 241py -4 2 -41
total Puf —-56 +24




523.4.2—8 MmEHWEOME (1000MeF D, HFHOERD) B ¢
g ke o wALH Eit™
2387J 29.29 38.71 39.65 41.72
FErm 240py 1. 44 1.33 1.46‘ 1.44‘
total 36.73 40. 04 41. 11 43.16
238J 28, 39 371. 1 38.61 40.65
R H 240py 1.49 1.35 1.50 1.48
total 29,88 39.06 46,1 42.13
238 -0.90 -1.00 -1.04 -1.07
I 240 +0. 05 +{. {2 +0. 04 +0. 04
total -0.85 -0.98 -1.00 -1.03
#3.4.2—-9 HEHEHYIBOMREE (300MieE D, F.OER) By ¢
i (7] &
2387J 9.55 12.65
&g HE 240py §.54 0.51
total 10. 09 13.15
238y 9.31 12.38
FEREY za0py 0.55 0.51
total 9. 86 12. 89
2381J -0.24 -0.27
151 z40py +0. 01 +0, 00
total -0.23 -0.27




#£3.4.3—1 BFELOPHFIRZ bV (FHPDH)

(1. 0= 8%k

Group No B My & B B Sk
1 3.68 —10.0MeV 0.015 0.013 0.015 0.016

2 1.35—3.68 0.069 0.058 ‘0.067 0.067

3 0.302—-1.35 0.221 0.280 0.254 0.273

4 86. 5KeV —0, 3024eV 0, 275 0.320 0.278 0.285

5 9.12—86.5 0.322 0.282 0.302. 0.275

B8 961e¥ —9.12KeV 0.086 ~  0.044 0.075 0.072

7 101.3—961.0 0.013 0.004 0.010 0.013

8 101, 3eVELT <0.001 <0Q.001 <0.001 <0.001
mEUNG 0.580 0.671  0.614 0.641

(86.5keVLL k)



$£3.4.3-2 RBEO—BLEYEEE: n |
1) Capture

A ] ( Beikinins bl L ol
D #, barn) £ AL E1i
239p { 0.578 ) 0.678 0.923 0.913
z240py ( 0.608 ) 0.730 0.926 0.919
241Dy ( 0.525 ) 0.787 0.945 0.935 .
238 ( 0.302 ) 0.775 0.904 0.901
2) Fission
P ( EEfuimissd BlthBEol
OE, barn) Eod AL Z{th
239py (1.870 ) 0. 925 0.979 0. 989
zd0py ( 0.369 ) (. 967 1.016 1. 057
241py ( 2.660 ) 0. 860 0. 951 0.955
238 { 0.045 ) 0. 84 .98 0.98
3) 7
ma ( Bzttt Bt Lol
DIl ) &E it =1
23epy (2.24 ) 1.07 1.02 1.02
240Dy ( 1.13 ) 1.18 1.07 1. 09
241py ( 2.48 ) 1,02 1.00 1. 00
238 ( 0.35 ) 1.09 1.09 1.1

Lo

—45



#£3.4.3-3  ARETRIVKGEOLE (1000MelFd, FHYE, FrHdiE)
& RN =T+ RO
RS LT BB SR 21.0
[ A & =B AR 2 1k
Pu-239  0.326(0.077)%  0.208(0.055)  0.304(0.067)  0.298(0.066)
Pu-240  0.053(0.033)  0.042(0.024)  0.047(0.028)  0.046(0.027)
Pu-241  0.076(0.013)  0.065(0.010)  0.067(0.011)  0.085(0.011)
Pu-242  0.007(0.005)  0.005(0.003)  0.006(0.004)  0.006(0.004)
An-241  0.002(0.002)  0.002(0.002)  0.002(0.002)  0.002(0.002)
U -235  0.008(0.002)  0.010(0.002)  0.009(0.002)  0.010(0.002)
U -236  0.0001(0.0001) 0.0001(0.0001) 0.0001(0.0001) 0.0001(0.0001)
U -238  0.441(0.384)  0.495(0.427)  0.493(0.426)  0,504(0.434)
0 0.003 - - —
C ~ ~ 0.0003 -
N ~ - ~ 0.0001
Zr ~ 0.013 - -
Na 0.0027 0.0029 0.0024 0.0024
S.S. 0.058 0.049 0.049 0.048
U-FP 0,003 0.003 0.003 0.003
Pu-FP  0.020 0.014 0.016 0.015
% JHER



F3.4.4-1 H HHE M O K E (1000MY)
MOX Metal Carbide Nitride
cBARHAEE  w/ccl
¥ Vi (IC00) 372,382 320384 3327388 336,391
B4 EEE  (IC.700) 3477341 3407343 3557340 3607352
- RIGMABE v/ ccl
Y4 2 L EIHR 248 246 247 247
B 2 U AHA 242 240 242 242
- HADER {251
YAV F D 94.6 03.9 94.3 94.5
BT Vb 3.2 3.5 3.3 3.2
EI50r9b 2.2 2.6 2.4 2.3
YA LEN FOD 92.3 91.7 92.4 92.6
75V 4.9 5.2 4.9 4.7
BBk 2.7 3.1 2.8 2.7
cHAZ AR F I 724" (BAERRAE)
Y2 L 1IC/0C 1.02,71.07 0.98,71.03 0.98.71.03 0.98,71.03
Y42 KR IC/0C 1.02,71.06 0.98.71.03 0.99.71.02 0.99,71.02

¥ ZRIGR ZBEH RIS LT, M—BRRERcEm s 3 BMRE0Rs 2 ES
HED3 5, BOFLVESEOHN & LHHHENE 0L SEHNOk2 WS,
AR (BEHEORKE ORAHAEEZIORRE TN TLENL,



#3.4.56—-1 Na 4 FHE Otk 8

Bir %BAp
1000MWe 300MWe
MOX Metal MOX Metal
iy L 2-04 4.01 1.53 3.01
{3.23)* (2.43)*%
-1 2 LR 2.11 4,45 1.82 3.38
(3.59)* (2.72)*

* XY FNaoFG52BWi-Ea

#3.45-2 R w 7S —~B# oL
Bty 1073Tdk,”dT
1060MYe 300MWe
MOX Metal MOX Metal
H A 2 L ETHE —-9.70 —5.72 —8.90 —5,20
P15 R —-8.90 —b5.42 ~8.17 — 4,87




F*3.4.5-3

(1) 1000M¥e MO X

(2)

T RUDLRA PR FLEE, TR, RBEHEE)
Bz Akkk' /kg+Na

T )b F—F I nner Core Quter Core Total
1 4.158—6 2.378—-6 5.536—6
2 7.067—6 3.946—6 1.101-5
3 1.204—5 6.312—6 1.834-5
4 —4,794—6 —3.332—6 —8.116—6
5 —4.493—6 —2.796—6 —7.287—6
6 —3.310—-6 —1.709—6 —5.018—6
7 —4.002—6 —2.120—8 —6.123—6
8 —1.444—8 -3.127-9 —1.757-8
T otal 6.654—6 2.677—86 9.331-6
1000M¥e Metal
TRILF B I nner Core Outer Core Total
1 4,033—6 2.447—6 6.480—6
2 6.375—6 3.698—6 1.007—5
3 2.063—5 1.064—5 3.127-5
4 ~9.484-6 —6.210—6 —1.567-5
5 —8.321—-6 —4.921-6 —1.324~5
6 —3.412—6 —1.818—56 —5.229—6
7 -8,148—17 —3.742—17 —1.189-6
8 —5.024—10 2.563—10 —2.462—-10
Total 9.017—6 3.462-6 1.248-5




#3.4.5—4 HERE, BRAREOLE (FERED
1000M¥e 300MWe

MOX Metal MOX Metal
mel®mERY 0.274 0.307 0.313 0.348
>+ U AEERE —0.0195 ~0,0359 —0.0137 —0.0272

(—0.0289)* (—0.0219)*

HEMEERE —0.0543 —0. 0555 —0.0430 —0.0437
BHAEEREBEH 0.0606 0.0648 0.111 0.120
B H MR R 0.136 0.147 0.138 0.148
¥) By EBERM Ak/k/AeSp

TR FREL

Ak kAR KERE)

¥) KUY FNadHRATLFLABEHLTOS RHELBE



#3.4.5-5 & E R ¥ o k8 (PERED

X107%Akk/C

1000MYe 300He
MOX Metal MOX Metal
% S —~1.8 —2.8 -2.3 -3.5
+ * Y B L 5.6 10.6 3.9 7.8
(8.8)* 8.3)*
E: & *4 1.3 1.7 1.0 1.3
oD ¥ O —-8.8 -11.3 —-8.9 -11.3
(—10.6)* (—10.8)*

¥ Na—HY FBPRBFLVFLABHLTCWS 2REL HES
x BA MO8 BREERE



$#3.4.5—-6 EBEREEHICHOCIYEEY

nOE B B R X (T 13.2X%107° (E{t¥, 11007T)
17.6x107° (& &)

FhUTLGEELE () —2.87X107* (400~5807C)

MEMBERE (O 17.8%X10°¢ (425T)
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Table 4.1 kogg and reactivity worth at EOEC

Metal Core Mox Core
Reference 0.99924 0.99937
Na voided(1)™] 1.,00268 1.00144
*3 *4
{0.32437 ) {0.1958" *)
. *2
Na voided(2) 1.05087 1.02927
(4.917) (2.907)
Doppler™ > 1.00200 1.00849
(0.2757) (0.2049)
*1 Voided region --- Core center
*2 Voided region --- Inner core + Outer core
*3 reactivity worth (%dk/kk')
‘s Reference : keff = 0,99943
. Reference : keff = (0.,99948
> Metal Core : B823K-->573K
Mox Core : 1373K-->573K
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b) fission

coefficients of k_g¢ with respect to 239y cross

section (*10“2)

Table 4.2 Sensitivity
a) capture

Group Metal Core Mox - Core
1 -0.000 -0.000
2 -0.026 -0.027
3 -0.363 -0.254
4 -0.752 -0.626
5 -1.201 -1,491
6 -0.735 -1.573
7 -0.191 -0.727
8 -0.004 ~-0.016

Total -3.272 -4.,716

c) V value

Group Metal Core Mox Core
1 1.133 1.120
2 4.843 5,268
3 17.779 13,187
4 18.573 14,897
5 17.212 18,702
6 4,575 8.652
7 0.961 i.410
8 0.024 0.084

Total 65.100 65,399

Group Metal Core Mox Core
1 0.775 0.831
2 3.245 3.533
3 12.515 9.248
4 13.683 10.851
5 13.424 14.194
6 3.673 6.734
7 0.738 2.555
8 0.017 0.057
Total 48.071 48.003
d} scattering
Group Metal Core Mox Core
1 -0.047 -0.041
2 -0.126 -0.126
3 -0.038 -0.023
4 0.001 0.012
5 0.011 0.017
6 0.003 0.005
7 -0.000 -0.000
8 -0.000 -0.000
Total -0.1%6 -0.,157




-

Table 4.3 Sensitivity coefficients of k g¢ with respect to 240py, cross section (*10“2)
a} capture : b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.000 1 0.252 0.306
2 -0.020 -0,024 2 0.997 1.233
3 -0.187 -0.152 3 1.772 1.677
4 -0.326 -0.310 4 0.267 0.239
5 -0.564 -0.788 5 0.229 0.274
6 -0.232 -0.560 6 0.063 0.133
7 -0.061 -0.260 7 0.016 0.051
8 -0.001 -0.007 8 0.000 0.000

Total -1.391 -2.101 Total 3.598 3.912

c) V value d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.374 0.448 1 -0.018 ~-0.018
2 1.514 1.869 2 -0.055 -0.063
3 2.539 2.413 3 -0.049 -0.035
4 0.368 . 0.332 4 0.043 0.024
5 0.297 0.366 5 0.007 0.011
6 0.080 0.173 6 0.002 0.004
7 0.022 0.070 7 -0.000 -0.000
8 0.000 0.000 8 -0.000 -0.000

Total 5.194 5:670 Total -0.157 -0.126
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Table 4.4 Sensitivity coefficients of kog¢g With respect to 241Pu cross section (*10”2)

a) capture b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~0.000 ~0.000 1 0.087 0.102
2 -0.013. -0.015 2 0.380 0.453
3 -0.103 -0.083 3 1.654 1.332
4 -0.127 -0.116 4 2.388 2.098
5 -0.165 -0.222 5 2.922 3.464
6 -0.067 -0.157 6 1.040 2.108
7 -0.015 -0.063 7 0.163 0.622
8 -0.000 -0.001 8 0.000 0.004

Total -0.491 -0.659 Total 8.634 10.183

c) V walue : d} scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.127 0.148 1 -0.010 -0.009
2 0.565 0.674 2 ~0.021 -0.024
3 2.332 1.884 3 -0.008 -0.005
4 3.222 2.862 4 0.000 0.002
5 3.735 4.546 5 0.002 0.003
6 1.295 2.704 6 0.000 0.001
7 0.213 - 0.832 7 -0.000 0.000
8 0.001 0.007 8 -0.000 -0.000

Total 11.491 13.656 Total -0.036 -0.032
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Table 4.5 Sensitivity coefficients of k gy with respect to 242p, cross section (*10'2)

a) capture b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.000 1 0.037 0.043
2 ~-0.004 -0.005 2 0.146 0.176
3 -0.027 -0.022 3 0.232 0.217
4 -0.040 -0.037 4 0.018 ¢.015
5 -0.089 -0.123 5 0.006 ¢.007
6 -0.037 -0.087 6 0.001 0.002
7 -0.008 ~0.031 7 0.001 0.002
8 -0.000 ~-0.000 8 0.000 0.000

Total -0.205 -0.305 Total 0.440 0.463

c) ¥V value : d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.054 0.@64 i -0.004 -0.004
2 0.222 0.267 2 -0.012 -0.013
3 0.331 0.311 3 -0.004 -0.002
4 0.024 0.021 4 -0.006 -0.003
5 0.008 0.009 5 0.001 0.002
6 0.001 G.002 6 0.000 0.000
7 0.001 - 0.003 7 -0.000 0.000
8 0.000 0.000 8 -0.000 -0.000

Total 0.642 0.678 Total ~0.025 ~0.021




Table 4.6 Sensitivity coefficients of keff with respect to 235U cross section (*10_2)

a) capture | b) fission

Group Metal Core . . Mox Core Group Metal Core Mox Core
1 ~0.000 ~0.000 1 0.010 0.008
2 -0.002 -0.002 2 0.038 0.031
3 -0.014 -0.007 3 0.173 0.093
4 -0.,027 -0.017 4 0.252 0.146
5 -0.039 -0.035 5 0.341 0.266
6 ~-0.015 -0.024 6 0.135 0.180
7 -0.004 -0.011 7 0.030 0.068
8 -0.000 -0.001 8 0.001 ‘ 0.003

Total -0.102 -0.097 Total 0.980 0.794

c) V value ‘ d) scattering

Group Metal Core Mox Cofe Group Metal Core Mox Core

1 0.015 0.012 1 0.002 ~0.001
2 0.062 0.050 2 ~0.006 -0.004
3 0.266 0.143 3 -0.004 -0.002
4 0.364 0.214 4 -0.003 -0.001
5 0.456 0.368 5 0.001 0.001
0 0.173 0.239 6 0.000 0.000
7 0.040 0.094 7 -0.000 -0.000
8 0.002 0.004 8 -0.000 -0.000

Total 1.379 | 1.125 Total -0.014 -0.007
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Table 4.7 Sensitivity coefficients of k_g¢ with respect to 238y cross section (*10'2)

a) capture b) fission
Group Metal Cdre Mox Core Group Metal Core Mox Core
1 -0.020 ~0.016 1 2.464 2.031
2 -0.347 -0.281 2 6.878 5.825
3 -4.212 -2.380 3 0.471 0.315
4 -5.603 -3.547 4 0.007 0.004
5 -10.482 -9.8%0 5 0.005 0.004
6 ~3.013 -5.329 6 0.001 0.002
7 -0.527 . -1.710 7 0.001 0.002
8 -0.013 -0.036 8 0.000 0.000
Total -24.218 -23.189 Total 9.827 8.183
c} ¥V value E d) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 3.899 3.7165 1 -1.050 -0.713
2 11.393 9.636 2 -4.378 -3.345
3 0.724 0.488 3 -0.832 -0.393
4 0.010 0.006 4 -0.687 -0.138
5 0.007 0.006 5 0.336 0.363
6 0.002 0.003 6 0.042 0.071
7 0.001 0.002 7 -0.003 0.002
8 8 -0.002 -0.002

0.000 0.000

Total 16.036 13.305 Total . -6.574 -4.155
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Table 4.8
a) capture

Sensitivity

coefficients of kogg with respect to Fe cross section
b} scattering

(*1072)

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~0.101 ~0.106 E ~0.472 -0.398
2 ~-0.049 —0.055 2 -0.953 ~-0.928
3 -0.211 -0.158 3 0.082 0.045
4 -0.307 -0.262 4 -0.412 -0.186
5 -0.359 -0.430 5 0.090 0.124
6 -0.188 -0.431 6 0.078 0.135
7 -0.008 -0.023 7 -0.001 0.006
8 -0.004 -0.005 8 -0.005 -0.005

Total -1.227 -1.469 Total -1.591 -1.207

Table 4.9 Sensitivity coefficients of kg,¢¢ with respect to Na cross section (*10'2)
a) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~0.036 ~0.030 1 ~0.379 ~0.252
2 -0.002 -0.002 2 -0.818 -0.607
3 -0.015 -0.009 3 -1.299 -0.494
4 -0.045 -0.030 4 -1.126 -0.438
5 -0.032 -0.031 5 -0.090 ~0.040
6 -0.052 -0.101 6 0.111 0.177
7 -0.004 -0.009 7 0.000 0.005
8 -0.000 -0.000 8 -0.001 -0.001

Total -0.185

-0.211 Total -3.601 -1.650
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Table 4.10 Sensitivity coefficients of kg ¢¢ with respect to 239py-FP cross section (*10'2)

a) capture = b} scattering

Group Metal Core Mox Core ’ Group Metal Core Mox Care
1 ~0.007 -0.001 1 0.061 ~0.057
2 -0.021 -0.024 2 -0.140 -0.150
3 -0.183 ~-0.138 3 -0.067 -0.042
4 -0.334 -0.295 4 -0.021 -0.009"
5 -0.573 ~-0.751 5 0.003 0.006
6 -0.255 -0.573 6 0.003 0.006
7 -0.070 -0.280 7 -0.000 0.000
8 -0.001 -0.004 8 -0.000 -0.000

Total -1.439 -2.066 Total -0.283 -0.245
Table 4.11 Sensitivity coefficients of k_gf with respect to 2383_rp cross section (*10"2)

a) capture ' b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.000 1 -0.014 -0.010
2 -0.005 -0.004 2 -0.031 -0.026
3 -0.039 -0,023 3 -0.013 -0.006
4 -0.068 ~-0.047 4 -0.005 -0.001
5 -0.117 -0.120 5 0.001 0.001
6 -0.056 -0.098. 6 0.001 : 0.001
7 -0.016 -0.050 7 -0.000 0.000
8 -0.000 -0.001 8 -0.000 -0.000

Total ~0.301 ~0.343 Total -0.061 ~0.041
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Sensitivity coefficients of k_¢¢ with respect to Oxygen cross

(*1072)

Table 4,12 section
a) capture b) scattering

Group Metal Core Mox Cpre Group Metal Core Mox Core
1 ~0.293 1 -0.037

2 -0.003 2 ~0.774

3 -0.000 3 -2.124

4 -0.000 4 -1.789

5 -0.000 5 -0.347

6 -0.000 6 0.292

7 -0.000 7 0.010

8 -0.000 8 -0.00
Total -0.296 Total -4,.771
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Table 4.13 - Sensitivity coefficients of Na void worth with respect to 239y cross section
(Core center voided) (*¥102)
a) capture : b) fission
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.001 1 -0.674 -0.160
2 0.006 -0.006 2 -5.255 -3.935
3 -1.030 -0.470 3 18.688 8.081
4 -0.109 -0.226 4 -8.756 -2.409
5 3.861 2.182 5 -36.854 -15,340
3} 5.996 6.856 6 -26.193 -23.011
7 2.477 10.022 7 -9.358 -34.652
B 0.060 0.223 8 -0.232 ~G.775
Total 11.261 18.580 Total -68.634 ~72.200
c) V wvalue d) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.353 0.471 1 -0.093 -0.167
2 -5.454 -3.069 2 -0.093 -0.350
3 33.964 16.356 3 -0.311 -0.315
4 -7.281 ~-0.624 4 -0.244 -0.238
5 -46.700 ~19.927 5 -0.218 -0.206
6 -33.247 -30.581 6 -0,040 -0.050
7 -12.273 -46 ,.456 7 -0.005 -0.017
8 -0.320 -1.153 8 -0.001 0.001

Total -71.665 ~-84.982 : Total -1.002 -1.341
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Table 4.14 Sensitivity coefficients of Na void worth with respect to 240py, cross section

(Core center voided) (*1072)
a) captufe b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.000 ~0.000 1 -0.485 -0.291
2 0.024 0.010 2 -2.617 -2,253
-3 -0.344 -0.191 3 0.980 0.780
4 0.259 ¢.101 4 -0,329 -0.171
5 2.185 1.554 5 -0.816 _ -0.472
6 2.010 2.755 6 -0.544 -0.438
7 0.820 3.726 7 -0.211 -0.695
8 0.010 0.103 8 -0.000 -0.001

Total 4.963 8.058 Total -4,024 -3.541

c) V wvalue d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~0.504 ~0.154 1 ~0.015 ~0.057
2 -3.194 -2.381 2 0.036 -0.098
3 2.485 2.029 3 -0.253 -0.248
4 -0.361 -0.178 4 -0.174 -0.196
5 -1.053 -0.629 5 -0.09%6 -0.092
6 -0.696 -0.594 6 -0.026 -0.040
7 -0.282 -0.947 7 -0.,003 -0.010
8 - -0.000 ~0.002 8 0.000 - 0,001

Total -3.606 -2.857 Total -0.531 -0.741




Table 4.15 Sensitivity coefficients of Na void worth with respect to 241py cross section
(Core center voided) (*1072)

a} capture b) fission

12—V

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.000 -0.000 1 -0.208 -0.170
2 0.022 0.0176 2 ~1.164 -1.139
3 -0.142 -0.052 3 -0.040 -0.789
4 0.132 0.099 4 -4 ,585 -3.110
5 0.664 0.531 5 -11.551 -7.988
6 0.587 0.824 6 -8.049 -8.829
7 0.201 0.891 7 -2.144 -8.685
8 0.001 0.012 8 -0.005 ~-0.068
Total 1.465 2.322 Total -27.746 ~30.779
c) V value d} scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.234 ~0.160 1 -0.004 -0.022
.2 -1.,457 -1.340 2 0.017 -0.027
3 0.883 -0.451 3 -0.043 -0.042
4 -5,444 -3.757 4 -0.033 -0.034
5 -14.694 ~-10.463 5 -0.029 -0.029
6 -10.193 -11.675 6 -0,006 -0.009
7 -2.811 -11.623 7 -0.001 -0.003
8 -0.008 ~-0.709 8 0.000 -0.000
Total -33.958 -39.578 Total -0.097 -0.165
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Table 4.16 Sensitivity cecoefficients of Na void worth with respect to 242p, cross section

(Core center voided) (*107%)
a) capture ' b} fission

Group ' Metal Core Mox Core Group Metal Core Mox Core
1 0.000 - -0.000 1 -0.079 -0.053
2 0.006 0.003 2 -0.419 -0.373
3 -0.0486 -0.026 3 0.045 ' 0.002
4 0.040 0.021 4 -0.021 -0.013
5 0.374 0.280 5 -0.021 -0.012
6 0.320 0.410 6 -0.007 -0.007
7 0.102 0.442 7 -0,009 -0.028
8 0.001 0.005 8 -0.000 -0.000

Total 0.797 1.137 Total ~0.511 ~0.483

c) YV value d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.086 -0.040 1 -0.002 -0.012
2 -0.521 -0.417 2 0.009 -0.019
3 0.203 0,119 3 -0.018 -0.019
4 -0.023 -3.0714 4 -0.027 -0.030
5 -0.026 -0.015 5 -0.018 -0.017
6 -0.009 -0,.010 6 -0.0604 -0.005
7 -0.012 -0.038 7 ~0.001 -0.002
8 -0.000 -0.000 8 -0.000 0,000

Total - -0.475 -0.414 Total -0.061 -0.103
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Table 4.17 Sensitivity coefficients of Na void worth with respect to 235y cross section

(Core center voided) (*1072)
a) capture | ' b) fission

Group Metal Core Mox Core Group. Metal Core Mox Core
1 -0.000 -0.000 1 -0.004 -0.000
2 -0.001 -0.001 2 -0.044 ~-0.028
3 -0.044 ‘ -0.016 3 0.271 0.077
4 -0.014 -0.010 4 -0.144 -0.039
5 0.094 0.034 5 -0.905 -0.342
6 0.106 0.088 6 -0.836 -0.591
7 0.047 0.131 7 -0.304 -0.,762
8 0.005 0.008 8 -0.019 -0.031

Total 0.193 0.235 Total -1.985 -1.717

c) V value d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.004 0.009 1 -0,006 -0.007
2 -0.030 -0.009 2 -0.009 -0.014
3 0.571 0.194 3 -0.034 -0.016
4 -0.072 6.007 4 -0.021 -0.013
5 -1.7158 -0.429 5 -0.008 -0.007
6 -1.093 -0.794 6 -0.001 ~-0.001
7 -0.413 -1.064 7 0.000 -0.000
8 -0.028 -0.044 8 0.000 0.000

Total -2.218 -2.131 Total -0.078 -0.058
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Table 4.18 Sensitivity coefficients of Na void worth with respect to 238y cross section

(Core center voided) (*1072)
a) capture : b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~-0.038 -0.044 1 0.022 1.535
2 -0.283 -0.384 2 -5.080 -0.702
3 -15.945 -7.572 3 0.611 0.27¢0
4 -5.032 -4.465 4 0.001 0.002
5 24.457 5.557 5 -0.012 -0.002
6 19.753 15.931 6 -0.011 -0.016
7 6.209 21.709 7 -0.008 -0.020
8 0.169 0.436 8 -0.000 -0.000

Total 29.289 31.168 Total -4.478 1.067

c) V value _ a) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 2.87 4.802 1 ~3.320 -3.722

2 -0.620 5.924 2 ~7.863 -11.900
3 1.349 0.665 3 -11.845 -7.404
4 0.005 0.005 4 -8.298 -5.806
5 -0.016 -0.003 5 -3.738 ~3,005
6 -0.015 ~-0.022 6 -0.574 -0.674
7 -0.012 -0.029 7 ~-0.0086 -0.142
8 8 -0,032 0.036

-0.000 -0.000

Total 3.561 11.342 Total -35.612 -32.617
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Table 4.19

4.661

Sensitivity coefficients of Na void worth with respect to Fe cross section

{Core center voided} (*10_2)
a}) capture : b) scattering
-Group Metal Core Mox Core Group Metal Core Mox Core

1 ~0.215 ~0.317 1 ~1.784 ~2.430

2 -0.055 -0.106 2 -1.928 -3.891

3 -0.819 —0.519 3 -2.236 -2.101

4 -0.193 ~0.253 4 -2.998 ~2.915

5 0.783 0.254 5 ~2.264 -2.274

6 2.036 4,359 6 -0.924 -1.330

7 0.109 0.304 7 -0.035 -0.230

8 0.085 0.105 8 -0.088 0.099

Total 1.731 3.827 Total -12.081 -15.071
Tﬂﬂé-LZO Sensitivity coefficients of Na void worth with respect to Na cross section
(Core center voided) (*10'2)

a) capture 1 b} scattering
Group ~Metal Core Mox Core Group Metal Core Mox Core

1 0.536 0.672 1 6.856 7.252

2 0.035 0.047 2 17.144 20.158

3 0.189 0.187 3 25.868 21.648

4 0.594 0.635 4 18.547 16.844

5 0.471 0.688 5 2.763 5.689

6 0.792 2.216 6 -1.155 -1.959

7 0.056 0.212 7 ~=0.028 -0.116

8 0.003 0.005 8 0.006 0.006

Total 2.675 Total 70.003 69.521
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Table 4.21 Sensitivity coefficients of Na void worth with respect to 239py-¥P cross section

(Core center voided) : (*10°2)
a) capture b) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.001 -0.003 1 -0.086 -0.230
2 . 0.015 -0.013 2 0.048 -0.330
3 -0.441 -0.298 3 -0.243 -0.267
4 0.138 -0.125 4 -0.113 -0.129
5 2.203 1.134 5 -0.101 -0.082
6 2.249 2.508 6 -0.,050 -0.075
7 1.016 4.301 7 -0.005 -0.,022
8 0.008 0.065 8 -0.000 0.001
Total 5.187 7.570 Total -0.550 -1.135
Table 4.22 =~ Sensitivity coefficients of Na void worth with respect to 238y_Fp cross section
{Core center voided) : (*1072)
a) capture b} scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.001 1 -0,033 -0.,052
2 -0.001 -0.0086 2 -0.020 -0.088
3 -0.126 -0.072 3 -0.065 -0.055
4 -0.020 -0.060 4 -0.035 -0.030
5 0.383 0.094 5 -0.026 -0.018
6 0.471 0.380 6 -0.012 -0.014
7 0.225 0.742 7 -0.001 -0.004
8 8 0.000 0.000

0.006 0.017

Total 0.937 | 1.094 Total -0.193 -0.260
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Table 4.23 Sensitivity coefficients of Na void worth with respect to Oxygen cross section

(Core center voided) (*1072)
a) capture : b) scattering

Group ‘Metal Core Mox Core Group Metal Core Mox Core
1 -0.764 1 -0.890
2 -0.004 2 -3.273
3 -0.000 3 -16.368
4 -0.000 4 -10.835
5 0.000 5 ~3.728
6 0.000 6 -3.398
7 0.000 7 -0.201
8 0.000 8 0.024

Total — -0.768 : Total e -38.669




Table 4,24 Sensitivity coefficients of Na void worth with respect to 23°Pu cross sectiop
{Inner core + Quter core voided) (*710 %)

a) capture b} fission

24.502

8-

c) V wvalue

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.001 -0.001 1 0.102 0.860
2 0.011 -0.025 2 -2,.645 -0.727
3 -1.318 -0.666 3 27.522 15.911
4 -0.028 -0.342 4 -12.861 -1.885
5 5.102 3.7119 5 -52.455 -25.037
6 7.311 9.458 6 -33.523 -34.861
7 2.838 12.809 7 -10.631 -43.951
8 0.005 0.151 8 -0.,011 -0.470

Total 13.898 Total -84,502 -90.159

d} scattering

Group Metal Core Mox Core
1 0.767 1.?20
2 -1.724 1.515
3 47.673 27.894
4 -11.677 0.834
5 -65.827 -31.609
6 -42.190 -45,392
7 -13.968 -59.,046
8 -0.022 -0.768

Total -86.969 -104.654

Group Metal Core Mox Core
1 -0.089 -0.157
2 0.045 -0.179
3 0.332 0.144
4 06.119 0.100
5 -0.076 0.007
6 -0.043 -0.049
7 -0.007 -0.031
8 -0.000 -0.000

Total 0.281 -0.166




Sensitivity coefficients of Na void worth with respect to 240p, cross section
(Inner core +Outer core voided) (*¥107“)

Table 4.25

a}) capture b} fission

6e—v

Group Metal Core Mox Core Group Metal Core Mox Core
1 ~-0.001 -0.001 1 0.014 0.277
2 -0.008 -0.022 2 -0.879 ~-0.381
3 ~-0.669 -0.4006 3 4,380 3.649
4 0.057 -0.108 4 -0.196 -0.025
5 2.411 1.673 5 -0.956 -0.559
6 2.337 3.496 6 -0.659 -0.656
7 0.949 4,772 7 -0.250 -0.900
8 0.003 0.102 8 -0.000 -0.001

Total 5.080 9.506 Total 1.454 1.403

c) V value d} scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.235 0.673 1 -0.037 -0.071
2 -0.604 0.391 2 0.026 -0.074
3 7.547 6.257 3 -0.011 ~-0.053
4 -0.147 0.046 4 -0.003 -0.026
5 -1.213 -0.717 5 ~-0.036 -0.005
6 -0.837 -0.864 6 -0.028 -0.046
7 -0.333 -1.225 7 -0.003 -0.016
8 -0.000 -0.002 8 0.000 -0.000

Total 4.649 4,559 " Total ~0.090 ~0.280
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Table 4.28 Sensitivity coefficients of Na void worth with respect to 241Pu cross section

{Inner core + Outer core voided) (*1072)

a) capture b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.001 -0.001 1 0.009 0.093
2 -0.005 -0.014 2 -0.329 -0.163
3 -0.379 -0.231 3 3.476 1.999
4 -0.003 -0.052 4 -2.685 -0.808
5 0.680 0.447 5 ~-12.587 -7.505
6 0.678 0.280 6 -9.780 -11.313
7 0.237 1.163 7 -2.543 -11.398
8 0.001 0.014 . 8 -0.003 -0.075
Total 1.207 2.307 Total -24.442 ~29.171
c) V value d) scattering
Group  Metal Core Mox Core Group Metal Core Mox Core
1 0.081 0.217 . 1 -0.021 -0.037
2 -0.234 0.085 2 0.002 -0.039
3 5.975 3.543 3 0.037 0.020
4 -2.651 ~-0.462 4 0.012 0.013
5 -15.767 -9.510 5 -0.011 0.001
6 -12.263 -14.650 6 -0.007 -0.010
7 -3.327 -15.232 7 -0.001 -0.004
8 -0.004 -0.121 8 0.000 -0.000
Total -28.189 Total 0.012 -0.056

-36.130
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Table 4,27 Sensitivity coefficients of Na void worth with respect to 242Pu cross section

{Inner core + Quter;core voided) (*107°)
a) capture b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.000 1 ¢.002 0.038
2 -0.001 -0.004 2 -0.132 -0.064
3 -0.102 -0.065 3 0.556 0.433
4 0.008 -0.01 4 -0.007 0.001
5 0.399 0.280 5 ~-0.023 -0.012
6 0.367 0.501 6 -0.009 -0.610
7 0.118 0.565 7 -0.011 -0.036
8 0.000 0.005 8 0.000 . =0.000

Total 0.788 1.271 Total 0.376 0.351

c) V | value : d) scattering

Group ' Metal Core Mox Core ' Group Metal Core Mox Core
1. 0.034 - -0.094 1 -0.009 -0.017
2 -0.093 -0.042 2 0.002 -0.021
'3 0.957 0.748 3 0.027 0.017
4 -0.002 -0.007 4 0.001 -0.002
5 -0.029 ~-0.015 5 -0.007 0.001
6 -0.011 -0.013 6 -0.004 -0,005
7 -0.014 -0.049 7 -0.001 -0.003
8 0.000 ~-0.000 8 ~0.000 -0.000

Total 0.841 0.814 Total 0.010 -0.031
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Table 4,28

a) capture

Sensitivity coefficients of Na void worth with respect to 235y cross section

{Inner core + Quter core voided) (*10'2)

b)) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.000 1 0.002 0.00°%
2 -0.001 -0.002 2 -0.028 -0.003
3 -0.055 -0.022 3 0.390 0.168
4 -0.012 -0.016 4 -0.159 0.023
5 0.133 0.045 5 -1.161 -0.355
6 0.135 0.119 6 -1.024 -0.699
7 0.051 0.159 7 -0.306 -0,.853
8 -0.000 0.002 8 0.001 -0.003

Total 0.250 0.284 Total ~2.286 -1.714

c) V wvalue

d) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.013 0.022 1 -0.005 -0.0086
2 ~-0.010 0.029 2 -0.000 -0.009
3 0.769 0.333 3 -0.007 -0,002
4 -0.093 0.094 4 -0.006 -0.002
5 -1.527 -0.468 5 -0.004 -0.,000
6 -1.353 -0.973 6 -0.001 -0,001
7 -0.426 -1.224 7 -0.000 -0.001
8 0.001 ~0.007 8 -0.000 -0.000
Total -2.625 -2.194 Total -0.023 -0.022
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Table 4.20 Sensitivity coefficients of Na void worth with respect to 238y cross section

{Inner core + Outer core voided) (*10'2)
a) capture b) fission

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.038 -0.047 1 0.318 2.287
2 -0.199 -0.338 2 -5.261 0.098
3 -17.277 -8.044 3 0.728 0.330
4 -2.073 -3.219 4 -0.003 0.001
5 38.653 14.931 5 -0.018 -0.006
6 25.936 25.014 6 -0.013 -0.020
7 7.021 27.213 7 -0.009 -0.025
8 0.002 0.178 8 0.000 0.000

Total 52.025 55.689 Total -4.260 2.666

c) ¥V value . d) scattering

Group Metal Core Mox Core ' Group Metal Core Mox Core
1 3.152 5.797 1 -2.279 -2.998
2 -1.709 6.527 2 -1.737 -7.213
3 1.570 0.759 3 3.574 0.917
4 -0,000 0.003 4 -0.007 0.077
5 -0.025 -0.007 5 -1.555 0.138
6 -0.018 -0.027 6 -0.668 -0.581
7 -0.013 -0.036 7 -0.116 -0.408
8 0.000 -0.000 8 -0.002 0.002

Total 2.957 13.016 Total -2.789 -10.069
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Table 4.30 Sensitivity coefficients of Na void worth with respect to Fe cross section

{Inner core + Outer core voided) (*10"2)
a) capture b) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.204 -0.333 1 -1.109 -1.765
2 -0.043 -0.103 2 0.852 ~-0.654
3 -0.879 -0.556 3 3.903 2.077
4 0.010 -0.119 4 0.318 -0.222
5 1.276 0.703 5 -0.971 -0.364
6 2.304 5.646 6 -0.998 -1.515
7 0.070 0.319 7 -0.109 ~-0.444
8 -0.004 0.004 8 -0.006 -0.005
Total 2.530 5.560 Total 1.880 -2.892
Table 4.31 Sensitivity coeffipients of Na void worth with respect to Na cross section
(Inner core + Qutrer core voided) ‘ (*10“2)
a) capture b) scattering
Group Metal Core Mox Core ~ Group Metal Core Mox Core
1 0.608 0.829 1 7.198 8.100
2 0.040 0.058 2 16.867 21.166
3 0.236 0.238 3 28.014 21.280
4 0.725 0.802 4 21.020 16.949
5 0.542 0.858 5 2.208 3.840
6 0.883 2.746 6 -1.677 -3.553
7 0.057 0.249 7 -0.045 -0.193
8 -0.000 0.002 8 -0.000 0.001

Total 3.092 5.781 Total 73.583 67.591




Table 4.32 Sensitivity coefficients of Na void worth with respect to 23%9py_FP cross section
(Inner core + Outer cdre voided) (*10“2)

a) capture b) scattering

SE—¥

Group Metal Core Mox Core Group Metal Core Mox Core
( ~-0.002 -0.004 1 -0.139 -0.236
2 -0.009 -0.025 2 0.038 -0.211
3 -0.644 -0.361 3 0.102 0.040
4 0.059 -0.1086 4 0.058 0.030
5 2.553 1.716 5 -0.032 0.006
6 2.541 3.405 6 -0.050 -0.083
7 1.100 5.164 7 -0.005 —0.025
8 0.002 0.061 8 -0.000 -0.000

Total 5.601 9.850 Total ~0.027 ~0.480

Table 4.33 Sensitivity coefficients of Na void worth with respect to U-FP cross section

{Inner core +Duter core voided) (*107°)

a) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.000 -0.001 1 -0.032 -0.,043
2 -0.002 -0.005 2 0.008 -0.,040
3 -0.141 -0.064 3 0.033 0.012
4 0.005 -0.024 4 0.013 0.006
5 0.509 0.257 5 -0.009 0.001
6 0.548 0.576 6 -0.012 -0.015
7 0.241 0.880 7 -0.001 ~-0,005
8 0.000 0.010 8 -0.000 -0.000

Total 1.159 1.630 Total 0.001 -0.085
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Table 4.34 Sensitivity coefficients of Na void worth with respect to Oxygen cross section

(Inner core + Quter core voided) (*10_2)
a) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.891 1 -0.071
2 -0.005 2 0.811
3 -0.000 3 -3.015
4 -0.000 4 -4.376
5 0.000 5 -1.131
6 0.000 6 -4.140
7 0.000 7 -0.347
8 0.000 8 -0.001

Total C— ~0.896 Total S ~12.271




Table 4.35 Sensitivity coefficients of Doppler reactivity worth with respect to
239%py cross section (*107“)

a} capture b) fission

Le~v

Group Metal Core Mox Core Group Metal Core Mox Core
1 0.001 0.001 1 -1.850 -1.984
2 0.029 0.031 2 -7.973 -8.701
3 0.299 0.208 3 -30.821 -23.196
4 0.107 0.217 4 -34.367 -27.690
5 -2.671 -1.015 5 -29,022 -35.595
6 -10.712 -8.577 6 12.367 -5.169
7 ~-8.055 -13.907 7 17.169 22.393
8 -0.024 -0.303 8 0.050 0.840
Total -21.027 -23.345 Total -74.448 =79.102
c) V wvalue d) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -2.307 -2.459 1 0.130 0.126
2 ' -9.758 -10.696 2 0.370 0.394
3 -35.203 -26.452 3 0.447 0.219
4 -35.095 -29.112 4 0.358 0.156
5 -21.302 -32.695 5 0.718 0.473
6 26.729 6.724 6 0.118 0.104
7 27.087 39.689 7 0.014 0.026
8 0.127 1.609 8 -0.000 -0.000
Total -49.722 Total 2.154 1.498

-53.392




8E—¥

Table 4.36 Sensitivity coefficients of Doppler reactivity worth with respect to
240Pu cross sectbtion {*107°)
a) capture i b) fission
Group Metal Core Mox Core Group Metal Core Mox Core
1 0.001 0.001 1 -0.633 -0.754
2 0.024 0.029 2 -2.580 -3.138
3 0.173 0.134 3 -4.599 -4,348
4 0.080 0.127 4 -0.706 -0.630
5 -1.194 -0.489 5 -0.522 -0.712
6 -3.560 -3.176 6 0.258 -0.115
7 -2.653 -4.992 7 0.244 0,175
8 -0.013 -0.175 8 0.000 0.001
Total ~7.143 -8.541 Total -8.536 -9.521
c) V wvalue d) scattering
Group Metal Core Mox Core ' Group Metal Core Mox Core
1 -0.802 -0.946 1 0.052 0.056
2 -3.213 -3.910 2 0.150 0.187
3 -5.330 -5.012 3 0.370 0.219
4 -0.732 -0.669 4 0.491 0.264
5 -0.388 -0.659 5 0.215 0.149
6 0.535 0.133 6 0.076 0.074
7 0.436 0.442 7 0.006 0.012
8 8

0.000 0.003 -0.000 0.000

Total -9.493 : -10.619 Total 1.3861 0.961
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Table 4.37 Sensitivity coefficients of Doppler reactivity worth with respect to
Pu cross gection (*10"2)
a) capture b) fission
Group Metal Core Mox Core Group Metal Core Mox Core
1 0.000 0.001 1 -0.222 -0.257
2 0.017 0.020 2 -0.996 ~-1.172
3 0.103 0.079 3 -4.312 -3.483
4 0.040 0.055 4 -6.307 -5.563
5 -0.364 ~0.133 5 -6.179 -8.784
6 -1.125 -1.024 6 4.114 -1.134
7 -0.773 -1.479 7 4,843 7.369
8 ~-0.,004 -0.038 8 0.013 0.155
Total -2.088 -2.520 Total -9.,046 -12.869
c) V value d) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -0.280 -0.322 1 0.030 0.031
2 -1.233 -1.453 2 0.066 0,076
3 -4,984 -4.010 3 0.071 0.038
4 -6.566 -5.928 4 0.046 0.021
5 -4.517 -8.151 5 0.052 0.035
6 8.305 2.686 6 0.018 0.018
7 7.392 12.283 7 0.002 0.004
8 0.026 0.284 8 -0.000 ~0.000
Total -1.857 -4.611 Total 0.285 0.222
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Table 4.38 Sensitivity coefficients of Doppler reactivity worth with respect to
242Pu cross section (*1074)
a) capture b) fission
Group Metal Core Mox Core Group Metal Core Mox Core
1 0.000 0.000 1 -0.093 -0.108
2 0.005 0.006 2 -0.382 -0.453
3 0.026 0.020 3 -0.607 -0.567
4 0.011 0.016 4 -0.047 -0.040
5 -0.200 -0.083 5 -0.015 -0.018
6 -0.607 ~-0.555 6 0.004 -0.001
7 -0.361 -0.674 7 0.014 0.011
8 -0.000 -0.013 8 0.000 0.000
Total -1.126 -1.284 Total -1.126 -1.177
c) V value d) scattering
Group Metal Core Mox;Core Group Metal Core Mox Core
1 -0.118 -0.136 1 0.013 0.014
2 -0.476 -0.565 2 0.035 0.041
3 -0.705 -0.655 3 0.036 0.019
4 -0.049 -0.043 4 0.077 0.040
5 ~0.011 -0.017 5 0.032 0.021
6 0.007 0.002 6 0.010 0.009
7 0.023 0.023 7 0.001 0.003
8 0.000 0.000 8 -0.000 -0.000

Total ~1.329 ~1.390 Total 0.204 0.147
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a) capture

Table 4.39 g

e
3

nsitivit
5

y coefficients of Doppler reactivity worth with respect to

U cross section

Group Metal Core Mox Core
1 0.000 0.000
2 0.002 0.'002
3 0.011 0.006
4 0.003 0.005
5 -0.088 ~0.026
6 -0.244 -0.153
7 -0.169 -0.216
8 -0.001 -0.006

Total -0.486 -0.387

c) V value

Group Metal Core Mox Core
1 -0.030 -0.024
2 -0.122 -0.101
3 -0.517 -0.283
4 -0.677 ~-0.415
5 -0.492 -0.616
6 0.997 0.218
7 0.937 0.985
8 -0.001 0.014

Total 0.093 -0.221

(*1072)
b} fission
Group Metal Core Mox Core
1 -0.024 -0,019
2 -0.09%96 ~-0.079
3 -0.444 -0.244
4 ~-0.666 ~-0,393
5 ~-0.746 -0.689
6 0.393 -0.158
7 0.538 0.489
8 -0.002 0.004
Total -1.047 -1.088
d) scattering
Group Metal Core Mox Core
1 0.006 0.004
2 0.015 ¢.013
3 0.029 0.010
4 0.034 0.011
5 0.014 0.006
6 0.003 0.002
7 0.000 0.001
8 0.000 0.000
Total 0.102 0.046
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Table 4.40 Sensitivity coefficients of Doppler reactivity worth with respect to
238y cross section (*1072)
a) capture b) fission
Group Metal Core Mox Core Group Metal Core Mox Core
1 0.023 0.018 1 -5.854 -4.830
2 0.348 0.294 2 -17.200 -14.626
3 3.0886 1.718 3 -1.188 -0.810
4 0.278 0.894 4 -0.018 -0.011
5 3.512 4.444 5 -0.012 -0.011
6 3.795 14.947 6 -0.,010 -0.012
7 -2.800 3.519 7 0.004 -0.002
8 -0.016 -0.228 8 0.000 0.000
Total 8.226 25.606 Total ~24.278 ~20.301
c) V value | d) scattering
Group Metal Core Mox Core Group Metal Core Mox Core
1 -7.536 -6.179 1 2.779 2.092
2 -21.751 -18.621 2 13.786 10.432
3 -1.377 -0.935 3 8.896 3.483
4 -0.018 -0.011 4 11.394 3.953
5 -0.008 -0.010 5 5.746 2.519
6 -0.009 -0.011 6 1.657 1.180
7 0.011 0.005 7 0.201 0.273
8 0.000 0.000 8 0.000 0.000

Total -30.687 -25.763 Total 44.459 23.933
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Table 4.41 Sensitivity coefficients of Doppler reactivity worth with respect to

Fe cross section , {*107°)
a) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core

1 0.115 ‘ 0.124 1 1.250 1.210

2 0.048 0.057 2 2.518 2.818

3 0.144 0.110 3 1.998 0.979

4 1.564 0.819 4 5.724 2.839

5 1,095 0.871 5 9.610 6.465

6 -1.321 0.145 6 3.220 2.835

7 ~-0.238 -0.429 7 0.191 0.421

8 0.013 0.001 8 0.010 0.009

Total 1.420 1.698 Total 24.521 17.574
Table 4.42 Sensitivity coefficients of Doppler reactivity worth with respect to
Na cross section (*10—2)

a) capture _ b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core

1 0.038 0.032 1 1.023 0.797

2 0.002 0.002 2 2.274 2.018

3 0.009% 0.005 3 9.994 3.984

4 0.066 0.023 4 12,692 5.229

5 -0.012 -0.003 5 18.613 10.453

6 -0.777 -0.597 6 4.526 3.347

7 -0.142 -0.179 7 0.125 0.238

8 -0.000 -0.003 8 -0.002 -0.001

Total ~0.815 ~0.721 Total 49.246 26.064




Table 4.43 Sensitivity coefficients of Doppler reactivity worth with respect to

239py_Fp cross section (*107<)
a) capture ' b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core

1 0.002 0.002 1 0.165 0.166

2 0.024 0.027 2 0.373 0.434

3 0.154 0.709 3 0.521 0.273

4 0.053 0.092 4 0.362 0.181

5 -1.355 _ -0.604 5 0.416 0.293

b -4.304 -3.840 6 0.160 0.149

7 ~-3.576 -6.658 7 0.010 0.025

8 -0.016 -0.174 8 ~0.000 -0.000

Total | -9.018 -11.046 Total 2.006 1.522
Table 4.44 Sensitivity coefficients of Doppler reactivity worth with respect to
238U-FP‘cross section {*107<)

a) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core

1 0.000 0.000 1 0.036 0.029

2 0.005 $.004 2 0.081 0.075

3 0.030 0.016 3 0.108 0.044

4 0.005 0.011 4 0.084 0.033

5 -0.286 ~0.106 5 0.101 0.056

6 -0.938 -0.662 6 0.037 0.027

7 -0.786 -1.149 7 0.003 0.005

8 -0.003 -0.028 8 -0.000 -0.000

Total -1.973 -1.914 Total 0.451 0.269
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Table 4.45 Sengitivity coefficients of Doppler react1v1ty worth with respect to

OxXygen cross section (*107°)
a}) capture b) scattering

Group Metal Core Mox Core Group Metal Core Mox Core

1 0.356 1 0.196

2 0.003 2 2.259

3 0.000 3 11.160

4 0.000 4 13.484

5 -0.000 5 18.564

6 -0.000 6 7.417

7 -0.000 7 0.451

8 -0.000 8 -0.001

Total _ 0.358 Total —_— 53.530




Table 4.46 Sensitivity coefficients of k,g¢ with respect to
the number density of each nuclide at BOIC
(non-CRP)

(a) Metal Core

239p, 240p,  241py 2425, 2355 238y

1c*! 0.1656 0.0042 0.0594 0.0002 0.0033 -0.0801
oc*2 0.2048 0.0067 0.0720 0.0005 0.0037 -0.0834

AB*3 0.0008 -0.0049

*

re™4 0.0004 -0.0015
O Na Fe

I¢C — .  -0.0061 -0.0099

o¢C ————  -0.0043 -0.0082

AB 0.0015 0.0022

RB  — 0.0006 0.0008

{b) Mox Core

239Pu 240Pu 241Pu 242Pu 235U ZBBU
IcC 0.1646 0.0059 0.0589 0.0004 0.0033 ~-0.0789
oc 0.2048 0.0087 0.0719 0.0007 0.0037 -0.0829
AB 0,0008 -0.0041
RB _ ¢.0004 -0.0011
O Na Fe
i¢ -0.0158 -0.0066 -0.0102
oCc -0.0119 ~-0.0048 -0.0087
AB 0.0021 0.0014 0.0020
RB 0.0017 0.0006 0.0008
*1 Inner Core *72  Quter Core

*3 Axial Blanket *4 Radial Blanket
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Table 4,47

Bach component of the sensitivity coefficient of

Na void worth

{Core center voided) (*10—2)
1) 239Pu capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 0.000 —_— _— 0.000 -0.000 -0.000 -0.001
2 0.004 0.008 —_— —_— 0.006 0.004 -0.003 -0.018
3 0.049 . 0.070 S —_— -0.088 0.018 -0.991 -0.559
4 0.123 0.062 —_— — 0.103 0.230 -0.336 -0.518
5 0.812 0.814 _—_— S 0.882 0.965 2.167 0.402
6 1.128 3.024 — _ 1.113 1.584 3.755 2.249
7 0.051 0.286 _ —_ 0.224 0.760 2.202 8.977
8 -0.000 0.002 ——— - 0.030 0.059 0.029 0.162
Total 2.167 4_266 —_— —_—— 2.272 3.620 6.823 10.694
2) 239y fission
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.013 0.011 -1.142 -1.208 ~0.154 -0.213 0.609 1.251
2 0.039 0.076 -4.851 -5.283 -0.599 -0.768 0.156 2.041
3 0.294 0.380 -17.951 -13.256 2.790 0.681 33.555 20.276
4 -0.010 0.006 -18.606 -14.932 2.271 2.345 7.589 10.178
5 -0.826 -0.801 -17.101 -18.696 2.955 5.616 -21.882 -1.459
6 -4.481 ~10.376 -4.464" ~-8.587 0.714 3.977 -17.961 -8.025
7 -0.224 -1.036 -0.915 -3.306 0.045 0.712 -8.263 -31.022
8 -0.000 -0.003 -0.023 -0.081 -0.101 -0.154 -0.109 -0.537
Total -5.196 -11.750 ~-65.052 -65.350 7.919 12.196 ~6.305 -7.296
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Takle 4.47 Continued

3) 238y capture

Group Direct 1 ' Direct 2 Normal : Adjoint

Metal Mox Metal Mox Metal Mox . Metal Mox

1 0.001 0.001 —_— _— -0.011 -0.010 -0.028 -0.035

2 0.047 0.083 - _ -0.100 -0.108 -0.230 -0.358

3 -0.183 -0.155 _— —_— -2.655 -0.973 ~13.107 -6.444

4 0.964 0.371 _ S -1.208 -0.182 -4.789 -4_.655

5 6.016 4,466 —_ _ 4,046 2.795 14.395 ~1.705

6 2.456 7.095 _— - 3.420 3.505 13.877 5.331

7 0.136 0.707 _ —_— 0.164 1.702 5.459 19,299

8 0.000 0.003 _ N 0.091 0.169 0.077 0.264

Total 9,437 12.572 —_— — 4,198 6.898 15.654 11.698

4) 238U fission

Group Direct 1 . Diréct 2 Normal Adjoint

‘ Metal Mox Metal Mox Metal Mox Metal Mox

1 0.083 0.054 -3.938 -3.193 0.674 0.463 3.202 4.211

2 0.474 0.78¢% -11.438 -9.679 2.109 1.633 3.775 6.556

3 ~0.266 -0.199 -0.731 -0.490 0.201 0.129 1.407 0.831

4 0.002 0.001 -0.010 -0.006 0.003 0.002 0.006 0.005

5 -0.001 -0.000 -0.007 -0.0086 0.002 0.003 -0.007 0.001

6 -0.005 -0.013 -0.002 -0.002 0.000 0.001 -0.005 ~0.001

7 -0.000 0.001 -0.001 -0.002 0.000 0.000 -0.008 -0.019

8 0.000 G.000 0.000 0.000 0.000 0.000 0.000 -0.000

Total 0.287 0.632 -16.126 -13.379 2.990 2.230 8.371 11.584
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Table 4.47 Continued
5) 238y V

Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox

1 0.081 0.044 -3.938 ~3.193 1.456 1.184 5.272 6.766
2 0.658 1.129 -11.438 -9.679 3.459 3.151 6.700 11.322
3 ~0.411 -0.308 -0.731 ~0.490 - 0.318 0.177 2.172 1.286
4 0.002 0.001 -0.010 -0.0086 0.004 0.002 0.008 0.008
5 -0.001 -0.000 ~0.007 -0.006 0.002 0.002 -0.009 0.001
o -0.006 -0.017 -0.002 ~0.002 -0.000 0.000 -0.007 ~-0.002
7 -0.000 0.001 -0.001 -0.002 ~0.000 -0.000 -0.011 -0.027
8 0.000 0.000 0.000 ¢.000 ¢.000 -0.000 0.000 -0.000

Total 0.323 0.849 -16.126 -13.379 5.238 4,518 14.126 19,354

6) 238U scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox

1 0.1174 0,107 —_— _— -1.391 -1.,670 -2.044 -2.160
2 0.445 0.504 ——— _— -3.144 -5.813 -5.164 -6.590
3 1.730 1.015 _ - ~-5.100 -4.157 -8.474 -4.262
4- 1.830 0.677 _ —— -5.640 -3.516 ~4,.488 -2.967
5 0.090 0.211 _ _— -1.814 -1.619 -2.015 -1.598
6 -0.182 -0.311 _ —— -0.097 ~-0.144 -0.295 -0.219
7 -0.007 ~0.025 — —_— 0.020 0.006 -0.019 -0.123
8 -0.000 -0.000 R —_— 0.017 0.019 0.015 0.017

Total 4,020 2.179 —_— ———

-17.149 -16.894 -22.483 -17.902
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Table 4.47 Continued
7) Fe capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 -0.004 -0.004 —_— —_— -0.059 -0.070 -0.152 -0.244
2 -0.006 -0.014 —_— _ -0.016 -0.023 -0.033 -0.070
3 -0.027 -0.035 —_ _— -0.134 -0.061 -0.658 -0.423
4 0.141 0.106 —_—— _— -0.060 -0.009 -0.274 -0.350
5 0.150 0.206 —_— _ 0.139 0.123 0.494 -0.074
6 0.926 3.585 _— —_ 0.277 0.433 0.834 0.340
7 0.001 0.007 ——— _— 0.030 0.045 0.078 0.253
8 -0.000 0.000 S _— 0.044 0.052 0.041 0.053
Total 1.180 3.852 — - 0.221 0.489 0.330 -0.514
8} Fe scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.091 0.109 — —_— -0.828 -1.174 -1.047  -1.365
2 0.325 0.632 _...--_ S -0.554 1.901 -1.698 -2.621
3 0.925 0.705 S —_— -1.187 -1.441 -1.974 -1.366
4 1.365 0.573 S _ -2.498 -1.957%7 -1.866 -1.530
5 0.330 0.419 - —— -1.625 -1.643 -0.969 ~-1.050
6 ~0.398 -0.963 —— —_— ~0.117 -0.152 -0.409 -0.2186
7 -0.006 -0.024 — _ 0.008 -0.015 -0.037 -0.191
8 -0.000 ~0.000 e —— 0.046 0.052 0.042 0.047
Total 2.631 1.452 —_— —_— -6.754 -8.231 ~-7.958 -8.291
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Table 4.47 Continued
9} Na capture
Group Direct 1 Direct 2 Normal Adioint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.544 0.706 —_— _— 0.053 0.044 -0.0861 -0.078
2 0.034 0.047 _— _ 0.003 0.003 -0.002 -0.003
3 0.225 0.203 ——— —_— 0.016 0.012 -0.052 -0.028
4 0.591 0.641 - —_— 0.058 0.046 -0.055 -0.052
5 0.382 0.647 —_— _— 0.054 0.056 0.036 ~0.015
6 0.486 1.973 E— —_— 0.089 0.182 0.218 0.061
7 0.017 0.102 U —_— 0.004 0.012 0.035 0.098
8 0.000 0.001 —_— - 0.001 0.002 0.001 0.002
Total 2.277 4,320 —_— _ 0.279 0.356 0.119 -0.015
10) Na scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 6.977 7.756 - _— 0.685 0.309 -0.805 -0.813
2 16.407 20,715 - —rre— 2.140 1.069 -1.402 -1.626
3 34.565 25.381 _ —_ -1.463 -0.953 -7.233 -2.779
4 22.585 19.004 —_— _— -1.243 -0.612 -2.796 -~1.547
5 4,184 6.851 _ _ -0.930 -0.709 -0.491 -0.454
6 -0.566 -1.724 - _— -0.046 -0.090 -0.523 ~0.145
7 0.007 0.002 —_— -_— 0.003 0.006 -0.039 -0.124
8 0.000 0.000 — _ 0.004 0.004 0.003 0.002
Total 84.159 77.985 —_ —_— -0.850 ~0.977 -7.488

-13.367
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Table 4.48

Each compeonent of the sengitivity coefficient of Na

void worth

(Inner Core + Outer Core voided) (*10“2)
1) 239Pu capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 0.000 _— — -0.000 -0.000 -0.001 -0.001
2 0.006 0.013 —_— — 0.002 0.001 -0.019 -0,039
3 0.087 0.110 _— —_— 0.007 0.042 -1.413 -0.819
4 0.172 0.094 _— —_— 0.091 0.253 -0.291 -0.689
_5 0.990 1.105 _— _— 0.558 0.987 3.555 1.027
6 1.246 4.017 —— —_—— 0.555 1.463 5.510 3.978
7 0.033 0.295 e _ 0.037 0.246 2.767 12,267
8 -0.000 0.002 —_— —— 0.001 0.004 0.004 0.146
Total 2.535 5.637 - _— 1.251 2.995 10.112 15.871
2} 239Pu fission
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.047 0.049 -1.236 ~1.304 -0.116 -0.179 1.408 2.294
2 0.156 0.228 -5.025 -5.518 -0.138 -0.351 2.363 4.915
3 0.698 0.720 -21.231 -14.526 -0.526 -0.036 48.580 29.754
4 0.055 0.059 ~19.021 -15.481 0.600 1.402 5.505 12.135
5 -0.961 -1.026 -14,805 -18.442 2.362 3.572 ~39.051 -9.141
6 -4.,842 ~-13.377 -2.668 -7.600 0.984 2.540 -26.997 -16.423
7 -0.152 -1.069 ~-0.298 -1.762 0.169 0.875 -10.350 -41.994
8 -0.001 -0.006 -0.023 -0.063 0.020 0.046 ~-0.007 -0.448
Total -5.000 -14.422 ~64.307 -64,696 3.356 7.868 -18.550 -18.909
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Table 4,48 Continued
3) 240p capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 0.000 —_— —_— ~-0.000 -0.000 -0.001 -0.001
2 0.004 0.00¢9 _— —_— 0.002 0.002 -0.014 -0.032
3 0.034 0.039 _ —_—— 0.015 0.035 -0.718 -0.480
4 0.106 0.065 _— N 0.054 0.143 -0.103 -0.317
5 0,404 0.484 ————— —_— 0.285 0.571 1.721 0.618
6 0.380 1.461 - — 0.182 0.551 1.775 1.484
7 0.006 0.103 —_— —_— 0.013 0.097 0.930 4,572
8 0.000 0.001 —_— _— 0.001 0.002 0.003 0.099
Total 0.935 2.162 - - 0.551 1.401 3.594 5.942
4) 241Pu fission
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.006 0.007 -0.138 -0.160 -0.016 -0.029 0.156 0.275
2 0.014 0.015 -0.584 -0.703 -0.027 -0.074 0.268 0.599
3 " 0.020 -0.016 -2.769 -2.065 ~0.124 -0.095 6.348 4.176
4 -0.225 -0.122 -3.266 -2.961 0.015 0.123 0.792 2.151
5 -1.046 ~-1.112 -3.136 -4,436 0.389 0.621 -8.794 -2.578
6 -1.371 -4.177 -0.739 ~-2.367 0.233 0.639 -7.903 ~-5,408
7 -0.025 -0.222 -0.054 -0.407 0.022 0.161 -2.486 -10.930
8 0.000 0.001 -0.000 -0.004 0.000 0.002 ~-0.,003 -0.075
Total -2.627 -5.625 -10.687 -13.103 0.493 1.348 -11.791

~11.621




Table 4.48 Continued
5) 238U capture
Group Direct 1 Direct 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal Mox

1 0.003 0.002 _ —_— -0.004 -0.005 -0.036 -0.044

2 0.080 0.124 . _ ~0.004 -0.030 -0.275 -0.432

3 ~0.043 -0.107 RO _— -0.555 0.021 -16.679 -7.958

4 1.277 0.531 _ —_— -0.017 0.903 -3.333 -4.653

5 7.065 5.799 - - 3.822 5.081 27.7686 4,051

6 2.637 9.056 — _— 2.228 4,382 21.071 11.576

7 0.099 0.748 — _— 0.088 0.466 6.834 25.999

8 ¢.000 0.004 - _ 0.003 0.008 ~0.001 0.165

Total 11.118 16.157 _— _ 5.561 10.827 35.346 28.704
N
[
=

6) 238y  fission
Group Direct 1 Direct 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal Mox

1 0.217 0.169 -4,276 -3.450 ~-0.165 -0.215 4,542 5.782

2 0.872 1.281 -11.931 -10.170 0.401 0.155 5.396 8.833

3 -0.304 -0.230 -0.844 -0.527 0.020 0.038 1.855 1.048

4 0.002 0.001 -0.010 -0.006 0.013 0.001 0.004 0.005

5 -0.001 -0.000 -0.006 ~-0.006 0.019 0.002 -0.013 -0.001

6 -0.005 -0.015 -0.001 -0.002 0.001 0.001 -0.008 -0.003

7 -0.000 0.001 -0.000 -0.001 0.000 0.001 -0.009 -0.025

8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Total 0.782 1.206 -17.069 -14.163 0.260 -0.016 11.767 15.639
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Table 4.48 Continued

Group Direct 1 Direct 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal Mox

1 0.100 0.057 ~-4,276 -3.450 0.134 0.155 7.193 9.035

2 0.817 1.453 -11.937 -10.170 0.443 0.562 8.963 14.683

3 ~0.486 -0.365 —p.844 -0.527 0.044 0.032 2.855 1.621

4 0.003 0.001 -0.010 -0.006 0.001 0.001 0.006 0.008

5 -0.001 -0.000 -0.006 -0.006 0.001 0.001 -0.018 -0.002

6 ~-0.006 -0.021 -0.001 -0.002 0.000 0.001 -0.011 -0.005

7 -0.000 0.001 -0.000 ~0.001 0.000 0.000 -0.013 -0.036

8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.000

Total 0.426 1.124 -17.069 -14.163 0.624 0.752 18.976 25.303

8) 238U scattering

Group Direct 1 Direct 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal Mox

1 0.675 0.607. _— _ -0.999 -1.493 -1.955 -2.111

2 2.818 2.709 — R -0.931 -4.373 -3.623 -5.550

3 12.470 6.094 - - -5.114 -3.384 -3.782 - -1.792

4 6.426 3.667 _— _— -4_.385 -2.467 -2.049 -1.123

5 1.469 2.099 —_— —_— -0.750 -0.847 -2.274 -1.114

6 ~-0.150 -0.205 —— — 0.015 -0.032 -0.532 -0.344

7 ~-0.012 -0.035 _— _— 0.004 0.018 -0.108 -0.389

B -0.000 -0.001 e — —_— 0.000 0.002 -0.002 -0.003

- Total 23.6986 14.935 —_— _ -12.160 -12.578 -14.325 -12.426
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Table 4.48 Continued
9) Fe capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.003 0.005 S —_— -0.020 -0.033 -0.187 -0.305
2 -0.005 -0.014 _ —_— -0.000 -0.005 -0,038 -0.084
3 -0.025 -0.039 —_— —_— 0.022 0.006 -0.831 -0.524
4 0.182 0.143 _— —_— 3.005 0.072 -0.177 ~0.335
5 0.181 0.27 —_— — 0.139 0.233 0.956 0.199
6 0.970 4,482 _— —_— 0.081 0.230 1.254 0.933
7 0,001 0.007 —_— _ 0.002 0.008 0.068 0.304
8 -0.000 -0.000 —_— —_— 0.001 0.005 0.006 -0.000
Total 1.306 4_854 _— —_— 0.186 0.517 1.037 0.189
10) Fe scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 - 0.499 0.590 —_— —_— -0.713 -1.145 -0.895 -1.211
2 1.809 2.523 _— - -0.120 ~-1.496 -0.838 -1.681
3 5.495 3.570 —_— _— -1.,606 -1.342 0.014 ~0.151
4 3.174 2.067 _ _— -2,042 -1.569 -0.814 -0.721
5 1.016 1.650 _— - -1.041 -1.243 -0.945 -0.771
6 -0.38% -1.073 —— _ 0.019 -0.009 -0.628 ~0.433
7 -0.010 -0.034 _— _— 0.003 0.015 ~-0,101 -0.424
8 -0,000 -0.,002 —_— — 0.002 0.005 -0.007 0.008
Total 11.594 9,292 -_ _— ~-5.498 -6.784 -4,215 -5.400
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Table 4,48 Continued
11) Na capture
Group Direct 1 Direct 2 Normal Adjaoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.679 0.921 — - —— -0.003 -0.004 -0.067 -0.088
2 0.042 0.061 —_— _— -0.000 -0.000 ~-0.002 -0.003
3 0.298 0.269 — _— -0.002 ~-0.001 -0.060 -0.030
4 0.755 0.844 _— _— ~-0.004 -0.002 -0.026 -0.039
5 0.457 0.844 _ —_— -0.000 -0.000 0.085 0.014
6 0.521 2.517 S S 0.006 0.006 0.356 0.222
7 0.013 0.111 S —_— 0.000 0.000 0.044 0.138
8 0.000 0.001 —_— —_— 0.000 0.000 ~-0.000 0.001
Total 2.764 4.320 —_— —_— -0.003 ~0.001 0.331 0.214
12) Na scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 7.977 8.993 _— —_— -0.058 -0.118 -0.721 -0.774
2 17.538 22.484 _ —_— 0.067 -0.169 -0.738 -1.148
3 34.612 24,107 —_— - -0.933 -0,732 -5.666 ~2.095
4 23.649 18.719 - —_— -0.943 -0.557 -1.686 -1.214
5 3.295 4.919 —_— —_— -0.426 -0.375 -0.662 -0.704
6 -0.661 -2.870 ——rrarme —_— 0.017 0.014 -1.034 -0.696
7 0.016 0.030 —_— —_— 0.001 0.003 -0.062 -0.22¢6
8 0.001 0.003 —_— —_— 6.000 0.004 ~0.001 -0.002
Total 86.427 76.385 — - -2.275 -1.934 -10.569 -6.859
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Table 4.48 Continued
13) Fp-23%py capture

Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 0.000 —_— —_— -0.000 -0.000 -0.002 -0.004
2 0.003 0.006 - —_— 0.003 0.002 -0.015 -0.033
3 0.032 0.040 _ _— 0.025 0.036 -0.701 -0.438
4 0.082 0.048 —_— —_— 0.068 0.142 ~0.091 -0.295
5 0.459 0.525 _— _— 0.302 0.553 1.793 0.639
6 0.356 1.210 - — 0.207 0.579 1.978 1.616
7 0.011 0.099 _— —_— 0.015 0.108 1.074 4,957
8 -0.000 -0.,001 _— _— 0.000 0.001 06.002 0.061
Total 0.943 1.928 —_— —_— 0.620 1.421 4,038 6.502




Table 4.49 Each component of the sensitivity coefficient of Doppler reactivity worth

(*1072)
1) 23%py capture

Group Direct 1 Pirect 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal - Mox

1 0.000 0.000 —_— —_— 0.000 0.000 0.000 0.000

2 0.000 -0.000 —_— —— 0.004 0.004 0.025 0.027

3 -0.000 0.000 — _— -0.046 -0.041 0.345 0.249

4 -0.003 -0.001 _— - -0.570 ~0.383 0.680 0.602

5 -0.150 0.007 —_— _— -2.812 -2.141 0.292 1.119

6 0.140 0.597 —_— —_— -6.685 -7.001 -4.166 -2.173

7 0.622 1.147 —— —_— -2.770 ~-5.362 -5.907 -9.692

8 0.016 0.115 - - -0.005 -0.051 -0.034 -0.367

Total 0.624 1.864 _ _— -12.886 -14,975 -8.765 -10.234

2) 23%py fission

Group Direct 1 Direct 2 Normal Adjoint

Metal Mox Metal Mox Metal Mox Metal Mox

1 0.000 -0.000 -1.130 -1.188 0.043 0.042 -0.764 -0.838

2 -0.000 0.000 -4.829 ~5.218 0.010 0.040 -3.153 ~-3.523

3 0.007 0.002 -17.728 -13.064 -1.138 -1.040 -11.962 -9.094

4 0.003 0.002 -18.523 -14.762 -3.596 -2.592 -12.250 -10.337

5 -0.656 -0.477 -17.195 ~-18.565 -8.101 -6.081 -3.071 -10.472

6 4,140 2.315 -4.659 -8.785 -7.696 -7.986 20.582 9.286

7 -0.898 ~-1.388 -1.038 -3.798 -3.034 -5.764 22.139 33.343

8 -0.011 -0.098 -0.024 -0.009% ~-0.023 -0.106 0.107 1.143

Total 2.584 0.356 -65.126 -65.479 -23.534 -23.486 11.628 9.508
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Table 4.49 Continued

3) 239y VY
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 -0.000 -1.130 -1.189 -0.064 -0.064 -1.113 -1.2086
2 -0.001 -0.000 -4.829 -5.218 -0.231 -0.235 -4,697 -5.243
3 0.004 0.002 -17.728 -13.064 -0.491 -0.415 -16.988 -12.975
4 0.002 0.000 -18.523 -14,.762 0.108 -0.122 -16.681 -14.228
5 -0.846 -0.631 -17.195 -18.565 0.746 0.370 -4,007 -13.869
6 5.170 2.978 -4.659 -8.785 0.529 0.597 25.689 11.932
7 -1.182 -1.868 ~1.038 -3.798 0.235 0.601 29.072 44,754
8 -0.017 -0.160 -0.024 ~0.099 -0,010 0.002 0.178 1.866
Total 3.129 0.322 -65.126 -65.479 -0.822 0.734 11.453 11.031
4) 241Pu fission
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 -0.000 -0.127 -0.146 -0.002 -0.002 -0.093 -0.1089
2 -0.000 -0.000 -0.564 -0.667 -0.030 -0,025 -0.402 -0.480
3 -0.000 -0.000 -2.325 -1.865 -0.278 -0.232 -1.710 -1.386
4 0.002 0.001 -3.213 -2.835 -0.79M ~-0.618 -2.305 -2.111
5 0.329 0.105 ~3.733 -4,513 -1.945 -1.662 ~-0.830 -2.714
6 1.746 1.321 ~1.321 -2.752 -2.265 -2.626 5.953 2.923
7 0.495 1.238 -0.234 -0.951 -0.724 -1.516 5.305 8.597
8 -0.,001 -0.007 -0.001 -0.010 -0,002 -0.016 0.018 0.188
Total 2,571 2.659 ~-11.516 -13.739 -6.038 -6.697 5.937 4.907
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Table 4.49

Continued
5) 238y capture
Group Direct 1 _ Direct 2 Normal Adjoint
" Metal Mox Metal " Mox Metal Mox Metal Mox
1 0.000 -0.00¢C —_— —_— 0.005 0.004 0.018 0.015
2 -0.001 0.000 —_— — 0.029 0.260 0.320 0.267
3 0.004 0.000 S — -0.795 -0.542 3.877 2.260
4 -0.008 -0.001 —_ S -4.622 -2.403 4,908 3.299
5 25.812 11.730 — S -24,801 -14.517 2.50M 7.230
6 45.598  43.430 —_ S -25,643  -21.625 -16.159  -6.858
7 18.293 34.206 —_— _— -6.439 -9.877 -14.654 -20.811
8 0.031 0.262 S — -0.004 -0.052 -0.043 ~0.438
Total 89.729 89.627 — —_ -62.271 -48.986 -19.232 -15.035
6) 238y scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 -0.000 0.000 _— — 1.836 1.438 0.942 0.654
2 0.007 0.002 —_— _ 9.942 7.399 3.837 3.031
3 0.036 0.011 —_— — 8.632 3.330 0.228 0.142
4 0.066 . 0.032- S —_— 11.056 3.995 0.271 -0.074
5 0.038 -0.003 - —_— 5,777 2.873 -0.068 -0.351
6 0.302 .0.195 N —_— 0.945 0.794 0.409 0.191
7 0.000 -0.029 — —_— -0.031 -0.000 0.232 0.302
8 -0.000 -0.001 _ —_ -0.003 ~0.004 0.003 0.006
Total I A 38.155 19.825 5.855 3.901

0.449

0.207
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Table 4.49 Continued
7) Fe capture
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 -0.000 0.000 —— _— 0.023 0.023 0.093 0.101
2 -0.000 -0.000 _ —— 0.004 0.005 0.045 0.052
3 ~0.007 -0.003 _— _ -0.042 -0.036 0.193 0.149
4 1.551 0.752 _— ——— -0.254 -0.174 0.266 0.242
5 1.857 1.186 _ —_— -0.847 " -0.626 0.085 0,312
6 1.240 2.494 —_— —_— -1.603 -1.796 -0.959 -0.553
7 -0.015 ~0.042 _ _— -0.076 -0.145 -0.148 -0.242
8 0.000 -0.000 —_— - 0.007 0.005 0.007 -0.004
Total 4,627 4,386 —_— — -2.789 -2.744 -0.418 0.056
8) Fe scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 0.000 -0.000 _— _ 0.849 0.864 0.401 0.346
2 -0.001 -0.003 —— _— 1.758 2.056 0.760 0.765
3 0.007 0.002 _ _ 2.291 1.140 -0.360 ~0.163
4 -0.084 -0.034 _—  — 5,588 2.798 0.220 0.074
5 -0.164 -0.031 —_— _— 9.802 6.644 -0.028 -0.148
6 0.613 0.421 - - 2.129 2.178 0.478 0.236
7 0.011 0.088 —_— _ ~0.031 0.009 0.211 0.324
B -0.001 -0.002 —_— — 0.002 ~0.002 0.009 0.013
Total 0.382 0.441 e _— 22.388 15,687 1.752 1.446
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Table 4.49 Continued
9) Na scattering
Group Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 -0.000 -0.000 — — 0.699 0.576 0.325 0.222
2 0.012 0.003 _— —— 1.599 1.505 0.664 0.511
3 -0.017 -0.030 —_ _— 9.142 3.653 0.869 0.360
4 0.012 0.010 _— —_— 11.853 4.877 0.827 0.342
5 -0.407 -0.075 —— _— 18.943 10.494 0.077 0.033
6 0.701 0.387 ——— —_— 3.052 2.589 0.774 0.371
7 0.009 0.051 —_— —_— -0.006 0.018 0.123 0.169
8 -0.000 -0.000 — —_— -0.002 0.003 0.001 0.002
Total 0.308 0.345 — — 45,279 23.709 3.659 2.011
10) Fp-239py capture
Group _Direct 1 Direct 2 Normal Adjoint
Metal Mox Metal Mox Metal Mox Metal Mox
1 -0.000 0.000 — —_— 0.000 0.000 0.001 0.001
2 0.000 0.000 e —_— 0.003 0.004 0.021 0.023
3 0.000 0.000 —_— ——— -0.020 -0.024 0.174 0.133
4 -0.001 -0.002 - —_— -0.249 -0.185 0.303 0.277
5 ~-0.150 -0.055 —_— —_— -1.342 -1.096 0.137 0.547
6 -0.478  -0.41 — _— -2.353 -2.607 -1.473  -0.822
7 -0.228 -0.598 —_— —_— -1.068 -2.183 -2.280 ~3.877
8 0.000 -0.004 _— —_— -0.002 -0.022 -0.014 -0.148
Total 0.856 -1.068 — — -5.031 -6.114 -3.131 -3.864




1) 239y capture

Table 4.50

Cross section covariance matrix of 8 groups

Group 1 2 3 4 5 6 7 8
1 3.60E-01 3.60E-01 0.0 0.0 0.0 0.0 0.0 0.0
2 3.60E-01 0.0 0.0 0.0 0.0 0.0 0.0
3 2.63E-02 6.28E-03 -1.51E-03 3.37E-03 2.01E-03 -~1.34E-04
4 1.72E-02 1.63E-03 1.78E-03 1.14E-03 ~-4,04E-05
5 4 49TE-03 1.29E-03 3.29E-04 3.43E~06
6 1.178-02 9.89E~-03 -3.52E-04
7 1.29E-02 1.10E-04
8 8.09E-03

T 2) 239Pu fisgion
g

Group 1 2 3 4 5 6 7 8
1 9.71E~-04 4 .26E-04 1.26E-04 2.13E-05 0.0 0.0 0.0 0.0
2 5.65E-04 2.84E-04 9.40E-05 4_14E-06 0.0 0.0 0.0
3 8.06E~-04 4.69E-04 5.85E-05 0.0 0.0 0.0
4 6.25E-04  4.40E-04 0.0 0.0 0.0
5 9.65E-04 0.0 0.0 0.0
6 1.60E-03 1.60E-03 1.60E-03
7 1.60E-03 1.60E-03
8 1.60E-03
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: Table 4.50 Continued

3) 247py fission

Group 1 2 3 4 5 6 .7 8
1 1.43E~03 1.01E-03 1.38E-03 1.15E-03 1.37E~04 0.0 0.0 0.0
2 9.08E-04 1.55E-03 1.03E-03 1.19E-05 0.0 .0 0.0
3 4,35E-03 2.20E-03 -9.23E-05 0.0 0.0 0.0
4 2.02E-03 5.08E-04 -1.23E-05 3.34g-04 -6.93E-05
5 6.92E-04 -6.07E-04 5.91E-04 -4_.79E-05
6 4.95E-03 6.90E-03 1.40E-04
7 1.59E-02 5.,92E-04
8 4 60E-05
4) 238U capture

Group 1 2 3 4 5 6 7 8
1 2.78E-01 9,68E-02 4,45FR-02 2.09E-02 5.33E-03 3.00E2-03 0.0 0.0
2 3.74E-02 1.72E-02 8,.29E-03 2.03E-03 1.27E-03 0.0 0.0
3 3.03E~02 1.37E-02 6.04E-03 7.33E-03 4.47E-04 0.0
4 1.01E-02 3.84E-03 3.00E-03 2.76E-04 5.03E-06
5 6.03E-03 3.87E-03 1.32E-03 5.12E-05
6 7.84E-03 3.49E-03 1.23E-04
7 6.23E-03 2.90E-04
8 2.00E-05




Table 4.50 Continued
5) 238y scattering

Group 1 -2 3 4 5
1 3.28E-02 3.20E-02 3.20E-02 3.20E-02 2,46E-02 0.0
2 2.83E-02 3.20E-02 3.20E-02 2.46E-02 0.0
3 3.02E-02 3.20E-02 2.46FE-02 0.0
4 2,80E-02 2.46E-02 0.0
5 1.66E-02 0.0
6 0.0
7 0.0
8 0.0

99—¥
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Table 4.51 Uncertainties of core performance parameters

Cross Kofe Na void(Core center) Na void (IC+0C) Doppler

Section Metal Mox Metal Mox Metal Mox Metal Mox
23%py cap. 4.13E-06 9.57E-06 9.11E-05 3.24E-04 1.35E-04 5.63E-04 3.97E-04 5.72E-04
239y fiss. 8.34E-05 7.61E-05 3.71E-04 5.74E-04 6.55E-04 1.08E-03 5.96E-04 4.46E-04
23%py 1.54E-05 1.62E-05 3.67E-05 4.82E-05 6.86E-05 9.21E-05 2.97E-06 4.75E-06
240py cap. 4.62E-06 7.39E-06 3.50E-05 2.86E-05 3.56E~-05 3.26E-05 2.47E-05 1.56E-05
247py fiss, 6.14E-06 B8.29E-06 6.89E-05 2.61E-04 9.04E-05 4.38E-04 1.20E-04 1.25E-04
235y cap. 1.54E-08 8.59E-09 4.76E-08 3.43E-08 7.63E-08 5.49E-08 1.30E-07 B8.27E-08
235y  fiss. 5.17E-08 4.28E-08 5.97E-07 3.62E-07 8.88E-07 4.58E-07 1.28E-07 8.79E-08
235y 4.46E-09 2.89E-09 2.01E-08 9.20E-09 3.26E-08 1.08E-08 4.20E-09 3.65E-09
238y  cap. 3.90E-04 2.80E-04 1.13E-03 8.45E-04 1.88E-03 1.70E-03 9.21E-05 3.64E-04
238y fiss. 4.98E-06 3.48E-06 1.39E-06 3.18E-07 1.40E-06 7.97E-07 3.04E-05 2.14E-05
238y 4.65E-06 3.21E-06 1.32E-07 1.95E-06 6.72E-08 2.51E-06 1.70E-05 1.20E-05
238y gscat. 9.86E-05 4.46E-05 2.26E-03 1.87E-03 3.67E-05 2.13E-04 3.26E-03 9.49E-04

Na cap. 6.92E-08 5.77E-08 1.42E-05 2.83E-05 1.63E-05 7.45E-05 1.13E-06 7.60E-07

Na scat. 2.47E-07 4.83E-08 9.02E-05 8.14E-05 5.88E-07 4.91E-07 4.15E-05 1.10E-05

Fe cap. 7.60E-07 1.10E-06 1.28E-05 4.53E-05 1.92E-05 4.36E-05 1.07E-05 3.04E-06

Fe scat. 4.66E-08 2.98E-08 2.40E-06 3.49E-06 1.03E-04 7.87E-05 9.58E~06 4.72E-06

0 scat. 4.98E-07 3.01E-05 2.96E-06 4,95E-05

Standard ‘

2.48E-02 2.12E-02 6.41E-02 6.44E-02 5.52E-02 6.57E-02 6.79E-02 5.08E-02

Deviation
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#5—2 ZPPR-ISEAREHROEET X
Parameter ZPPR-15A ZPPR-15B ZPPR-15C ZPPR-15D
Plutonium mass (kg) 1338 1328 651 162
251 mass (kg) 16 16 872 1517
Core heavy metal (kg) 8679 8666 8842 8999
Average enrichment
Inner core zone (%) 10.9 10.9 13.4 15.2
Quter core zone (%) 16.5 16.3 19.1 21.4
Berr 0.0034 0.0034 0.0052 0.0066
Zirconium in inner core zone (kg) None 409 409 409
#F5—3 ZPPR-15EHEFRERGEEHEE
Measurement 15A | 15B | 15C | 15D
Critical loading 0 0 o o
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Fission distributions o] o o o
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Gamma heating o c o ©
Control rod worths
Central rods of various designs o o o o
Rod banks : o o
Reactivity coefficients
Sodium void o o ) o
Doppler o) © o
Small samples o ¢ o
- Expansion and bowing o] 0 o
Neutron spectrum o] o o
Kinetics
Noise o e}
Oscillator o o o
Rod drop o o o o}
Radial shield effects o
-Sodium manometer reactivity o
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Haterial | T2B2° 1BLAB FD928 ¥DB1B PupB EFEJ(:D
{core} | (core) {core) {core} | {core) *
Pu-239 | 0.10455 - 0.2001 |o0.2080° {o.1568 -
‘Pu-240 | 0.009%2 - 0.0i843 | 0, 02564 | 0.01382 -
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A Fe 1.0684° Ho.6722 [o.6722 [ o.6452 |0, 4473
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vC - .- - - -
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Table A.1

Energy group structure of 70 groups

Group Upper energy Lower energy Lethargy width
1 10.0 (MeV) 17.7880 (Mev) 0.250
2 7.7880 6.0653 0.250
3 6.0653 4,7237 0.250
4 4,7237 3.6788 0.250
5 3.6788 2.8650 0.250
6 2.8650 2.2313 0.250
7 2.2313 1.7377 0.250
8 1.7377 1.3534 0.250
9 1.3534 1.0540 0.250

10 1.0540 0.82085 0.250
11 0.82085 0.63928 0.250
12 0.63928 0.49787 0.250
13 0.49787 0.38774 0.250
14 0.38774 0.30197 0.250
15 0.30197 0.23518 0.250
16 0.23518 0.18316 0.250
17 0.18316 0.14264 0.250
18 0.14264 0.11109 0.250
19 0.11109(MeV) 0.086517 (MeV) 0.250
20 86.517 (keV) 67.379 (keV) 0.250
21 67.379 52.475 0.250
22 52.475 40,868 0.250
23 40.868 31.828 0.250
24 31.828 24,788 0.250
25 24,788 19.305 0.250
26 19.305 15.034 0.250
27 15.034 11.709 0.250
28 11.709 9.1188 0.250
29 9.1188 7.1017 0.250
30 7.1017 5.5308 0.250
31 5.5308 4.3074 0.250
32 4.3074 3.354¢6 0.250
33 3.3546 2.6126 0.250
34 2.6126 2.0347 0.250
35 2.0347 1.5846 0.250
36 1.5846 1.2341 0.250
37 1.2341 (keV) 0.96112 (keV) 0.250




Table A.1

Continued

Group Upper energy ‘Lower energy Lethargy width
38 961,12 {(eV) 748.52 (eV) 0.250
39 748,52 582.95 0.250
40 582,95 454,00 0.250
41 454,00 353.58 0.250
42 353,58 275.36 0.250
43 275,36 214,45 0.250
44 214,45 167.02 0.250
45 167.02 130,07 0.250
46 130.07 101.30 0.250
47 101.30 78.893 0.250
48 78,893 61.442 0.250
49 61,442 47 .851 0.250
50 47.851 37.267 0.250
51 37.267 29,023 0.250
52 292.023 22,603 0.250
53 22.603 17.603 0.250
54 17.603 13.710 0.250
55 13.710 10.677 0.250
56 10.677 8.3153 0.250
57 8.3153 6.4760 0.250
58 6.4760 5.0435 0.250
59 5.0435 3.9279 0.250
60 3.9279 3.0590 0.250
61 3.0590 2.3824 0.250
62 2.3824 1.8554 0.250
63 1.8554 1.4450 0.250
64 1.4450 1.1254 0.250
65 t.1254 0.87642 0.250
66 0.87642 0.68256 0.250
67 0.68256 0.53158 0.250
68 0.53158 0.41399 0.250
69 0.41399 0.32242 0.250
70 0.32242 1.0E-5 10.650




Table A.2

Collapsed energy group structures used in five methods

7G(1) 7G(2) 7G(3) 8G(1) 8G(2)
U.L.E.”™ | No.  U.L.E. No.  U.L.E. No.  U.L.E. No. U.L.E.
10.0  Mev | 1 10,0  Mev | 1  10.0 Mev | 1 10.0 Mev | 1 10.0  Mev
3.6788 2 3.6788 2 3.6788 2 3.6788 2 3.6788
3 1.3534 3 1.3534 3 1.3534 3 1.3534
1.3534 4 0.30197 4 0.30197 4 0.30197 4 0.63928
5  0.30197
86.517 kev | 5 86.517 keV | 5 86.517 keV | 5 86.517 kev | 6 86.517 kev
01.12 eV | 7 96112 ev | 7 353.58 v | 7 961.12 eV | 8 961.12  ev
101.30 8 101.30

* collapsed energy group number

KK upper limit energy of the collapsed energy group



Table A.3 Differences of k gg values between seventy
energy group calculation and few energy

group calculation

[I] Large Core

Ketf sdk/kk'
Reference(70 Group) 1.01594
7G(1) 1.01766 0.166
7G(2) 1.01607 0.013
7G(3) 1.01603 0.009
8G(1) 1.01610 0.015
8G(2) 1.01567 , -0.026
[ITI] Small Core
Kett sdk/kk'
Reference(70 Group) 1.02020
7G{1) 1.02334 0.301
7G(2) 1.02071 0.049
7G(3) 1.02070 0.048
8G(1) 1.02083 0.060
8G(2) 1.02009 -0.011




Table A.4 Percent errors of reaction rates obtained by
71G(1) from those obtained by seventy group
calculation for a metal-fueled large core

(a) Inner Core

Energy Net leakage Absorption Fission

Group
1 -1.08% ~-0.79 -0.79
2 -1.08 -0.64 -0.64
3 ~-1.11 -0.58 -0.58
4 " -10.05 -0.30 -0.30
5 1.68 -0.21 -0.21
6 14.29 1.60 1.60
7 242.51 120.17 120.17

Total ~-2.09 -0.48 -0.48

{b) Outer Core

Energy Net leakage Absorption Fission

Group
1 0.84% 0.21 0.21
2 0.86 0.35 0.35
3 0.24 0.44 0.44
4 ~12.17 1.04 1.04
5 9.23 1.386 1.36
6 25,42 4.85 4,85
7 164.69 113.08 113.08

Total -0.37 0.62 0.62




Table A.4 Continued
(c) Axial Blanket
Energy Net leakage Absorption Fission
Group
1 0.00% -0.45 -0.45
2 -0.06 -0.27 -0.27
3 -0.74 -0.61 -0.61
4 -14.,.98 -1.40 -1.40
5 -14,88 -1.98 -1.98
6 ~12.58 ~3.59 -3.59
7 1.54 -0.34 -0.34
Total ~-1.53 -0.64 -0.64
(d) Radial Blanket
Energy Net leakage Absorption Fission
Group
1 0.89% 0.32 0.32
2 -3.31 0.48 0.48
3 -2.08 -1.09 -1.09
4 0.20 -0.95 -0.95
5 -4, 21 -1.26 -1.26
& 3.00 0.22 0.22
7 10.46 8.31 8.31
Total ~1.92 0.07 0.07




Table A.5  Percent errors of reaction rates obtained by
7G(2) from those obtained by seventy group

calculation for a metal-fueled large core

(a) Inner Core

Energy

Net leakage Absorption Fission
Group
1 -0.30% -0.24 -0.24
2 -0.20 -0.09 ~-0.09
3 0.21 ~-0.14 ~0.174
4 -0.54 -0.10 -0.10
5 -1.55 -0.05 -0.05
6 1.91 0.05 0.05
7 16.19 2.09 2.09
Total ~-0.46 ~-0.07 -0.07
{b) Outer Core
Energy Net leakage Absorption Fission
Group
1 0.12% -0.09 -0.09
2 0.10 0.06 0.06
3 0.10 0.06 0.06
4 0.52 -0.00 -0.00
5 -2.40 0.12 0.12
6 8.87 0.50 0.50
7 24.78 4.06 4.06
Total -0.14 0.10 0.10




Table A.B Continued

(c) Axial Blanket

Energy Net leakage Absorption Fission

Group
1 ~0.07% -0.35 -0.35
2 -0.0% -0.17 -0.17
3 0.01 -0.08 -0.08
4 0.190 -0.06 -0.06
5 -4,80 -0.32 -0.32
6 -12.99 -0.88 -0.88
7 -6.90 -2.07 -2.07

Total -0.52 ~-0.30 -0.30

{d) Radial Blanket

Energy

Net leakage Absorption Fission
Group
1 0.22% -0.15 -0.15
2 0.11 0.00 0.00
3 -1.09 -0.63 -0.63
4 -0.38 -0.53 -0.53
5 -3.05 -0.68 -0.68
6 -4.24 -1.03 ~1.03
7 4,80 1.45 1.45
Total -0.63 -0.18 -0.18

A—10



Table A.6

{a} Inner Core

8G(1)

Percent errors of reaction rates obtained by
from those obtained by
calculation for a

seventy group

metal-fueled large core

Energy

Net leakage Absorption Fission
Group
1 -0,28% -0.24 -0.24
2 -0.18 -0.09 -0.09
3 0.22 -0.14 -0.14
4 -0.54 -0.10 -0.10
5 -1.56 -0.06 -0.06
6 1.90 0.05 0.03
7 14,97 1.91 .91
8 244,93 121.52 121,52
Total -0.48 -0.07 -0.07
(b} Outer Core
Energy Net leakage Absorption Fission
Group
1 0.12% -0.10 -0.10
2 .11 0.06 0.06
3 0.09 0.05 0.05
4 0.51 ~-0.01 ~0.01
5 -2, 41 0.12 0.12
6 8.86 0.49 0.49
7 25,13 4,06 4.06
8 164.47 112.67 112.67
Total -0.15 0.10 0.10




Table A.B Continued

{c) Axial Blanket

Energy Net leakage Absorption Fission

Group
1 -0.06% -0.34 -0.34
2 -0.08 ~-0.16 -0.16
3 0.01 -0.08 -0.08
4 0.09 -0.05 ~0.05
5 -4,82 -0.32 -0.32
& -12.99 -0.88 -0.88
7 -10.18 -2.29 -2.29
8 3.70 1.50 i.50

Total -0.51 -0.28 ~0.28

(d) Radial Blanket

Energy Net leakage Absorption Fission

Group
1 0.22% -0.15 -0.15
2 0.10 0.01 0.01
3 -1.10 -0.63 -0.63
4 -0.39 -0.53 -0.53
5 -3.06 -0.69 -0.69
6 -4.23 -1.03 ~1.03
7 4,30 0.82 0.82
8 11.89 9.50 9.57

Total -0.60 -0.14 -0.14
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Table A.7 Percent errors of reaction rates obtained by
8G(2) from those obtained by seventy group

calculation for a metal-fueled large core

(a) Inner Core

Energy Net leakage Absorption Fission

Group
1 -0.10% -0.08 ~-0.08
2 0.03 0.07 0.07
3 0.11 0.07 0.07
4 0.92 -0.01 -0.01
5 0.39 -0.01 -0.01
6 -1.73 0.05 0.05
7 2.08 0.17 0.17
8 16.36 2.21 2.21

Total ~-0.05 0.06 0.06

{b)} Outer Core

Energy Net leakage Absorption Fission

Group
1 -0.76% -0.18 -0.18
2 -0.18 -0.02 -0.02
3 -0.37 0.03 0.03
4 1.06 -0.21 -0.21
5 0.76 -0.25 -0.25
6 -4.52 -0.00 -0.00
7 9.43 0.40 0.40
8 24,85 3.99 3.99

Total -0.16 -0.05 -0.05




Table A.7 Continued
(c} Axial Blanket

Energy Net leakage Absorption Fission

Group
1 -0.15% -0.39 -0.39
2 -0.15 -0.20 -0.20
3 -0.3 -0.26 -0.26
4 1.00 0.23 0.23
5 0.61 0,23 0.23
6 -6.35 -0.16 -0.16
7 -12.95 -6,72 -0.73
8 -6.54 -1.88 -1.88

Total ~-0.33 -0.27 -0.27

(@) Radial Blanket

Energy Net leakage Absorption Fission

Group
1 -0.04% -0.35 -0.35
2 -0.13 -0.19 -0.19
3 -0.38 -0.30 ~0.30
4 -0.44 -0.33 -0.33
5 -1.06 -0.46 -0.46
6 -4.,43 ~0.70 -0.70
7 -4.19 -1.05 -1.05
8 5.01 1.53 1.54

Total -0.59 ~-0.28 -0.28
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Table A.8 Percent errors of reaction rates obtained by
7G(1) from those obtained by seventy group
calculation for a metal-fueled small core

{2) Inner Core

Energy

Net leakage Absorption Fission
Group
1 -1.41% -0.90 ~0.90
2 -1.38 -0.78 -0.78
3 -1.07 -0.76 -0.76
4 ~8.92 -0.35 -0.35
5 1.66 -0.14 -0.14
6 11.23 2.46 2.46
7 275.66 161.95 161,93
Total -2.22 -0.55 -0.55
{(b) Outer Core
Energy Net leakage Absorption Fission
Group
1 0.89% 0.15 0.15
2 0.83 0.26 ~ 0.26
3 -0.M 0.55 0.55
4 -35.99 1.28 1.28
5 3.28 1,39 1.39
6 19.00 5.34 5.34
7 97.84 74.00 74.00
Total -0.40 0.73 0.73




Table 4.8 Continued

{c) Axial Blanket

Energy Net leakage Absorption Fission
Group
1 -0.16% -0.60 -0.60
2 -0.20 ~0.43 -0.43
3 -0.56 -0.56 -0.56
4 -125.07 -1.52 -1.52
5 -12.83 -2.08 : -2.08
6 ~15.55 -4,47 —4.47
7 2.45 -0.23 -0.23
Total -1.74 -0.80 -0.80

{d) Radial Blanket

Energy

Net leakage Absorption Fission
Group
1 0.64% 0.06 0.06
2 0.45 0.19 0.19
3 ~-2.55 -1.38 -1.38
4 12.89 -1.06 ~1.06
5 -4.59 -1.31 -1.32
6 1.19 -0.59 -0.59
7 8.99 6.58 6.58
Total -1.12 -0.18 -0.18
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Table A.9 Percent errors of reaction rates obtained by
7G(2) from those obtained by seventy group
calculation for a metal-fueled small core

(a} Inner Core

Energy

Net leakage Absorption Fission
Group
1 -0.46% -0.29 -0.29
2 -0.32 -0.18 -0.18
3 0.10 -0.25 -0.25
4 -0.53 -0.20 ~-0.20
5 0.07 -0.21 -0.21
6 1.76 0.00 0.00
7 14,42 3.35 3.35
Total ~0.56 ~0.14 ~0.14
{b}) Outer Core
Energy Net leakage Absorption Fission
Group
1 0.24% ~ -0.01 -0.01
2 0.1 0.12 0.12
3 0.03 0.16 0.16
4 0.58 0.09 0.09
5 -5.82 0.22 0.22
6 3.39 0.45 0.45
7 18,20 4,49 4,49
Total -0.07 0.20 0.20




Table A.9 Continued

(c) Axial Blanket

Energy Net leakage Absorption Fission

Group .
1 -0.13% -0.39 -0.39
2 ~0.11 -0.20 -0.20
3 0.1 -0.05 -0.05
4 -0.03 -0.06 -0.06
5 -27.98 -0.28 -0.28
6 -10.61 -0.80 -0.80
7 -8.88 -2.70 ~2.70

Total -0.62 -0.36 -0.36

(d) Radial Blanket

Enerqgy

Net leakage Absorption Fission
Group
1 0.23% -0.14 -0.14
2 0,08 -0.01 -0.01
3 -1.24 -0.70 -0.70
4 0.17 -0.51 -0.51
5 -7.63 -0.64 ~0.64
6 -4,04 -0.89 -0.89
7 3.88 0.86 0.86
Total ' -0.58 -0.18 -0.18




Table A.10 Percent errors of reaction rates obtained by
8G(1) from those obtained by seventy group
calculation for a metal-fueled small core

(a) Inner Core

Energy Net leakage Absorption Fission

Group
1 -0.42% -0.29 -0.29
2 -0.28 -0.19 -0.19
3 0.12 -0.26 -0.26
4 -0.52 -0.21 ~0.21
5 0.07 -0.22 -0.22
6 1.76 -0.01 -0.01
7 11.67 2.66 2.66
8 277,32 163,01 162,98

Total -0.58 -0.10 -0.,10

(b) Outer Core

Enexrgy Net leakage Absorption Fission

Group
1 0.21% -0,04 ~-0.04
2 0.13 0.09 0.10
3 -0.01 0.14 0.14
4 0.53 0.06 0.06
5 -5.58 .20 0.20
6 3.38 0.43 0.43
7 18.88 4.56 4,56
8 98.26 ' 74.13 74.13

Total -0.12 0.18 0.18




Table A.10 Continued

{c) Axial Blanket

Energy Net leakage Absorption Fission

Group
1 -0.12% -0.37 -0.37
2 -0.09 -0.18 -0.18
3 0.11 -0.04 -0.04
4 -0.05 -0.06 -0.06
5 -28. 31 -0.28 -0.28
6 ~-10.60 -0.80 -0.80
7 -13.25 -3.01 -3.01
8 4.72 1.73 1.73

Total -0.80 -0.32 -0.32

{d) Radial Blanket

Energy Net leakage Absorption Fission

Group
1 0.20% -0.16 -0.16
2 0.06 -0.04 -0.04
3 -1.27 -0.72 -0.72
4 0.15 ~0.54 ~0.54
5 ~-7.58 ~0.70 -0.70
6 -4.04 -0.90 -0.91
7 3.04 0.2° 0.24
8 10.81 8.15 8.15

Total ~0.56 - =0.17 -0.17




Table A.11 Percent errors of reaction rates obtained by

8G(2)

from those obtained by

seventy group

calculation for a metal-fueled small core

{a) Inner Core

Energy

Net leakage Absorption Fission
Group
1 -0.22% -0.13 -0.13
2 -0.05 -0.03 -0.03
3 -0.12 -0.02 -0.02
4 0.76 -0.14 -0.14
5 0.37 -0.15 -0.15
6 -0.09 -0.14 -0.14
7 1.91 0.09 0.09
8 14.56 3.44 3.44
Total -0.17 -0.03 -0.03
(b) Outer Core
Energy Net leakage Absorption Fission
Group
1 -0.00% -0.04 -0.04
2 -0.07 0.10 0.10
3 -0.32 0.19 0.19,
4 1.29 -0.18 -0.18
5 0.79 -0.18 -0.18
6 -13.57 0.15 0.15
7 3.90 0.42 0.42
8 18.32 4,49 4,49
Total -0.05 0.06 0.06




Table A,11 Continued

(c) Axial Blanket

Energy Net leakage Absorption Fission

Group
1 -0.19% -0.40 -0.40
2 -0.14 -0.20 -0.20
3 -0.32 -0.28 ~0.28
4 1.21 0.24 0.24
5 0.85 0.25 0.25
6 ~41.59 20.11 ~0.11
7 -10.54 -0.63 -0.63
8 -8.53 -2.49 -2.49

Total -0.43 -0,32 -0.32

{d) Radial Blanket

Energy

Net leakage Absorption Fission
Group
1 0.09% -0.24 -0.24
2 -0.04 -0.089 -0.09
3 -0.37 -0.24 -0.25
4 -0.55 -0.32 -0.32
5 -1.00 -0.39 -0.39
6 -11.43 -0.58 -0.58
7 -3.81 -0.81 -0.81
8 4,18 1.0° 1.01
Total -0.45 -0.18 ~-0.18
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