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Study of Calculation Methods for the Analysis of the IAEA

Research Reactor Benchmark Using the SRAC Code System

Masaaki MORT* and Keiichiro TSUCHIHASHI

Department of Reactor Engineering

Tokai Research Establishment, JAERI

{Received November 30, 1984)

In the neutronic analysis of research reactor, we encounter the
problems how to solve the double heterogeneity induced by the periodic
array of fuel plates in a fuel elements, and induced by the array of
the elements, and how to compose the few group constants for the core
calculation. A wvariety of calculation methods were examined for the
research reactor benchmark with additional burnable poison in the guide
plates, which is spcified in the IAEA guidebook for the Reduced Enrich-
ment of Research and Test Reactors, using the SRAC code system,

It is concluded that the core calculation by the diffusion theory
gives better agreement with the multi-group transport theory code in
the keff and the burnable poison reactivity worth if a homogeneous
mixture of aluminum guide plate which is optically transparent, with
the surrcounding water is supposed than the treatment that the exact

geometry of the guide plate is considered.

Keywords: SRAC Code System, Research Reactor, Analysis, Cell Calculatiom,

Core Calculation, Benchmark, Burnable Poison

* Kyvoto University
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Table 2.1 Specifications of IAEA Benchmark Problem

Alom:

Comparison of the differenc zalculatlion mechods and cross-section data
sets used In different laboratories, limited ¢onclusions for real con—
version problema. -

Specifications for the Methodlical Benchmark-Problem

vata and Specificacions Agreed Uoon:

MET:

" Thickneas of support plate 4.75 mmi ppy = 2.7 3 * ca”

Active Core Height 600 am
Extrapolation Lengch 80 am {in 80 wm distance from the core, che

casina~shaped flux goes to zero)
X-¥ Calculations oanly

Space at the grid placa per fuel slemenc 77 am x 31 om

Fuel element cross—seccion
76 om x 30.5 om including support plate
76 =m x 80.0 m wvithouc supparc place

Hear dimensiona
63 = x 0.51 mm x 500 oo

Aluninua—canning with pg3 = 2.7 z * ca™3

3

Number of fuel plates per fuel alemenc:
23 idencical piates, each l.27 owm thick

Number of fuel places per control elemenc:
17 identical plates, each 1.27 am thick

Identificacion of the remaining plate positions of the control element:
4 plates of pure alumioum g7 = 1.7 g ° em™?, each 1.27 mwm thick

in the position of che firsc, che third, the twency-firset, amd the
twenry—chird standard plate position; water zaps becween the two sets
of aluminua places.

« Enrichmenc 45 wfo U-235

« 320 g U-235 per fuel zlemenc (23 places)
« 40 wfa of uranium in tie UALl,~Al

+ only U=235 and U-238 in the Erest fuel
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Fig. 2.1 Fuel Plates
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ALUMINUM PLATE (4 PLATES)
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Fig. 2.3 Control Fuel Element
outside boundary condition &= 0
. A
1
Y 3fuel element width of water reflector
QL 23 1{mm :
graphitelgraphite| waoter
‘17 .
7Tmm| 45% | 45% | water gg:ﬂgir
l - ~— 3 fuel element widfh'{ condilior?
" of water reflector | 3 =0
45% | 45% | 45% Z 243 mm -
Control
: Elemen
watei45 45% | 45% —_— X
“gtmm

Fig. 2.4  Core Configuration
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Table 31 ICHTBICH O BHBEE R T B THE R 50 B, FOEE L 4 BRI9BETIT -7
AFTICHOIFELERENS LOTHY, HBHELERMELETEEHTEN L, 22T,
IR TAEERSTIFLAEEE T 198 2-D SNHE (TWOTRAN) A (T »7- & D4 Kt
EFpHTlin L, df, MEBocE UERR UHKT2 - DIEEGHE (CITATION) 47—
725

CRBEFIHEAE L DREEGTRE T, RS THEIC TWOTRAN £ Bl b 7504 & H2
WREER OB RIC DU THEEIT >,

3.1 —RE-FErE (CASE ID=MPI11)

BEEA R A DO E WA 215 5 720 MR PR OFEEHREAH VT 50 B (5423 8
BB 2T ) ORENHETIRAELAIT » 1. 1B EFig 3 iTRd,

P, AT BUICH WV A ELEMIE AL By i lic & - T (IC16= 1), ##8E&EKED=1"(33..)
oS, HEWNE OIBRIE, E>> 0.68256eV (thermal cut off ) OFEIK L 4600 BEOHE B #
OEFRMWRETHRE LA (IC5=2)0 THEMNBRANI PVEBENICEB P, Ay FvdH
Wi (IC9=—-2),

ik, Ny 7 0y 7B IRE I RICEERRE A BV 25 E T 00012, 0.008, KK
TEHEDB  EU ke o PFLEHED ke 10T (B |, 0.015 ( KRBT EDB A MKe )50
ETEBME , MU0 DENFNOEENOCAHEL, fthdsr —R 20 TiIEB = 0.008cm—
& L7

3.2 FRERHMEROTXEFEE (CASE ID=MTI10)

BRI O Tt I, TWOTRAN LB REREL H 0T, MU BPEANIGE &
ANBOHBLCOOTENRENFE AT 70, COBTRHERAVCEEBROREFES, MY
BB DEFS % Table 3.2 IKRd,

a ) TWOTRAN &M ZKEBFitE

BB AR OEE/MEREAZE L, PoS, 2-D SNIE (TWOTRAN ) THEHSEREIERE

Fo 50 BHE AW E ST, BEERICBPEEDIFE LI HOBAK YW TEAFNAE

BT 19 BF ORMBHERCEIERL L foo ATEFIREFig.3210R . COBE, X~ region® %

ELT, MEEFRLEEHHELLT—20X —region & LTHH £4IES (HE, Fig.33al)

B SY & RS £ 5 4 12O W8S GEHIE, Figld3b)), RO IEY 5 mEHS

O—8 & AR 2B ELL, BEOLOFS LIS TR H S CEIFNHE Fig.33c)

D3IBRI>OTEREERL, FLAECHN .

— § —
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SR TR AR S TOALEETREITEE DR EERICT B 1 IC R RO K ¥
v TIREBL, TAL = ATEERA S, SHBARD Ny 2 v yRE, SMEEESS
iR 760 cm (BHOT = 76.0) OEAML, MERRHEEI AR E b5/ & L,
b ) @EEREEFR O G TIR

B B3 s 2 e SRR B HE A o 7B A S, LR BB R 1 11T
£ HZBPORMTWOTRANAH OARE LRI UILIE S LS CBPOELE RO (Figdd
Vb2 NS RV B EBIC LB Py R 7 kA ARG B, BEERSEAEELLTLD
DX ~region & LTHWOH Lize Ay 7 1) ¥ 71300012, 0.008, 0015, 0.020 ® 438D %
EAf. COW, BOBTIFICHN B/ 7 ) ¥ 7 OELFAUHTH— LT

3.3 HIMMHMERO ZRETFEHE

RI5 - 72V ERRIC & - THBEME BEZ oW HIED DL S EBIT 5 /0%, ZOMEEEICEL
g (EREAREERER £V, -

HEERE B Z O HESES (CASE [ID=MC00) DHBFIKEFig s icm L, HiEmeEzRo
PREME, (CASE ID =MS 10} O ERR%E Fig 36 IURT,

3.4 MHBEREROIFORR

TWOTRAN® 3 i3 B R4 B O TR LB R E R FORNEEREH VT CITA-
TION (€ & BB LGHEAT] - foe AN 27 ) v FEAEE#EE S/ HLE 760 cm 2517
547 0.00171 2RO, FLoXNEEARIHLL 4 P0THEL /.

Lo, TREFHBICTWOTRAN 2 B84 d, ME &R AEHEIC L 25s (HHE
B Fig A7), BERTE S SRS A A5G 554 GEMEIR, Fig3s), RUBHO—H L
WA T T 2188 (EEEEIE, Figds) oenziucowT 4 3RO 19 BOEHEIR %
T om0 TRBTFHEREERRESNOABEICIEETRDOA AT 1

7 CITATION & TWOTRAN % b4 54, TRIETEIHIC TWOTRAN 20 o581
RO, EEEIEEED 2 >RSI ZELTEIETWOTRANZA W THIT» 1.

1545, ABFCTWOT RANIC L 26 H 3t B oMy R A 1R S 5 & &, HICBPOIA-TV 2106
i, RIAR /D EEREITE RS (R T BB, SEMENEEEENT L hE IC1T=-"1)k
DB G ONA L BHE (2e=1/03D),ICIT=1) © 2@ EZA AT

3.5 —REFEEER( VIR RS
BRI O R 7 b D Th D, AEEO KRR+~ S ERENT . E T,
WD RIS T R F I A8 S 1 o S BAROG E A4T - foo

AR A Fig 310 10Rd. COBR, BEHIETOBPE ALRIK LT L TR &ES
(coarse mesh 8% 16, fine mesh36x45, Fig.3.11) &, JEHETHKH/EE (coarse mesh

47_
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18 x 33 ,fine mesh 64 X 75, Fig.312) @ 2@ TH-1c, BRI LELSH 19 THS, b
DAL, MiZEDAy a®dW0F (coarse 8 X 16, fine 36 x45) T, [BUBETCITATION
EROCHHELT- e @AMy 2 ) ¥ 53, TWOTRAN K20 TIEBGHT=-176.0, CITA-
TIONIZ 20T BE = 0.00171 ZH iz,

3.6 7JLIfEIR (BRHEIHRZET flux trap) OEERO

CITATION® # » ¥ 2 $RAEF~NE B, R FHREEZHOLOELTE (coarse mesh
8 x 16) ITHBWT ALPIRMAE (FX525mm) Ofine mesh% 1, 2, 4, 8 L& {fbaeT
(Fig.313) FBATT »7z0 B O tine meshdd 1 RUT8 DEAIC D LT id, HEOAIC
TWOTRANARM OB 61T - e

ff, THRGCHEBEATOBICHBE L NS ALDF A FRARNDL A, ACBREEERAY, -
RO IO EREM AR (Af L BKOEELEED SHEAL THLEEATY, LRoREER
LR L (Fig.314) o Fi, FLhIsficEaEd 5, B0 ACRRESICHE TN/ KRR (flux
trap) OHIR VIO LTI}, BKEEO & AR AINE /L L /2158 (Semi— Homogene -
ous, Fig 3.15(b)) S EEAKFER & AFREIRE T~ THEILL 72484 (Homogeneous, Fig. 3.15(ch
KOWTEEZITY, HEBALLWES (Heterogeneous, Fig 3.16la)) &# L,
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Table 3.1 Energy Group Structure

Fast Energy Thermal Eunergy

Fine Coarse {eV) Fine Coarse {eV)
1 1 1  Q.10000E+8 24 11 0.58258E+0
2 0.47237E+7 25 0.41399E+0
3 2 0.22313E+7 26 0.34206E+0
4 0.10540E+7 27 12 0.29792E+0
5 3 2 0.49787E+6 28 0.25683E+0
6 0.23518E+6 29 0.21873E+0
7 4 0.11109E+6 30 13 0.18378E+0
8 '0.52475E+5 3L 0.15183E+0
9 5 0.24788E+5 32 0.13700E+0
10 0.11709E+S 13 14 '0.12293E+0
11 & 3  0.55308E+4 34 0.10%63E+0
12 0.26126E+4 35 0.97q805—1
13 7 0.12341E+4 36 15 0.85397E~1
14 0.58295E+3 37 0.74276E-1
15 8 0.27536E+3 38 - 0.54017E-1
16 0.13007E+3 39 16 0.54520E-1
17 0.51442E+2 40 0.4578SE-1
18 9 0.29023E+2 41 0.37813E-1
19 0.13710E+2 42 17 0.30602E~1
20 0.64760E+1 43 0.24154E-1
21 10 0.30590E+1 44 0.18467E-1
22 0.18554E+1 45 18 0.13543E-1
23 0.11253E+1L 46 0.93805E-2
- 0.68256E+0 47 0.59804E-2
48 19 0.33423E-2
49 0.14663E-2
50 0.35238E-3
0.10000E-4
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3 2 TN L [ 2 ] 3
H,0 | A —]  uaR L AL — Hp 0
- 14 | |
) e - ‘
1.115 0.38 0.51 0.38 1.115
1 2 3 4 5 {unit: mm)
|
Sub region 1 2 3 4 ]
T -~ region 3 2 1 2 3
R - region 3 2 1 2 3
X -~ region 1 1. 1 1 1
Material No. 3 2 | 1 2 3
Material No. Material Name Number Density (XIOZH/cms)
AR 0.053665
1 Fuel Meat (U-AZ alloy)| 23°U° 1.84972x1073
238y 2.23227x1073
S 2 A¢ Clad AL 0.06023
H 0.06692
3 H,0 Moderator
0.03346

Fig. 3.1 Primary Cell Model for Collision Probability Method
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Table 3.2 Number Density for Secondary Cell
(for Standard Fuel Element with BP)

Material No. Material Name Number Density (XIOZ“/cma)
Fuel Plate Region
1 with U-Af alloy
(Primary Cell Macro)
Al 0.02186
Fuel Plate Region
2 without U-AfL alloy H 0.04262
0.02131
3 Side Plate AR 0.06023
10p 2.0126x107"
4 Boron Burnable Poison llg 8.1787x107%
Af 0.060038
38,5 — =
Fine
Row I
mesh 8
3 2 < 1 1 213Bl3
i 4
wn /
2 2 0@ b3l — ]
3
"y
)
-
1 2 <
= 1 1 21313
[a]
|
21.0 ~—10.5
175 1.0 (unit: mm)
2.252.0
Fine mesh 2 2 117111
COLUMN 1 2 3456

Fig. 3.2 Secondary Cell Model for TWOTRAN
(for Standard Fuel Element with BP)
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1 1 0 |1{11 1 1 2|2 bl2
' 1 1 11k . 1 1 212 p|2
L™
o
~F
| 1 1 pjigh 1 1 pl2pp
38,5 — 31.5 7.0
(a) Homogeneous (b) Heterogeneous
1 2 D |2 pb
1 2 2|2 bp

! Fig. 3.3 X-region Map for Standard
1 2 2 12 B|2 Fuel Element

(unit: mm)

—121.0

r~——17.5 —

(c) Semi-Hetero
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4
4
’ ’
4
11
b
Mat. 3U3R2| L 1 1 1 1 1 1 1p 3/
/
A
3
. .
Width |abcd 5.255.25 10.5 10.5 10.5 10.5 5.255.25d cba
Sub 1234 5 6 8 9 10 11 12 1314
b = 0.8358
c = 2.3321
d =1.75
Sub region 1.2{3!4|5|6|7;8|9]10(11|12|13|14}15 |16
T - region 8(7(6|5{4|3|2)1{1}2(|314|5|6 |7 |8
R - region 8|7/6|5t4)372[1)112|3|4|516,7 |8
X - region 1/1}xrf1|1y1}1 /1111411 1)1 |1
Material No. 3432 1111|111 (|1|2 |3 |43

Fig. 3.4

Secondary Cell Model fer Collision Probability

Method

(for Standard Fuel Element with BP)

16
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bR 12 3 4 5 6 7 89 10 111213 1415 16 17 18 19 20
%-region 1|11 [1] 1 ]1l1 []r] 1 qita]ifofo] o ol o |o]o
Mat. No. |31 o3 ifs [213] 3 [sl2{3]3|] 3 1] 3 (13

ab c b ¢ b ¢ b 3.18 balabh ¢ b ¢ ba
1.276 1.276

21.002 (unit mm)
a=1.115
b=1.27
c = 2.23
Material No. Material Name Number Density (Xlozu/cm3)
AR 0.05785
1 Fuel MeaF + Clad 235y 0.67106 10-3
(Homogenized) 238
U 0.80985 1073
2 AL Plate ! AR 0.06023
0,06692
3 H,0 Mod t
2 erator 0.03346

Fig. 3.5 Secondary Cell Model for Control Element
(Control region)

1 2 3 4 5 6 7 8 9 10
5 |4 3 2 1 1 1 1 2] 3
1|1 1 1 1 1 1 1 1] 1
3 12 1 1 1 1 1 1 2{ 3
4.75 10.5 10.5 10.5 10.5 10.5 10.5 4.75
1.75 1.75 {(unit: mm)
Material No. Material Name Number Density (x102%/cm?)
1 Fuel Plate Region with U-Ag
alloy (Primary Cell Macro)
AR 0.02186
_ Fuel Plate Region
2 without U-A% alloy H 0.04262
0.02131
3 Side Plate AR 0.06023

Fig. 3.6 Secondary Cell Model for Control Element (fuel region)
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Mesh AY
Points [—
10 23.1 | N 2 1. Fuel region
B 2. Light water reflector
3. Graphite reflector
4, Control element
(control region)
5. A2
6. Fuel plate region
8 7.7 3 3 without U-AR alloy
' 7. Control element
| (fuel region)
18
=
6 6.3 1 1

[
o o
oo
[Leaezis)

(=}

1 4 7 4 1
1.1
I.'.',
lﬁ E 5 5 2
0.65 _
4 2.5 2 5 1 1 _ 1 y
’ - e
i
- T T T
AX 2.5 1.55 4.05 2.1 3.9 2.1 8.1 24.3
Mesh
Points ¢ 2 4 2 4 2 8 10
a= 0.175 .
b = 0.525 (unit: cm)

Fig. 3~-13 Core Calculation Model for Mesh Effect
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. Number Density
) ) Material Name (XlOZQ/cma)
1. Fuel Plate Region without AL 0.02186
Fuel Plate U-AQ Alloy (A%+H,0 Homo) H 0.04262
Region
oo e ] 2 0.02131
Alloy - S ==
2. 8ide Plate Region WIEEOUtE Az 0.06023
L With | AL 0.06020
L 10 =5
l.755-25 BP B 3.2041x10
| lip 1.30203%107"
{a) Heterogeneous
JN b D it
. umber Density
Material Name ¢ 102%/cm3)
1. Fuel Plate Region Without | ~* 0.05064
(without U-AZ Alloy) | °F H 0.01066
Fuel Plate y 0.00533
Region Side Plate Region ’
with U-AL 1 Homogenized |
Alloy ith AL 0.04515 F
BP 108 2,403 107°
11 9.765x1073
H 0.01066
0 0.00533
*7.0_..._
(b) Homogeneous (unit: mm)

Fig. 3.14 Treatment of Side Plate Region
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Material Name

_Number Density

o ! 2
4T
x; !
oy O
o 1
|
e 25,0 — =15, 5
- 40.5
|
In
2 2
T
%-L
o
c‘\]l
| - .

- 38,5

e 20, 0= 15,5

40.5 -~

'
|

(x1025%/cm3)

1. Light Water Region H 0.06692
0 0.03346

2. AL Region | AL 0.06023

(a) Heterogeneous

Number Density

Material Name (x102%/cm3)

1. Light Water Region H 0.06692
i 0.03346

2. AL+H,0 A% 0.04854
Hombgenized Region H 0.012988
0.006494

(b) Semi-Homogeneous

Material Name

Number Density
(x102%/cm?3)

1. AQH‘Izo

Homogenized Regicn

A% 0.03609
H 0.013412
0 0.026824

(¢} Homogeneous

(unit: mm)

Fig. 3.15 Treatment of Flux Trap
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4. FHEEREUEE

4.1 FOFEHEHE

Table 4112, A FitEARE & FIciT » 7 IEE LA B O R A4, CITATIONEZH
WS FEEEATWOTRANL © 6§92 /NSO 5280055  TWOTRANA H
Wi E T, BP SARAHE TR T, EFHTR- THEAMER TR EAZELLL VUL
P, BIBSHEL A SEE TR - tA&wmem%hwx33ﬁmem%hMX75YNWﬂRAN®ﬁ
iR (BPA LA VIBA DKo = 1.18768311 , BP 2S5 & D kerr= 110983276, BP OB
BB A p= 5906 %) AHEHEE L THYL, F0F ks, kstn(BP), dpstp THL, fthd
HEgZERE NS oicd alkAa LB itk > TR T 5 Z &iT T %o

4.2 CITATIONOD A v FHhBEFTILIDRA FehE

Table 4.2 i€ ACBIFAESA B RUEHECMO B - B D 2 » V2R E AR Fh
B Hohflux trapZIEEE R UHEICE DR - LHEE D ALEL FHRER T,

CITATION 2R B a, EAERA3EE I WO R - 12356, BEICROE - 186 kT
HIAR SR O fine mesh AHE P BICHE » Ther AVNE LI TEN, Ao V2 BRPEFHICHN
TOBT EDbh B, fofi L, BIGERAIEEICID f- S I, AR O fine mesh
A4 DIBBITT TIEREL A v Y2 MRPBRALORIL, HWEOBSICHREN/NSE-T
B HICHEREON SSHRTA & Y A DRPBRETCH LT LMD DL, TWOTRAN &
THILHEE T - HIBA T A v Y a DTN HILE > The (3B EAEELLTESLT, A v
2RI A ST,

I EE % B T - RS L HE TR - BE LA L TA5H L CITATION, TWO-
TRANZICIHTE TR - 7B B0 FH K AVNS LB - T0B T EDb D, T, 2 Kal
WAL AR FIc r 0T LAEICHC S E, OB TRIERBOSARELD, HUTE
O bR AZTRAENSRIGEDR: A HABTH 5, AREOENL 5, flux trap ZiFH{L
LB aitizke BAE HoT 5, COK BKMRRO—MEALRREHM LIRS ¥
KA & ALBABA TR THEL LB TREALEENA LNV I EN S, ALDFRIKICHT
MEEABRLA T &KL s THEA FHRBLELLL I EMO S,

CITATION @ £ » ¥ 2 RO FREARTH HH, WERONS BHHRT £ » ¥ 2 2HH <
L Ef e, EARONEN0ICEL Ho O TREVAEBDN S, TWOTRAN THER:
FEOw LV EETEERC, BETIBEEROMO I CBOVKE v v 7%, ACRIBEIHELL
EFICIR DI & iter ation DR T AN 0E 15 T 03B 5o CH ALK HEEHLOTE
Hupd B, WERIZLTS, T EEVERAREICGEHIE T H S L EMOEEED
B LR THHERNOEPORTEHTOBMLAELESAR VL ITH S,
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Bic ALAEMOME EHELLEWTEOE EHREIAV AL, OB TREEMIAE B
FRTRD B ENTERLAESBL, KA FHRICE ORI BROEDB HRE LT,
AL DIBINIE ORI 3. 5% S ERLADT, LATEL LRI E EHEANL TR O -
EEBBOLSICEDbN B,

43 EREBEEZROCNEFHECTWOTRANEB(VCHE

B EIEI TWOTRANA B 7ot B R % Table 431K 4, R Da), b), c ) i3FIER
T~ B TH D, d), o) 1T, BIAMEEROLHBESXMARB L RO LBICENRTNICIT=
— 1 (BEERSERE AL RUICIT= 1 (DHEBHESEROFE) & LbDTH S,

P O EETE A LB E . BURIICBP A5 WIBA T ke e WEHEEICI WS, BPSA
D FBAIT I K BEHICTE Y, FHE L TBPORIEENREW 10 %/ hSHIZFHm LTS C
EAhind . WICHEHBE THEGIES T - 1SS AR BP ARV EAICHEEM L D HED
KHBPORIGEMRIZZFTECHED, PPREHOBEEL »Td, BIEHEATT - KEH&C
12 Korr, BPOSIHEE RN B iz SR 1 R EDHE W EAE 5T b, LipL, TWOTRAN =/
WTHELEHEAITHE CITATIONIC <2 B EE ko PEHICR B EEEADHE, TIKET
DEFEIIC L » The ¢ D5 AIC 5 B3 8 ECITATION Then HEHIZHAHR (H50ETW
OTRAN TR MEEHICHAYR) EMNBOIITBEE LA -TVWEELHRFTETED, i,
CITATION THHEHE LT - - BE BRI T~ A v ¥ a BRD S Kkest HVHE (T
RO A X, 2T Eid, AIRICBPAASHVESD 1I9HItRICBWTHE « FF5HD
ERTWOTRANZH VAL D A CITATION ZH W EBEIKR S EXbOTHEL LD
b AP REbN D,

TWOTRAN CIHBHEAIT-» AT, QRICBPHIEVEAICR 19 LI OFBER
AR ERENENEOALLOIN L, BPHHEBEECRILESEEOESENTH S, I
B IR STELE 4 A SISO/ DB AWM R A E A OEE LR o b, SHTXMmE
AL LTS (IC17=—1) , DEEHLAEROEMA S > ThH (ICIT=1)HEDEDLON
Ve DB, BMORINMENEET B DEERAITEIAY TR \EHELZOL
OPENOTIREL, DEEBOEEMEBEOESENRETHE) L0WHTEMNTEL, Ltk
TCOEAOBPOIGEMRAREMIGTC TOERSEVLE VL S,

4.4 EERHERO REFHECHRERLREAOICER

BB R O TR ECIT B BB G R R RO TCHER Ny 7 ) v SOEEELS S
A OCITATION itk 20O RS Table 44(a) i, kG T S EBMETERO TR
BIOB AT FVETE D ket & koo & Table 4.4(b) I8 F, &4 ORFIREICH VN
70 v SiREUBETHE— Lz, BNy 20 v 7 ®5 5, B = 0015 3—&KEF DB iR ~7

P AETE O ke A5 LOWIEL M AETH D, B =0008 32 EMBERO _RIBFOB 2 ~<
7 P WETED ke BWCITATION WX B FLITHETE ON S ke (BPESZZRVEHT LI8KEE,
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BPAESOHTIIEE) KAWVEELEZEYREDTH 5,

FLHEEZ 4 BETIT 256 (THHLEBIEBMR <2 b T 4 HOBNEE KA > 8)
EB DEMAREHBE2NTRen B/NES L LD T EPBDPE, TULHEB OEFRELNELE
LMK E A0 REAMNTHRIVEDR  ARECED) , A7 b adlkd s EiciEx
FovE SR ODBERBR DR LB 2BTH b Lichs - ThHBERROHE, 10 20
Sz oMEERon o,

BPOUWBRAD 198O ke i LI4EBETHYD, 4 HOBAEB = 0.008 Tkerr = 1185835, B
=0.015 TKeis= 1182129 THH o mBOB ($74 b5, HOBKIHENL-BZERITED
HEREOENRNELLBEOB) I oOEOBICHELE T EVALBPOHLIBEICON
THE L LD EEMAR SN 545 BPDRISERE B = 0,015 & LIcE&0FH 198 L 51d
IGEWEERB GO T 5,

Table 4.1 Heterogeneous Core Calculation Without
Secondary Cell Step

Burnable Core Coarse Fine Kegf Reactivity Effect
Poison (Calculation | Mesh Mesh € of BP (Ap%)3)

CITATION 8x16 | 36x45 | 1.159964 —

Wi

B;thOUt TWOTRAN 8x16 | 36x45 | 1.18617058 —
TWOTRAN 18x33 | 64x75 | 1,18768311 -
CITATION 8x16 | 36x45 | 1,080753 6.319

g;th TWOTRAN 8x16 | 36x45 | 1.10869694 5.891
TWOTRAN 18x33 | 64x75 | 1.10983276 5,906

a) . _ keff-keff(BP)

x 100(%)

Ap:
kefgxkeff (BP)

Note. All core calculations are performed in 19 groups

— 24 —
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5. #% B

TIRTHEIBOT, T ik S Sdi T o A TEWSWEY SRS EEIT L TR, EE
KO B E T S 120 DBE ASRIIFICINA o5 h5, BANEN EBAFEESA 5. £fF
CHLBKEDEEDORIEABEEZLL CENEE LI

RO X B 0GTE T, BMBEROAFEORENICDOTIRD ZEDNFA 5,

a )} TIRBFRTREET - T ER &R OHEEITS &, BPROKICEME 10 % (& <
A2 oicx U, MEHRE O 80 % AR & HE(Ld % & TWOTRAN RO BP SUSHET
BAEE D,

b IR T BEATHLOT, 4 F7 - b ROKET VI DRSHEABORATRE 2D
FERLHETERT SE, T IOFEA FFHREOLHEOEEFRELESL,

) HAFT V= ROKET VL ORGHEEEHEL LHELTIE, TLI0RA K
REBR oA, TWOTRANDIBER, Bl A » vali2EZ THEGERIIEES S
FinAS, CITATION ZR WA EEBGTREOBEE, #ihd 4 » v 2 285 X D{ECEERF
WAL LMEODH 5, HOA v V2B -0 & 0HICTWOTRAN £V #92 B{EVBEER
HMAGs, A |

Biiifid 2= r vARGT, ADEENCHRNT A E &Ny 2 ) v VY DIEICE - TR
e E S 1T 5,

TR T O Ke g BAHLET B D ke L FIRREDEICT 525 7 1) v 7/ (B*=0.008cm® ) &,
—IRETDKer % 10T 54 (B°=00165cm ) LORICHEY LMEMBITFET 5o

FHEMERIC K B DHBHFOATE TR, SHTE LS 8L 2BIRIE O iy, Sl ED
ek o BPLE £ 5,

1) Tsuchihashi K., Takano H., Horikami K., Ishiguroc Y., Kaneko K. and
Hara T. : '""SRAC: JAERI Thermal Reaétor Standard Code System for
Reactor Design and Analysis', JAERI-1285 (1983)

2) Physics section TAEA Ed. : T'"RESEARCH REACTOR CORE CCNVERSION FROM
THE USE OF HIGHLY ENRICHED URANIUM TO THE USE OF LOW ENRICHED URANIUM
FUELS GUIDEBOOK", IAEA-TECDOC-233 (1980)

3} Physics section IAEA Ed. : "Research Reactor Core Conversion from
HEU to LEU Fuels, Safety and Licensing Issues, Guidebook, Vol.l,

Licensing and Analysis, to be published.
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5. #5 oy

TURGTHEICBOT, T iDL S St T O A THEIAGYE L S 3 AR LT, EE
FEDENE M 5 120 DB ARIUEICINZ Sh a4, BEAHNEO S BRFHEESA 5, 6
LHLBIKEDEBEY L OMAMRBAEZEAZL CENEZ LI,

BT IC & B0 OGTE T, BEEZONAEROB I ODOUTIRO L EDBFR %o

a ) JIRBTHEET - CREER2ROHENEITTI &, BPRORKIGEMEEF10 % (K <

RiE5ocat L, BESIR 0 R0 240K EEE{Ld 5 E TWOTRAN [HEE D BP SUSEE
HEG B,
b)) ZIRBTHELZTOLOT, 4 F7Fr—bRUKET NI ORSHEROBMAIIRE LD
TEFPLHETEET BE, T IioE4 FHREDEDECEEERAES,
¢ ) YAFT -t RUKET VI OREMHBZEEN LIHEERITSE, T I0RT FR
RERSNL Y, TWOTRANDIBE R, ZM A v vaM A EA THEERRIIELEL S
Wisungs, CITATION #H O IEEGIEOBEE, b s v v 285 X DEOHEER
MABAMEMD D o VA v V2 270 & & GEICTWOTRAN £ 0 82 %R M5 EH
BAEIs.
BfifD 27 b AZfOT, DEBHCIRN TS & &3y 7 ] v FOlIC & - THERE
HEEL ST B,
TRETOKen FFDHBE DK LERED@ICT 25y 7 ) ¥ 7l (B*=0.008cm’ ) &,
R T D ket % LOICT BE (B*=0.016cm *) EORITHEY S EAFEET B,
s IRaRIC L BDEEHAOHE T, S8HTE L L aIE O N0, BETREO
fEyik o BPLEEN S,

1) Tsuchihashi K., Takano H., Horikami K., Ishiguro Y., Kaneko K. and
Hara T. : '"SRAC: JAERI Thermal Reactor Standard Code System for
Reactor Design and Analysis", JAERI-1285 (1983)

2) Physics section IAEA Ed. : "RESEARCH REACTOR CORE CONVERSION FROM
THE USE OF HIGHLY ENRICHED URANIUM TO THE USE OF LOW ENRICHED URANIUM
FUELS GUIDEBOOK", IAEA-TECDOC-233 (1980)

3) Physics section IAEA Ed. : '"Research Reactor Core Conversion from
HEU to LEU Fuels, Safety and Licensing Issues, Guidebook, Vol.l1,

Licensing and Analysis, to be published.
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ek A IR LRI R

[IAEAR Y F=—7 'Jcﬁ»DS) i B AEHIEERRIGEIE S ROFES, LEU. MEU HEUD &K
DT WT T =7 e —IRBEFHED I — MBI W, SEREEICHNS 3R FHERTable A
11T Fde IR GBI TWOTRAN RV 2, BEEMEERO Rt VO RIAE TR
FEE A ENFNFigA | R Table A 21T, GREERO ZRE FOHERERRCEFEE
Az HENFigA 2 kU Table A 3 ICRT, —RIBFEE, “RKEFHRIIRICS0BET ~7

BB, CRETHEICE > TE AL AR ORNEREAY, CITATIONI £ - TIT
ntr, TR, HIEHGEECBEET ZMEHUR (40b 5 | HITIRER OWEHESY & B
T ICHET A EEREIEE FigA 281K 2EECANTELHEET RS (FEbS5,
S OBE LT L ARESEES, HIEMEERZD TRIBTIHRES 5 X-regiond LTHO e
B4 FigA 38R ofhic, MEMEOMREZEEICANT, T TORERI I REMEE
FOMEMERE AR V2 SE (FigA d) O R 64T - 7o |

SR EA Table A 4iCRT e EZPOkKen kenno R 40/ doneid, ANLTITONIVIM
g FAROEIRIEE VT - Ao HEORICHT 5 TH S, HEU, LEUKFLICHTS K
G ICES R, i B, CHlEERICH~, Ag/ Tn/CdHIEBERCH GIEEOES, ¥ 7 »
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BRI A E R L VIBS TR AR ICEGR AN SRICER - TV5, TN, HiEED
S LI & O BB D R ~ 7 b ABELT A EEABEBLTVERVATEHEDL LD LED
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LEUR LN e~ HEURRLIC 513 2 B SRR R AV s Hic RIE SNTVAL, T,
HEUFLO A LEUELMT RN Z )7 Fvpsdking, B - THEEOS D PRI L 5 i
THEHOOFANRKELND, HEEUSELEIATES S, TRTH, EEE L E SN R D
BRI, EYF AN OHEICELAEEOENS ~10%RETHY, SHE YRRV
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Number Density for Fuel Meat

Enrichment Number Density (x102% cm™3)
HEU AL 0.057011
93 w/o (weight %) U-235 1.61790x1073
U-235 U-238 1.20050%107"
0. 6
MEU Af 053665 3
U-235 1.84972x107
45 w/o U-235
U-238 2,23227x1073
AfL 0.038152
LEU i
U-235 2.25434%1073
20 w/o U-235
U-238 8.89037x1073
Table A.2 Number Density for Standard Fuel Element
Material No. Material Name Number Density (x102"% /em®)
Fuel Plate Region
1 with U-Af alloy
(Primary Cell Macro)
AL 0.02186
Fuel Plate Region
2 without U-Af alloy H 0.04262
0.02131
3 Side Plate AL 0.06023
H 0.06692
4 Light Water
0.03346
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Table A.3  Number Density for Control Fuel Element
Material No. Material Name Number Density (x102%/cm3®)
Fuel Plate Region
1 with U-AR alloy
{(Primary Cell Macro)
AL 0.02186
2 F?el Plate Region 0.04262
without U=AZ alloy
0 ¢.02131
AL 0.02067
| AL Plate and Light
3 ! water homogenized H 0.04335
0.02198
4 Side Plate A% 0.06023
H 0.06692
5 Light Wat
tght hater 0 0.03346
10758 0.0215
109g 0.0204
Control Rod 103
6 (Ap_Tn_cd alloy) In 0.00030
1051 ' 0.00683
Cd (natural) 0.00247
10 0.0215
Control Rod 11
7 (BuC) ' 0.0883
12¢ 0.0275
8 Control Rod
(Hf) Hf (natural) 0.0449
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Table A.4 Reactivity Worths for Fully Inserted Rods
Enrich- Absorber keff keiﬂ_ -bAp X -J%l—
ment Kef £1MC Aoyc
None |1.20165*0,00315 - - —
Monte
Carlo - Ag-In~Cd 1.03462+0,00331 - 13.4330.38| ~—
(bY ANL, ) B,C  10.99957:0.00308 | — - |16.82:0.38| —
VIM code : — -
HE 1.042600,0031 —  l12.70t0.36 -
None |  1.204843 1.0027 - —
SRAC HEU lag-In-cd|  1.055995 1.0207 | 11.6990 |0.871
Adjacent Using
ool prace ~|As~In-Cd 1.051113 1.0159 | 12.1388 (0,904
considered ByC 1.010600 1.0110 | 15.9527 |0.948
Hf 1.056295 1.0131 | 11.6721 |0.919
SRAC None 1.204521 1.0024 - —
ﬁgjt' foel | yry Ag-Tn-Cd |  1.060159 1.0247 | 11.3049 |0.842
considered ByC 1.018730 1.0192 | 15.1408 [0.900
None 1.17404+0,00314 — — —
" Monte -
Carlo Ag-In-Cd|1.03720+0.00328 - 11.24%0.38] —
bv ANL LEU
( y ) ) B,C 0.99873+0.00329 - 14.95+0.40| —
VIM code
HE 1.03900+0.00305 - 11.07+0.36| —
None 1.180793 1,0058 — —
Ag-In-Cd 1.049865 1.0122 | 10.5615 |0.940
LEU
B,C 1.005907 1.0072 | 14.7240 |0,985
SRAC Hf 1.049632 1.0102 | 10.5827 |0,956
Adj. fuel
considered None 1.193157 - - —
Ag-In-Cd 1.051741 — 11.2691 —
MEU
B,C 1.006970 — 15.4965 —_
Hf 1.051831 — 11.2610 —
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