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Experimental Study of Material Activation of Reduced Activation Ferritic Steel F82H by D-T Neutron
Irradiation '
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D-T neutron irradiation experiments have been carried out with a F82H-containing breeding
blanket mock-up of a fusion in order to investigate the activation characteristics of the F82H low
activation ferritic steel. We have measured reaction rates producing **Mn, **Mn, *'Cr and '¥W in foils of
F82H, chromium and tungsten. MCNP calculations were done with evaluated nuclear data from the
JENDL-3.2 and the FENDL/E-2.0 files and the results were compared with the measured values. The
comparison shows that by using the current data files the calculated reaction rates will be overestimated
by up to 10-20% for *Mn, **Mn and *'Cr, up to 30-40% for 87w, respectively. The calculated values for
tungsten are different with the evaluated nuclear data library, which shows that the neutron capture cross

sections of tungsten have discrepancy in the resonance region for each nuclear data libraries.

Keywords: Reduced Activation Ferritic Steel, F82H, Activation Characteristics, D-T Neutron, Breeding
Blanket, Fusion Reactor, MCNP, FNS '
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BREIE T 72 v NOFEEDOBVEREHE1T 212X, 77 7 v MERBTEID
Rt 2 EBRPICRIE L. 2O TRREBEORIEZTT > Z LITEETH S,
R, BN bR O EBRPIRREEIIERERUTRE, AR, gy R (BRLET
i EEN5) K LARBEIET A ECEEL D, BE, ERESERE TS
7 MEEM & L TERRSHE” =54 Ml (F82H) OFRIARET STV 5, F82H
7 30 b-8wt%, T AT 2wt%EEIr 7 =74 NlTHD, LML
D35, T F82H ORMESHEAFRIZ BE 2 E0 R Thh TR 697, D-T o+
a7 70y MERPOBSHUEEEBROSMWE ChH D, fiE-> T, ABFET
L. BARES RS L38O E 7R FNS  (Fusion Neutronics
Source) (28U T, F82H DGHUFEHER GBS Z LA BV E LIZFANFRTZ 4o b
FEEHMA R 2 D-T PHET BRNRBR 21TV, BRSO F82H 21—k, 7 I 74
. 7T AT UEFEICRT ARSI O R SR ARIET S L &bz, FHE
BET —F LT AN aikitE o— N L DB USSR HEE & O EgR
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2.1. 1 PHEFIR

AEBRCTHO LN ERE PEFIE FNS 1, AREae 75 7y MR OYE
WREERHIT S T2 DICEE/RIR ST D-T FEFHRE LT 1977 0 LER D Bth Sz,
BRI 1979 £ 5 AT L. IHEERS R T AT 1981 4 4 B ISR R O
BROMET LTz,

FNS 1d. 400 keV DEERERGTIMESS L Bz CEERID S —7 v R BRKY |
Ny NRIOREFA AR (100 mA) E/NEFA AP (10 mA), 0° & 80° @
P—ATS Ay, W, BEREOVSVZAOEEFREZE LTV 5, BEITHIERE
2, DIEESRETNE., 16 mX15 m DIESDE L Z—4y ME GEHREEE 2m) & 5n
X5 m DILXDE2 4 —5 v NE (ERRBEE 2.5 m) Hd 0, #ERECRTONT
FEERILE ONGEEBHEBE DB E AR L AT, S AFT T
ERICHTTE D LR EN T D, 1988 L TITIEE ., 1 A IROFH, &
B OHER N TV ANOER R Y| B, EBRIN TN S, _

AEERTIE. Fig. 1 IR LI NS @ 80° B —AF 4 V%R LIz, Table 1 i2i
80° & 0° B —ATA OPHEFROHFEZRLTEBY., 0° B —LT74 L DFHE
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FEURESHT umTCEEFEINTEBY ZOFEZUBIC N F U LEREIETH
%, PUFDULEIER, £ 0.36 TBg THd, Fn, BAEPEFEORBIIZONT
1. B AT A VICBREIILTWS 2 RMOMHET VT 7 RiFH D 2 —% AV,
ZOmRMERIE. REEEER S ) o o ERRHER TH S, ZORMEICERE 1 mmod
ToN—F—SEN, ZHEER L TE D-T S CERINAT VT 7RI +%
AT A LI PHEFRABRESIE L, THICKY 2%0DEETHEA D-T F
MFEERECTE D, BRTHB, FT7 74 0 TRIET IHEHERENEEIZ /-
7o, FEBRIX F82H o— b & PEFISRIEABUHM LB ORS 51 (T o7z, E
— LBV MIEL LS 1~2 mA DEFE— KT, #N-EH 6 B, 9ERRBEH L
77

2.1. 2 EBRER

Fig. 3~5 {2 METFHEEH D *Be, H85EM D °Li K ON'Li O FRIGETES 2777
e RENFEOT 7y FTIE N FULEBERTDILERH D, BT, °Li IZ
EB N F AR ELT B~ AT Ty T, LI @ MY FoAAER
WD B — 7 B3I L% 250 keV IZTFET B8, 77y RIS BE
SN 2T A MEDRH B, :

B AR F HFZEET CRRR 21T » TV B BRI M 7 7 > v FORREHTit, Fig. 2
WORT X DI N U F U LBEM BB F U L), PEEES (VYD) K
H SN ERZEICEBEE L T\ 5, RERTIE, FREFEOTZ 7y Mefidret
EIBIROBE LS L C, Fig. 6~9 [IRT L) RERER AW, 7F0 7y b
HEREDOEITE X 660. 4 mm, & 660. 4 mm, E X 315 mm TH 1 | = ORERKIIL SUS-316
BOERY 7 L7 P sh T3, £/, BRY 7L 7 %13, Fig.8 L)
W2 D-T TR AH-TRBY, #4—7y hCRELEPNT LNV D I AZE-T
RS ST PHETF OSSR~ DRI Z /RIS 2 572, B TR OBELFH
FEREET BT DIER SN, Fig. 10 iV 7 Lo 2fF& LU 7107 7L ORER
EREIZBIT HHHEF AT MV OHERKRE T, V7 L7 ZEORHEF AR
7 RVTC, 1 MeV LA FOBRET-ABE SN TV AERF NG5,

HERRT BT = T4 MR F82H), Y F 7 L- 6 BN EEAS 40% & 1 95%
DRBFEFZ BV F I LT ay s (2.54X5.08X5.08 cn’), XV U ATy

(5.08X5.08%5.08 cm’, 10.16X5.08X5.08 cm’) THERR IS TV 5, F82H [FE X
2516 mm RO'3mm OLOZFERL, 48 1B EEM P2 @A MEE 288 L
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TWb, RYVohyay 7 3@8BRERIC)Fosryay 7 EREIZERICEEL
7o ETo. B AT A K U THRFIZEE LI HEF 2 B8R AT 37901,
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AHFFETIE. HsHbREER E L CRE TR 3882 77 7 MEERRFIZ
BREL, DT SHEFREBOBIHEBRHEEN OB SN S T < ReBET 5720
2. BHES Ny AEEERHESR R Uiz, T <3R0IE CFER L7k
ROBIERR 7 7 v 7 Q& EhEi., Fig. 11 KOFig. 12 (TR,
BIESNIZ T < BAT FUiL, 4096 ch D 1 R~V TFF ¥ o RNATF T4
P CRREND, EHERTRLX—EEEIT ) ITER RO L~ BART R
b HE D RE BT RWT Vv RS — 2 R OIEAERIR % F 5 LB
HBD, LLERL, RERTIIT < ROKH=INX—0BEZS0> T35
DIt LCRIERITo 12120, BERTINVF—EEZRDZ LR BT~
BREY—7 2HERTAIENTE T, 2. BREDRICOWTCIMER LR
(2%t LT FNS CEMlE DR E AV e, REWZT N ~=0 M HEROBEER
HEIZHOWNWTRRB,

2. 1.4 FN~=0 ARRHEBROBERE

FN<= T BEINRY FEYy v 7D 0.7 eV L/NEWTDER TR THET IR
NERBKEV, ZDODEOROF N ~= AEHEBLER TCERT 5 Z LIXFR
ARETH Y, BN RNAX —HHRRENETIC L > THIL LW X S IR ERZ
LI HmALRL TR b7, BEEEERIN-T 2V — (KEAEEER TS
V. FEBAE James Dewar DARIN L% X)) FORKEROED I BRHES & L
R AR O LIZEVIBES 77T K FTRIFTW3, [BRED Ge (Li) HMHET
IFEIRIZRD LIMENTZY FU LAPBRNRZBOMERI T E85HD, 2
BH1E3 A 7= DI EIRIBIZR B OO B UNERH - T-, BHMES L ~=7 LRSS
T F U LOEMIRENTWRVWOT, FRALRWE ZIRE T TREN RN
STHELI XN, BHESI T V=0 AR LR & OBME 2R3 5720,
BZE RN T4 FAE v PO S T b, BF, 7 A4 4R
2 MIEZEHER L TE LZX o T3,

BHE keV OH LB NX—DBEEIZIT—HRIZ Nal(T1) 72 EOEH o F 1—
Vg VBB L S v = ZEEERIHBMEDN S, EH L EBRT 5o
TiE, BRESRL RNV —SEREO EH L PRV BT ERICBWCEENEEBA
TRODGEDNE, RO —7 2 ELEHER T < ROHW & D BUHEET
XTI =GN LW L= ARHEREE D ORI TH D, EERIZ,
Nal(T1) 3o F L—3 a3 VRRHIBRD T R VX —SREED 5~10%%ZRTDIZR LT,
TN~ =y LEHERIdER0.1 % TH 5,
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FA<=0 LAEHEOF LRI BF RN X —0fFEE O L THHN, B
BES/NETHY, SLICTN=T ADORTFESVD/NNINT EHHAEDLE ST
1L/ NESWHBY — R E2 525, FOL, REHITNEL, FORE NV R
WA MNHROBERESBSEEICR D, LLRRL, ZORATRLH®RTHD
TRV —DFEREDES I Lo THSEDEDLE LN D, TR X —SMREEN L
WZ EIBITABE L Y —7 OLBEE FRRICT 5721 Tl < IRVBF o 0 _LICE
B 5EAOHBVBEOREE LETRRICT 5, B USZR2 B ORHEBREIFE Ce—2
HEZ bl 6T, B N —0EL R T RIES|IES TRV —72 %)
b L, £OE— 7 3EFESD ORHHEENOBREENBZZ LIZRD, ZOX57%
FEND S TN~ T ARHBBERO Y — I 2 E0EHER T~ BART M vSyy
Pz L Cud Z ERghd,

L AT, FTNAv=U LBRHEBROBRE T XNV —DMREILER 3 DOER, 72
bbb, Efxy ) 7T OEOEERENY . BEFINENROEE R OVEFRIKES
DELEEMDEDRTZLDOTHD, FOERNPEEII/LD NIRRT R —,
BRHEZEOTE L TORHBOEAOHEICERIND, BT R VX—H <Ko
ALY FAE—T DREEW L, Wpkd ¥ ) 7 OB OB L3 — Vi ., W
< BAINEDCHEIL L A — IR, W A BT RIBHEFICI A —JIEE LIz L &,

W, 2=Wp2+ W, 24+W,2 [1]

THEZ BB,
E1EW,LIMELN-EH S Y U TOROEERELEE2HObL. F27 7
JRF, B 1IROBETELRNZEIDIZET ALY —, ERH <Rl
F—d Lind X,

W,2= (2.35) 2F ¢ E (2]

THEz bh5,
F2HOFSITEMNEDRELEMIC LD DT, KIEEMEEROBRHEET
TERLBEEILRD, HMEEEZEX RN L—EOMERBELITS 2 itk » T,
TOREZ IZERTHUET S Z &N TE B,

3L, MBI EFEIBICEAEELER T, TOKE X, AiEHEESS
ICERDREMD U EER SV ARBERDODBEIEEZ AN SNV ARE AT F v
FONANY =7 ZRETDEZ LI X > THEICRIE TX 5, ZORIFEICELT
ITRIEBIRSR AN OB EREMAT 2 EBEOFEREM LE L TA0i0, Bt
Z AR LI E S CRIETAHLERSH D, Z DB CEFRIEEIESRIC
17 A SV A AT ERFIERT T3,

TN= =0 AEHEHIHT DT RAX—SFEREORIE S LT, 5.9keV (Fe), 122
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keV (*Co). 662 keV (*'Cs). 1333 keV (*Co) =BT AEZ L AHWS, HERXH
TUNB/NEIE L = AR HSEREEDNRRR /2 HEIRIE 5.9 keV T 150~250 keV,
122 keV TIEHER L T 400~600 keV T 5, k%&ﬂ%m@m%@¥ﬁ%inmmv
T 800~1200eV, 1333 keV TiX 1.7~2.3 keV i L2435,

2.1.5 3

HEHMEARIHEEL LT F82H o — b, 7 3ITA, ZUURTFL & TAI=

by =T ATV OL & wH FRITL 3L NEEFER L, R
BT —F % Table 3 12 d, o, 7727 v MRBREPOBERE HFHEZD
EEXOWEIZRT 5B OBELE % Fig. 13 XU Fig. 14 (Z7R7, F82H > — MIbE—2A
FA DR EIC— FORLHBL D LD ICHERE L7z F82H fix (16 mm', 3 mm® X
3K FICERIE X, F82H DIFERUKE L FEROERL (%) % Table 2 IR T,
FEZOUWNTIL, . RUSWERE. Vo~ R, B Ens VB i
XF—DEHCRIRAREEZBRL T, RKEILEIZRE L, 7RI TA FV
TRAT v, 8, U H U EL F8H ICEFENDDE—TRHT- ¥ OBEHMLRISERE)
EWZHAWE, MeV FEROFEFHBREIZT VI =T b, =37 A P TLME, keV
~eV fERIZIZA VUL, &, Y, TRIDAL N NMEERAWE, R
SULROT R D AT E -, AayFT—7TERIRE L TERL
7=

2.2 RIEFE

2.2.1 BoHtodr :
A’Fﬁ% BT BRSO R, BEHEERRITS T AR, —RICH
DHTEE AN TEOWE W BRIZEDNTWS, BURMHEEREEZFIA Lotk
iﬁﬁ%ﬂb%ﬂﬁ/ >Hr%E  (Radiochemical Method of Analysis) &FEE L., KRD X HIZ
SETEDY,

1)  HEHHEEDHT — BEHOBEETREN b OBSAREREEL,. F0E
EHBICESHTH TH D,

2)  HHOH (Radiometric Analysis) — BREHOIFEHFETELER
FTAHDIZ M —Y—& LTR—bEROBRFETLREEMZ, EORAEDLE
BRABMA RIS D OMTHE, BERMEHERIESHTE & LIRS,

3)  HHHMESHT (Activation Analysis) — FBIPOIERFHETLR L
R THEHE L. AR LT BEHEEROKRAEN S, TOTRDORERCERL
17 5 HthiE,
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AERTIE. 209 boBEHbarEE RV, Fio, PHEFREIC L RIS
BRI U THEEHED T 21T o 70y, Z O EEFRHIPHET b1 (NAA ; Neutron
Activation Analysis) &FES, BEHMEGHTEBEIIE LW b0 TIER L, BRI
T Ul R OBS EE R BHAHRE O TR EORETH D, W) FEIZES
VW, G. von Hevesy 2% 1936 &EiZA w7/ E T A (Yb) Oy’ A (Eu) O
BECHD TRV, SRR OBENIE OS5 EBRoME, 474
DOHBEROTEE, BERO— RN —, BURBROBE ., FEEIC L > TiThh s,

BEHMESHTE. 1) B@ERIGORIR, 2) BHEARBOERK. 3) e,
4) BEREHREOREIE & AR MO OFIETITOI 5,

9. [REERUROEIR] OF-HIzid,

o E DL ORERFENIZEVVEIEEN AR TEX B &

o ELNTHEMERNITERSEEOYRH (>4) ZFoZ L

o MR TTRORE T B HEHROREE L =R XF—ZBETHDIIRE

REENRRN &

o WFEIZRAERIGHTE BT NI &
BEETDHDVNENRD D, RERTHEHD-THEFRZANTWAH, (,o), (n,p),
(n, 2n) 72 E D L EWRISRBEIEAEFR P OFHEFRGRIZ L > T eV~keV FEIROFHETF
IR & B0 (0, y) RUSHAFIH & iz, Table 4 RO 5 IR SRS, 8%
SHEEREOYREH, VY ~vBRT RNV —ROT v BREREELRT, ZhbiiE
IZ3CERY P B L TV,

wiz,  TBREZEIOER) 2oV TTHHM, BEHMEOTIIERICERETH S
DT, {LFERNRFETIIRECERVEEOHETLR CHLHEIELTLE S, #Etx
ERR T BBRICIERIER (FA 7, TV, Bty belk) 2FEHL, TE?
RO BB OBELREHSULENR D D, BEEREBOHEEICIX, Bk ORI E2E
L, 78 b TREEEE LERICEELRIE L, MX T, AERCTERLE
=gt by AOREOREHL, Aoy FF—FTHENTE HETH—
2B X IR bV TEREZ22 6 L, 744 /WVRICERFREL, T R DA
b—%&— (~400C) TR ELE 1REMATHZ L TROGERILIZBERA 2 vy FT
— 7 CRATS,

BRI ) 12V TiE, D-T FHEFIREZ RV CER Uiz, BEHMbRIGRIZ &
BHe, BETHHFELZL DERF L ORI, IROEBIRBRAEL Y ST,

A)="22 opi - exp(- 22, expl 24) (3]

A (t,) I33EE t PHE—CORMEFIE TR L%, B TEZZt=0¢
LTt , BBROGHEAOKEE[/s]. mIZREOEE[e]. o (IRE ML
7 aimiElen’]. o TP METFRBE[/ cn’/s]. MIZETFE[g/mol]. HITEZYT B
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Table I The specification of Fusion neutronics source.

80 degree beam line (DC) 0 degree beam line (DC)
Target type Stationary target Rotating neutron target
Tritium area 24mm ¢ (2.6mg/cm2) 333.4cm? (l.6mg/cm2)
Tritium inventory (initially) | 0.36TBq 19.6TBq
Maximum beam current 3mA 25mA
Neutron yield 3%10'"'n/s 4x10"n/s

Table 2 Description of nuclides included in the F82H.

Nuclide wgt% in F82H
Fe 89.74165
Cr 7.74
W 1.95
C 0.095
Si 0.1

Mn 0.1
P 0.005
S 0.0031

Cu 0.01

Ni 0.02

Mo 0.01
\Y% 0.18

Nb 0.0001

Ta 0.04

Ti 0.005

B 1.496E-04
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Table 3 Description of foils used in the activation analysis.

Sample Form Reaction Density [g/em®] | Purities [%] Size jem|
Aluminum foil 27Al(n,ex)24Na 2.70 >99) $1x0.05
Niobium | "~ foil 93Nb(n,2n)92"Nb 8.56 >99) 2%2x0.025"
115In(n,n’)115%In
Indium foil 113In(n,y)114"In 7.31 99 2x2%0.01"
115In(n,2n)114™In
Iron foil 54Fe(n, o)51Cr 7.875 99.99 Ix1x0.05"
52Cr(n,2n)51Cr .
Chromium | powder ~7.15 99.99 1.8%x1.8% (~0.015%)
. 50Cr{n, Y)51Cr
Gold foil 197Au(n, Y)198Au 19.282 (>99) 0.5%0.5x0.0001"
Tungsten foil 186W(n, Y)187W 19.3 >99) 1 x1x0.0006"
Cobalt foil 59Co(n, Y)60Co 8.86 99.9 1x1x0.0006"
Cu86/Mnl2/N
Mn-Cu foil 55Mn(n, Y)56Mn ~1.3 o 1.5X1.5%0.0006"
Sodium powder 23Na(n, Y)24Na ~0.97 99.98 1.8%1.8% (~0.01%)
Fe56(n,p)Mn56
Fe57(n,np)Mn56
Mn55(n, Y)MnS56
Fe54(n,p)Mn54
Fe56(n,t)Mn54
F82H sheet 8.10r8.8 5%X5x%0.1"
Mn55(n,2n)Mn54
52Cr(n,2n)51Cr
506r(n, M51Cr
54Fe(n, a)51Cr
186W(n, )187TW
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the materials for the assembly.

Table 6 List of original nuclear data library of FENDL/E-1.0 for cross-section data used in

Nuclide FNEDL-E/2.0 Nuclide FNEDL-E/2.0
3-Li-6 ENDF/VL1 25-Mn-55 ENDF/V1
3-Li-7 ENDF/VI 26-Fe-54 ENDF/VI.1
4-Be-9 JENDL-FF 26-Fe-56 EFF-3
5-B-10 ENDF/VL1 26-Fe-57 ENDF/VI.1
5-B-11 ENDF/VLI 26-Fe-58 ENDF/VI.1
6-C-12 JENDL-FF + ENDF/VI1.1 28-Ni-58 ENDF/VI1
7-N-14 JENDL-FF + BROND-2 28-Ni-60 ENDF/VI.1
8-0-16 JENDL-FF 28-Ni-61 ENDF/VLT

11-Na-23 JENDL-3.1 28-Ni-62 ENDF/VL1

12-Mg-nat JENDL-3.1 28-Ni-64 ENDF/VL1
13-Al-27 EFF-3 29-Cu-63 ENDF/VI1.2
14-Si-28 ENDF/VI 29-Cu-65 ENDF/VI.2
14-Si-29 ENDF/VI 42-Mo-nat JENDL-FF
14-Si-30 ENDF/VI 74-W-nat JENDL-FF
16-S-nat ENDF/VI

19-K-nat ENDF/VI

20-Ca-nat JENDL-3.1
22-Ti-nat JENDL-3.1

23-V-51 JENDL-FF

24-Cr-50 ENDF/VI

24-Cr-52 ENDF/VI

24-Cr-53 ENDF/VI
24-Cr-54 ENDF/VI
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Table 7 List of cross-section data used in the MCNP calculations for desimetry reactions.

Dosimetry reaction Nuclear data
Li-6(n, o )T JENDL-Dos
Li-7(n,n’ « )T JENDL-Dos
Na-23(n, v )Na-24 JENDL-Dos
Al-27(n, @ )Na-24 ' JENDL-Dos
Cr-50(n, & )Cr-51 JENDL-3.2, JENDL-FF, ENDF-VIFENDL-1,-2)
Cr-52(n,2n)Cr-51 JENDL-3.2, JENDL-FF, ENDF-VI (FNEDL-1,-2)

JENDL-Dos,-JENDL-3.2, JENDL-FF,
Mn55(n,2n)&Mn-55(n, ¥ ) JENDL-Dos

ENDF/IV (FENDL-1.-2)

Fe-54(n,p)Mn-54 JENDL-Dos

Fe-54(n,p)&Fe54(n. o ) JENDL-3.2, JENDL-FF, ENDF-VI, FENDL-1,-2

JENDL-Dos, JENDL-3.2, JENDL-FF, ENDF/1V,
Fe-56(n,p)Mn-56

FENDL-1, FENDL-2(EFF-3)

Fe-56(n,HhMn-54 ENDF/V

JENDL-Dos, JENDL-3.2, JENDL-FF, ENDF/IV,
Fe-57(n,np)Mn-56

FENDL-1,2

Fe-58(n, v )Fe-59 JENDL-Dos
Co-59(n, y )Co-60 JENDL-Dos
Nb-93(n,2n)Nb-92m ~ JENDL-Dos
In-113(n, y )In-114m JENDL-3.2
In-115(n,2n)in-114m JENDL-3.2
In-115(n,n")n-115m ' JENDL-Dos
Ta-181(n, y )Ta-182 JENDL-Dos

JENDL-Dos, JENDL-3.2, JENDL-FF (FENDL-2),
W-186(n, v YW-187

ENDF-VI(FENDL-1)

Au-197(n, y )Au-198 JENDL-Dos
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Table 8 The ratic of competition-reactions leading to Mn-56, Mn-54, Cr-51 productions in
F82ZH sheets in the experimental assembly (1/2). - '

Positionjcm] Fe-56(n,p)Mn-56 Fe-57(n,np)Mn-56 Mi-55(n, v )Mn-56
0.8 60.76% - 1.43% 37.82%
2.4 60.10% 1.40% 38.50%
4.0 60.05% 1.40% 38.55%
5.6 60.24% 1.39% 38.37%
The first 7.2 60.92% 1.40% 37.68%
F82H 8.8 61.99% 1.42% 36.59%
104 62.33% 1.42% 36.24%
12.0 63.35% 1.44% 35.21%
13.6 63.90% 1.44% 34.66%
152 65.50% 1.47% 33.03%
The second 285 64.05% 1.33% 34.61%
F82H 29.5 62.57% 1.30% 36.13%
305 61.14% 1.27% 37.59%
The third 943 39.90% 0.57% 59.54%
F82H 95.3 36.86% 0.53% 62.61%
96.3 35.07% 0.50% 64.43%

Position]cm} Fe-54(n,p)Mn-54 Fe-56(n,t)Mn-54 Mun-55(n,2n)Mn-54
038 96.40% 0.01% 3.59%
24 96.44% 0.01% 3.55%
4.0 96.51% 0.01% 3.48%
5.6 96.55% 0.01% 3.44%
The first 72 96.60% 0.01% 3.39%
F82H . 88 96.62% 0.01% 3.36%
104 96.65% 0.01% 3.34%
12.0 96.74% : 0.01% 3.25%
13.6 96.77% 0.01% 3.22%
15.2 ' 96.82% 0.01% 3.17%
The second 28.5 97.11% 0.01% 2.88%
F82H 29.5 97.14% 0.01% 2.85%
30.5 97.16% 0.01% 2.83%
The third 94.3 97.97% 0.00% 2.03%
F82H 95.3 97.96% ' 0.00% 2.03%
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Table 8 The ratic of competition-reactions leading t¢ Mn-56, Mn-54, Cr-51. productions in

F82H sheets in the experimental assembly (2/2).

96.3 97.97% 0.00% 2.02%
Peositionjem] Cr-52(n,2n)Cr-51 Cr-56(n, v )Cr-51 Fe-54(w, )Cr-51

0.8 65.95% 23.10% 10.95%

2.4 65.96% 23.03% 11.00%

4.0 66.44% 22.45% 11L.1%

5.6 66.90% 21.88% 11.22%

The first 7.2 68.12% 20.41% 11.47%
F82H 8.8 68.96% 19.39% 11.64%
10.4 69.76% 18.42% 11.82%
12.0 70.68% 17.29% 12.03%

13.6 71.65% 16.10% 12.25%
15.2 73.07% 14.39% 12.54%
The second 28.5 ) 74.03% 12.60% 13.37%
F82H 29.5 73.00% 13.79% 13.21%
30.5 71.93% 15.01% 13.06%

The third 94.3 45.18% 44.51% 10.31%
F82H 95.3 41.61% 48.92% 9.47%
96.3 39.02% 52.06% 8.92%
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Table 9 List of the experimental and calculated results of activation-reaction rates
for the set-up foils in the experimental assembly (1/4).

Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E
Nb93(n,2n) 0 2.47E-05 2.1% 2.41E-05 0.9742 2.43E-05 0.9815
16 1.91E-05 1.0% 2.11E-05 1.107 2.13E-05 1.1144
Cross-section data 28 1.64E-05 1.1% 1.69E-05 1.0335 1.71E-05 1.0451
J-Dos 3i 1.57E-05 1.1% 1.62E-05 1.0291 1.63E-05 1.0348
56.4 1.20E-05 1.3% 1.26E-05 1.0539 1.26E-05 1.0539
81.8 9.08E-06 0.6% 9.73E-06 1.0714 9.65E-06 1.0628
93.8 8.00E-06 1.5% 8.41E-06 1.0502 8.43E-06 1.053
96.8 7.41E-06 1.0% 8.00E-06 1.0794 7.94E-06 1.0713
122.2 5.62E-06 2.0% 6.02E-06 1.07 5.95E-06 1.0582
147.6 4.21E-06 0.8% 4.57E-06 1.0858 4.50E-06 1.0687
173 3.23E-06 2.0% 3.49E-06 1.0813 3.46E-06 1.0723
198.4 2.29E-06 2.3% 2.58E-06 1.1244 2.53E-06 1.1022
210.4 2.02E-06 2.5% 2.20E-06 1.0885 2.17E-06 1.0751
2134 1.86E-06 2.1% 2.12E-06 1.1412 2.04E-06 1.0982
238.8 1.35E-06 3.1% 1.57E-06 1.1599 1.48E-06 1.0912
264.2 1.07E-06 3.6% 1.19E-06 1.115 1.14E-06 1.0672
289.6 8.27E-07 3.3% 8.93E-07 1.0805 8.36E-07 1.0109
315 5.79E-07 3.4% 6.84E-07 1.1818 6.10E-07 1.0532
Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E
Al27(n,a) 0 6.01E-06 2.0% 5.85E-06 0.9734 5.94E-06 0.9883
16 4.87E-06 2.3% 5.19E-06 1.0666 5.26E-06 1.081
Cross-section data 28 4.43E-06 2.4% 4.28E-06 0.9677 4.38E-06 0.9896
J-Dos 31 4.05E-06 2.6% 4.12E-06 1.0154 4.17E-06 1.0288
56.4 3.30E-06 2.7% 3.38E-06 1.0229 3.40E-06 1.0283
81.8 2.71E-06 2.5% 2.66E-06 0.9806 2.66E-06 0.981
93.8 2.27E-06 1.8% 2.30E-06 1.0129 2.34E-06 1.0278
96.8 2.14E-06 2.2% 2.21E-06 1.0329 2.21E-06 1.0315
122.2 1.63E-06 2.7% 1.71E-06 1.048 1.71E-06 1.0455
147.6 9.03E-07 3.8% 1.33E-06 1.4771 1.32E-06 1.4627
173 1.05E-06 1.04E-06
198.4 7.83E-07 7.68E-07
2104 6.65E-07 6.60E-07
2134 6.45E-07 6.24E-07
238.8 4.88E-07 4.65E-07
264.2 3.74E-07 3.64E-07
289.6 2.86E-07 2. T1E-07
315 2.18E-07 1.96E-07
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Table ¢ List of the experimental and calculated results of activation-reaction rates
for the set-up foils in the experimental assembly (2/4).

Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E
In115(n,n") -316 3.73E-05 1.8% 3.96E-05 1.0627 4.16E-05 1.115
0 1.53E-05 2.0% 1.58E-05 1.0325 1.60E-05 1.0495
Cross-section daia 16 1.54E-05 0.5% 1.59E-05 1.0334 1.62E-05 1.0529
J-Dos 28 1.43E-05 1.9% 1.49E-05 1.0427 1.53E-05 1.0686
31 1.45E-05 2.0% [.46E-05 1.0096 1.49E-05 1.0311
56.4 1.16E-05 2.3% 1.29E-05 1.105 1.35E-05 1.1609
81.8 1.01E-05 2.5% 1.08E-05 1.0682 1.16E-05 1.1382
93.8 9.77E-06 24% 1.01E-05 1.0349 1.06E-05 1.081
96.8 9.33E-06 2.6% 9.91E-06 1.062 1.02E-05 1.0936
1222 7.29E-06 3.4% 8.01E-06 1.0975 8.64E-06 1.1839
147.6 6.11E-06 3.9% 6.65E-06 1.0878 7.08E-06 1.1596
173 4.65E-06 3.9% 5.45E-06 1.1713 5.62E-06 1.2077
198.4 3.74E-06 4.0% 4.22E-06 1.1288 4.53E-06 1.21
210.4 3.31E-06 3.5% 3.77E-06 1.1404 3.96E-06 1.1975
213.4 3.46E-06 3.2% 3.63E-06 1.0487 3.92E-06 1.1333
238.8 2.56E-06 3.9% 2.90E-06 1.1327 3.10E-06 1.2104
264.2 1.98E-06 4.4% 2.22E-06 1.1195 2.38E-06 1.1997
289.6 1.53E-06 4.8% 1.74E-06 1.1359 1.80E-06 1.177
315 1.24E-06 4.1% 1.34E-06 1.0811] 1.41E-06 1.1359
Expt. FENDL.-2 JENDL-32
Reaction Posision(mim) RR efror RR C/IE RR C/E
in113(n,g)+ 0 1.05E-04 0.5% 1.77E-04 1.6762 1.77E-04 1.6828
Inl115(n,2n) 16 7.40E-05 5.9% 1.40E-04 1.8948 1.41E-04 1.9016
28 6.99E-05 6.3% 1.06E-04 1.5162 1.06E-04 1.5162
Cross-section data 31 7.77E-05 45% 1.17E-04 1.509 1.18E-04 1.5129
J-32 56.4 9.09E-05 3.5% 1.53E-04 1.6872 1.53E-04 1.6883
81.8 5.85E-05 6.3% 9.10E-05 1.5547 9.09E-05 1.5541
93.8 5.49E-05 7.0% 8.65E-05 1.5749 8.63E-05 1.5724
96.8 6.72E-05 5.9% 1.06E-04 1.5703 1.06E-04 1.5703
122.2 8.79E-05 52% 1.64E-04 1.8609 1.63E-04 1.8586
147.6 8.33E-05 5.6% 1.57E-04 1.8888 1.57E-04 1.8852
173 6.61E-05 7.0% 1.27E-04 1.9194 1.27E-04 1.9134
198.4 3.09E-05 9.8% 5.36E-05 1.7315 5.34E-05 1.726
2104 2.24E-05 12.9% 3.75E-05 1.6765 3.75E-05 1.6751
2134 2.69E-05 6.3% 4.27E-05 1.5855 4.26E-05 1.5833
238.8 3.69E-05 7.0% 6.74E-05 1.8265 6.72E-05 1.8219
2642 3.58E-05 6.3% 7.15E-05 1.9998 7.13E-05 1.9942
289.6. 3.01E-05 5.9% 6.26E-05 2.0763 6.24E-05 2.0716
315 2.19E-05 7.3% 4.88E-05 2.2343 4 88E-05 22329
Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E
W186(n,g) 0 0.0027935 1.8% 0.002649 0.9483 0.00237 0.8484
16 0.00098819 24% 0.0009519 0.9633 0.0008404 0.8504
Cross-section data 28 0.0011085 2.3% 0.0009995 0.9017 0.000831 0.7497
J-dos 31 0.0024668 1.6% 0.002247 0.9109 0.002024 0.8205
56.4 0.0042854 12% | 0.003492 0.8149 0.003636 0.8485
81.8 0.0022401 1.6% 0.001813 0.8093 0.002027 0.9049
93.8 0.0017457 2.0% 0.001437 0.8232 0.001209 0.6926
96.8 0.0016996 2.1% 0.002605 1.5327 0.00283 1.665
122.2 0.0032614 1.4% 0.004047 1.2409 0.004286 1.3142
147.6 0.0052975 1.6% 0.00456 0.8608 0.004553 0.8595
173 0.0043963 1.7% 0.003664 0.8334 0.003392 0.7716
198.4 0.0016948 3.2% 0.001422 0.839 0.001271 0.7499
2104 0.00097989 2.6% 0.0009167 0.9355 0.001024 1.045
2134 0.0014486 2.6% 0.001257 0.8678 0.001197 0.8263
238.8 0.0025066 2.5% 0.001897 0.7568 0.002112 0.8426
264.2 0.0024573 1.4% 0.00211 0.8587 0.002481 1.0097
289.6 0.0021596 1.4% 0.001876 0.8687 0.002136 0.989
315 0.0014773 1.8% 0.001298 0.8786 0.001343 0.9091
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Table 9 List of the experimental and calculated results of activation-reaction rates
for the set-up foils in the experimental assembly (3/4).

Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR eITor RR C/E RR C/E
W186(n,2) 0 0.0027935 1.8% 0.003829 1.3707 0.003449 1.2346
16 0.00098819 2.4% 0.00133 1.3459 0.001169 1.183
Cross-section data 28 0.0011085 23% 0.00145 1.3081 0.001171 1.0564
ENDF/B-VI 3] 0.0024668 1.6% 0.003344 1.3556 0.003012 1.221
56.4 0.0042854 1.2% 0.005197 1.2127 0.005369 1.2529
81.8 0.0022401 1.6% 0.002642 1.1794 0.003011 1.3441
93.8 0.0017457 2.0% 0.002024 1.1594 0.001673 0.9584
96.8 0.0016996 2.1% 0.003795 22328 | 0.004109 24176
1222 0.0032614 1.4% 0.005695 1.7462 0.006011 1.8431
147.6 0.0052975 1.6% 0.006395 1.2072 0.006398 1.2077
173 0.0043963 1.7% 0.00509 1.1578 0.004764 1.0836
198.4 0.0016948  3.2% 0.002027 1.196 0.001814 1.0703
2104 0.00097989 2.6% 0.001354 1.3818 0.001486 1.5165
2134 0.0014486 2.6% 0.001826 1.2606 0.001686 1.1639
238.8 0.0025066 2.5% 0.002606 1.0397 0.002911 1.1613
264.2 0.0024573 1.4% 0.002862 1.1647 0.003429 1.3954
289.6 0.0021596 1.4% 0.00252 1.1669 0.002945 1.3636
315 0.0014773 1.8% 0.001813 1.2272 { 0.001897 1.2841
Expt. FENDL-2 JENDL-3.2
Reaction Posision{imm) RR error RR C/E RR C/E
Mn55(n,g) 0 0.00018415 2.4% 0.0001784 0.9687 0.0001737 0.9432
16 0.00012953 3.1% 0.000148 1.1425 0.00014 1.0808
Cross-section data 28 0.00012475 32% 0.000109 0.8737 0.000103 0.8256
J-dos 31 0.00014759 2.7% 0.0001294 0.8767 0.0001252 0.8483
56.4 0.00019714 3.0% 0.0001791 0.9085 0.0001786 0.9059
81.8 0.00013589 32% 0.000115 0.8463 0.0001171 0.8617
93.8 0.00017407 3.5% 0.0001527 0.8772 0.0001532 0.8801
96.8 0.00022499 3.1% 0.0002055 09134 0.0002057 0.9143
1222 0.00036659 2.4% 0.000396 1.0802 0.0004063 1.1083
147.6 0.00042638 2.1% 0.0004506 1.0568 0.0004467 1.0476
173 0.00032045 1.7% 0.0003449 1.0763 0.0003537 1.1038
198.4 0.00012233 2.7% 0.0001134 0.927 0.0001181 0.9654
2104 7.12E-05 3.1% 7.80E-05 1.0962 7.97E-05 1.1201
2134 0.00022572 3.5% 0.0001054 0.467 1.00E-04 0.4428
238.8 0.00019913 2.3% 0.0002182 1.0958 0.0002177 1.0932
264.2 0.00022946 2.6% 0.0002637 1.1492 0.0002657 1.1579
289.6 0.00020213 2.3% 0.0002354 1.1646 0.0002316 1.1458
315 0.00010716 1.3% 0.0001218 1.1366 0.0001226 1.1441
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Table 9 List of the experimental and calculated results of activation-reaction rates
for the set-up foils in the experimental assembly (4/4).

Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E
Aul97(n.g) 0 0.0074497 0.9% 0.008583 1.1521 0.01038 1.3933
16 0.0040845 1.5% 0.006329 1.5495 0.00667 1.633
Cross-section data 28 0.0056282 1.8% 0.004984 0.8855 0.004104 0.7292
J-Dos 31 0.0055958 1.8% 0.006443 1.1514 0.006046 1.0805
56.4 0.012412 1.5% 0.01092 0.8798 0.01135 0.9145
81.8 0.0051295 1.9% 0.004296 0.8375 0.004531 0.8833
93.8 0.0054693 0.9% 0.005847 1.0691 0.004996 0.9135
96.8 0.0082258 1.5% 0.008435 1.0254 0.007237 0.8798
122.2 0.016799 1.3% 0.01566 0.9322 0.01625 0.9673
147.6 0.016458 1.6% 0.01758 1.0682 0.01779 1.0809
173 0.011995 0.7% 0.01356 1.1304 0.01344 1.1204
198.4 0.0049259 1.7% 0.004671 0.9483 0.003626 0.7361
2104 0.0030248 2.3% 0.003218 1.0639 0.002947 0.9743
2134 0.0054047 0.6% 0.004639 0.8583 0.003991 0.7384
238.8 0.0083171 2.1% 0.008229 0.9894 0.007761 0.9331
264.2 0.0089981 2.1% 0.008275 0.9196 0.008093 0.8994
289.6 0.0081905 2.3% 0.007145 0.8723 0.008106 0.9897
315 0.0050803 1.8% 0.005719 1.1257 0.005347 1.0525
Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E

Cr50(n,g)+ 0 2.83E-05 3.2% 2.32E-05 0.8199 2.31E-05 0.8163
Cr52(n,2n) 16 2.09E-05 13.7% 1.89E-05 0.9041 1.88E-05 0.8978
28 1.59E-05 12.5% 1.32E-05 0.8324 1.32E-05 0.8311
Cross-section data 31 1.76E-05 12.1% 1.33E-05 0.7531 1.32E-05 0.748
J-Dos 56.4 1.44E-05 13.7% 1.18E-05 0.8189 1.15E-05 0.8009
81.8 9.05E-06 17.6% 7.38E-06 0.8154 7.39E-06 0.816
93.8 1.04E-05 9.4% 8.85E-06 0.8473 8.80E-06 0.8426
96.8 1.31E-05 15.7% 1.09E-05 0.8338 1.08E-05 0.8254
122.2 2.16E-05 2.5% 1.98E-05 0.9161 1.97E-05 0.9147
147.6 2.48E-05 3.6% 2.15E-05 0.8642 2.16E-05 0.8694
173 1.88E-05 13.2% 1.66E-05 0.8832 1.68E-05 0.8917
198.4 6.23E-06 23.1% 5.09E-06 0.8172 5.06E-06 0.8118

210.4 3.28E-06 3.12E-06

213.4 4.46E-06 4.57E-06
238.8 1.15E-05 7.5% 1.03E-05 0.897 1.02E-05 0.8875
264.2 1.34E-05 5.8% 1.31E-05 0.9762 1.28E-05 0.9553

289.6 1.11E-05 1.10E-05

315 5.42E-06 5.48E-06
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Table 10 The experimental and calculated results of reaction rates producing the
radioactive nuclides in the F82H sheets set-up in the experimental assembly (1/3).

' Expt. FENDL-2 JENDL-3.2
Reaction Posision(mm) RR error RR C/E RR C/E

Mn36 product 0.5 3.55E-06 0.7% 5.58E-06 1.5728 5.66E-06 1.5953
Fe57(n,np)MnS56 1.5 5.01E-06 0.6% 5.51E-06 1.0994 5.59E-06 1.1168
Mn55(n,g)Mn56 2.5 5.21E-06 0.7% 5.45E-06 1.0455 5.54E-06 1.0632
Fe56(n,p)Mn56 35 4.87E-06 0.6% 5.40E-06 1.107 5.47E-06 1.1224
45 4.95E-06 0.7% 5.33E-06 1.0754 5.41E-06 1.092

Cross-section data 55 4.75E-06 0.6% 5.25E-06 1.107 5.33E-06 1.122
J-Dos 6.5 4.84E-06 0.7% 5.18E-06 1.0708 5.28E-06 1.0909

15 4 55E-06 0.6% 5.13E-06 1.1273 5.21E-06 1.1451

85 " 4.78E-06 0.7% 5.05E-06 1.0553 5.13E-06 1.0731
9.5 4.50E-06 0.6% 4.97E-06 1.1035 5.07E-06 1.1249

10.5 4.58E-06 0.7% 4.92E-06 1.0725 5.00E-06 1.0911

11.5 4.38E-06 0.6% 4.84E-06 1.104 4.94E-06 1.1279

12.5 4.50E-06 0.6% 4.78E-06 1.0616 4.87E-06 1.0818

13.5 4.31E-06 0.4% 4.72E-06 1.0949 4.80E-06 1.1128
145 4.39E-06 0.5% 4 68E-06 1.0668 4.73E-06 1.0784
15.5 4.17E-06 0.4% 4.62E-06 1.1093 4.66E-06 1.1189
285 3.73E-06 0.4% 4.05E-06 1.0856 4.15E-06 1.1127

29.5 3.80E-06 0.4% 4.01E-06 1.0547 4.08E-06 1.0721

305 5.34E-06 0.7% 3.98E-06 0.7461 4.03E-06 0.7553

94.3 2.10E-06 0.7% 2.32E-06 1.1004 2.33E-06 1.1051

95.3 2.10E-06 0.7% 2.31E-06 1.1014 2.30E-06 1.0938

96.3 2.06E-06 0.7% 2.30E-06 1.1122 2.28E-06 1.1063
2109 6.31E-07 1.2% 7.09E-07 1.1225 6.98E-07 1.1052
2119 6.38E-07 1.3% 7.16E-07 1.1215 6.98E-07 1.0934

2129 6.50E-07 1.3% 7.20E-07 1.1071 7.10E-07 1.0923

Expt. FENDL-2 JENDL-3.2 )
Reaction Posision{mm) RR error RR C/E RR C/E

Mn54 product 0.5 1.14E-06 2.6% 1.28E-06 1.1163 1.31E-06 1.1478
Mn55(n,2n)Mn54 1.5 8.92E-07 6.0% 1.27E-06 1.4226 1.30E-06 1.46038
Fe56(n,t)Mn54 2.5 6.60E-06 1.0% 1.26E-06 0.1915 1.30E-06 0.1965
Fe54(n,p)Mn54 35 1.15E-06 2.2% 1.26E-06 1.0953 1.29E-06 1.1169
45 6.53E-06 1.0% 1.26E-06 0.1923 1.28E-06 0.1965

Cross-section data 5.5 1.07E-06 2.3% 1.25E-06 1.1627 1.27E-06 1.186
JENDL-Dos 6.5 6.45E-06 1.2% 1.24E-06 0.1922 1.27E-06 0.1964
Fe56(n,t)-ENDF/B-VI 75 1.13E-06 2.6% 1.23E-06 1.0873 1.26E-06 1.1094
85 6.22E-06 1.2% 1.22E-06 0.1969 1.24E-06 0.1999
9.5 1.08E-06 2.6% 1.21E-06 1.1179 1.23E-06 1.1382

10.5 6.32E-06 1.1% 1.21E-06 0.1909 1.23E-06 0.1942

11.5 1.07E-06 2.5% 1.20E-06 1.1149 1.22E-06 1.1373

12.5 6.30E-06 1.1% 1.19E-06 0.1881 1.21E-06 0.1919

13.5 1.06E-06 2.3% 1.18E-06 1.1199 1.20E-06 1.1369

14.5 6.30E-06 1.0% 1.18E-06 0.1872 1.19E-06 0.1888

153 1.06E-06 2.3% 1.17E-06 1.1073 1.18E-06 1.1177

28.5 1.03E-06 2.4% 1.08E-06 1.051 1.12E-06 1.0871

29.5 9.69E-07 2.4% 1.06E-06 1.098 1.11E-06 1.1413
305 9.88E-07 2.4% 1.07E-06 1.0783 1.09E-06 1.1056
94.3 6.25E-07 2.5% 7.07E-07 1.13 7.23E-07 1.1566
95.3 6.14E-07 2.7% 7.02E-07 1.1437 7.14E-07 1.1629

96.3 5.99E-07 2.5% 6.93E-07 1.1573 7.02E-07 1.1722

2109 2.02E-07 3.2% 2.44E-07 1.2038 2.48E-07 1.226
2119 1.96E-07 3.4% 2.40E-07 1.224 2.43E-07 1.2367
2129 2.00E-07 2.1% 2.36E-07 1.1803 2.43E-07 1.2139
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Table 10 The experimental and calculated results of reaction rates producing the
radioactive nuclides in the F82H sheets set-up in the experimental assembly (2/3).

Expt. FENDL-2 JENDL-3.2

Reaction Posision{mm) RR error RR C/E RR C/E
Mn54 product 0.5 1.14E-06 2.6% 1.23E-06 1.077 1.27E-06 1.105
Mn35(n,2n)Mn54 1.5 8.92E-07 6.0% 1.23E-06 1.3733 1.26E-06 1.4069
Fe56(n,t)Mn54 25 6.60E-06 1.0% 1.22E-06 0.1847 1.25E-06 0.1892
Fe54(n,p)Mn54 35 1.15E-06 2.2% 1.22E-06 1.0571 1.24E-06 1.0753
45 6.53E-06 1.0% 1.21E-06 0.1856 1.23E-06 0.1891
Cross-section data 55 1.07E-06 2.3% 1.20E-06 1.1207 1.22E-06 1.1422
ENDF/B-VI 6.5 6.45E-06 1.2% 1.20E-06 0.1853 1.22E-06 0.189
75 1.13E-06 2.6% 1.19E-06 1.0477 1.21E-06 1.0671
85 6.22E-06 1.2% 1.18E-06 0.1897 1.20E-06 0.1924
9.5 1.08E-06 2.6% 1.17E-06 1.0773 1.19E-06 1.0957
10.5 6.32E-06 1.1% 1.16E-06 0.1839 1.18E-06 0.1869
115 1.07E-06 2.5% 1.15E-06 1.0748 1.17E-06 1.0943
12.5 6.30E-06 1.1% 1.14E-06 0.1812 1.16E-06 0.1846
13.5 1.06E-06 2.3% 1.14E-06 1.0791 1.16E-06 1.0933
14.5 6.30E-06 1.0% 1.14E-06 0.1802 1.14E-06 0.1815
15.5 1.06E-06 2.3% 1.13E-06 1.0657 1.14E-06 1.0742
28.5 1.03E-06 2.4% 1.03E-06 1.0081 1.07E-06 1.0412
29.5 9.69E-07 2.4% 1.02E-06 1.0536 1.06E-06 1.0928

30.5 9.88E-07 2.4% 1.02E-06 1.0347 1.05E-06 1.059

94.3 6.25E-07 2.5% 6.71E-07 1.0731 6.87E-07 1.0981
95.3 6.14E-07 2.7% 6.67E-07 1.0857 6.78E-07 1.1038

96.3 5.99E-07 2.5% 6.58E-07 1.0986 6.66E-07 1.1121
210.9 2.02E-07 3.2% 2.30E-07 1.1351 2.34E-07 1.1579

2119 1.96E-07 3.4% 2.27E-07 1.1537 2.29E-07 1.168
2129 2.00E-07 2.1% 2.22E-07 1.1127 2.29E-07 1.1443

Expt. FENDL-2 JENDL-3.2

Reaction Posision(mm) RR error RR C/E RR C/E
W186(n,g)W187 0.5 2.52E-03 0.5% 2.17E-03 0.861 1.94E-03 0.772
15 1.98E-03 0.6% 1.55E-03 0.7837 1.46E-03 0.7392
Cross-section data 2.5 " 1.69E-03 0.6% 1.43E-03 0.847 [.45E-03 0.8535
J-Dos 35 1.55E-03 0.6% 1.30E-03 0.8404 1.27E-03 0.8217

45 1.44E-03 0.7% 1.26E-03 0.8711 1.13E-03 0.7811

55 1.36E-03 0.7% 1.23E-03 0.9062 1.03E-03 0.761
6.5 1.27E-03 1.0% 1.10E-03 0.8689 9.48E-04 0.7463
7.5 1.23E-03 0.9% 9.83E-04 0.8021 9.46E-04 0.7717
85 1.17E-03 1.0% 9.39E-04 0.7991 9.16E-04 0.7798
9.5 1.11E-03 1.0% 9.49E-04 0.8545 8.52E-04 0.7672
105 . 1.06E-03 1.0% 9.62E-04 0.9082 8.19E-04 0.7729
11.5 1.00E-03 1.0% 8.64E-04 0.8604 7.88E-04 0.7848

12.5 9.84E-04 1.1% 8.65E-04 0.8794 7.85E-04 0.7981
13.5 9.44E-04 1.1% 7.41E-04 0.7851 7.44E-04 0.7874
14.5 9.24E-04 1.0% 7.02E-04 0.7596 7.04E-04 0.7618
15.5 9.29E-04 1.0% 7.21E-04 0.7759 6.99E-04 0.7525
28.5 1.22E-03 0.6% 8.47E-04 0.6918 9.55E-04 0.7804
29.5 1.48E-03 1.0% 1.10E-03 0.7391 1.16E-03 0.7796
30.5 2.15E-03 0.5% 1.49E-03 0.6919 1.52E-03 0.7049

943 1.85E-03 0.5% 1.43E-03 0.7721 1.36E-03 0.7341

95.3 2.03E-03 0.5% 1.54E-03 0.7576 1.54E-03 0.7571
96.3 2.66E-03 0.5% 2.05E-03 0.7696 2.00E-03 0.7526
210.9 1.01E-03 0.7% 7.32E-04 0.7244 6.84E-04 0.6778
211.9 1.05E-03 0.8% 7.78E-04 0.7376 7.87E-04 0.7464
212.9 1.32E-03 0.7% 8.74E-04 0.661 1.06E-03 0.8023




JAERI-Research 2002-019

Table 10 The experimental and calculated resuits of reaction rates producing the
radioactive nuclides in the F82H sheets set-up in the experimental assembly (3/3).

Expt. FENDL-2 JENDL-3.2

Reaction _ Posision(mm) RR error RR C/E RR C/E
W186(n,2)W 187 05 0.0025181 0.5% 0.003129 1.2426 0.002828 1.1231
1.5 0.0019766 0.6% 0.002213 1.1196 0.002064 1.0442
Cross-section data 2.5 0.0016931 0.6% 0.002005 1.1843 0.002051 12114
ENDF/B-VI 35 0.0015504 0.6% 0.001827 1.1784 0.001781 1.1487
4.3 0.0014441 0.7% 0.001737 1.2028 0.001581 1.0948
55 0.0013562 0.7% 0.001724 1.2712 0.001421 1.0478

6.5 0.0012706 1.0% 0.001555 1.2238 0.001296 1.02
75 0.0012258 0.9% 0.001372 1.1193 | 0.001309 1.0679

85 0.0011746 1.0% 0.001289 1.0974 0.001264 1.0761
9.5 0.0011109 1.0% 0.001302 1.172 0.001185 1.0667
10.5 0.0010594 1.0% 0.001327 1.2526 0.001133 1.0694

11.5 0.0010046 1.0% 0.001181 1.1755 0.001088 1.083
12.5 0.00098353 1.1% 0.001199 1.2191 0.001086 1.1042
13.5 0.00094432 1.1% 0.001024 1.0844 0.001033 1.0939
145 0.00092405 1.0% 0.0009745 1.0546 0.0009727 1.0527
155 0.00092942 1.0% 0.0009965 1.0722 0.0009663 1.0397
28.5 0.0012236 0.6% 0.001227 1.0028 0.001385 1.1319

29.5 0.0014829 1.0% 0.001611 1.0864 0.001701 1.1471
30.5 0.0021522 0.5% 0.002191 1.018 0.00225 1.0454
943 0.0018457 0.5% 0.002 1.0836 0.001937 1.0494

95.3 0.0020274 0.5% 0.002158 1.0644 0.002198 1.0841
96.3 0.0026573 0:5% 0.002937 1.1053 0.002898 1.0906
210.9 0.0010098 0.7% 0.001042 1.0319 0.0009699 0.9605
2119 0.0010548 0.8% 0.001088 1.0315 0.001121 1.0628
2129 0.0013225 0.7% 0.001232 0.9316 0.001523 1.1516

Expt. FENDL-2 JENDL-3.2

Reaction Posision(mm) RR error RR C/E RR C/E
Cr51 product 0.5 1.66E-05 1.5% 1.72E-05 1.0345 1.71E-05 1.0291
Cr50(n,g)Cr51 1.5 1.61E-05 1.5% 1.69E-05 1.0448 1.69E-05 1.0455
Cr52(n,2n)Cr51 2.5 1.41E-05 2.0% 1.66E-05 1.1787 1.66E-05 1.1801
Fe54(n,a)Cr51 35 1.60E-05 1.3% 1.63E-05 1.0159 1.63E-05 1.0153
4.5 1.36E-05 1.8% 1.59E-05 1.1674 1.59E-05 1.1688
Cross-section data 55 1.54E-05 1.3% 1.56E-05 1.0107 1.55E-05 1.0081
JENDL-3.2 6.5 1.27E-05 2.5% 1.52E-05 1.1999 1.52E-05 1.203
7.5 1.47E-05 1.5% 1.49E-05 1.0079 1.49E-05 1.012
8.5 1.19E-05 2.4% 1.46E-05 1.2232 1.46E-05 1.2248
95 1.45E-05 1.5% 1.42E-05 0.9829 1.43E-05 0.9843
10.5 1.18E-05 2.3% 1.40E-05 1.1898 1.39E-05 1.1856
11.5 1.33E-05 1.6% 1.36E-05 1.0248 1.36E-05 1.0241
12.5 1.07E-05 2.5% 1.33E-05 1.2409 1.33E-05 1.2409
13.5 1.28E-05 1.5% 1.30E-05 1.0094 1.29E-05 1.0063
14.5 1.07E-05 2.3% 1.26E-05 1.1824 1.26E-05 1.1787
155 1.65E-05 1.4% 1.23E-05 0.7425 1.22E-05 0.7377
28.5 1.03E-05 1.6% 1.01E-05 0.982 1.01E-05 0.9859
29.5 1.03E-05 1.5% 1.01E-05 0.9814 1.01E-05 0.9785
30.5 1.03E-05 1.5% 1.01E-05 0.9845 1.01E-05 0.9797
94.3 6.95E-06 1.5% 6.79E-06 0.9777 6.79E-06 0.9773
95.3 7.36E-06 1.5% 7.24E-06 0.9837 7.20E-06 0.9775

96.3 7.88E-06 1.5% 7.69E-06 0.9755 7.57E-06 0.961
2109 2.42E-06 1.9% 2.53E-06 1.0442 2.43E-06 1.0049
2119 2.70E-06 1.9% 2.80E-06 1.0382 2.72E-06 1.0067
2129 2.91E-06 1.0% 3.03E-06 1.0386 3.04E-06 1.0444
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Fig. 1 The neutron source of a beam line at 80 deg. in FNS.
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Fig. 2 A design for the DEMO reactor’s blanket module in JAERI.
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Fig. 7 The inside view of the experimental assembly.
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Fig. 8 The schematic view of the experimental assembly.
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Fig. 9 The cross-sectional arrangement of lithium-titanate blocks used in experiment.
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Fig. 10 The comparison of neutren spectra in a surface of the assembly generated from a
bare and SUS-reflector-cum targets.

Fig. 11 The view of a high-purity germanium detector in the present work.
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Fig. 12 A block diagram of detecting gamma-rays with a high-purity germanium detector.
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Fig. 13 The practical view and arrangement of pieces of foil used in experiment.
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Fig. 14 The schematic arrangement of pieces of foil used in experiment.
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Fig. 20 The ratio of 3 competition-reactions leading to Cr-51 production in

F82H sheets in the experimental assembly.
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Fig.21  Calculated to experimental ratios of dosimetry reaction rates in the
experimental assembly for FEND/E-2.0 and JENDL-3.2. (a) **Nb(n,2n)**"Nb
and (b)”’Al(n,0)**Na
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Fig.22 Calculated to experimental ratios of dosimetry reaction rates in the experimental
assembly for FEND/E-2.0 and JENDL-3.2. (2)"In(n,n’)"'*"In and
'97Au(n,'y)'98Au.
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Fig.23  Calculated to experimental ratios of desimetry reaction rates in the
experimental assembly for FEND/E-2.0 and JENDL-3.2.
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Fig.24 Calculated to experimental ratios of desimetry reaction rates in the
experimental assembly for FEND/E-2.0 and JENDL.-3.2.

185W(n, 7)'*’W using response cross section from (a) JENDL Dosimetry File
and (b) ENDF/B-VL
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Fig.26 Calculated to experimental ratios of dosimetry reaction rates in the
experimental assembly for FEND/E-2.0 and JENDL-3.2.
$Fe(n,p)*Mn + *Fe(n,t)*Mn + “Fe(n,2n)*Mn using response crogs section
from (a) JENDL Deosimetry File and (b) ENDEF/B-VI.



JAERI-Research  2002-019

. T 1 T ! T T ] 1 I i T 1 T I t 1 1 T I i 1 L I T 1] [} T :I
1.6k --- %Fe (n, p) ®Mn+>"Fe (n. np) **Mn+>°Mn (n, y) *Mn
: Resbonse: ' 1
. 14 JENDL Dosimetry Fi te ]
16- B ' ' ]
x - : : J
(EH] - . : ' ! , 1
N P o A e S
S i | ' % ]
8 1.0 = ,
| ' Expt. Error
B . "l
L —&— FENDL-2 | i
0.8 A ——O—— JENDL-3.2 [T "
S N N B | F I N | [ T S T T l J I N B .
=50 0 50 100 150 200 250

Depth in the Assembly [mm]

Fig. 27 Calculated to experimental ratios of Mn-56 production reaction rates in the F82H
sheets located in the experimental assembly for FEND/E-2.0 and JENDL-3.2.

’_I t 1] t ! 1] 14 1 19 } 7 ) 1] 1 I 1) 1) 1] 1 ‘ i) 1] 1 1 ! 1 1 ] 1 :
1.4 5?Cr(n2n)5'Cr+5°Cr(n, 73 Cr+%*Fe(n, oc)str """ —
- : ! : : ]
B e R
g A
i s ]
~ 1.0 T

. Expt. Error i
13) : ! . - .
— : ; ; : : i
S o.8f Y P CTTTT T F ]
- j ' : —@— FENDL-2 | ]
0.6f BBRSTE -] o 0L
C.1 114 | ol 1 | R S I | i TR T i 'R I T N ]

-50 0 50 100 . 150 200 250

Depth in the Assembly [mm]

Fig. 28 Calculated to experimental ratios of Cr-51 production reaction rates in the F82H
sheets located in the experimental assembly for FEND/E-2.0 and JENDL-3.2.
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Fig. 29 Calculated to experimental ratios of W-187 production reaction rates in the F82H
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Fig. 34(a) Calculated energy profile of *’Au(n,y) reaction.
102 _—
(O] -
O #2(Co59(n. g))
3 1003 Q|- #6(Co59(n, g))
g | #12(Co59(n,g))
9 1 0_4 &
©
=
> :
< 107 k
Ng |
= 10° &
© a7 |
(am -
5 10
g ;
2 100 d v owed oo s o0 e

10°° 1077 107 10 107
| | Neutron Energy [MeV]
Fig. 34(b) Calculated energy profile of *Co(n,y) reaction.

10!



Reaction Rate [n/cm?/Lethargy/Sourcel

JAERI-Research  2002-019

107
4 |
10 E
107 |
10°°
1077
#2 (Mn55(n, g))
P I IR [—— £6 (Mn55 (n, @)
: #12(Mn55(n,g))
109 Llowmd sousl o vmed 101 pausd 58
10°° 1077 107° 1072

Neutron Energy [MeV]

Fig. 34(c) Calculated energy profile of *Mn(n,Y) reaction.
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