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Benchmarkx Caleulations by the Thermal Reactor

Standard Nuclear Design Code System SRAC
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Division of Reactor Engineering

Tokai Research Establishment, JAERI

(Received October 15, 1981)

This report summarizes the present status of the thermal reactor standard
nuclear design code system SRAC developed by the nuclear design working
group of the JAERI thermal reactor standard code committee which was
started on July 1978,

Descriptions are given at first on the brief introduction and the process
of development of the code system SRAC, and then, the several benchmark
tests performed to evaluate the performance of the code system,

The results show the good predictions of the experimental keff values of
the critical facilities ;TCA for LWR, JMTRC for JAERI MTR., DCA for
the Japanese Advanced Thermal Reactor and SHE for VHTR. A trial to the
IAEA benchmark calculations on the Reduction of uranium Enrichment of
Research and Test Reactors yields satisfactory agreements with the results
of ANL, Another test to evaluate the fast group constants was also
attempted by tracing the fast reactor benchmark problems which have been

used to evaluate nuclear data file in the FBR reactor physics field.

Keywords : Thermal Reactor ,Nuclear Design Code System ., Benchmark
Calculation » LWR, MTR, Advanced Thermal Reactor . VHTR. Fast

Group Constants,
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Table 3 Stiructure of member namefor S HAU
DD NAME 1 i 3 4 5 6 7 8
THERMAL .Q. z A CH MAT.ID T
FAST Q. Z A —= MAT . ID L
MCROSS P.Q. A Block T
No
MACRO E.R. PP,
T A MAT.ID CF.
FLUX CASE ID E.R. —_— C.F.
P.Q. physical quantity
CH chemical condition
T the numbering of temperatures{(1.2-9 A)
L 5 wave or P wave(0,1)
! L isotropic or P,
C.F. cearse or fine
ZA element symbol{(2 characters) and last digit of mass numbe:
E.R the index of energy ranges {(fast, thermal or all)

Table 4 Compound symbol

Compound Key code Chemical symbol
Beryllium metal B Be
Beryllium oxide E BeO
Benzene Q C6I6
Graphite C C
Polyethylene P (C2H4 ),
Uranium metal U U
Jramium earbite v uc
Uranium oxide w LoZ2
Water light H H,O
Water heavy D D,o
Zirconium hydrate Z Zrll
Simple 0 Free atom
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Table 5 Nuclides in SRAC-THEMALLIB
MAT NaME| YAT NO L MM F G:P’| MATRIX| CAPTURE| FISSION! F~TABLE |Remar ks
U-233 1260 |[MUO3000T| T=1~9 | T=1~9 | T=1~9 | T=1~9
U-234 1043 {MU04000T T=1 NONE | NONE
U-235 1261 |MUO5000T T=1~9 | T=1~9 | T=1~9
U—236 1163 |MU0OG00OT T=1 NONE | NONE
U—-238 1262 |MU0SGOOT T=1 NONE | NONE
PU239 1264 |MPUS000T T=1~9 | T=i~9 | T=1~9
PU240 1265 |MPUQOOGT T=1~9 | NONE | T=i~9
PU241 1266 {MPU1000T T=1~% | T=1~9 | T=1~9
PU242 1161 |MPU2000T T=1 NONE | NONE
TH23 2 1296 |MTH2000T
PA233 1297 [MPA30O0OT
H-001 1269 [MH01000T
H-002 1120 {MD0O2000T
BE0O9 1289 [MBE9QOOT
B-010 1273 |MB0OO0OOQOOOT
B-011 1160 |MB0O10600T
Cc-012 1274 [MC0O2000T
N—-014 1275 IMNO40OOOT
0-018 1276 {MOO60O0OT
NAG23 1156 |MNA30O0OT
AL027 1193 |{MAL7000T
CRO0O 1191 |MCRNOOOQT
FE00O 1192 |MFENOOOQOT
NIOOO 1190 |MNINOOOT
ZROOO 1284 [MZRNOOOT
CDO0O 1281 |MCDNOOOT
GDO00O 1030 {MGDNOOOT
PB0OOO 1288 |MPBNOOOT| T=1~9
XE135 1294 |[MXES5000T| NONE
SMI149 1027 | MSM9000T| NONE
MG000 1280 | MMGNOOOT| T=1~9
S1000 1194 |MSINOOOT| NONE
CA000 1195 |MCANOOGOT
cuUon29 1295 | MCU9000T
MNO55 1197 | MMNS5000T| NONE
MO0 00 1287 |MMONOOOT| T=1~9 | T=1 NONE | NONE
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| Table 3 (Cont' d)
j | MAT NAME M s | i F CiD’| MATRIX |CAPTURE |F1SS 10N FTABLE| Remar ks
| AG107 1138 | MAG7000T | NONE | T=1 NONE | NONE
? AG109 1139 | MAGYIOOOT | T=1~9 5
AU1907 1283 | MAU7000T | T=1~9 |
L1006 1271 !ML16000T | T=1~9
L1007 1272 |MLIT000T | T=1~9
HEO0O03 1146 |MIE3000T | T=1~9
H-003 1169 [MT03000T | T=1~9 L
DY164 1031 {MDY4000T | NONE | T=1 | NONE
LU175 1032 | MLU5000T T=1~9 T=1~9
LU176 1033 {MLU60OOOT T=1~9 T=1~9
W—182 1128 |MW02000T =1 NONE
W—183 1129 | MWO3000T :
W—184 1131 | MW04000T
W 180 1130 |MW00000T | NONE ENDF/B I |
H-001H | 1002 |MHOIHOOT | T=1~9 ENDE/B 11 |
0O—016H | 1002 |MBOOGHOOT | T=1~9 ENDE/B 1T
D-002D | 1004 |MDO2D0OOT | T=1~9 ENDE/B TI
0-016D | 1004 |MOO6DOOT | T=1~9 ENDE/B 1I
C—-012C | 1065 |MC02C00T | T=1~9 ENDE/B I
BEOOSE | 1099 |MBEYEQOT | T=1~9 ENDE/B Tf
O-016E | 1099 |{MOOBEOOT | T=1~9 ENDE/B II
H-001P | 1114 |MHO1POOT | T=1~2
C—012P | 1114 |MCO2POOT | T=1~2
U-238W | 1167 |MUOSWOOT | T=I1~9
O-016W | 1167 |MOOSWOOT | T=1~9
BEOO9B | 1064 |MBESBOOT | T=1~9
H-001Q | 1095 |MHO1QOOT | T=1~8 !
C-012Q | 1095 |MC02QO0T | T=1~8
ZR0OOOZ | 1096 |MZRNZOOT | T=1~9
H-0012Z | 1097 |MHO1Z00OT |T=i~9 ENDE/B 1
U-233RFP| 1042 |MF3R000T | NONE ENDF/B T
|U-235RFP| 1045 |MFSR000T
|PU239RFP| 1052 |MFSR00OT
[U-233SFP| 1066 |MF3S000T
h?-zsssFP 1068 |MF5S000T
IPU239SFP| 1070 |MF9S000T
U~233NFP| 1067 |MF9S000T
U~235NFP | 1069 |MF5NOOOT ; :
'PU239NFP | 1071 |MFINOOOT |NONE | T=1 NONE | NONE |ENDE/B If '
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Table 6 Nuclides in SRAC—-FASTLIB
(DSN:J 0752 ,PDSFASTL . DATA)
No.| IDENT | MATNO| AMAS S SIGP | SIGCO | IRES | IFS
1 |W-182 4| 1128 |181953 800011 | 205452+1| O 0
2 |w-183 4| 1129 | 182952 800011 | 100067+1| 0 0
3 |W—184 4| 1130 | 183950 800011 | 174949 0 0
4 |W-186 4| 1131 | 185957 800011 | 374531+1| 0 0
51T-003 4 1169 | 301605| 130002 | 00 0 0
6 | CAOOD 4! 1195 | 400803 | 299261 | 4325 —1: O 0
7 | DY164 4| 1031 |163928 814332 | 2520 +3: 0 0
8 | LUU175 4| 1032 |174541 669662 | 25879 1] 0 0
9 | LU176 4| 1033 | 175941 669662 | 19518 +3 | 0 0
10 | D002 4] 1120 | 201430| 334717 | 52 -4 © 0
11 |HE003 4| 1146 | 301601| 100004 | 5327 +3| 0 0
12 | sM149 4| 1027 |148917 325955 | 41191 +4 | 0 0
13 | GDOOO 4| 1030 |157.251 786254 | 487598+4 | O 1(39 to 63)
14 | AG107 4] 1138 |106905 640001 | 368475+1 | O 0
15 | AG109 4| 1139 |108905 498759 | 9.18129+1 | 0 0
16 | NA023 4| 1156 | 229898 | 352989 | 534 ~1| 0 17 to 35)
17 {B-01144| 1160 | 110096 | 503521 | 500 ~—3| © 1(1 to 25)
18 |U-234 4| 1043 |234040 | 100210 | 958622+1 | 1 1 (38 to 74)
19 | AM241 4| 1056 |241021 951148 | 5815 +2 | 0 1 (54 to 73)
20 |PU242 4| 1161 |242226 | 106941 | 18485 +1 | 1 1(29 to 74)
21 |U—236 4| 1163 |236045 | 109952 | 517448 1 1 (38 to 74)
22 |H-001 4| 1269 | 100783 | 204490 | 332 -1| 0 0
23 |L1006 4| 1271 | 601507 | 0722255| 94003842 | 0 1 (13 to 17)
24 |LI007 4| 1272 | 701597| 104999 | 36  —2| O 1(14 to 17)
25 {B-010 4| 1273 | 100129 | 210592 | 38365 +3 | 0 0
26 | BE00O 4| 1289 | 901222| 599994 | 95  —3| O 1¢5 to 12)
27 | XE135 4| 1294 |134907 699339 | 26363 +6 | 0 0
28 | TH232 4| 1296 [232033 | 101503 | 7.40 1 1(23 to 74)
29 | ALO27 4| 1193 | 269818 | 1347996 | 232 -1 0 1¢6 to 30)
30 | ST000 4] 1194 | 280853 | 214998 | 160 ~—1] 0 0

=]d—
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Table 6 Cont' d)

No.| IDENT |MATNO| AMASS SIGP i S 1GCO IRES | IFS

31 | M3000 4| 1280 | 243051| 337186 63 -2 0 102 to 26)
32 (NIOOO 4| 1190 | 586868 | 653305 45476 0 109 to 34)
33 | CROOO 4] 1191 | 519957 | 443878 310003 0 1¢ 6 to 35)
34 { FEOOO 4] 1192 | 558447 265904( 256 0 1( 6 to 37)
35 | U235 4| 1261 | 235044 | 115 977  +1] 1 1(26 to 74)
36 | PU239 4] 1264 | 239053 | 102 2702 +2| 1 1 (26 to 74)
| 37 | PU240 4] 1265 | 240054 | 105992 29 +2 ] 1 1026 to 74)
38 | PU241 41266 | 241049 | 109389 3664 +2| 1 1(23 to 74)
39 | PA233 4| 1297 | 233040 999502 | 444728+1 | O 1(50 to 70)
40 | C—012 4|1274 | 120000| 472876| 336 —-3| 0 1(1 to 7)
41 |N-014 4| 1275 | 140033 | 995740| 189400 0 1( 3 to 13)
42 |0-016 4| 1276 | 159954 | 374816{ 178 —4| © 1¢ 1 to 13)
43 | PBOO0 4| 1288 | 207210 | 109623 178 1| 0 1 (10 to 35)
44 |MNOS5 4| 1197 | 549381 259013 13299541 0 0

45 [U-233 41260 | 233045 | 127999 459  +11 1 1(51 to 74)
46 |U~238 4, 1262 | 238051 | 105992 270 1 1(23 to 74)
47 |MDOOO 4|1287 | 959402| 480077| 265 0 1 (35 to 55)
48 | CUCO0 4|1295 | 635398| 670029| 37894 0 0

49 { CDO0O 4| 1281 | 112426 699339 244607+3 | 0 0

50 | AU197 41283 | 196966 | 115812 989187+1 | © 1(35 to 61)
51 | ZRooo 4| 1284 | 912196 621619] 208 -1 O 1(20 to 44)
52 | IN113 4| 445 | 112904 427308| ---- 0 1 (49 to 65)
53 | IN115 4| 449 | 114904 432364| ---- 0 1 (39 to 69)
54 | SB121 4| 511 | 120904 447292 ---- 0 0

55 | SB123 4, 514 | 122904 452193 | ---- 0 0

56 | ER167 4] 824 | 166932 554597 ~--- 0 1 (45 to 45)
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Table 8 Input items for the specification of options

Indicator to call PIJIN to read the input for the collision

probability routines

=0 skip

=1 call

Selection of thé routine for the fixed source problem in the

fast and thermal range

=0 ¢ig from the spectrum in the library

=1 collision protability method

= one dimensional SN

= two demensional SN

= one dimensional diffusion

= two dimensional diffusion

Indicator for the process to get the Dancoff correction factor

for the lattice cell

=0 Dancoff correction factor read in the mixture section

=1 Dancoff correction factor by the collision prebabilities

=2 Dancoff correction factor by the empirical formula

Indicater for the calculation of the thermal range

=0 the thermal range is excluded

=1 the thermal range is included in the calculation

Indicator to the process of the resonance I range

=0 table look up

=1 call TRA {(Intermediate Resonance Approximation)
routine to replace the capture and fission cross section

=92 call PEACO (ultra fine group calculation by collision
probability method? to replace the capture and fission
¢eross section and the neutron flux

Indicator to get the flux—volume weighted cross sections by

energy range

=0 fluxes by energy range are not required

=1 fluxes by energy range are required

Indicator of the transport calculation for the neuntron flux

by energy range
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1c9

iC10

IC11

iCi12

IC13

IC14

IC15
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IC 7 Fast Smooth Resonance Resonance
Fission I i
0 Viwg Viwg Viwg Viwg
1 Transport Viwg Viwg Viwg
2 Transport Transport Viwg Viwg
3 Transport Transport Transport Viwg
4 Transport Transport Transport Transport

The indication for the resonance II range is innefficient if

IC 5=2 '

=1 c¢all MCROSS to create or to update the resonance
library file

=0 skip

Indicatér to call HOMOSP to calculate the one pointipare

reactor) neutiron spectrum;significant if the number of X—

region is 1,

=0 skip

=1 Pl approximation

=2 Bl approximation

=1 call CONDENSE to collapse the energy group structure
of the macroscopic cross section before the eigenvalue
calculation

=0 sgkip

Indicator to read the geometry of the case

=0 read in the new geometry

=1 skip reading: the same as the previous case is supposed

Selection of the routine for the eigenvalue calculation

=0 end of the case

=1 collision probability routine

=2 1-D SN{ANISN)

=3 2—-D SN(TWOTRAN)

=4 ogne dimensional diffusion (TUD)

=5 two or three dimensional diffusion (CITATION)

=1 call CONDENSE to collapse the energy group structure
of the macroscopic cross sections after the eigenvalue
calculation

= skip

= prepare the macroscopic cross sections for CITATION

= skip

Indicator to compose (define) the microscopic total cross
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sections

=1 interpclation of the self shielding factor table for the
total reaction, The self scatter cross sections are
adjusted to meet the neutron blance.

=2 summation of all partial reactions

Indicator to form the macroscopic transport(collision! cross

sections which is required in the isotropic routine,

=0 the extended transport approximation (NSE, 28, 376

(1976))
G

gtr. 8=0dg, & — Z, g1, §—g
however . in the resonance calculation
gtr, g=do, g

is assumed

=1 the P| approximation of the multigroup calculation of
the homogeneous media (GA—1850)

=2 the Bj approximation of the multigroup calculation of
the homogeneous media (GA—1850)

=3 average by the current component of SN calculation

JAE X (E'=E) J (x, B")
J(X! E)

i, EDT 2oitx, E)

Indicator of the cell averaged diffusion coefficient

=1 inverse of the spatially averaged transport cross section

1

pg=
s 3T trg

=2 the isotreopic component of the Behrens term of the

Benoist model,

:;Wig Zpijg/f trig
j

Dg =
3)¢ig

1
=3 the anisotropic component of the Behrens term of the

Benoist model

Zl_wigzj Prijg ~ 2trig

kg = 32@ig
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IC18 Spare item for the plotiing specification

IC19 Indicator to require detailed print in the routines to form
the macruscopic cross sections
=0 skip
=1 oprint

IC20

Indicator to call BURN—UP routine
=0 skip

=1 call
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INPUT |

case @Lgio
=

USER-FAST-LIB|

~ CONTROL
| FILERAME

PUBLIC

ENEGYSTRC.

/ USER
FAST
LIBRARY

FAST
LIBRARY

pPusaLIC
THERMAL

PIJ - INPUT

USER
THERMAL
LIBRARY

LIBRARY

¢ GEOMETRY
REGION

SN-INPUT

=

SPECTIGATION

PLOT-GEOMETRY|

DIFFUSION-INFUT]

LOOF of
MATERIAL

INPUT 2

USER
FAST

LIBRARY

MAT-NAME
POSTTION

INPUT EXCEPT
X-SECTION.SOURCE

BURNUP

e

BURN-IN

MACRO-FAST

"MACRO

W

. yes
@y SHIELD

LIBRARY

e3>

o DANCOFF
¥-SECTION FACTOR
(FAST) by PIJ
USER
THERMAL
LIBRARY
MACRO-THERMAL oeru SHIELD =<1¢3
=1
Y PIJ2(M)
o
" MACRO
X-SECTION w
GAM-P18B1 fo+ Py
MACRO
¥-SECTION
TRANSPORT COR
Fig, 1 Flow diagram of SRAC System
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O ()
Lierary/ K ERETT

fes3-RmETHOD <3S P1iz W] @Tﬂ
arf

DANCOFF
MACRO FACTOR
¥-SECTION by PI

FAST
-]
1C6 1CT
< et FAST FISSION
: =0 L e SOURCE

PIT2( SN |t DIFFUSION
[PIIa(R)] [ SN] | ]

qbu;fvi wq

USER
FAST
LIBRARY,

MCROSS

RESONANCE| EFFECTIVE
FLUX || 04 , G

) SOQURCE
lP132T)] [SN] [DIFFUSION] e

BTEN FIXED SOURLE

‘ .

MACRO HOMGOGENIZED

MIX-X-SECTIONES={x-SECTION ) |x-5ECTH
THERMAL

{

Fig.1 (Continued)
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MACRO

XGECTION

HOMOSP

CONDENSE

BURNUP

MACRO
=\ X-SECTICH

5

Plor Bl APRP BARE
REACTOR SPECTRUM

FEW GROUP
X-SECTION

0
1 -4.5
2,3
PIJ2(R)} O ENEReY
! .20} 1,230 EIGENVALLE
PIJ3 SN DIFFUSION PROBLEM
I | |
1C13 >3 CONDENSE MACRO ) [FEW GrROUP
-SECTION]  |x-SECTION
-1
icig CVMACT WACRO

next
CASE

X-SECTICH
for CITATION

Fig.1{Continued)
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Fig.2

Auxiliary programs of SRAC

ENDF/B
file 7
S
{FASTMAKE) | TIMS- | HEXSCAT| | PIXSE | [THERMOLIB
!
PARAOUT
PUBLIC
FAST
LIBRARY.
COMBINE
,, <>
PUBLIC
SRAC THERMAL
¥ LIBRARY
\\Hh__ﬂf,/
EFFECTIVE
CRO
FLUX MICRO
file )
file
; y
REACTIVI CORE
WORTH PLOT BURNUP

sys tem
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3. BiEEt 3 —F (SRAC) ¥ 27 L DFHM

31 TCA (BKR) ORUFIT—I5THE

TCA@ﬁﬁﬂfC%?Kﬁi%%%%ﬂCﬁU%m@@ﬁ%ﬁ?@%ﬁ@ Renchinar k Test #, EBHERA
G e RSO TIT o fe SPUR M ASHETH 1245, 21 Puk AT BHSER <Y b
MO I — FRTOWMOFOSRERSG THOOT, SEIOMFETEIRD LTI LI o1,
UROBEIT26 wo DPUQO: T, MEEEREIL Fig. 3R LICL2IC0.7 6mDA]
claddingh i LTH 5. EREFICHITE, BT pattern p5e CTEHBFIE B L 5 ICHEHE
MEBINTED (Fig, 4), BEREGKGTICL->THEESATO S, U0, B TFICHE LICEER
it Table 9 KZ:bohTHB. SEMIZOVTEXH ) #BH SNl

1} ffEEFVRUSRAC Y AT & OF

HEC A BB EROERALHEEFAME, FhENTable 1 0 XU Fig. 5 im s TW
Bo TF, EAHEEFNMICODLTORE AT oo BIZEIKRLELDIC, SRACYRT LTt
IR B s A A S R T A ERM A v VAl L o THS T A EHNTE S (T —region
BUR—regionle ®/ s TF N, Bl v v, XBEHOHFELOEZEOEBREOE
W, Tablel 1 WhESATWVS, 22T, @5T—5, R—34f, T—#HE%5, R—ME%E
BICNE LT E4TRT. AL, [ REBLA T, BEHAEREEE2F SN, BIL, (AZ
NI -2 ) BIBREESEHETH L.

o EFARUERSEEICE, HEZENBEASRELLOIENE S, LinL, EBEFMR
27 pA e a— FPEACO& I REMCEAHBHEABORDYUOOHEEN SO THREDERITA
O AEL LT%BbPE. CHIGLTFIRT L3, JAERI—Fast Set HOSRACY AT LD
475 OEREICHEBENRE -l ECRBET 2 HbE, CORYFT—F 7R AT 128
DEHCERAT LROREF EXTHEE LT,

u
S g u)@tudetuulqu’

(g (ud+oe)ldin)=
1-« u-¢

gy .u ,
S — B (u e (u—u")qu’ )
1"‘0!M U_EM
CIT, BLRUEZEE, FhEN, HBEEACEAMICHELTED, BEMEEME LTM
=1AMRES N BRPMFFERTE, EEAEL 20 F — R TOLBRIUL R OB
KREQHKEL, BRFZOLICIAB2EICHL B AT LTERRFERD 5 & A 108E
MEFE, —F, LBRNOROFODOLDOMBEETHS [ RETIH, RDICHE LTEROAXTH
EREEOHEERIE Ao NG,
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Ao, +ka
@lu)= pl ° (2)
o, ,tha +tKa
R, MOB2HANRAU L f28
1 u
(g+ag_ )¢lu)= S o Pduta, (3)
1-a v ¢

KRN, 0, —Kd ELIZETIREBUNREEZEZBI ENTES. THilt, —IZ] REIC
H-5¢ table—look—upZEicB LTI, RENZL - THE L ERE TS
1
T0 = T sftuer FNi%]
iE -7 table AT NETH L.

LROFEH L, RNCESL AT IV —F2ANE L, REOHRL ZEICHET S L0 OEE
NWARTC IO, $FiZo, @fﬁzﬁ*—-ﬁw:d\é< LipbiBati 2R /NS OEKEERTIE,
ZORBHAE LV EELONS. —BICk<1THENG, “EHBCLOR = £ LFTHIEL
LH, BICLBHERSSORES N, Bilkerr FBAFMINSE 2 £IUL D, —H, 0, HKRE
L bEBHRD koff ~OHBOLOSHEDLINEKRTIR, BEAL LT OREBNLN 212,
B, ROCESCHBERRFIERIEENRZET LA 77 —bBEIRLS, XY Fv—7 T
R MEF LT > TMED, , '

Table 9 52BN TOBEBEMGE LR Critical Buckling MW HIZ <7 b
WEHEIZE B kefr 3, W2BBORMEES TS0 SHRFLE — Y KT OBET,
&thgﬂ%4%EE$%ﬁf&éc&E%ﬁbtmé&%iBnéoEK,lmﬁmﬁkﬁwﬁ
LB keps i, W2BREBRFMEAT 5. —F, IREHMITEIRHUMREELLTL
P, CCTR-TVALINHEMALTHRMAEERFERCRD LBERIFESLETHELEI L
ZmRLTW5,

Table 12 (2, FOEHTHEAVKELOEL LTV ESEZBENHNKTERZ ELEIRICK
BHEMATT. COBMBEFAVNERELBCHRALTNSI LS5, L5 OUBRTFRICHL
RV FHNORI L > TEESFE SN CRRBRES £ BECERE L Tkerf OFFATON
e, 4 R OB ES ne e TOMNER, < ORBEHEASEILE A TH DO L

2) # &

B EABF (T—5, R—5 ), ABERIIPEACOa —F, HBHERIRTX Y -
7 CH toxy F7—JHEORERNTable 13 KEEHHNTVS, SRACY AT A, BK
HE—UQ, BRFRIHLT, BOTRIENHEREEID LR T BT LNTE S, MUB LA
BELEFATROBEONLY, RRAZSOBAFMENTOLER DL, —H, Vg /Vf=30
DT IR T 5 HEREY, Vo Vi=150 %L 83 DBAICHE LT, FORUENEANRES
OMELEH D TH B, ARFEDI~EMBELTESA TS LB DNE. S6IKSAT DN
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PuRTORYFo—7 « 72+, 83900 RO 2350 OBSBEICH LTHESE R~ bk
ERCERTES LI VRFLARB URBREEETETETH 2.

Table 9  Specification of TCA-26wo—UQ, lattices
Lattice . T.attice Equivalent | Critical Ruckling Koo
Name Vm Ve Pitch (em) Radius ()} (x10% em?) {SRAC)
1500 150 1849 1.0432 80~833 * 13501
1830 1.83 1.956 11636 ~8.4 3 1.3616
3000 300 2293 L2937 ~938 1.3560
¥) lattice LB D pattern MUWE T HWBRAKAMICELDZLENT S,
Wk, ChEOEIIERISBONILEDTHES (Ref, 130
Table 1 0 Energy grow structure
Public Lih, Number of Lib. Group ! Few Group No
Group Ne i(GsE?’ghG?(S)ﬁgg N(‘}lrc))up (Users Group Na ) Remarks
I~ 12 2 ( 1~ 6) 1 ¢ 1~173
13~ 45 3 ( 7~20) 2 (18~27) Fast Region
46~ 52 2 (21~24) {(10MeV~
53~ 74 4 (25~27) 0.414eV)
75~107 1 (28~60) 3 (28~60) Thermal Region
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Calculated koff for TCA—L50U system.

Table 11
Pattern Na20 (20x20) ;B =833x107 ,
B, =1.33x10°
- v« UK RO IR E
ase B . — . . N
X e EAHF-PEACO EH#BF—1RE (HAE{EE —PEACO
T—5, R=5 T—5, R—3 T—5, R—2 T—5, R—5
1 EAE-- Vi 0.9780 0.9768 0.99,38 009772
( B, Y
( 1.7% )
2 1 o in s 1.0211 1.0200 1.0364 1.0203
(TUD ;8K ' 4
(1.6%)
3 3R ITCHLE 0.9924 0.9912 1.0076
(CITATION ' A | 4
) (0.1%) (1.6%)
4 BEEFELES | 009960
fE Ik

Table 1 2

Correction to keff due to the effect of exposed

fuel rods by 3—D diffusion calculations for

Lattice Name L50U in the homogeneous model

Core Pattern Rk (em) —— kot
TN L EhErAED
(2055 0) 73409 0.9924 0.9960
(29539 0 5312 0.9915 0.9976
(24285 4 4398 0.9883 0.9985
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HPuRTONYFv—7 72 Fd, 28 py R 2350y ORESBEICH LTSRS pik
FHICEETEALIVATLAYUBR LLBICEBTA2FETH S,

Table 9 Spécification of TCA—26w0—UO; lattices
Lattice Lattice Equivalent | Critical Buckling | keo
Name ViV Pitch {em) Radius{) (x10% em?®) (SRAC)
1500 150 1.849 10432 80~833 " 13501
.83y 1.83 1.956 1.1036 ~043 1.3616
300U 3.00 2293 1.2937 ~9.38 1.3560
*) lattice B D pattern RUOHIET EAKMICL DB LE(T 2,
aﬁ,_n¥®Wi£@m5 LNIZEDTHS ( Ref, 13)e
Table 1 0 Energy group structure
Public Lib, |Number of Lib. Group i Few Group No
Group Ne %B’sg?ghG[fIcs)ﬁ;r)S l\%roup (Users Group N Remarks
1~ 12 2 ( I~ 8) I ¢ 1~17)
13~ 45 3 ( 7~20) 2 (18~27) Fast Region
46~ 52 2 (21~24) ' (10MeV~
53~ 74 4 (25~27) G414eV)
75~107 1 (28~60) 3 (28~60) Therma! Region
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Caiculated keff for TCA—1.50U system.

P’atternmuzo(20><20);13~2C=8.33><10“3 ,
B,=133x1¢°

. b s T TR B L IE MR IHET Bk
ase _ N i . R
Mo FEE FABF+F-FPEACO FAEF-- 1 RE IAZIMU-PEACO
1 EARE- N 0.9780 0.9768 0.99,38 0.9772
( By T
(LT%)
2 1 Jomin i 1.0211 1.0200 1.0364 1.0203
(TUD ;A ' —
(1.6%)
3 3 IR TTAL Y 99214 6.9912 1.007 6
(CITATION) ' AL —
4 (0.1%) {1.6%)
4 BEEREMLS | 09960
HIE
Table 1 2 Correction to keff due to the effect of exposed

fuelrods by 3—D diffusion calculations for

Lattice Name 150U in the homogeneous model

keff
Core Pattern EAKL (o) - =
M L BEHETED
(20502 0) 7349 0.9924 0.9960
(2 2530 9) 5312 0.9915 0.9976
(2458 4 41398 0.9 88 3 0.9985




JAERI-M 9781

Table 13 Calculated keff for TCA systems

AEAR ( keff)

Core pattern — R ITIE B E ZIRIUELRLE T AR
g AR Com ) ‘
(VH, 0/ Vu’ 6 1% _ 38

20 7349 1.0200 09960
(20%x20) (1.0364 ) (1.6076)F
(1.0

24 5312 0.9976
(22x22)
{1.503

28 43889 0.9985
(24x24)
(1.50)

1 131.94 0.9975
(12x29)
(1.83)

2 6901 09998

{(14x27)
(183)

15 7532 9983
(18x18)
(1.83)

20 51.65 09992
(20x20)
{1.83)

5 90.75 o 1.0044
(15x15)
(300

18 41.54 1.06078
(19x19)
(300)

* B GE O E IRE
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——A| cladding
Thickness:0.076

|__——Fuel rod

—— 6v81 ——

Units(cm)

Unit cell of TCA core (L50U)

Fig.3

Fuel rod

ununuuuuunuummunuuuu

20x20

Fig.4

pattern of lattice configuration
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Users Library:

(27 fast +33 thermal groups)

QFEzmE O E
o¥EEREL By T
ciEMEARIR ; T RITIL or EEES

l

o REERE (EH¥T )

!

QTUDK LS 1 ROHEETHE (B -
o AT R SR E R DF R

( EFRESH A REHERRBIZHEA )

o 6 0B =3 EICHH

{

OCITATION I — Fick 2R E

Fig. 5 Calculation flow . diagram for analyzing TCA

31—
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32 JMTRCORVFI—HIHE

SRACDF A MERL L UTHRRBEFLERNOHEARAIE L, TMTREARZBREE
( JMTRC YFLMCDWTRYF7— 5 HET »fce P, MMS SFICER LI~V T = —
ZHL(CF—BM1IFL ) ERRE L SRACKIAFLHEOHERE, HE ITMTRTEMN
LTOEEEFRORRLOLE 1T - 1o

1) Ry Fv—7FLi LUER

Ry Fe—sFELT, BRERECEOREBREZB/NRICTE &L, B EOHE ( BRI
GETE ) AZZ, FlESEITIZLIRRET, BREZIFHLTHRE O HERICL TN d,
Fiid, Fig, BICRTLIKE, BKF—nhT P URB195 gOMRERL 2AEME 7 10
TESELIFRT VT AREEK, T I=T ARBEENGEBRENTI D, ERTHE, BEHEOR
BEAEY (328 ) ORBEFILL ~THBARBSTE 27725 RICEVREZERE S €4 HK
H, BRPNEHBESH-1, 2U0B7945mI T4 r—AOFELEEERMEELT L, 875 —2A0
Keff MWEEEINT S, Fig, TET —AOERMBAT T BFHEFRMAIL, BREL (5 —
R4 )DOBEFLAEKICOUTAUBELC Dy BEMOTHE L.

2) i G -

User 747 7 J—i2, ROFLHEOERMNBENHER (4F )01 avF Ko so—H%
STHCENT, AP FRS > P2 7220 F—%2068256eVEL, Fast 245, Thermal
STHODOHE1BTHER LIz BEEIZI0CKTHS. Table 1 4 ICWVFHEDGE 1HE, FLHE
DABDPublic Library (10 78) T 5T s ¥ —BBEERT.

3) EAEHE

FEEFALD flux 5EIL, 22708 BRI ODOCTHRBERETIT 2. BREXIE, &
FEEHEHE, VhWwi I - HOHER, MRAFMOHELZT 22X 77T, B8 7 ro07d, 3
—~ PROHERIA FFa—THEDHE, Z20%, BRAEGNOHED 3R 7 v 7 TPATH
(slab) it & 32 VETHEAIT o oo D& & OHBHEKIL, PEACOTARE L, Fig., 8, 9K
BHEZLLUBE 7 s oV DHEEFV EBHBEEAT T,

BN 3 2 SPRELKEROAVFEIZ, PATH ( cylinder, slab{(Al plate)) TI7T
St 32SOHFEHRRLEMEEEZFig, 10K T.

4) T aNF—BEOREK

JMTRTE, FOhoBNsiioh flux OPEFRIREENSE T S Lich > TREMEABEE O €
Wi, eAHBERTUD CTHRRFOCETAOFELHEET - TRIETAC LEE2ERE L. BEHE
OBMKER M7 x0T, VHERTHRATEN L.

BEER G ORMYPEEL, BRI SEERFUEF R PVOREBLEZ T 100, TOHER
KERTHO T EBERE 2mEDExtra RBEAEETS2 A7 o T EB L e v HAOHKF
THRESTLCOFIg, 1 1IKRT EFVACLUPEZRH W2 AT o 78 EE, T 225542

—39—
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#H 1o Table 15 W3 2SS OFFFELLLIBEREF L LTERT .

5) FILEIH LR

FOETEE, 2 — FCITATION TFig, 1 200834 X—Y 2IRCE T TAHE Lo ket
DHER, Fig., TICRLIL4 S —RAQFELICDWT, FOEBIKEES 28 Ui 4B SHOM
BHETIT o7t FOMGH ETERRALHROTHERMOS— JMTR (BHFE), GGC —4
(BHEB VL5 VEHTCCITATION (L ->TEHB L@ LIS Table 1 6 057 Chd
75T TRLICONFig, 13TH5. SRACIKEZHRNL, VIR bAkerr 0.3 4%ENT
EERE LT . X IBERECHARD L FHAEICBEIEEESER L-BSQ@,
Akﬁfal2%,@Tm&kﬁf&04%twﬁd£<ﬁéoCﬂﬂﬁb%%@?—ﬁw&ﬁﬁﬁf
iy Dk T~09FOENHS.

BorErHEAE G, Fig, 1 4B LHFEIS2ODTZa » b Llce T TERBRMODHIL, SRAC
QOFLHEBEO~NT ) v A RSHARE THBLLTHS. SRACOIE, EBMEER—FHLTL
5cmeSRAC®H7w£ﬁ%WﬁﬁT%ﬂﬁbn,TUDuiéﬁ@%%&ﬁ€W$ﬁ%%®
BHHENRONW S, TUDKEVHEINLPLEEBOPHEFRANS b D—FlE Fig, 15 IR
£l

FEFRDEEERIC LD kepf O, SRACOELVECHELTO 2, ZOER & LTILEK
BERRUFROR <Y b SRR O, B FBAONE TR OR O OB B -
LEHERSIN S Fig, 1 6 ICBBHER 2 AP L OR M T 2 <7 235X OTHERMOS
—IMTRESRACTHE LILBERZ I bETET.

6) F &

ZET -1 JMTRCR ¥ F2—J7HETIZ, SRACHBUVERLZT L7

JMTRCH, £EEY4 7VE (INET5 494 70EE L) RLOELER X kS
WD IR VB DR, FOHEST > TS kerr OREQRUVHEE D, AR OHHC

KT ABEREERROBENOA» SEETH L. LT TROEE &BHET — 2 ORER

RE L VSR TEETH S,

CRGOERM G, ERFROH TR AT TH 4 OUEATL S TS h LB £ nTL
Bo SRACTHEMEHFET, Sal & MEOERNIEL, HHETORBERORL, 5K
AR DF B, OB IR OBR SN ~E LY A7 ATRINZ 3T Em5  MT R
HEA~OERASME SN TS, 4% ] MTROFLO & > 58NS BHYIER B ~OHT 1 OB 4
EDBTRTHS.

SRACAOEA L LTit, KOEEHH 5,

L SR CHT ZEROFS L (] MT R TS L > THIEEORE MRS )

2 BRACHTEARETHRAHFOMEK (EBHEF—2O0O%EE, £#)

3 TAELYR TZ£ (Fe, Co- ), Au, Tnfifs & OEMIER S & CHEHLE (MR E~
DF — 2R '

4 Burn up #FE (BE L IUBEEHOBREE, FPHM)

5. MACRO7 74 A~OFAHER ( BHREREEATEET -4 0B 7 74 MABAL )

—33—
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Table 1 4 Energy group structure
107G Library 61G 4G 107G Library 61G | 4G
Group | Upper energyleV) Celll Core Group| Upper energy{eV} Cell [Core
1 1000 x1¢ 56 10677x 10
2 77880 x10F 1 57 83153 20
3 60653 58 64760
4 47237 59 50435
5 36788 2 1 60 39279 21
6 28650 61 30590
7 22313 62 23824 B
8 17377 3 63 18554 22 A
9 13534 64 16374 2
10 10540 65 14450
11 82085 x1 (P 4 66 12752 23
12 63928 67 11254
13 49787 s 68 99312x 10"}
14 38774 2 69 87642 24
15 30197 6 70 77344
16 23518 71 68256 5] 1
17 18316 7 72 60236 26| 2
18 14264 73 53158 27| 3
19 11109 74 46912 281 4 T
20 86517 =x10* 75 41399 291 5 a
21 67379 8 76 38926 30 6 E
22 52475 77 36528 31| 7 M
23 40868 78 34206 32! 8 fﬁ
24 31828 9 79 31961 339
25 24788 80 29792 341 10]
26 19305 81 27699 35| 11
27 15034 10 82 25683 36 12
28 11709 83 23742 37113
29 91188 x1¢° 84 21878 38 14
30 71017 11 85 20090 39 15
31 55308 86 18378 40 ] 16
32 43074 87 16743 1] 17] 4
33 33546 12 88 15183 12| 18
34 26126 89 1.3700 437 19
35 20347 a0 12293 44 20
36 15846 13 3 a1 10963 45 21
37 12341 92 97080x 10°2 46 | 22
38 96112 <10 93 85397 471 23
39 74852 14 94 74276 481 24
40 58295 95 64017 45 25
41 45400 96 54520 50 26
42 35358 15 97 45785 51| 27
43 27536 98 37813 52| 28
44 21445 . 99 30602 537 29
45 16702 16 100 24154 541 30
46 13007 101 18467 551 31
47 10130 102 13543 56 32
48 78893 x10 17 103 93805% 10™? 571 33
49 61442 104 59804 581 34
50 47851 105 33423 59 35
51 37267 18 106 14663 60! 36
52 29023 107 35238x 10°* 61} 37
53 22603 '
54 17603 19
55 13710
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Table 1 5 Four—group constants of 328

G No Extra fuel 2 CLUP*
j Extra :
1 2372 2415 2395
L2 1.643 1645 1643
P L3 1029 1030 1029
4 4685-1 4.503—1 4570—1
12 4169—2 3899-2 40242
1-3 57623 54723 5.607—3
ot 2—3 5409—2 5383—2 54272
3—4 2261—2 2282-2 2286—2
1 4943—4, 6.0;46.-—4 5500—4
2 1.187—4 1.186-4 1.187—4
e 3 2010-3 2015-3 2022-3
4 4.241—2 4.485—2 4392-2
»
328
323 328 (case 4)
cilcu]ate
Table 16 Calculated keff for JMTRC systems .
Core| Experiment SRAC TTIERMOS—-}IVH‘R,GGC—4
case | €y @ @ @ ® - €
1 101654 |101974| 1.01921] 101656101598 |1.00896 | 100839
2 | 101059 |1.01400| 1L01347 1.01047;1.00986 |1.00286 | 100223
3 | 100343 [1.00772 100717 1.00383/1.00315 099620 | 099551
4 | 100127 [L00484 100428/ 1.00086/1.00011 [099309 | 099229
. Fuel P}‘;(H?o%mr NoExtra .NoExtrg No E;(tr'a NoExtra |No Extra |No Extra
% Region 21%8 B . Extra F%ﬁr%m . pEé‘l“zam
@ | ALFR CLUP PAT (Thermal)
= gellector | TUD TUD TUD »  |NoExtra
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N CF—BM1
JMTRC
F G H ¥ J K L M
B C D E WATER N O P Q
1| C C C C C C MA
M M M | MA | M M M M
2] C C M M M | CA C
M M M MA@ M M M M
3| C C M M CA C C
BC | BC B B B | BC _ BC J’
4] C C M J7 M C C
51 C C M Z D D D B D D D Z M C C
AL AL
6] C G M B E FR | | I FR | E B M C C
I 4F (328 I 328| 4F ‘ B ]
71 ¢C C M|B E 328/325 328|328 E M| C C WATER
sloa [calaale {ael L L]0 II A | E [MAlcaA |ca E
. ‘ ' | 328[328 | 25328 l ] _
9| C C M B E AF 1328 - E B M C G
AL Al
10| C C M B E FR | I , FR E B M | CA G
11] C C M Al E E E E B E E A’ M C C
12]1 C C M Al J J J Al J J J Af M | CA C
131 C C C |CA" |CA"iCA |CA’[CA |CAY |CA"|CA|CA"|CA | C C
14 [MA C C C C C C CA | C C C G C [CA C
S WATER
oo] 745 ° 7450 762 C
EHEERE 4F S0 ifp, 309 J 129, 40¢ CA A412¢. 409
Be
=1 745° 762 " 7550
*%]15: (O 429,409 A’ 429, s0¢ MA 42¢, 409
: Al 7.3¢ Be Al
l AR E R — 762° y 7620 7620
D O gs.4¢,3sg> A O | 29, 409 C. a
e Be
. 76.2° 762 C 755 2
| BB 7207 B © | s34d30¢ BC M
7.39 Be Be Al
76.20 762 " 762 0
B | pOO | m:4ep309 7 O | 429, 389 CA'| | © ] 429, 409
£ Be Be 73¢ Al
5P
762 ° 7459 AL
E 3249 ,30 J’ 429, 409 7 30 Al
O 324,30 O\\M, B PLATH
Fig 6 JMTRC benchnark core
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case = Lo g B S| K
O l | 11O SH-12
325 | ' 208 | 638.1+1.5X1 ¢
| = 528 %AK /K /mm
pex=
1 SH1 { f sz 6381 | (B55—638 1)X0.015
323 328 ( mm} 2
I 325 i 328 ’ =1627%
O | ‘ I O Ketff
101654
Ol1 ] ]10
: 6811~ 001205
| zz: == iif i FAK /Koo
2 l ’ | ’ | st | £
L048% k. Kk
329 . 1 328
Keff=
Ol i1 110 101059
Ol 110
. |szslazs 328|328 | 7557000687
i 325 ' 428 I_ Wi 25 AK S Kmm
| ! pex=
’ l | : | | | ! 7883 0.342 % k&
328 325
l 328|325 f 328328 l
Keff=
ol Lo 100343
Ol 1! o
P po— 79450.0042
l 328328 I 228328 1 m BAK K. mm
pex'=
! | I | | | 7945 0127% OK 7K
328/328 328/328
l 125 I 325 I
Keft =
Oty o

Fig, 7 Measured results for various core configuration
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H:0(20C)

2794
y v
G — LMeat length ®:750.0mmj
d L weat GeREE Ny ievm
i J
{ i
1 —
: =t
4: o Side plate
k - d
T
—
::; N ‘,'AL
N © Meat / HO @)
—— 2794
o7 7
| $05655,//// /A2
/)
e— 29 —)/
-..‘....J/
/ meat: 05080 . \
\ Vmeat :=005055x604x7 5.0x19=43508cid )
L Region Name
Nuclide b e e ]
! Meat | AL | H,0 (20%C)
; ' ‘_Wﬁdf.. PSSV A SO
¥ © 11488x107° |
28 . 12603x107* | |
| i ;
AL L 57852x107° | 6.0299x107% !
H 5 | 66747x107?
0 . J | 33373x107%
V.Fraction | 009734 | 029855 | 060412
] 32344 . o
C=12081—-——— - (016<0<0.24, E=090) C:Weight Fraction {ranjium
e
235 . . 235
CEEW I Weirght ( 9N
235 W= Vi pxCXE
ViMeat Vol ume
p= 30895
p:Density
C= 01612
E: Enrichment Fraction (=090)
Fig., 8 Unit cell of JMTRC fuel (195g ***° U)
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H0(20°C)

. Meat length (1) =740

Guide tube . '
/ L 05 /\r o
4 TR50 /
) s i l— AL
e ———— l—8ide plate
e GT
253 Meat AL |
0 B D H 0200
a1 4
% /IIIIIMMA.
— " T4 ‘
—— = ——. !
- el m
——— n 134
e || EEASR
F———— 4875 —————7 -
e 537 ——{50%3, N\ 247573
63.7 T
662 /5.0~
76.2 05
77.2 )
(Vne a t== 005055487 5X749x16 =29532%4 )
Region Name
Nuclide
Meat AL H:0(20°C)
By 1.6926x10"°
B3 18570x10~*
AL 56944x10°2 6.02909x10*
H 6.6747x10°°
o 33373x1072
V.Fraction 006616 045626 047758
32344 ] )
C=12081— ——— -+ (01 6<C<D24, E=090) C:Weight Fracti on Wranium
ZSSW: W : bt 238 lU
235 W= VX o xOXE elght ( )
' V:Meat Volume
o= 32846
¢: Density
C= 02234
E: Enrichment Fraction =080)
Fig. 9 Unit cell of JMTRC fuel follower 95g 2% )
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/H 0 (20707
H:0 (200 3
-~ Ha ( )

0p~320
30488 273~30@
W —H:0@0C 259~27¢
F——AL 21g~250
AJT—H20 (200 20g~218
N~ 178~200
H,0 (200) 168~179
30488 162
Region Name
NUCI lde Lo e e et C—— e e e rmanm e - ”
304 S8 AL H,0{20°C)
Fe 58901x10"2 ?
Ni 7.7997x10~3
Cr L7603x10 "2 _ .
Al aozgexlo-zj
H L 6.6747x107?
0 | 33374x107°
V . Fraction 02251 05470 i 02279
Fig.10 Unit cell of JMTRC 328 (AL 4TF)
1~-"7328 ~~_
g RN F
, N 4 328|328
F == \\ 4F
< A
@hed) - N \
i 1 \ ' F 328
! ! \ | j 328
u 2 . 328
; ‘ 328 J 1|
} / ; F 328
\ N /| /
\ - -~ £
* ~- -7 ‘ FL ¥
FL ~ !
4
Followe g« , F F
-~ L F .-
T~a — ~Fuel
Fig.11
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mesh
1357 1t 15 1% 23 27 31 41
20,
WATER 0.0
C | C !IMA 452
3.2
My M (M M M T 452
LA s L 3'2
Mal M | M | M | M ] i} 452
Y L LW 32
Bl ®w |BCIBC| J'| | i 452
AL PLATE Rl = 3.2
Bl D | D D | Z M |C 's; 7.72
AL
FR| E | B | M| C ¢ | WATER | 772
|
325 |4F l " 1 A c o 3.86
3283m| | ; 386
ATl E | MA|CA | CA 772
3285|325 | ™ I Y Pt Pt 3.86
Bl AL
FR | E B M |[CA | C .72
El Rl E | E !l Al M]|C C 772
A J J A | M ical ¢ 7.72
cAl cla’| ca’lca‘ica’ical ¢ | ¢ 7.72
Al ¢l oo lelolealc 772
WATER 20.0
satpssiasy 772 | 772 | 772 | 772 772|772 200
width em)
Fig,12 X—Y calculation model of JMTRC core
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keff
1020 R
@
1010+
L00O-
~ . ~ . )
~\;(@}THERMOS—JMTR
GGC — 4
0990 A 4 & i
600 casel c_ast 2 760 case 3 035:9'45'300 850

Fig.13

SH—12position{inin)
keff values for JMTRC benchmark cores
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Fig. 14 Comparison of thermal fluxes in JMTRC



OYIWF Ul wnriyoods uwvoaxinay o1 314

(n) A31BY15] wormap

JAERI~-M 9781

) _ g 01 ST 0z

 EREEE I | T T T

e v

H1LVM

uoirienoied JML Ic} [opowl qB |G

dblo | o |e

(VO |CVD) | (VD | (dD

®

¥

¢ IVig IV| 1TIV|ged| Tag

(n) g xn|] uorinafN

(s1tun Axe1110IV)



Neutron flux 2 (E) Arbitrary units)

10t

10?

107!

107

JAERI-M 9781

T v ¥ b0

l‘rrl

lllll

T

lllll

— SRAC
---- THERMOS—JMTR

Cut of f|

energy

1 I I.l.lllll 1 1 S W T S i |

001

Fig.

01 ' 1.0
Neutron energy f€eV)

16 Thermal neutron spectrum in
fuel element



JAERI-M 9781
3.3 DCADHFLOBERAR

DCAHATRQEﬁ%@%E&LTIQBgiftmﬂﬁﬁuﬁbto%ﬁLAMP—B:—FU
DF Y PFMRDOLAMP ~AZHOTHHERFLOTRIFENT b N, WA MONEERD
FOTNSCHANT, EBHERL—HLUCHEAEOTAELS 1.

SRACYRFLDBED—2LLT, LAMP—ATIT-bDLTEL5HBIORULEHETDCA
OWPECOFEETT 2o

1) W _
SRACYATATIILAMP —AILHXT 2WMEROLT V) O9FN « 7 A VBT NTENDF/
BR~-NiLESLHELLIA T3 Y —ilB&s#®-AI SN, Th4Table 17 LR B4 OEROE
BEEH LT, BRTLIIE, BITERKBOTASAMEREEINL, $1HEENS->TEE
SEBINECERHENLADT, SRACELAMP AL AZERBEOMREZHERT 54 YT
NDOEF—R » 72 AMICE5EDEEZLND,

HEHOZ A vy —BEEITable 1 8 WKRTEAIITEHLXTRHERHIZ I, —DHRIIH
T T F o F - REOSERICHEL, S0FHEVIAFNTHORELRILETL &L ON
T30 T, COMBRBRICEELS ALV EREDN S,

2) BFEHE

DCADEMRERFIIFig, L 7iRTLIIC, 2 8ROMSELD.CMRICES Lo EJEREK
BHEKGERTT, Ch2225mD Y 9 FTEFBRFEERT L. BTFHETHCLUP &
e EEEEL —F ICE 5T, Fig, 1 8IORT LI, ARBRTHFH XS HEMENET -T
ERCEEE N5,

HUERA IC oV TIE, LAMP —AER I CME L > THREBS v ¥ 7 0 L~ ARICE BHH
%ﬁotﬂ,SRACTHPEACd%;D%ﬁ%%@ﬁ%cﬁatmﬁaﬁ&?ﬁatocmﬁ&
OHBICLAFNEMOER, COLHINB I )~ HERTRECL VW EEZLND, [RECLSLE
EIFHELES
. SRACTHH/ 74 —2DBXHIZIHNT, K@ a),b), ) O3 2DHFT Y —TDF 7 =
B, KBREE S
a) BEMAKEEIE, ORERE, FASBAN RS SCEREOMER VG 7Y 2V, @
BEREHTRHONILEERAHOIE 7Y e YhBEb. BENSBENTH E0, BoH Ll ER
EHOXBOREMESCRIUFIERTH, RREERGVHEELILNS,

b) BEHpEXNEEL, ORBBICREREIALITI4 VY e @B, AUTHEREELT >4 7
YaVvehbdo BKBRERTIIMIC, BEIAFMEBICL~5 &, 0.5MeV L ETHEEMABEIVNE
CHO, 1 MeVEIFTTHPSRE(LE,S
c) EHERCHT AERMERIL, Benoist—Rehrens term OEFEFKS EHEALONF i~
SHtce

3) FOEHE
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DCA®@FGHEFig, 1 9KHHERERYT L ICEKEZRDLER ImOARO2 2101217
vyiwwﬂﬁyPU?%ﬁEﬁ%%%ﬁtiéﬁﬁﬁbf%5g@ﬁﬂmﬂ¢@%ﬂﬁbfuﬁé
MRLEDZEDEEEIENRIT AT VLD, KRELOIEIBMEBHEAI LD, EHE, #7¥FITH
MEEHTO Do COBEBX 4B, FORME 1 RTOBMEATRTREHE S C &2 TRT,
ZORROBHIOLHI, BTFHEOCHKREBONACEHER»ZOINFE O, SEE, B8 b
T 7 OB 1 R OFLEHEAIT » 1o '

1) HEHRRUEE

Table 19 i, WAVALEHEZZEAT, BRETEDCACHIFLICK L THEODEGHEHE k off
DEFFZIT LY, TOR/RER LI, HEDy -2 E LT, WL Table DMEICFHZFE L. i
MENZHOE, 1RTHEAFORSHFRONHEROHEEMTHD, s THLETEDETImAE
ABIEHE LT, o2 ) Y7 OBEFE Uiz, FLHEOETE~LL I, KA LRFERFO
BMERIEROER SEEZ D E, LEAR ~Z2HRLOERHEST 0L LTHAHERO S L
FOSEMHTEMLO,, INTHREH T LI nDE L kegr TOLZHOELSILTECHELID,

o7 4 — 4 OFEICEG T 2 A2 I o Eo kOB E_RCE#A 5200, [
HCERMNBENMOECHFEFVORRBEIESICIAREANELH 250, BERECHLTIIES L
TEBH/EL,

FEEE R OEBGEHRICH LTOE~RITP4 5% 2 Rehrens—Benoist #HATAE:81L1%0
BUBEREELE, CARESIUEERT S LERSN, BiCBenoist & NETHEEE
ABELOBEELOL (3510 ORICES &SN, |

HEFESF DAL > Tkeff OHEBEI O, SHEBIT 545, BEENIONT ELDND,

MiEd2LAMP —AQHREEIMN 1B ARE M keff 252505, CHRIBRTAMER Y » 4 4n
BATHBEEZLN S,

UrIDEEMLSRACOERINBEROEEDHI VIO EOREEAT, DCADFLOE R
Bl FAITEL L M BREND,.
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Table 1 7 Comparison between libraries of SRAC and
LAMP=A code

Neutron original file

SRAC LAMP—A

e 2 - i AR ENDF—-B./4 GAM-T
(—& UK1)
g,z 4 —2 ENDF—-B. 4 ENDF-B./2

~

#MEFREHAS (a, §)

e F I 5 B RS

fissile =/ F L

A5 A — &1L JFS—I

ENDF-B,”3 Effective width
model

ENDF—-B./4 M@K (15)

Table 1 8 Energy group structure

. SRAC LAMP -A
T 33 33
ST Ly o —Ih 0.5 0.5
=i e F 7 006825V 0.6 825eV
BT B 37 30
i ¥4 # A C L —
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Table 1 9 keff for DCA initial core

Conditions keff ODkeff (%)
SRAC Standard™ | 10007 _ -
gt by summation 1.0008 ' 0.01
Yir by consistent transport 09997 —0.10
correction .

I> by Isotropic Be rens Benoist 09896 —-111
Resonance Integral by I.R. A 1.0020 . 0.13
ResonanceIntegral by Table Look Up 0.9980 —-0.27
LAMP—-A 1.0113 1.04
*) Standard Specifications

lattice Pitch 22 5cm sguare

Critical Radius 139 2cm ,

Critical Height 96 2cm (heavy water)

Critical Height | 105 0en (BL= . 000895m~?%)

Core Radius 1500¢em

Otr by Harmonic Average
Jtr by Bi Approximation
Dby 1./ (32%,)

—49—
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_U0; _Fuel

Enrichment : Not.,1203 or
1499 w2

Diometer : 1480 mm

Density : 10.36 g/cm?

Al cladding

1.0. : 15.03 mm
0. D. : 16.73 mm

Al pressure fube
I. D : 116.8 mm
0.D. : 121.0mm
~ AL colandrio hibe:

e I.0. : 1325mm
[ . 0.0 : 136.5mm

2230

<
Air gap
2T.7mm —— Coolant
467 mm
7=13.13mm
T;=30.00mm
T4=47.58mm

Fig. 17 One-quarter cross section of fuel
cluster

U0, Fuel rod
Diom. '4.8pm

Al cladding
1.D: I5.03mm

0.D:16.73
mm

Al pressure tube

1D 116.8mm
0D:121. Omm

Al calandria tube

1.0;132.5mm
-OD: 1365 mm
Fig, 18 Calculation model of DCA lattice cell

HZO coolant
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3.4 SHEGR RBGEF ONFY—IHE

SRAC F— Fy 25 4L, 2 0%8E Y5 v BHHEHENENS 2 OS TEERERES
DERBICOVT NV F v Vi HZIT 1 BEREAEEZT - 2P LE,

1) FoEROEFEEC,, PUAM5383~2316+BUBEEERPLSHE —5~8H.L0
2) FFEBEEFEFALOSHE 12, SHE —1 3#4

3) SHNGEN AERFOEEFLOSHE —1 450

D THELIZ2OTIT -0

FAPL OB TR BENA Fig, 2 010F Lo
341 [EREER OB

1) BEHOER _

BEfill 0MeV~L1254 e VOTAAX—HEFEL2 28I LEDHEFRE,
L1254 eV~0eVOIALF—MEES 9B CHB LRt THCHL OB FEHEETL,
MFFEEOBTERATR Lz, 22T, 130eV~04eVOIAF—HIEIF2 °'0 okt
BRI O EILEIC [ REFUTTY, SHE—8FLco0 Tk [ RA: & @EMEHE 3 — F PEACO
D2HECODNWTHELZT e COMBILLALBEEDNTEHIL 20N BNTHR~NE,

2) BRHE

S HE S 87 IS R 75 ¢, FLL BT R LI C BB R S ML T H 5 @
T, BREEE, POE IS CRE R 0 E L, LRI T ECT - o B O
FREEZDBE(R® (®WAEN 7Y v ) E LTROM -/ Table 2 0 W01 Rcii#, I R
I AHERHEHREF Lt o HEEFHLSHE — 5 ~SHE — 8 5L ick T EE M
EETEM £l ket TOTHLRT—RTHT &nsbh ot —F, EUEEFEFLSHE -1 2,
SHE — 1 3% 4 0'SHE ~ 1 4FLTRHEMIH L2 ~1L 8B Rk AR LEREEL, T05
OFCEEIR T2 (Fig, 218B)IHFLEOTSHEEZRBB T4+ M » 7 AEHE ORI
TEAERF » o ALY FERYREAZR LTVENILILHEE LTSI &M, 34205
DOFTEEF v LHTEICHFE 2o

342 EREEETLORE

1) BFETy A 7T AVF —ORBILLIIERHERR~DEE

gk B @ thernal cut offenergy #0683 eV, L1254eVELUFLEESS4
e VEELELIES, 0683 e VM6 1.1254eVIETDE, keff WIS OHEENS -
o 251211254 e V518554 ¢ Victhermal cut off energy % &/ IBaICiH,
keff OHBEEABK ST ENEN > thermal cut off energy PHBICL D keff MNE
{32 DL thermwal cut of f energy ¥l E@neutron up-scattericER LTS, Lichi-
T3 41 OEREBOBITICIZL1I 254 VO thermal cut off energy R,

2) 1RTHEESE 1IRTHECL IBERAEER ~OEE

SHE — 8Ll 2WTERIELSRAC g FyR 7RO 1 RTEEERSTUDBSLT LR
THEBHANISN TH ~ 105, HEOMTD kepr OHBIEF 01 BLUATEH > 10
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SHE - 8FLICENT, P20 OB OF B4 I REAME 2 BFMH % 2~ F PEACO
ERCERHBEET 271U ©1371eV~6476¢ VDI ¥ —8FHOHERIIERE
L, IR¥ET60.630barn » PEACO 79— FT59424 harnéiFEABEIZLL,
Keff R LT0.02%DHREITULMALSE.

4) 1 RCEEER IS EER L IAERTELRRE ~OEE

AEFROSHEFLERSAHBFLO 1 RTERICEN LR OERAE & KRARRO®KE &
L7 28T triangular geometryRERHHEZCITATION = — FTEZHENIT 5t T DFE
RAEZT PR SHE -1 4507T, #hEFEH (I10MeV ~ 1L1254eV) 118, 8
HFH(1L1254eV~0eV)13BOAH 248 TT - COBR, 1RTERFESER L
2RTEHRE BT L OMBlE kegr TO02HBETHY, AARRKOBRGFELISHE —1 44
R LTRES RS EEALCNS. CNOESHE -1 4 FLEF OB OFER 3 8m, K5
EE#9 1om SGFLEEAVNE { KREESE O, BRHRIGNE0EELN S,

5) FLADERF » v YICL 2 FREYRLZE LIBERHFERE~OR Y

SHEDFLEER6SomDRBBO- ) v 7 AEBIVHEC S DEMBETHUINTS
oy, ZAFOELEE » o 70U KL COEEF » o 7HRICL L FRIOPHEFRADHES SH
E—8HLI DWW TRTEET - te sTEFHEIFIg, 21 0SHE -8 FLOBRAEFIC20NTEE
[ OTE S Dr H L @A OEEFH Dz 4 Beniost model MWE6HE L, 1 RTHEEEROE
REFICENT, BIFMOGeometrical Buckling B #Dz/Dr f§ LiciEZAAL, 8D
PR EA B P & LTRO >7e D2/Dr > 1.0 4 BETS - %o S OFEICL BERG
HRR, BHERA 1 /(3 o) OhiEF R PALEEPOROIERSEER LB LT
keff TO36 7HNELLL, COHER, ZAF» v 7L FREORZFMEST 5 2 &0
Fitoe Ik, EXF r o 7ORIZET, SHEXBHK T AERGOmDENBOXI DN 0%%
L&HTNS.

L OERIBEHRPSSHEFOLOERAKDLH &L LT,

i} BT EALERICROES L,

1 BpEEFHE D thermal cut off energy 11254 eVET 5T &,

i} Fox LMo HRARLMBCEN LT LN &

V) 61 BEZOEHIEERTCERFIELTO> L.

V) P30y OB OFH R I REERHTL I &,

DEEFm AN £/, Table 20 BT, FHEEFHFLSHE—-12, SHE-13BLUS
HE —1 400 keff OEIC, SNIBOTENLELE v v 7L L AhEFREHR, BLUHH
REEOHHORBBOL Y FF v o 7TOHBICLI2DRDEH Akesr =0.8 6 7% OFILATT D
&, EHEEBPOLICH LTS, ERELHEM Ed kers T1HBUAT—HT S LA BHREICHE
e SRACI—FYR7aOMRICLYC27°U ORFLEOAE CEHEEFHALIIEOT, &
hETOREELERBECA—HOBEESBBE SN, ERBEF ORI~ FYy 27 20EK
THoMMIHEK I, 2T, S, SHYWEBRTAERFOE v 77 » 7HF L4 SHE ICHIKT 512
%, SHEXBEFLOBHEILERI— FyRFLE2AOBHELEH T B,
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Table 2 0 Calculated keff for SHE systems

Core configuration ¢/ %% U |Core radius(em) | Calculated values of keff*
SHE—5 5483 3510 100145
SHE—6 4395 3317 1.00503
SHE—7 3359 3104 100719
SHE—8 2316 2871 1.00748
SHE—=12 6785 37.28 1.01399(1.00532)%
SHE—13 15724 5576 1.01835(1.00968)>%
SHE—14 7158 3954 1.01270(1.00403)%

% Corrected values of neutron streaming and end cap effect
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Table 21 Specifications for the benchmark problem

Reactor Description

Active core height 600am

Fxtrapolation length 80m  X-Y calculations

Space at the grid plate per fuel element 77amx8 Lazm

Fuel element cross section 76max80.522 includifig support plate
7 6nax 8§ 0.0m2 wi thout

Meat dimensions 63mmx0.51mx6 (0nra

Al uminum—cafning withDae=2T7g er?

Thickness of support plate 47582 0s=27g o~

Number of fuel plates per fuel element:23identical plate,
each 1L27am thick

3

Number of fuel plates per control element 17 identical plates,

each 1.27am thick
Identification of the remaining piate positions of the control element:
4 platesof pure alminumPge=27g o, each L27m thick in
of the position of the. first'."- the third: the 21st, and the 23 rd. standard
plate position: water gaps between the two sets of alumiram plates . Control
blades of Ag/InCd absorber or B.C .absorber are inserted intec these

gaps in caseof calculating the control rod wor ths.

Atom Number densities of material
As the SRAC is not yet capable of burn—up calculations . the EPR!
results shown in Table 2 2(2&( which were taken from PP454, 435
volume 1 TEC. DOC 233 were used.

Uniform temperature 27C instead of 20C as the standard

The core state({first quadrant) by % ?'°U burned per element (BOL!

G G W
25 5 w
45 25 5
(largest power) CONTROL
AL | o .
* *
we| 45 45 25

*Half size
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Table 22 (@ Atom densities in 93% enriched fue! meat vs U burnup

Atem Densities (m’j x 102“)

Buraup () a1 135,, 149 235, 236, 238,

0 5.70110-2 0.0 0.0 1.61790-3 0.0 1.20200-4

5 5.7011D-2  1.70943-8 1.33929-7  1.53701-3  1.34683-5 1.19729-4

10 5.70110-2 1.64155-8 1.28239-7  1.45612-3  2.68848-3 1.19231~4

25 5.70110-2  1.40338-8 1.07554-7 1.21342-3 6.62984-5 1.17682-4

30 $.70110-2  1.32194-8 1.00692-7  1.13254-3  7.9139%1-5 1.17146-4

45 5.70110-2 1.07091-8 8.01311-8 8.89B45-4 1.16718-4 1.13456‘5

50 5.70110-2 9.84972-9 7.32815-8 B.08%49-4 1.28301~4 1.14857-4

Burnup {X) 239?u 240, 2lal'l’u Z&ZPu ?.P.E?P F.P.T.*F
0 0.0 0.0 0.0 0.0 0.0 0.0

5 §,3765%2-7 B.56B97-9 3.77796-10 3.00945-12 1.0522%-1 4.93857-3

10 - B.47746-7  3.32473-8 2.99548-9  4.97504-10 2.29663-3  §.B8093-3

25 1.80022-6 1.78887~17 3.99137-8 1.96792-9 6.22039-3 1.90982-2

30 2.03037-6 2.43571-7 6.46856~8 4.07045-9 7.51862-3 2,21936-2

45 2.47988-6  4.59669-7 1.76152-7 2.04908-8 1.12869-2 3.10182-2

50 2.55349-6  5.33805-7 2.23117-7  3.12422-B  1.24867-2 3.38111-2

Table 22 () Atom densities in 20% enriched frel meat w 2% purnup

Atom Densities (cm-ax 1024)

Burnup (%) Al 135, 149, 235, 236, 238,

0 3.81710-2 0.0 0.0 2.25360-3 0.0 8.50050-3

5 3.81710-2 2.30226-8 1.91678-7  2.14092-3  1.94582-5 B.BB775-3

10 3.81710-2 2.24095-8 1.86339-7  2.02823-3  3.88442-5 8.87411-)

25 3.81710-2 1.98787-8 1.61934-7 1.69020-3  9.56508-5 B.83036-3

30 3.81710-2 1.89700-8 1.53457-7  1.57752-3 1.14100-4 B.81469-3

45 3.817190-2 1.60514-8 1.27167-7 1.23952-3 1.67779-4 B.76349-3

50 3.81710-2 1.50123-8 1.18131-7 1.12691-3 1.85044-%4 8.74457-3

Buroup (Z) 239Fu 240Pu ZAlPu zaz?u Y.P,E?: F.?.T.a$
0 0.0 0.0 0.0 0.0 6.0 c.0

5 1.13740-5 2.42263-7 1.32772-8  1.07946-10 1.49776-3 7.01035-3

16 2.20424-5 %.29571-7 1.04740-7  1.77419-9  3.27912-3 1.30600-2

25 4.74782-5 4.87965-6 1.35957-6 6.B4154-8  8.90476-3 2.88592-2

30 5.39063-5 6.61161-6 2.18113-6  1.40153-7 1.07938-L 3.37596-2

45 6.75486-5 1.24109-5 5.76350-6  5.83703-7  1.64013-2 4.81703-2

50 7.03139-3 1.44336~3 7.23640-6 1.03141-6  1.823%7-2 5.2%133-2

* Not induded in the SRAC calculations
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Tawle 23 Energy group structure (61 for primary and secondary cell calculation

Group upper energyleV) su Creip upper energyleV) s
1 1.0x107 0,75 59 0, 054520 0.1746
2 4,7237%10 0. 75 51 0, 045785 0.1913
3 2.2313 x 106 0. 75 52 0.037813 0.2116
4 1.0540 x 10 0,75 53 0. 030602 0. 2365
5 4.9787 X 102 0.75 54 0.024154 0. 2685
6 2.3518 x10° 0.75 55 0.019467 0.3101
7 1.1109'x 10° 0.75 56 0.013543 0.3672
8 5.2475 x 104 0. 75 57 0. 0093803 0.4502
9 2.4788 x 104 0,75 58 0. 0059804 0.5818
10 1.1709 x 10% 0. 75 59 0.0033423 0.8239
11 5.5308 x 103 0. 75 60 0.0014663 1.4258
1z 2.6126 x 103 0.75 61 0. 00035238 3.5821
13 1.2341 x 103 0. 75
14 5.829% x 104 0. 75
15 2.7536 x102 0. 75
16 1.3007 ¥ 102 0.75
17 6.1442 x 10! 0. 75

P 18 2.9023 x 101 0. 73

aT1e 1.3710 x 10} 0.75

s | 20 6.4760 0.75

T | 21 3.0590 0.625
22 1.6374 0,375

T 23 1.1254 0.250

M| 24 0.87642 0. 250

E | 25 0. 68256 0.125

R | 26 0.60236 0.125

MY 27 0.53158 0.125

A 28 0.46912 0.125

1. 29 0.41399 0.0616
30 0.38926 0. 0636
31 0.36528 0. 0657
3z 0.34206 0. 0678
13 0.31961 0. 0703
34 0.29792 0. 0729
35 0.27699 0. 0755
36 0, 25683 0.0786
37 0. 23742 0.0818
38 0.21878 0. 0852
39 0. 20090 0, 0891
40 0.18378 0.0932
al 0.16743 0.0978
42 0.14183 0.1028
43 0.13700 0. 1083
44 0.12293 0.1146
45 0.10963 0.1215
46 0, 097080 0.1294
47 0.085397 0.1384
48 0.074276 0.1486
49 0.064017 0.1606
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Table 25 FHnergy group structure @43 for core calculation
FAST THERMAL
upper energyleV) su upper energyleV) A
1 1.0x107 1.5 12 1. 1254 0.625
> 2.2313x10° 1.5 13 0. 60236 0.375
3 4.9787 x 10 1.5 14 0.41399 0.1909
4 1.1109 x 10° 1.5 15 0.34206 0.211
5 2.4788 x 104 1.5 16 0.27699 0.2359
6  5.5308 x 103 1.5 17 0. 21878 0. 2675
7 1.2341x 103 1.5 18 0.16743 0.3089
8 2.7536 x 102 1.5 19 0.12293 0.3655
9  6.1442% 10 1.5 20 0. 085397 0.4476
10 1.37t0x 10! 1.5 21 0. 054520 0.5775
11 3.0590 1.0 22 0. 030602 0.8152
23 0.013543 1.3992
24 0. 0033423 5.8318

Table 26 Comparison betlween keff values obtlained
by different calculation methods of tesonance

cross sections in LEU BOL core

’ﬁeFF
Rigorous 1.0404
Toble lock up 1.0536

Table 27 (Compariscn belween control rod worths aobtained
by different calculation methods of resonance
cross scctions Ag/In/Cd in LEL BOL core

NI
Rigorous ?.55
Table Jook up* 9.46

* agpplied only in the primary cell calculation of
control element
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Table 28 Comparison of SRAC—CELL ke
with ANL results {(T=300"°K)
Burnup Enrichment
93% | 20%
(%) ANL JAERT™ ANL JAERT™
0 1.73698 1.7451 1.65475 1.6473
5 1.63697 16531 1.56410 15725
10 161653 1.6415 1.54447 1.5621
25 154853 1.6009 1.47972 15255
30 1.562227 1.5846 1.45544 1.5109
45 1.42692 1.5217 1.37191 1.4574
50 1.38761 15024 1.33935 1.4362
* The lumped fission products were not included.
Table 29 Calculated control rod worths
Control Rods Control Rods C
Core Fuel Control Rod . Lo (%)
Withdrawn Fully Inserted
Agr1 n/Cd o « 09360(08787) 1083 (1703)
HEU BOL ) 1.0496(1.0333> ‘
B.C ' 09582(08438) - | 870 (2174)
Ag/1n/Cd ' 10727(10337) 951 (1297)
HEU Fresh 1.1855(1.1937)
B4C 1.0826(09924) 868 (17.00)
Ag/In/Cd : 09410008915 955 (1447)
LEU BOL 1.0403(1.02353) -
B.C 0.9502(0.85:75} 867 (1891)
Ag/In/Cd 10557 (1.0305) 844 (1153)
LEU Fresh 1.1531¢1.1695) _
B.C : 1.0568(09911; 835 (1539)

* The parentheses show ANL results,




|
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Table 30 Initial slopes of feedback components

Eifect

Water Temp. (27C—-77%)
Water Density (27C—-777)
Doppler (27C—127%C)

dP/6T*x10"°C
(HEU) (LEU?
01104¢(01188)*  00818(00807)
01352(01038) 0.1558(01229)
00023(0.0006) 00299(00259)
01389 01660

* The parenthes show ANL resuits

Table 31 Isothermal temperature coefficients (water density)

Density Ap. B

_ _ (HEU) (LEU?
09771 0.68(29.7)F S 0.78(345)F
0.9000 314(314)0% 344(344)7%

%) The parentheses show AP AN (%),

Table 32 isothermal temperature coefficients(fuel temperature)

Temperature Ao, %
(HEU) (LEU)
(27C—127%C) 0.023(0.0023)% 0.299 (0.0299)*
(27C—327C) 0.069(0.0023)* 0.756(00252)*

*) The parentheses show 6 0./ 0T x107%/C,

Table 33 Prompt neutron generation time and delayed neutron fraction

Core 4, us
HEU 537(5596)%F
LEU 421(4374)

Beff
0.00802(0007607)%
0.00761(0.007275)

* The values in pharentesis show ANL results

—68—
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3.6 EIRHEFEEBHTHIEOLOHOSEFRAVFI—IHE

ChETEEEERT O DR ERATMET 5t ERERFERABR L TARS N2 1K
Ficda~xyF e - ZBEICHONT, SRACOETFHEED T4 77 ) —2HOTRYF7—
DEEET o tre CONYFe— FHBEOEMMIC VT, BELHMGIOS 8 X—vESH AN,
ORI, 65 —XOUFRELSr—ROPy FICHTAMENORL -TED, 2TOF —AN
1 RS ETHRZA LIS TEEANTV S, CHETEVM JAERI —Fast Set OfFELEZD
FED IO T LHETH 5.

1) FEEFLESRACHEBHTFA 7 7 ) — O]

Ny Fe—HMETHEINEFRCEOCRTIREEEFE - FTUDZENT, SRACD
7 ABETE TR D T4 T 7 ) = AR LSO TEHEAT oo AL, BHERR7 by
KT Hb00H /N

FHRIT, MOEEERIT RS> MNCIDEREORBIIBLT, Tanle 34 ERINLTH
Bo LT, JFS—IRTJFS—IBIZ, £, JAERI—Fast Set ,» Version ]IS)/Y(
F JENDL—2 i30T X iz JAERI —Fast Set & OFEHAZRAOTHEONIERTS
3o Zt, ENDF/B—4 ¢ LTHEDE, ENDF/B—4&7F—42 + 7 v 42T,
SRAC LIBEACHEEMATER LEAERTNIAT ) —Thas HEDHRAL, |
SRACHETH, RVEEOLBEREFEHEMEEME LTM=12FELTHEENTED,
—HTHEM=30/EEXN . ) SRAC L IR, #pFiicREIQLLLS, HESKD
HOEMAFTZOMMAIICAEVSDR, 1 EEFENEACEROLOUROBOALINTO. I
SRAC L IBOBEMEREOMIIICHIERKTCH, BRERAENER LI, V) JAERI
—Fast Set# 547 7Y —icAEIh TV ARERBHOERKA TR, SRAC LIBTHEHL
3, MUHEHFERCET A OO TRA L. BRATERALTW48BIRAOSRAC LIBTH,
DL RBESATOZUM 20T, 31HEBRO L) .

JFS—ITRUOIRIE, £H LTVAEF~4nRZ0TERNOERLOEBA LT, MLUENDF
SB—AGF =4 » 7 rANDPLEESNIZSRAC LIBEFBR LIB (HUEIOLTERO
B poEONEEREARLGICKRETAIENT S, b, SRAC LIBZAVAHFELADS
S OFERIT, —RITIER = — FEXPANDA THLSNILbDTH L.

Table 34 OEHFDONalt, FiZfertile to fissile ratio DJHICH~NENTED, TOR
BREAFLOASSEHE LT 5. COTable s, C@ ratio BT >Tkerp 29 FAS
AEVDENDF/B—40—BHEMNMNSRAC LIBIKEHD, @747 7 ) —2EHNICE
LIRS AT A ENAGNE. LvL, EEMICETRD OEENR SN, Nal 8 DREHFL
ZPPR—2Til, #OERIT 1%, BEOELI A, COZRDBERNEHBIZZ N TGOV,
FROD2ZODFA T 7Y —D4ADOMBEAORENIERHREANL T EETED, Lk, 2D0HHE
RO LRS- FREBEDT, CITATION 2— FOLRGESZHEE L LIoHEE HEE
frotedi, ThFHEOx— FEKEEREIRS AR T
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2) it

SRACVRFAOENUETEE 4 7 7V =2l LGEFERICHT SRV Fw—7 7R}
BRUZOEHEBEEBEDIATS) —hoORBREDEE,LL, ROEHEZTIIEATE So

[) SRACYRTFLRUZDIAT7 5 —iZ, BEOCOSEFEIA T 7)) —¢FEOUWERL

Bz 4,

i) B TR O DR, BEOSRAC LI BOSEGTH@HFHEEOIA 77 ) —THRH

DEENIE LN EFEE NS, JENDL-2Z0OH LVEF~4 « 7 v 4 AR WT, #dik

THEEBDFA4AT7 7)) —2EO0BIEFENEL Lo

im SRACYRARFAKRUEXPANDA 3 —FE 34 735 —#tic, AN E O DA

HEOCEEFHRITTLANEE L.

—F, COTRE FifhEDIA 75 —52HOTH, N8 DRZPR~3 ~5 4 KL TOXERME &
R—FEAFELLAE e COFRME, Fe FHROEHEIROMFITEATOAI ESEHTHY, JFS
—T 4B IDRICHT B SN HETH, keff =1 IKEWMENE SN TS O, LEEK
%kob B 1o DI EN TR O Bk A 5B L EZ SN IS, B—MRISEL (0,
0 YWHEICKWT, JAERI—Fast SetHOZHAMEROENETRITLILENDHL LE DN

o
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Table 34 Calculated keff for fast reactor benchmark problems
Corrected keff
No. Assembly Fuel
JFS—H JFS-IB | SRAC-LIB| ENDF /B—4
1 VERA-11A Pu 099240 099236 0.9861 09855
2 VERA—1B u 100360 099537 09953 09954
3 ZPR—3—6F u 1.31660 1.01225 1.0095 1.0095
4™ | ZEBRA-3 Pu 099797 099825 0.9850 09917
5 ZPR—3—12 U 1.00697 1.00114 0.9985 09987
6 SNEAK—TA Pu 100508 1.00135 0.9892 09915
7 ZPR—3—-11 u 100800 1.00211 L0041 1.06050
8 ZPR—3-54 Pu 0.95435 095443 0.9347 0.9338
9 ZPR—3—53 Pu 098650 099116 0.9747 09777
10% | SNEAK—7B Pu 1.00436 0.99852 09842 09896
11% | ZPR—-3-50 Pu 0.99848 099709 09747 09817
12 ZPR—3—48 Pu 100306 100049 09852 0.9891
13 ZEBRA-2 U 098523 098314 09751 09781
14 ZPR—3—49 Pu 1.00416 1L00546 09882 09924
15 ZPR—3-56R Pu 0.99668 098885 09750 09775
16% | ZPR—6—7 Pu 1.00332 099368 09736 0.9816
17 ZPR—6—6A U 100191 099884 0.9857 0.9895
18" | ZPPR—2 Pu 100874 1.00037 09789 0.9887
19% |MzA Pu 100119 099446 0.9904 0.9842
20 MZB Pu 1.00129 099114 09784 09809
21 FCA-V—2 Pu 1.00910 100567 09797 09787

* EL0S5~1%DEICHD.
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