JAERI-Research
95-059

3
T

. *

BAREF AR - fiEFJIRR-SMO
PR RS EREOF M F AT NUETR
(# 77 6} %)

WP o PIPHTE o IMHSRET Sl & MERW

BERFHDHAREMN
Japan Atomic Energy Research Institute




L HE— bid, AAETHBIERATENS LA L T2 HRREETT,

AFOR L Y, ARFT R STE IR AR (T319-11 RWBHIET R
B AT, BRLBL LS, 5, IOEPCHAFRARTNULESER 2 7 —
(TF319-11 FMERTWIHE RN I AETAMENA TRECLZEBEGEB I 2T
BUET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division,
Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Fnergy Research Institute, 1995

R R RAT BARTFHB R
Ell | R TFhET—EA



JAERI—Research 95—059

H & BT 3EF - B F JRR-3M OB SER S P O ET 2 ~ 7 F VEHER

SRS ST e IR
SLE e - BF BF - iR |E
=B - BE @9

(1995 %8 H 18 HZH)

HE S, AXRBETHWER - 5 JRR-3M OBEHRIRRSERIEBWT, BEMEERIC &
n#Y 5 v#E (Transuranium, TRU) OMEEABEINCTFE T 5 L2 BE LTV 5,
S OERBETHLE L B AREBERNEICE T 32 0F— 07T HohEF 2 <7 b %, B
JEEE « SliiE <y — > 2 ER LA LIEEGTE &, BHENSOBELIHELE 3 ichiEFR
ZEHES 2 HEERF IR & 24 EDE 5 LEESITRIC L DRD 1,

2 BREE TR ShchETF 27 b i, RIGRICED L TERBE B L SR, Hxt
BT VTR OBET R L1, UL, #EeMEB L T, SIEBRXEOEE TRA
30 % OEMRB SN, LH—BOBERLO-HITIR, HEEEh ohiEFilENR ORI
EWETINENE S,

BHWEH L, BHEAREFEHEOH MR LB LALRETH S,
WM T319-11 ZEENEEEAENOSEaE 2 — 4

- NUCEFRE =

* Z iR



JAER]—Research 95—053

Calculation of Fine Neutron Spectrum in Irradiation Holes in

Fuel Region of JRR-3M
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The authors have a plan to evaluate TRU neutron cross sections based on the
activation experiments by using JRR-3M. Fine neutron spectrum expressed by 107
energy group structure at irradiation holes in fuel region of JRR-3M core, which
was utilized to analyze experimental data, was calculated by 2 step calculation. The
first step is the whole core calculation taking account of burnup history and control
rod pattern, and the second step is the irradiation hole calculation without any
homogenization of irradiation hole components by taking intc account of the neutron
spectrum of surrounding region.

Fine neutron spectra calculated by 2 step calculation were compared with the
experimental results on reaction rate, both agreed within several percents relatively.
In the comparison of absclute values, however, the maximum difference was up to
30 percents in the vicinity of control rods. This originates from the neutron
transport effect around control rods. An improvement for the treatment of neutron

transport effect is needed to get higher accuracy.

Keywords: JRR-3M, Irradiation Hole, TRU Transmutation, Fine Neutron Spectrum,
SRAC, 2 Step Neutron Spectrum Calculation, Whole Core Calculation,
Trradiation Hole Calculation, Burnup History, Control Rod Pattern,

Heterogeneity of Irradiation Hole Components
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Table 1.1 Specifications of foils

Nuclide Size [mm] Purity [%] Note / Measured Reaction
Au 3X3%X001 99.99 Bare Foil 36 sheets, Cd covered 6 sheets. / Au-197 (n, 7 )
W IX3IX0.025 99.95 Bare Foil 6 sheets, Cd covered & sheets. / W-186 (. 7))
Al 3X3X005 992 Cd covered Foil 6 sheets, / Al-27 {(n, @}
Ti 10X 10X 0,05 9%.5 Cd covered Foil 6 sheets. / Ti-48 {n.p)
Fe 10X 10X 0.1 999 Bare Foil 6 sheets. / Fe-34 (n,p)
Ni 3X3X0Q.05 99.7 Bare Foil 6 sheets../ Ni-38 (n.p)
In X 5% 0.05 9999 Bare Foil 6 sheets, Cd covered 6 sheets. / In-113 (n.n’)
Table 1.2 Arrangement of foils
Holder # Height*[cm] Nuclide (Form) Note
1 72.5 Au (Bare) for Distribution of Reaction rate.
2 675 W (Bare)
3 62.5 W (Cd covered) .
4 575 Au (Bare) for Distribution of Reaction rate.
3 52.5 Fe (Bare)
6 47.5 Au (Bare) for Distribution of Reaction rate.
7 425 Al (Cd covered) A
8 37.5 Ni (Bar) Center height of Core.
9 325 Au (Cd covered)
10 27.5 Au (Bare}
11 22.5 In (Cd covered) Flux Peak
12 17.5 In (Barmr} Flux Peak
13 125 Ti (Cd covered)
14 7.5 Au (Bare} for Distribution of Reaction rate.
15 2.5 Au (Bare) for Distribution of Reaction rate.

* from Bottom of Standard Fuel Meat.
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Table 2.1 Neutron energy group structure

107 Groups Library 10G. 46. 107 Groups Library 106G. 4G.
GRP. | Upper Energy{eV¥){ GRP. GRP. GRP. | Upper Energy(eV¥) | GRP. GRP.
I 1. 0000107 55 1.3710 % 10!
2 7.7880x 10° 56 1. 0677 5
3 6. 0653 57 8. 3153 x10°
4 4,7237 58 6. 4760
5 3.6788 1 59 5. 0435
) 2. 8650 60 3.9279 6
7 2.2313 61 1.3.0590
8 1. 7377 62 2.3824 3
9 1. 3534 63 1. 8554
10 1. 0540 64 1. 6374 7
11 8.2085 < 10° 65 1. 4450
12 6. 3928 1) 1. 2752
i3 4. 9787 67 1. 1254
14 3.87T4 58 9.9312x 10!
15 | 3.0197 1 69 8. 7642 8
16 2.3518 70 7. 7344
17 1. 8316
18 1. 4264 71 6.8256x 107
18 11109 72 6. 0236
20 8.6517x10* 2 73 5. 3158
21 6. 7379 : 74 4.6912
22 5. 2475 75 4.1399
23 4. 0868 76 3. 8926
24 3.1828 77 3.6528
25 2. 4788 78 3. 4206
26 1. 9305 79 3. 1961
27 1. 5034 30 2. 9792 9
28 1.1709 81 2. 7699
29 9.1188x%10° 82 2. 5683
30 7.1017 83 2.3742
31 5.5308 B4 2.1878
32 4. 3074 85 2. 0090
33 3. 3546 86 1. 8378
34 2. 6126 87 1.6743
35 |.2.0347 88 1.5183
36 1. 5846 89 1. 3700 4
37 . 2341 90 1.2293
38 9.6112x10°% 3 91 I. 0963
39 7. 4852 92 9.7080x10"%
40 5. 8295 93 8.5397
41 4. 5400 2 94 7. 4278
42 3. 5358 95 6. 4017
43 2.7536 96 5. 4520
44 2. 1445 97 4. 5785
45 1. 6702 98 3.7813 10
4B 1. 3007 99 3. 0602
47 1. 0130 100 2.4154
48 7. 8893 % 10! 101 1. 8467
49 6. 1442 102 1. 3543
50 4, 7851 4 103 9.3805x10°°
51 3. 7267 104 5. 9804
52 2. 9023 105 3. 3423
53 2. 2603 3 106 1. 4663
54 1. 7603 107 3.5238x107°
107L | 1.0000x10°°
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Table 2.3 Vertical buckling for 2D-xy calculation

System Control Rods Buckling k-Effective
fem™’}

3D (xy2)4G Fuil-Out - 1.1198

2D (x3)-107G Full-Out 0.0012382 1.1198

Table 2.4 Logalithmic derivatives for control absorbers

Code-Group Control Rod  Legalithmic k-Effective  Rod Worth
Derivative* [dk/k]
TWOTRAN-10G Out - 1.0006 -
TWOTRAN-10G In - (.7911 -0.2644
CITATION-4G Out - 1.0032 -
CITATION-4G In 0.327 0.7928 -0.2645
CITATION-107G Out - 0(.9863 -
CITATION-107G In 0.361 0.7822 -0.2646

*Apply the logalithmic derivative to the only thermal group.

Table 2.5 K-effectives of whole core diffusion calculation

Code System-Group ~ Rods Hight  Log.Derivative k-Effective
CITATION 3D (xvz)}4G 385 cm 0.327 1.0283

2D (x)-107G Full-Out - 1.1198

2D (x)-107G Full-In 0.361 0.8061
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Control Rod

Irradiation Hole

/
Fuel Region

«— 1 1|

Outer Region

/ Neutron Flux
in Homogenized Irradiation Element Cell

Step 1: Whole Core Calculation

[ 3D-xyz System, 4 Neutron Enérgy Groups
2D-xy System, 107 Neutron Energy Groups

Neutron Flux
Taking Account of Heterogenesty of
Irradiation Hole Components

Step 2: Irradiation Hole Calculation
1D-r System, 107 Neutron Energy Groups

Fine Neutron Fluxes at Irradiating Positions are calculated by

Compounding Two Results Above.

Fig.2.1 Iliustration of 2 step neutron spectrum calculation
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0. 000
1

28.53 15. 05
o 3

32. 3602 0. 000
I 1

14. 34
3

7. 521
2

Upper:Burn-Up (%U Burn-Up)
Lower:Burn-Up Group Number

Irradiation

Standard Fuel Follower Fuel
E Element [: Element

Average Burn-Up Standard Fuel Elements  © 24.34%U
Follower Fuel Elements  : 23.25%lJ
Total 1 24.14%U

Fig. 2.6 Burn-up of fuel elements on '94,10,720.

Table 2.2 Fuel burn-up group structure

Fuel Element Group Bum-Up No. of Elements  Average Bumn-Up

Standard Fuel 1 0 %U 5 —
2 ~ 8 %U 5 8.193 %U

3 ~16 %U 6 14.58

4 ~24 %U 3 2527

5 ~32 %U 5 30.23

6 ~40 %U 2 40.16
Follower Fuel I ~18 %U 4 1867 %U

: I ~32 %U 2 32.43
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- 0.4X1
RS I RS

IRNA L

BRI T :‘T AR AL
P Cod b= S 03K
o Pl " 0.25K2
Cod ANAR I : - s, 0.05x1
STANDARD FUEL ELEMENT 11 (STANDARD FUEL: 1t 'l STANDARD FUEL ELEMENT =
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Fig.2.7(a) Geometry for control rod element
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Fig. 2.7(b)

Geometry for control rod element
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FOLLOWER CONNECTOR/P{J(1D-SLAB}

Fig. 2.8 Geometry for follower connector

IRRADIATION ELEMENT WITH ALUMINUM PLUG/ANTSN (tD-CYL INDER)

Material C%R?iﬁég{ Standard Fuel Element Fuffagmgm
Sub-region|] 2 3 4 5 6 7 8 |9 101112 1322 23 24 25 26 | 27 28 2§32 33 34
T-region |1 2 3 4 5 6 7 8 |9 1011 12 1322 23 24 25 26 | 27 28 28~32 33 34
R-region |1 2 3 4 5 6 7 8 |9 101112 1322 23 24 25 26 | 27 28 20~32 33 34
X-region ] ? 3
v |SEESSEEE|SREE e NaNT 58 B n
PERIODLE

. . H20 AL H20
Material Aluminum Plug CAP Tube GAP Standard Fuel Element
Width(cm) 2,15 0,25 1 1,208 (0,087 8,711
X-region _ | 2
Zone No, | 2 3 4 h i T
Vesh interval | 0o5x5 |0203[03%3 |8 R[S g |[Eg]| & 8 8 « &

Fig. 2.9 Geometry for irradiation element

WHITE
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Be-REFLECTOR/ANISN{1D-CYL INDER)

Material St?ﬁg?rd Be Egélg?}or D0 reflector
Zane No, [ P 3 4
X-region l ? 31 4
Width{cm) 26,49 4,51 7.5 61.5
Mesh interval | = o o §§ EE = é% < EE =
e | s s = o5 = s|es S s
Mirror Yacuum

Fig.2.10 Geometry for radial reflector

AXIAL REFLECTOR(ABOVE or UNDER STANDARD FUEL}/ANISN{1D-SLAB)

Axial reflector

Material Standard Fuel (Above or Under 57 Fuel]
Zone No, 1 ? 3
X-region | 2 3
Width(om) 31,5 10,0 20,0
Mesh interval | o= YN D Feee
(em) [c=s=sewn ©w |B2s 2
gDy = ) O — D [ } o o — O O
Mirror Vacuum

Fig.2.11 Geometry for axial reflector
(Standard fuel element)

AX|AL REFLECTOR(UNDER FOLLOWER FUEL)/ANISN(1D-SLAB)

Materia) Follower Fuel ial retleaton
Zone No, 1 2 3
X-region ! ? 3
Width(cn) 47,5 10,0 20,0
Mesh interval WSS EE E? 2R R
(M =SS awl @ |9=sS
O] Dy < O O — D [ = — 0 O
Mirror Vacuum

Fig.2.12 Geometry for axial reflector
(Follower fuel element)
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JRR-3M VT HOLE / |D-CYLINDRICAL
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Fig. 2.16 Geometry for irradiation hole calculation at VT-1 hole
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Fig.2.17 Geometry for irradiation hole calculation at RG-1 hole
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3. ARHS PIVHEBEOREL

3.1 ARV MIHREEBELLERLEHE

RIG#i, PHFREFEFHERGHOEEA#HTELE, Thzex/VE —HHAIIC
E-THATEIIEILEVRDONE, HBEHOBE., Fig 31 TR UL I ICHNER
OHUETFELFEACERDTRILL->-TEATLEDOT, ChEZE LU TREEEHEST L L
BENH D,

R=So®- -w® - ¢ E d&E 3.0
7272 LA
R 1ETFY%4kbhoRIG#E [Latom.s]
oo AR Y W T B [barn]
W EBRT (BCERET
6 WPEFE Lem®s
E :HHETIXLF—feV]

GURIKEOVEEFEERDBICE., WEHKo EPFERT. BB >RBEEOEH A,
HOEBEETF WE DERIZKDONTOBEIEFLETH S, UFTEH. GDADERK
MG T., HERe B OFKE. HOBERRT WE OBk LT G AD
HEBIEEZRAT S,

3.1.1 BHEMmA

BENAOSBICEATA BRI EEL EBICKROK S IE. SRACTHESINTLY
AT RONER TR THERTANM G, £2 Ty LWMmMLR I F RESENDD ' %
AT, RBBEEASLEFEHEICOOTH 5005080 v b7 XHEHEEEKL
- DIERDEZERT IO OBRERBK E L, —H. FBBRREFELOL
XIS ERICOL T, RESENDD &AWL TH# 200 SO R A b7 4 XWEHEZ F K
Lize W, Ti Fe B LU Ni OW EREMIZIZ. ©RF—F A7 31 &LTJENDL-3 """ %
M7z, JENDL-3 KBS XA T Au il TiZ ENDF/B-VI 'V & O TR L 7o,
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3.1.2 BEE®RETF Y
%% Fig. 3.2 WA d LIRTERFRTELL. &@4&%@1%:%@?9%5#::‘6&6*'&%
WA HEINET 5.
CHEEROPHFREBZFFTH S,
OB S BITHETIIAH TS,
cHEPORICIIBERBLXENTH 5,
HOEEEDO 52 X A-RACBYSTHETFRS E 0. HROOFR TR E)
EFRHOTRATREINS,

1 1
¢(E,x):¢s(E)><[ flexp{ — X E) 2/ }Ydu+ {1exp{ —ZoEY(t—x)/ v }dv] |
(3.2)

SITIZoRlBRATEZINS,

EMB:NUAB+;Nmn;w) 3.3)
otz L.
N HBTA8EOENEE vem’]
o: HBTAIEBEOMENEMER [barn)
N, :fBicgsnsFAMESE OBEER “nvem ° ]
o FIRLRAEFE i O BAREY 2 W E B ¥ [barn]
(* AR rEENSHE)

HHOHMHFED E) iE. G REF =005 r=tE T2V THESTNHE L, IO
BAAERTIE, BRHIERAEHES,

DE)= ds(E) X2[Es(0) ~E3(Ze(EYE)]/ Zo(E) 3.4

letil. Bz HI3IROBoREBERTY
( Appendix C £18)

HOEBKET L E k. f"(ﬁF’WDEF‘P_}c%ﬁ&?ﬁiﬁ#:iﬁl)‘éq}&%ﬁ@kh& LT, kAT
kb,
FEY=Q(E)/ ¢s(E)
=2[E(0) ~Es( Zo(EY )]/ Zo(E) (3.5)
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TOEBREEFRACKECERBFOREE. ABBRMEBEORBIIEOTLCH
WONEHETHD. AUICDOTRANTHEIEPFHEZINTHS ', LHL. W
KOWTR, BRMTHELLBSERRAFEAAOTYL, ThBELIUBERIGLATL
B, “OBHRB. WOLNTEEOEBE - /7P EIHBERILCISZ DN STH S,
SFhH, WTH, BYKBRELLI2OREDHY S [HPTORISEBRNALEM] £
HGWMED I, LER-T, COFEFTEWOBCERRNF£2 THICKD S Z
ERTER, £2T, WOHCERETOHREICE., SLICHELORE

cWELOWE TR T RAVF-EBEMAL UL
(WOBBHIZIBHETH D, BHEEL /NI
ZHEANLT
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AT, SBIEICHEMPERERET 5.
Ol TEME. BE. BRRETTOhZOT, BBy - EEE L3R
BAEFOERHEOERIHERDP 1AL IICHEBPERERTT 5.

WENBIFON S,
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Table 3.1(8) Comparison of absolute reaction rates: at VT-1 hole
(Aluminum Holder,“Power 200 kW)
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Reaction Rate (1/atom.s)

Foil Hole/Holder— # Reaction C/E
Experiment Caleniation
Au (bare)  VT/AL~10 (n,7y) (276870127)x107"° 2.768x107"° -
Au (Cd) VT/AL-9 (n,7) (1.307=0.060)x10""° 1379x10°'° 1.06
W (bare) VT/AL-2 (n,y) (2.0310.092)x10 "' 1.845x 107" 0.91
W (Cd) VT/AL-3 (n,v) (L340—=0.061)x10""" 1.258%10° " 0.94
Fe VT/AL-5 (n,p) (33120234 x10 " 5.695x 107" 1.07
Ni VT/AL—-8 (n,p) (L414X0061)x107° 1.551x10°*° 1.10
Ti VT/AL-13 (n,p) (4.2321£0.186)x107"'° 3579x10°'° 0.85
Table 3.1(b) Comparison of absclute reaction rates at VT-1 hole
(Polyethylene Holder /Power 200 kW)
Reaction Rate (1/atom.s)
Foil Hole/Helder— # Reaction - — C/E
Experiment Calculation

Au (bare) VT/POLY-10 (n,7)  (523150.239)x107"'° 4930x107"° 0.94
Au (Cd) VI/POLY-9 (n,7) {(1331+0061)x107'° 1.257x10°"° 0.94
W (bare) VI/POLY-2 (n,7) (3.913%0.176)x 107" 3.441x 107 0.88
W (Cd) VT/POLY-3 (n,7) (1151%£0.052)x107"" 1108 <10 "' 0.96
Fe VI/POLY-5 {(n,p) (4.081+0.179)x10""" 4515 %107 1.11
Ni VI/POLY-8 (n,p) (L079:0.047yx107"° 1.196x 107 "° 1.11
Ty VI/POLY-13 (n,p) (3902L0172)x10°'° 3330x107*° 0.86




Table 3.2(8) Comparison of absolute reaction rates at RG-1 hole
(Aluminum Holder,/Power 200 kW)
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Reaction Rate (1/atom.s)

Foil Hole/Holder— #  Reaction Experiment Calolation C/E
Au (bare)  RG/AL-10 (n,7) (2016£0093)x10 *° 2.157x107"° 1.07
Au (Cd) RG/AL-9 (n,7) (8270+0381)x10"" 9.412x107*" 1.13
W (bare) RG/AL-2 (n,7) (1503x0.068)x10""" 1.641x107" 1.09
W (Cd) RG/AL~3 (n,7) (8.028=0365)x107"'° 8.459x107"* 105
Fe RG/AL-5 {(n,p) (2570£0.114)x10 " 3.008x 107" 1.17
Ni RG/AL-8 (n,p) (7.102*0309)x 107" 8.393x10 ' 118
_____ Ti RG/AL—-13 (n,p) (2.327%0.104)x107"'°" 2.009x107"° 0.86
Table 3.2(b) Comparison of absolute reaction rates at RG-1 hole
{Polyethylene Holder,/Power 200 kW)
Foil Hole/Holder—# Reaction R'eaction Rate (Hatom-s) - CE
Experiment Calculation
Au (bare)  RG/POLY-10 (n,7) (3.446+0.158)x10°"° 3.624x107*° 1.05
Au (Cd) RG/POLY-9  (n,7) (7.46310.346)X107"" 7.681x107"" 1.03
W (bare) RG/POLY-2  (n,y) (2304+0.104)x107"" 3.022x10°"" 131
) W (Cd) RG/POLY-3  (n,7) (6.150+0.280)x10"° 6679x 1072 1.09
Fc RG/POLY-5 {(n,p) (1.835+0080)x107"" 2.394x 107" 1.30
Al RG/POLY-7  (n,a) (2.76570131x107"'° 3.023x107°° 1.09
Ni RG/POLY-8  (n,p) (5.142%0.224)x 107" 6.493%x 107" 1.26
In (Cd) RG/POLY-11 (n,n ) (L598£0.068)x107'° 1.603 <107 "° 1.00
In (bare) RG/POLY-12 {(n,n’) (L653L0.07Lx10 *° 1554%10°*° 0.947
Ti RG/POLY-13 (n,p) (2.058=0090)x107"'° 1.891x107"° 0.92
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Table 3.3 Compariscn of cadmium ratios at VT-1 hole

Cd ratio
Foil Hole/Holder X ; C/E
Experiment Calculation
Au VT/AL 1.931=0.165 1.830 0.95
VI/POLY 358270370 3.576 1.00
W VT/AL 1.998+0.255 1.936 0.97
VT/POLY  4.405+0.622 4.022 091

Table 3.4 Comparison of cadmium ratios at RG-1 hele

Cd ratio
Foil Hole/Holder - C/E
Experiment Calculation
An RG/AL 2.208 0370 2.075 0.94
RG/POLY  4.182+0.369 3.908 0.96
W RG/AL 2.140 = 0.266 2.084 0.97
RG/POLY 401971324 4.530 1.13

Table 3.5 Comparison of spectral shift ratios at VT-1 hole

Spectral Shift ratio

Hole Reaction Experiment Calculation CE

Au (bare) VT (n,7) 1.890+0.164 1.781 0.94

| W (bare) VT {(n,7) 1.892+0.311 1.831 0.97
Au (Cd) VT (n,7) 1.019£0.104 0.911 0.89
W (Cd) VT (n,7) 0.859 1 0.083 0.881 1.03
Fe vT (n,p) 0.765 +0.108 0.793 1.04
LNi vT (n,p) 0.763 £0.121 0.771 1.01-
Ti vT (n,p) 0.922+£0.203 0.933 1.01
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Table 3.6 Compariscn of spectral shift ratios at RG-1 hole

Spectral Shift ratio

Fol Hole  Reaction Experiment Calculation CE
Au (bare) RG (n,7) 1,709 +0.185 1.680 (.98
W (bare) RG {(n,7) 1.439+0.476 1.727 1.04
Au (Cd) RG (n,7) 0.902 ~0.140 0.816 .90
AW (Cd) RG (n,7) 0.766 =0.092 0.789 1.03
Fe RG {(n,p) 0.714+0.253 0.796 1.11
Ni RG (n,p) 0.724=0.236 0.774 1.07
Ti RG {n,p’ 0.884+0.151 (.941 1.06
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VT-1 Hole / Aluminum Plug(Homogenized)

CITATION-3D/2D

!ﬂ 1st group 53 2nd group [ 3rd group B

4th group J

UT IN
2D

VIl VI2 VI3 VT4 VIS5 VI6 VI7 VI8 VT9 VTI0 VT11 VT12 VT13 VT14 VT15 0
HOLDER NUMBER

(%)011vd Xn1d

1 hole

Fig. A.3 Comparison of spectra at VT-
RG-1 Hole / Aluminum Plug(Homogenized)

CITATION-3D/2D
[‘ 1st group 3 2nd group N 3rd group (2] 4th grmﬂ

($)011VE X014

IN

T

RGI RGZ RG3 RG4 RG5 RG6 RG7 RG8 RGI RG10RG11 RG12 RG13 RG14RG1S OU

2D

HOLDER NUMBER

1 hole

Fig. A4 Comparison of spectra at RG-



Standard Fuel Element
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Appendix B JRR-BMFOBRERO R FREHE R w

Region D File ID N. Density
Fuel Plate { Neat U235 ; XUps0002 | 1. G759E-03
U238 | XUDBO002 | 4. 2820E-03

AL XALTO002 | 4.9163E-02

B10 | XBOOOO02 | L. 2150E-07

B11 | XBOLQOCZ | 4. 9212E-07

cn XCDNQOO2 | L. 1803E-07

cu XCUNOOO2 | 4. 1754E-07

FE AFENQ002 | 4. 2758E-05

31 ASIN0002 | 2. 5980E-05

CR XCRNOO0Z | 2. 5514E-07

KN ANN30002 | 4. 8296E-07

LIB | XL160002 | 1. 433B8E-07

LI17 | XLI70002 | 1. 7680E-06

for XE XXE50002 | |. 2852E-08
BurnUp | 8N XSN90002 | 9. 601BE-0U8
Clad AL XAL70002 | 5. 8064E-02
NG AXGNOGOZ | 1. B520E-03

Bi0 | XBOOO0OQ2 | 2. 96HSE-Q7

11 | XBO100C2 | 1. 2G1TE-0B

cD XCDNOOD2 | 1. 4411E-08

cu XCUNQOOZ | 1. TB45E-06

FE XFENQGO2 ; 7. 5417E-05

Si XSINQGO2Z 1 B.B518E-05

CR XCRNQOQO2 (3. 1150E-06

AN XAN50002 | 1. 1795E-05

Ti XTINQGDZ | 3. 3833E-06

PB XPBNQODOZ | 1. 5637E-0F

L1 XKONOOODZ | B. 4425E-07

Node il XHOIHO02 | 6. 6001IE-02
0 X0060002 | 3. 3000E-0Z

Region 1D File ID | N. Density
Side Plute AL} XALTO002 | 4. 3135E-02
' NS | XNGNDOOZ | 1. 38B5E-03
Itz0 BLD | XBOOOOG2 | 1. 5824E-07
B1l | XBGL0QOZ | 6. 4501E-07
Ch | XCDX0OO02 | 1. 8117E-08
CU | XCUNDOGZ | 5. 3801E-07
FE | XFENDOOZ | 4. 7047E-05
SI | XSINDOO2 | 4. 94CBE-03
[CR | XCRNGOO2 | 2. 3135E-06
JHN | XNN50002 | 1. 17938-05
TI | $TIK0002 | 2-5124E-08
LIG | XL16000Z | §. 0075E-00
LIT | %L170002 | 1. 1109E-07
PB | XPENOODZ | 3. 5649E-07
NO | XNONDQDZ | 1. 9247E-07
It KHOLHOOZ | 1. BS9LE-D2
0 £0060002 | 8. 4953E-03
Noderator I XHE1N002 | 6. 600IE-02
g 30050002 | 3. 3000E-02

to be continued.




Follower Fuel Element
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Regicn n File ID | N.Density
Fuel Piate | Neat U235 | XU050002 | 1.0742E-Q3
uzag | XU0g0002 | 4. 2853dE-03
AL XAL70002 | 4. 8811E-Q2
B16 | XBOQOOO2 | 1. 2061E-07
BI1 | XBOL1QOC2 | 4. 8854E-07
cD xcpxooe2 | 1. 1717E-07
cu XCUNDQG2 | 4. 1449E-07
FE XFENODC2 | 4. 2447E-05
51 XSINODG2 | 2. 9790E-05
CR XCRNOOOZ | 2. 5328E-07
NN XXN50002 | 4. T944E-07
L16 | XLI600@2Z | 1. 4231E-07
Li7 | XL170002 } 1. 7551E-06

for XE XXE50002 | 1. 2731E-08

BurnUp | SX XSX90002 | 9.5162E-08

Clad Same a5 Standurd Fuel

Node il XHOLNQOZ | 6. 60DIE-Q2

0 X0060002 | 3. 30C0E-02

Side Plate AL XALT0002 | 4.4995E-02
1 NG XNGNOODQ2 | 7. T546E-04
Guide Tude Bi0 | XBOOOOO2 | 1. 9935E-07
¥ Bl1 | XB0O100C2 | B. 0746E-07

-0 cD XCDNQOO2 | 8. 2120E-09

Cl XCUNQOOZ | 2. 4303E-08

FE XFENOGDZ | 4. 37Q0E-05

S1 XSINOGO2 1. 2BT7E-04

CR ACRNDOO2 | 2. 3B44E-0B

KN XNK50002 | 6. BDY0E-06

Tl XTINOGO2 | 2. 5BY4E-06

LI6 | XLI50002 | 4. 0B79E-0%
LIT | ZL1700602 } 5. 0417E-08
Ph XPBNOOOZ2 ¥ 1. BOTIE-OT
NO XNONDOOZ | 8. BTBTE-08
K XHO1HO0Z | 1. 5488E-02
0 X0060002 | 7. 7440E-03

Region i File 1D N.Density
Guide Tube AL XALT0002 | 4. 009BE-02
' NG INGNOQOZ | 2. 2517E-04
a0 B1¢ | XBOOCDOZ | 2. 0046E-Q7
Bll | XBOIGQOZ | 8. 1197E-07
cu XCUNQGO2 |-3. 4450E-06
FE IFENQOOZ | 3. 5279E-05
S1 XSINGO0Z | 1. BT59E-04
CR ACRN¥0002 | 2. L051E-0B
KN XNAK50002 | 1. 9924E-06
Tl YTINQQOZ | 2. 2861E-06
# XH01HQ02 | 2. 1406E-02
0 Xopgpgoe | 1.0703E-02
Lig6 | XLIE0002 i 1.37Z1E-08
L17 | XLI70002 | 1. 9388E-07
gt XPBNOOO2Z | 2. 1504E-07
Ko XNONOQOO2Z | 1. 1610E-07
I Xig1Hooe | 2. 8926E-02
4 X0060002 | L. 4463E-02

to be centinued.




Hf Absorber
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Be Keflector with e Plug

Region ID File Il | N.Density

Hf Absorber HF XUFNQ002 | 4. 3906E-02
ZR XZRNQOOO2 | 8. 5534E-04
AL XALT(Q002 | 2. 9359E-08
CR XCRNQQOZ | 1. 5235E-06
cy XCENGOOZ | 1. 6206E-06
FE XFENOOOZ | 4. 1844E-C5
L INON0O0O0Z | 4. 1284E-07
L XNIRQOO2 | 1. 3487E-06
NB XNB30002 | 4. 2632E-05
SI XSINQOG2 | 7. 0513E-0§
TA XTAL0002 | 2. 1889E-05
TI XTINQOOZ | 1. 6545E-06
¥ X¥030002 | 4. 3087E-07
U XU0B0002 | 1. 6G40E-08
¥ XYONQOOZ | . 5550E-06
H XHQL0002 | 2. 3578E-05
[ XC020002 | 2. TO41E-05
N XND40002 | B. TGH1E-08
0 Xo060002 | 1.3121E-04

Guide Tube AL AL70002 | 5. 9342E-02
NG ANGNCO02Z | 3. 3325E-04
B10 | XBOO0Q02 | 2. 96G8E-07
B1i | XBOLGOOZ {1.2017E-06
cu XCUNQQOZ | 5. 098GE-06
FE XFENQQOZ | 5.2213E-05
51 XSINODO2 | 2. 4803E-04
CR XCRNOOQO2 ! 3. 1159E-06
NN ANNS0002 + 2. G48TE-06
Tl XTINOOOZ | 3. 3834E-08

Noderator i XHOLHQOZ | 6. 6OOLE-C2
0 XC060002 | 3. 3000E-02

Connector

Regicn 1D File 1D N.Density

Connector AL XHFNOOG2 | 2. 6417E-02
K- XHO1HOOZ ¢ 3. 6560E-02
0 X0050002 [ 1. 8480E-02

to be continued.

Region I File 1D N. Density
Be Reflector BE XBEYOOCZ | 6. 9877E-02
+ AL XAL70002 | 2. 0B23E-02
Aluminun Tank NG XXGNOOOZ | 5. 9G4E-04
I B10 | XBOOQOO2 | 1. 2851E-97
Be Plug BIl | XBO10GO2 | 5. 2051E-07
' cD XCDNOGQ2 | 6. 217TE-0Q8
=0 cl YCUNOQOZ | L. GT8OE=Q7
FE XFEX0002 3. 0769E-05
5t ISINQ0OZ | 2. 7527E-05
CR SCRNQOOZ | 2. 3258E-05
¥N XXKN50002 | 8. 1620E-06
LL§ |[XLIg0GO02 §2.0373E-08
LIT7 XLI70002 | 2. 512ZGE-07
PB XPBNQQOZ | 6. OG6E4E-Q8
X0 INONOQOZ | 2. Z180E-05
AG XAG90002 | 1. 3LTBE-Q7
N1 ANINOCDZ | 1. QLT73E-06
C XCOZ0002 | 5. 2848E-05
N XNQ40002 | 1. 5031E-05
H XHO1HQ02 | 4. 9488E-03
0 X0060002 | 2. B654E-03

D20 Reflecter

Region 1D Fite 1D N.Density
D20 4 120 b po2D0o02 | 6. 6144E-02
(D20:99.5%) il XHGIHOOZ | 3. 3238E-04
0 X0050002 | 3. 3238E-02

Axial Reflector

Region I |File ID | N Density
Upper/Lower ALt XAL70002 | 8. 4053E-03
Standard Fuel Il XHQLHQO0Z | 5. G7BLIE-02
Element | O X0060002 | 2. 8380E-02
Lower AL XALT0002 | 2. 0413E-02
Follewer Fuel i XHO1HO02 + 4. 3551E-02
Elcment |0 X0060002 | 2. 1780E-02
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Irradiation Element in Fuel Region (VT/RG)

Sanmple Holder
Co =0 96g/cn?)

Region I File ID | N.Density
Irradiation Tube AL XAL70002 | 5. B157E-02
NG INGNGOOQ2Z | 1. B32OE-03

cu XCUNQDO2 | 1. 7845E-05

FE | XFEN0OOZ | 7. 9T68E-05

81 ISIN0QO2 | 5. 1912E-05

CR XCRNQOQZ | B. 5426E-05

MK XNN5000Z | 5. 8974E-06

T! XTIKO002 | 3. 3834E-06

Bi0 | XBO0QOO2 | 2. 9668E-07

31l XBOL100C2 | 1. 2017E-06

ch XCDNDQO2 | 1. 4411E-07

Light Pater Gap i XNOIHGO2 | §. 6001E-02
0 X0060002 | 3. 3000E-02

Alumainum plug AL XALT0002 | 5. 8262E-02
G XNGNQOO02 | 1. 6786E-03

cy XCUNQOOD2 | 2. 5453E-08

FE YFENOGOZ | 3. 7709E-05

§l XSINOOO2 [ 4. 6144E-05

CR XCRNO00Z | 6. 2311E-04

M XINNS0002 | 2. 9487E-06

T1 ATINGOO2 | 3. 3834E-06

BiG XB000002 | 2. 95BBE-0T

Bil | XBOLOOG2 | L. 2017E-08B

Cb XCDNODO2 | 1. 4411E-07

Aluminunm Capsule/ Al XALT0002 | 5.9691E-02
AMuninun ' WG | XNGNDOO2 | 4.3113E-08
Sample Holder | TI XTINGOO0Z | 1. 1420E-05

FE XFENQOO2 { 2. 0342E-05

§1 ASING00Z | 7.5262E-05

High Pensity i XHOLPOO2 | 8. 2431E-02
Polyethylene C ¥C025002 | 4. 1216E-02

Light Yater in Rezctor Pool

Region ID File 1D | N.density
Light Vater I AN01H002 ¢ 6. 6O0LE-02
I
0 X0060002 | 3. 3000E-02

_‘68._




W<x<i)

(J <x < =)

JAERI—Research 95—009

Appendix C E 3Bg =

E3(x) B¥UL. Eix) BMEEROTROLIIET S,

o g AP
B - [T dp - g[0nerE ) e

Eifx) BEOER, RO 2ATHFA SN0 S,

E,(x) =a,+ax+ax’+ax’ +axt+ax’ -In(x) +e(x)
8, = -0.57721566
a, =0.99999193
a, = -0.24991055 .
a,-0.05519968
a, = -0.00976004
a,=0.00107857
le(x)] <2x1077

4 3 2
x‘rapx’raxtrazta,

xe*E,(x) = +£(X)

x*+bx3+bx?+byx+b,

a, =8.5733287401

a, =18.0590169730

a, =8.6347608925

a,=0.2677737343 €3)
b, =9.5733223454

b, =25.6329561486

b, =21.0996530827

b, =3.9584969228

|e(x)| <2x1078
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AppendixD SRAC O — K ¥ X F &4 A F1

D.1 EMHHERMENR - 2FOCBAESFR -
(B BT T RLFE— 4BBRELRNA)

STFP /44 % 42433442345 X #3322 F 22244308 F P E 2RI L R TR SR P FL AR IR 20 0L
STANDARD FUEL PLATE AT 325Kk FIRST STEP '

11112 143 -29 00102 2-1000 / SRAC CONTROL

0.912 / B2 FOR K-EFF=7.0

J1480 1 2 / FASTP (R. 0D

J1480 1 2 / THERMALP (R, 0)

J1480 3 2 / FASTU {B,0)

J1488 3 2 / THRMALU (B.0)

J148¢ 3 2 / MACAROWRK (8.0)

J148¢ 32/ FLUX (8,0)

J14B0 3 2 / MACRO (8, 0)

J1480 12 / MICREF (B.0)

70 37 3 1 / FAST 3 GRP ., THERMAL 1 GRP

T0(1) / USER FAST GROUP STRUCTURE

3T / USER THERMAL GROUP STRUCRURE

30 20 20 / CONDENSED FAST GROUP STRUCTURE

37 ' / CONDENSED THERMAL GROUP STRUCTURE

256531 1500¢ 59000 00O ;s PIJCONTROL

0 100 50 5 5 5 0 0.C007 9.001 0.001 1.0 100.0 0.5

32123 / R BY T

111 / X BY R

P73 / WATERFIAL BY R

0.0 T#0.154 1+0.038 1#0.076 1%0.038 1+0.114 / RX IN CH
3/ NMAT

MEASXDO0X 0 13 325.0 0.152 1.9 / FUEL MEAT OF STANDARD FUEL

xug50062 2 0 1.0759E-03
XUupso062 2 0 4.2920E-03
XALTGA02 0 0 4.9169E-02
XBoOOGGZ 0 0 1.2150E-0QT7
XB0O10002 0 0 4.9212E-07
xcongO002 0 0 1.18B03E-0T7
XCUNOOD2 € 0 4.1T754E-07
XFENQOO2 0 D 4.2T759E-05
XSIHQ002 ¢ 0 2.5980E-05
XCRNOGOO0Z 0 0 2.5514€£-07
XMN50002 O 0 4.8296E-07
XLEGGGOZ O 0 1.4335E-07
XLETDO02Z 0 0 1.TGB0E-0Q6
CLADXOOX 0 13 325.0 0.076 1.0 / CLADPDING
XALTO002 0 C 5.B8064E-02
XMGNDOOZ 0 0 1.8529E-93
xggoooe2 0 G 2.9G68E-Q7
xgg10062 0 0 1.201TE-Q6
_XCDNODGZ 0 C 1.4411E-08
XCURDQOOZ 0 0 1.TB45E-06
XFENDQOZ 0 0 7.5417E-05
XS1H0Q02 0 0 B.65718E-05
XCRNQOO2Z 0 0 3.1155£-06
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XMN500602 0 © 1.1795E-05
XTINOQOZ O D 3.3833E-06
XPENOOOZ 0 0 1.563TE-06
XMONDOOZ 0 0 B.4425E-07

MODEXO0OX ¢ 2 325.0 0.228 1.0 / MODERATOR
XHOIHOO2Z 0 0 6.B0O0VE-02
X0060002 0 0 3.3000E-902
0 / PEACO
SO027 /X r33stiaAta s it bt e A e RIS AN RRRRF A FIIIRAILILELIFLRIIIINIRES
STANDARD FUEL ELEMENT AT 325K SECOND STEP
116 1 40 -21 06002 21 0¢00 / SRAC CONTROL
9.482E-03 / B2 FOR K-EFF=1
E3 144 36 27 1 1 1212 ¢ 0 5 06 45 0 0 80 O / FIJ CONTROL
0 100 59 5 5 5 ¢ 0.Q00¢ 0.001 0.001 1.2 100.0 0.8
31 36 35 34 33 32 32 33 34 35 36 M1
30 25 24 23 22 21 21 22 23 24 15 30
79 20 19 18 §¥7 16 16 17 18 19 20 29
28 15 14 13 12 1¢ 11 12 13 14 15 28
2710 9 8 7 6 6 T & 910 27
26 5 4 3 7 ¢ t 2 3 4 5 28
i6 5 4 3 2 1 1 2 3 4 5 26
27 10 & 8 T & & T 8 9 10 27
28 15 14 13 12 11 11 12 13 14 15 Z8
29 20 19 18 17 16 16 7 8 19 20 29
30 25 24 23 22 21 21 22 I3 24 25 30
31 36 35 34 33 32 32 33 34 35 36 3 / T BY SUB
T2 3 4 5 § 1T 8 91011 12
13 14 15 ¥6 17 18 19 20 21! 22 23 24
25 26 26 26 26 26 Z6 27 27 27 2Y 27 [/ R BY T
27(ty / X BY R
251 2 3 / M BY R
6.0 130.76 2#0.20 1#0.30 1+0.7¢ 2#1.7T0 1#0.70 1%0.30 2¢.20 1+0.76 / RX
D.0 1#0.06 20,20 1%0.40 1%0.80 2+%2.20 1+%0.80 [+0.40 2+0.20 1*0.06 / RY
3/ NMAT

STFPXDiX 0 ¢ 325.0 0.0 0.0 / STANDARD FUEL FLATE
SIDSXO0DX 0 17 325.0 1.384 1.0 7/ SIDE PLATE OF STANDARD FUEL ELEMENT
XALTO002 0 0 4.3135E-D2

XMGNDOO2Z 0 0 1.3965E-03

XBOOOOOZ 0 0 1.5G24E-0T

xgoioooz 0 0 B.4501E-07

XCONOQO2 O 0 1.B11TE-0B

XCUNDDO2 D O 5.3B01E-0T

XFENDJOZ O 0 4, T04TE-D5

XSINOQO02 O 0 4.9408E-05

XCRNODQOZ O 0 2.3135E-DB

XMN50002 0 0 1.1793E-05

ITINODOZ 0 O Z2.5124E-06

xL1§0002 D 0 9.0075E-08

xLitoo02 0 0 1.1100E-D7

XPBNOOO2 0 0 3.5640E-07

XNONOGO2Z 0 0 1.9247E-07

XHOJHOO2 & 0 1.G891E-Q2

Xo06g0002 D D B.4952E-013

MODEXOOX ¢ © 325.0 0.0 0.0 /  MODERATGR
SO00 /#3328 ¥t 20ttt R s d A3 a 0430 E X344 F 332432 I 2T RTRBETLHBETS

ﬁ.71__



JAERI—Research 895—059

STANDARD FUEL ELEMENT AT 325K SECOKD STEP (FOR MACROWRK FILE)
111140 1 49 -20 190102 210080 / SRAC CONTROL

9.487E-03 / B2 FOR K-EFF=1
3 / NNAT
STFPXO01X 0 0 325.0 0.0 0.0 / STANDARD FUEL PLATE
$IDSX00X 0 0 325.0 0.0 0.0 / SIDE PLATE OF STANDARD FUEL ELEMENT

MODEX0O0X 0 0 325.0 0.0 0.0 / MODERATOR
RFUZ /#4432 % 522043445 #4824 3253003350543 82235393392 K 201420400828
CONNECTOR OF FOLLGWER FUEL ELEMEKT AT 325K
11§10 1 40 -21 0 og¢ o0 2 21 0 00 / SRAC CONTROL
g.0078 / B2
2 34 34 34 3 134000 50000 O00C / PIJ CONTROL
0 100 50 5 5 5 0 0.001 0.007 0.001 1.2 100.0 0.8
g(1) 18(2) 8(3) / x BY R
(1) 3¢2) 12(¢2) 3(2) 2(2) 4(2) 2(2) / MATERIAL BY R
0.0 1%0.36 1%0.50 1#1.00 222.00 1%1.00 1#0.50 1#0.36
7%0.25 1#0.28 140.48 10%0.52 1#0.48 1%0.28 2%0.25
2%0.38 4%t.55 2#0.38 / RX IN CM
2 / NMAT
CONNXDOX 0 3 325.0 15.44 1.0 / CONNECTOR
XHOTHOO2 0 0 3.6800E-02
X0060002 0 0 1.8500E-02
XALTODGZ 0 0 2.6400E-02
s000X01X%X 0 0 325.0 0.0 0.0 /  STANDARD FUEL
CROZ /3344484344254 45X F ¥k H P2 532 F R XX BFR 22 FLLLHIFR RS2 ELE R IR 23 RS2 R
CONTROL ABSORBER ELEMENT AT 325K (2D-PiJ)
P11 10 1 4 3 11 0400 2 0 -1 0 0 9 / SRAC CONTROL

f.1357E-3 / B2

t3 1156 17 6 3 § 34 34 00 5 0 6 45 0 0 90 0 /- PtJ CONTROL
0 100 50 5 5 & 0 ¢.001 0.00¢ €.001 1.2 100.0 0.8
| S T T D S O AR A

{1 T T Y O O N T A O AN B B

R EEEEEEEEEEEEEE
2222222yl
1233333333333 338133
3333333333333 3321

1 2 3 4 4 4 44 4 4 4444 444

4 4 4 4 4 4 4 4 44 4444321

123 4555555550555 755

555 55555555685 4321

} 23 45 %6606 66 6665 6 66

6 6 6 6 6 666 & 6665 432!
t234s5 6177 7TTTTTTTOTT
T7T77T1T1 171717717695 43121

123 456 76868 8¢86 8953 828E6 38

8 868 8 868887463 4371

123 4567890988198 970

9 9 98 9999 98 7654321
1234567 88 10 (0 10 190 10101010
10 10 10 1¢ 10 10 10.10 9 8 7 6 5§ 4 3 2 1
123 456 78 91011 11 110101 11 11 11
111 11 11 11 11 13 10 ¢ 87 65 4321
123 4586 7891011121212 1212112
12 12121212 12 11 10 9 87865 43121
123 45 6 7 861011 1213 13 1313 113
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65 4321
14 14 14 14
6§54 3 21
14 15 £5 15
65 43 21
14 15 16 14§
654321
14 15 16 7
6§ 543721
14 15 16 17
6543 21
14 15 16 16
€5 4321
14 15 15 15
6854321
14 14 14 14
6§54 321
13 13 13 33
6§54 321
12 12 12 12
65 43 21
11 11 311 11
6 5 4 3 29
10 10 19 10
543 21

=2

— M MM M R R U M DR R~ R D0 M W

9
1
8
1
7
1
§
1
5
1
4
[
3
1
z
1
{
]

/ T BY SUB

R BY T
X BY R
WATERIAL BY R

—~
—
.
(=]

130. 865 240, 4825
1#1.0 2%1. 08
13#0.05 2#0.4825
1#0. 065 2%0.4825
1Ts0.0 2+#1.08
1#0. 05 2%0.4825

S0ROXD1X 0
KODEXDOX 0

0 325.¢0 0.0 0.0
0 325.0 0.0 0.0

1#0.05 2#0.25 1#0.13 130.17 2%0. 165

1#1.0 1$0.4 [#0.2 2%0.165 1%0.17

10,965 3#1.93 /7 RX INK CH
1+#0.05 2#0.25 1#0.13 1+0.17 2+0. 1485

1#01.0 130.4 140.2 230.165

1+#0. 965 3#1.83 / RY IN CM

/ STANDARD FUEL ELEMENT

/ MKODERATOR
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GIDIX00X O 10 325.0 V.0 1.0 / GUFIDE TUBE
XALTOO002 0 0 5.9342E-02
XMGNOOOZ 0 C 3.3325E-04
XBOOO00Z 0 G 2.9GGBE-07
XBO10002 0 O 1.201TE-06
XCUNDGOZ 0 0 5.0086E-06
XFENOGOZ 0 0 5.2213E-05
XSINOGO2 D 0 2.4B03E-04
XCRNOOOZ 0 0 3. 1155E-08
XMN50002 0 0 2.948TE-06
XTINOGOZ 0 0 3.3B34E-06
KFATX00X @ ig 325.0 1.0 1.0 / CONTROL ABSORSBER
XHFNG00Z 2 0 4 3506E-02
XZRKQO002 0 0 B8.5534E-04
XALTCO00Z 0 0 2.8359E-06
XCRNGO02 0 0 §.5235€6-00
XCUNQO0Z 0 0 &.G206E-06
XFENQOD02 0 0 4. 1B44E-05
XMONOOD2 0 O 4.1284E-07
XNINOOOZ 0 0 1.349TE-06
XNB300OZ 0 0 4.2632E-06
XSINODOZ 0 O 7.05(3E-06
XTAT0002 0 0 Z.1889E-06
XTINOGOZ O 0 1.6545E-06
XW030002 0 0 4.3C8TE-Q7
XU080002 0 0 1.6640E-0B
XYONOCO2Z O 0 1.5550E-06
XHO§0002 0 0 2.3578E-05
XC020002 0 0 2.T041E-05
XNO40GOZ 0 O 8. TGGI1E-Q6
xoQ60002 00 1.3121E-04

DUMY /3433324433 E 3545445833500 R R34 PR F R F P L L LIS IXTLRAIRIR 2L H 2
LIGHT WATER IN REACTOR POOL AT 325K
o ¢cora 004801 ¢ 0002 21000 / SRAC CONTROL
t.0E-20 / B2
1 /  HNNAT
Wo0Z2x00x 0 2 325.0 12.0 1.0 / LIGHT WATER
XHOTHOOZ 0 ¢ G.8003E-02

X0060002 0 0 3.3000E-02
B1D? /#+33st42 ¢t dasaa s s e33R 223 R343R F 244433 XIIIREINIRFIIIRILS

BE-REFLECTOR (2:BE 3:INNER 4:0UTER) WITH BE PLUG AT 325K P0S8
o600 0O OO0 02102 21000 / SRAC CONTROL
P.1357E-€3 / 82

15¥% /  ANISN CONTROL
1T o ¢ 8 2 T 0 4 33 1 00000 ¢ oo0gQo0
00 0 3% 9 o 0 0 150 0 0 00 ¢C 3 0

16% / PARAMETERS

1.0 6.0 0.0001 1.420892 40.¢ 0.0 0.0 0.C 0.C 0.5
D.0002 0.05 D.002 .75
06T .
044 / RADIUS BY EACH MESH
0.0 126.49 1#6.0 124.0 5%2.0 2#1.5 141.51 6%1.5 5#2.0 10#4.0 1%10.C
DB¥ / ZONE BY EACH MESH
(1) 3(2) 5(3) 17(4
05¥ / MATERIAL BY EACH ZONE

—74—-
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3
X-REGION BY ZIONE
4

Ll
-
-

W W

3 /  NMAT
$000%01X € 0 325.0 0.0 ©.0 / STANDARD FUEL ELEMENT
BEREX00X 0 21 325.0 1.6 1.0 / BE REFLECTGR (BE + AL TANK)

XBE9BODZ 0 0 G.9BTT7E-02
XALTOQO00Z2Z 0 0 2.0623E-02
XWGNQODZ 0 0 5.50964E-04
XB000002 0 0 1.285%E-07
XBD149002Z 0 0 5.2851E-07
XcpNdooz 0 0 6.2177TE-08
XCUNQODZ O C 1.9TBOE-OT
XFENQODZ 0 & 3.0TGYE-03
XSINDOOZ 0 0 2.7T527E-05
XCRNOOO2Z 0 0 2.3258E-05
XMN50002 0 0 B.1620£-08
XLtgo002 0 0 2.03T3E-08
xLiroopz 0 0 2.5126E-07
XPBNOOQZ 0 0 G.066G4E-D8B
XMONOOG2 O 0 2.2180E-0%
XAG90002 0 0 1.317BE-QT
XN1N0OQO2Z O D 1.0173E-06
Xc020002 0 0 5.2B848E-03
XNQ40002 0 0 1.5431E-05
X0Q60002 0 0 2.8654E-03
XHOTHQOZ & 0 4. 9488E-03
DORFX0OX 0 3 325.0 180.78 ¢.0 / D20 REFLECTOR

x0020002 0 0 6.6144E-02
XHOTHQO0Z 6 0 3.3238E-04
10060002 0 0 3.323BE-02
RSA2Z /*i*¥*13‘**3**********#********tt***1’*****3************t*****t!‘**
AXTAL REFLECTOR ABOYE/UNDER STANDARD FUEL ELEMENT AT 325K POSS
D001 0 00000 02 €02 210070 / SRAC CONTROL
9.0084 / B2
15% / ANISN CONTROL
f 0 & B 1 1 0 3 57 1 000090 00 D0 0
0 0 35 0 o 0 0 150 O 600 01 0
/ PARAMETERS
1.0 0.0 0.0001 1.420892 43.0  43.0 0.0 9.0 0.0 0.5
0.0002 0.065 0.002 0.75
00T
04+ / WIDTH BY EACK MESH
0.0 1+10.0 1%5.0 1%4. ¢ 2#%#3.0 2+#2.0 1%1.0 15#0.5 20#0.5
5¢0.5 5#1.0 3%#3.90 1%3.% :
08¥ / ZONE BY EACH MESH
23{1) 20¢2) 14(3)
09 ¥ / MATERIAL BY EACK ZONE
12 2
27% / X-REGION BY ZONE

2/ NKAT
S000x0fx 0 0 325.0 0.0 0.0 / STANDARD FUEL ELEMENT



JAERI—Research 95—059

AXRAXDOX 0 3 325.0 27.5 1.0 / AX1AL REFLECTOR OF STANDARD FUEL
KALT0002 0 0 8.4053E-03 '

XHO1HOG2 0 0 5.7200E-02

X0060002 D 0 2.8650E-02

ciLFO f**i***?*******3*t*#4******2##***t*#2*#****#**3*3****#***33*#4**#*
FOLLOWER FUEL PLATE AT 325K FIRST STEF

11112 1t 43 -20 001482 2 -1080D0.0 / SRAC CONTROL

0.012 / B2 FOR K-EFF=1.0 (CLEAN}

255301 31506060 500090 000 / Pi{J CONTROL

g {00 50 5 5 5 1 £.00CG1 C.001 0.00%f 1.2 100.0 &.8

i1 23 / REBYT

111 / X BY R

t 23 / MWATERIAL BY R

0.0 1%0.11% 1%0.038 1%0.076 140.038 1%0.119 / RX IN CH
3 / NMAT

MEACXOO0X 0 13 325.0 0.152 1.0 / FUEL MEAT OF FOLLOWER FUEL ELEMENT

xug509002 2 0 i.0T42E-03

Xuggoo02z Z 0 4.2853E-03

XALTOO002 0 0 4.8811E-02

XBOOOO0OO2 0 0 i.2061E-07

XBO10002 0 0 4.B854E-07

XcCoNOOOZ 0D 0 [.1T7ITE-O7

XCUNODOZ 0 0 4.1449E-0T7

XFENOOD2 0 O 4.244T7E-05

XSINOODDZ 0 0 Z.57T890E-05

XCRNOOQOOZ 0 0 2.532BE-07

AMNEQ002 0 0 4.T944E-07

XLEBGOOZ 0 O 1.4231E-0T7

XLiT0O00Z 0 O F.T551E-06

CLDFXQQX O (3 325.0 0.076 1.0 / CLADDING

XALTDOO0Z 0 0 5.B084E-02

XMGRDOO2Z & 0 1.8329E-03

XBOODQOZ 0 0 2,966GBE-OT

XBO106002 0 0 1.2Q1TE-06

XCONGOO2 0 0 1.4411E-¢8B

XCUNGOO02 0 0 1.7B45E-06

YFENDOD2 0 0 7.5417E-DS

XS1NDOQZ 0 0 B.6518E-D5

XCRKGOO02Z 0 0 3.7115BE-06

XMN50002 O 0 1.1§T795E-D5

XTINODOZ 0 0 3.3833E-06

XPBNOOCZ 0 & 1.5637E-06

XMONOODZ O O B.4425E-0T

MODEFX00X ¢ 2 325.0 0.238 1.0 / MWODERATOR

XHO0THODZ O O 6.60C3E-02

Xe060002 0 0 3.3000E-02

9 / PEACO

FRz2 RS I IR R R R R R R R R RS R RN S R S e R R R R R R R R AR
FOLLOWER FUEL ELEMENT AT 325K SECOND STEF

11371140 140-21 00002 219000 / SRAC CONTROL
0.0065 / BZ FOR K-EFF=1

12 144 36 231 1 1212 00 5 0 6 45 0 0 90 0 / PI1J CONTROL
¢ 1060 50 5 5 5 0 0.0001 Q.001 0.001 }.2 100.0 ¢.38

32 26 36 35 34 33 33 34 35 36 26 32

31 25 20 19 1B 17 17 18 19 20 25 31

_.76‘_
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14 15 16 24 30
10 11 12 23 29

a0 24 16 15 14 1 3
9
5 6 T B 22 18
i
1
5

29 23 12 11 1¢
28 22 8 T 6
27 21 4 3 12
27 21 4 3 2
28 22 8 1 6 _
20 23 12 %1 16 & 9 10 11 12 23 29

30 24 16 15 14 13 13 14 15 18 24 30

31 25 20 19 18 i7 17 18 18 20 25 31

32 26 36 35 34 33 33 34 35 36 26 32 / T BY SUB

1 2 3 4 5 & T 8 § 10 §% 12

13 14 15 16 17 18 19 20 21 21 21 21

21 21 22 22 22 22 22 22 23 23 23 23 / R BY T

23(1) / X BY R

20¢1) 2 2 3 / N BYR

0.0 1#1.01 1+0.40 2%0.20 1#0.50 2#1.55 1$0.50 230.20 [#0.40 1#1.01 / RX
D.0 1%0.74 2%0.20 1%0.40 1+¢. 806 2+¢71.52 1%0.80 130.490 230.20 1%0.74 / RY

3/  HMAT

2 3 4 1 27
23 4 2127

;e = B

CLFOXG1Xx 0 0 325.0 0.8 ¢.0 / FOLLOWER FUEL PLATE
SIDFXGOX 0 17 325.0 1.384 1.0 / SIDE FLATE + GUIDE TUBE
XALTO00Z 0 0 4.4885E-02
XNGNGO02 0 0 T.T546E-04
XB00Q002 0 0 1.9935E-07
XBO10002 0 0 B.OT46E-07
XCONQOO0Z 0 O B.2120E-08
! XcunNgooz 0 ¢ 2.4303£-06
z XFENGOOZ 0 0 4.3T00€-05
E XSINQO0Z 0 0 1.2877E-04
| XCRNGOOZ 0 0 2.38344E-06
XKN5Q002Z 0 O B.GO090E-06
XTINODOZ 0 0 2.5894E-06
XL160002 D 0 4.08B7%E-09
XLITO002 0 0 5.0417E-08
XPBN0OOOZ 0 0 1.6071E-07
XMONDOOZ 0 0 B.6TGTE-0B
XHOTHOO0Z 6 0 1.5488E-02
X0060062 0 0 7.7440E-03
MODCX00X 0 12 325.0 Q. 7118BB 1.0 / GUIDE TUBE + MQDERATOR
XALTO00Z 0 0 4.009GE-D2
XMGNOODZ 0 0 Z.2517E-04
XBDGOO0Z 0 O 2.004GE-07
XB010002 0 0 B.1197E-07
XCUNQO02 0 0 3.4450E-06
XFENDOOZ 0 0 3.5279E-05
XS1NDO0Z 0 0 1.6759E-04
XCRNOGOZ D 0 2. 10S1E-08
XMN50002 0 0 |.9924E-08
ATINQOO2 0 9 2.2BG1E-DB
; XHOTHOO02 0 0 2.1406E-02
X0060002 0 0 1.0T03E-02
FOOG IR R R R R R R R R R R R R A R R R R R R R R R R R R R R R L R R R E R E R R R R

FOLLOWER FUEL ELEMENT AT 325k SECOND STEP (FOR MACROWRK FILE)}
11 v 1 40 1 40 -2¢ 101102 2 1t90 00 / SRAC CONTROL
0.0065 / BZ FOR K-EFF=]

3 / HMAT

- 77—
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CLFOX01x & 0 325.0 0.0 0.0 / FOLLOWER FUEL FLATE

SIDFX006X O 0 325.0 0.0 0.0 / SIDE PLATE + GUIDE TUBE

Mepcxggx ¢ 0 325.0 0.0 0.0 / GUIDE TUBE + MODERATOR

RFOZ /#3433 533428300233 003K FF R R a3 33022203y tatny
AXi{AL REFLECTOR UNDER FOLLOWER FUEL ELEMENT AT 325K FO0S8

o610 000O0O0 Q2102 21000 / SRACCONTROL

0.0084 / B2

i5¥ /  ANISR CONTROL
T 0 0 8 1 T 0 3 35T i 0000 00000
g 0 0 3% 0 0 ¢ 0 150 0O 00000 0

16% / PFARAMETERS

1.0 0.0 0.0001 1.420882 62.°0 2.0 0.0 0.0 0.0 0.5
0.0002 0.905 0.002 D.75

gorT

04 / WIDTH BY EACH MESH
0.0 1#20.0¢ 1%5.0 1#4.0 2%3.0 2+#2.0 1#1.0 15%0.5 20#0.5
5#0.5 5%1.0 3%3.0 1%3.5

08X /  ZONE BY EACH MESH
2301) z0(2) 14(33
9% /  MATERIAL BY EACH ZONE
12 2
27% /  X-REGION BY ZONE
123
90T
2 / NMAT
FOOOX01X 0 0 325.¢ 0.¢ 0.0 / FOLLOWER FUEL ELEMENT

AXIFXGO0X 0 3 325.0 60.0 1.0 / AXiAL REFLECTOR OF FOLLOWER FGUEL
XALT0002 0 & 2.0413E-02

XHOTHOO02Z 0 0 4.3974E-02

xgog6o0002 0 0 2.198TE-(2

FOZA /33t st ted s a et s astat s aFFF R A3 E 423 EF 02 F 3R R4S X2 HHAFAE L4232
IRRADIATEON TUBE !N FUEL REGION WITH AL PLUG AT 325K POSH

po o1 0 600006 02102 214000 [/ SRAC CONTROL

1.1357E-03 / B2

15¥% / ANISN CONTROL
1 0 0 8 2 T 1t 7T 30 1 00 0¢0 00000
¢ 0 0 35 0 ¢ 0o 0 50 @ 0o 0¢ ! 0

16+# / PARAMETERS

1.0 0.0 0.0001 1.420892 30.¢ 0.0 0.2 0.0 0.9 0.5
0.0002 C.05 0.002 0.75

00T
04 % / RADIUS BY EACH MESH
0.0 5#0.25 3%0.2 34#0.3 2+0.125 5+0.24064 220.0764
3%0.2 340.5 2%+1.0 132.6 132,61
EE "/ ZONE BY EACH KESH
5C1) 3¢2) 3(3) 204) 5(5)» 2¢6) 14(7)
09y / MATERIAL 8Y EACH ZONE
4 4 43 2 31
7% / ANISN X-REGION BY ZONE
6C1) 2
00T
4/ NNAT
SQ00xd1x 0 0D 325.0 0.0 0.0 / STANDARD FUEL ELEMENT

ALTBX00X 0 11 325.0 4.124 1.0 / ALUMINUM TUBE
XALT0O00Z 0 0 5.8157E-02
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XMGNCOD2
XCUNODO2Z
XFENQQD2Z
XSINOOQOZ
XCRANQJO?2
XMKEa0002Z
XTINGOOQ2Z
xB00g0Q2
XB0O1000Z
XCONQOOQ2
MODEXODX
ALPLXO0DX
XALTO002Z
AMGNOOO2
XCUNGOOQ?
XFENQDOZ
XSINCGDO2
XCRNGDOZ
XMNB00D02
XTINOOD2
XBOO00D2
XB010002
XCDNDOO2

/%

s

o o
E— T — T - T — R~ = I = R = = - )

O O o O 9 O o0 o O o O

o o o o o O O O O O 9O — O O O O O O o o oo o0

— = R W R O B W M — @ B — o W in g Y e — =

.6328E-03
. 7845E-05
.9T7869E-0)
18912E-05
.5426E-015
. BAT4E-06
. 3BI4E-08§
. 9668E-0T
.201TE-06
C4411E-07
25.0 0.0 0.0
25.90 5.0
.B2§2E-02
.BT96E-D3
.5493E-0§
.TT09E-05
.B144E-05
C2311E-D4
. 948TE-DG
.3834E-0F6
.966BE-0T
.201TE-DB
C4411E-GT
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0 TRELEHE E£HEEZKEE)

(K¥HOLE CORE / ALL CONTROL ROPS OUT?

(R,
(R,
(B.
(B,
(B,
(B.
(B,
(8.

01

6)
0)
¢
0)
0)
03
07
0}

0o

THERMAL 37 GRP

GROUP STRAUCTURE

USER THERMAL GROUP STRUCRURE
GROUP STRUCTURE
CONDENSED THERMAL GROUPF STRUCTURE

D.2 £ W OLILHMER

(1] 2 kT ox vy (&%
c2D0
JAR-3IM ZD CAL.
600 10 000 0! 6 5 0 0 2
1.0E-2C DUMMY
J14840 1 2 / FASTP
J1483 1 2 / THERMALP
J1480 3 2 / FASTU
J1480 3 2 / THRMWALU
J1480 3 2 / WMACROWRK
J1480 3 2 / FLUX
J1480 3 2 / MACRO
J1480 3 2 / MICREF
70 37T 70 37 / FAST 70 GRP
T0(1) /  USER FAST
3ITCL) /
T0¢1) / CONDENSED FAST
3ITC1) /

13 0 ] / CITATION CONTROL

(BLOCK-1)

JRR-3M 2D-XY WHOLE CORE CAL.{BURN-UP FUEL / ALL RODBS QUT)
BURN UP GROUFS

001 /
0 6 0
1 0 0
400 0 0
1.5
003 /
6 0 0
0.0001
0.0
004
1 10
1 4
1 3
1 §
1 1
1 0
1 3
1 10
1 10
1 4
1 3
1 1
I 5
1 1
1 11
005
13 13 13
13 13 13
13 13 13

.00
.00
.86
.11
.25
.68
.50
.00
.00
.00
. BE
.93
.18
.83
.50

13
13
13

e T T N

13
13
13

L= T — T« I U — T — TR — T — Y

§T=6.

11

00

0 0
3

[

00001
0

10

3

0

1

5

3

4

10

10.

3

0

0

0

1

20

13 13

13 13

13 13

FL=2 / NO LOGARITHMIC DERIVATIVE
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D.3 RBEBFHARHFMIGE

(F - VT - 1BHE  HUVETFLYRLY /AFIAnN-—-)

VTPC

IRRADIATION HOLE INNER TRANSPORT CAL. BY PIJ (VT/POLY/CD)
tr9 0140 00021 01002 01 000D / SRAC CONTROL
1.0E-20 / DUMMY

J1480 { 2 / FASTP (R, 0)

J1480 t 2 / THERMALP (R. Q)

J1480 3 2 / FASTU (B. 0}

41480 3 2 / THRMALU (B. Q)

J14380 3 2 / NACROWRK (B, 0)

J1480 3 2 / FLUX (B, 0}

J1480 3 2 / MACRO (B. 0}

J1480 3 2 / WICREF (8.0}

70 37 70 37 / FAST T0 GRP ., THERMAL 37 GRF
70010 / USER FAST GROUP STRUCTURE
aTcny / USER THERMAL GROUP STRUCRURE
10010 / CONDENSED FAST GROUP STRUCTURE
arcny / CONDENSED THERMAL GROUP STRUCTURE

3 19 19 19 1 ¢ 160 60 00600 000 / PIJCONTROL

1 4 150 5 5 5 0 0.0001 0.001 0.001 1.2 100.0 0.8

19¢(1)y / X BY R

1 122 2 2 3 4505 46666 6666 /7R BY MAT

0.0 2#0.05 2%0.7 2#1.0 2%0.25 1#0.5 1#0.789 1£0. 057 7+#1.0 141.711

G / NMAT
COCVAQOD O 0 325.0 0.0 0.0 / 1 CD COVER
HOPLAQQOD 0 0 325.0 0.0 0.0 / 2 POLYETHYLENE HOLDER
CAFSADO0 0 0 325.0 0.0 0.0 / 3 AL CAPSULE
WO0O0ZA000 0 0 325.0 0.0 0.0 / 4 HZD GAP
ALTBADOO 0 0 325.0 0.0 0.0 / 5 AL TUBE
S322A010 0 0 325.0 0.0 0.0 / 6 STANDARD FUEL ELEMENT (4TH BURN-UPF)
/%
/7

V,83__



