PNC TJ9601 97-001

MA BFE O &l R M a3

( ByAFZR RRERER  Hatht

1997 £ 3 A

WrE g OBlE-11

EHRHEEE )

RALRE THR 8F LA F-THH




ﬁ%lm:m%ﬂbl$uomrﬁ\Tﬁmﬁ%w%b%Téwo
T311-13 SRR BRI AR A ¥ BT B FB AT 4002
B - AR B R
KT e 5 —
VA7 ARBIES - B EES

Inquiries about copyright and reproduction should be addressed to Technology
Management Science O-arai Engineering Center, Power Reactor and Nuclear Fuel

Development Corporation 4002 Narita-machi. O-arai-machi, Higashi-Ibaraki-gun, Ibaraki-
Ken, 311-13, Japan

B - BB EREE

( Power Reactor and Nuclear Fuel Development Corporation ) 1997




PNC TI9601 97-001
1997 £ 3 A

MA B DEEHEF MO R EROAE-11-

Fhl EEL™

ZE

HLUVEBEY A 2 VO—2E LTEZLNRTWAET 7 F= FUH A 7 MicBv» T RO
HAZ= A+ —F 7 FZ FMA: Np, An, Co ) EHBNEEETHIILLRBLD.INOMAD
L HIE DB SN OEEL BER(FEMT A PR TRE R D, 20T IEFER MA DF
FICHERPLETH 5. % 2 CAPFETIT M ZHBOSEFHFHISRIBMEROME = 5l
35,

AEELBW TR EEEOTFEORRL LI . TROLSKLOVWT . EBMEUEZNA T,
() EBHBESEEHMEORE. QL PFRE sy —# v FoZEELL. Q) RGEERAEREE |
OEHEMABEL WEEEOR 7F =7 2XBOHA L C)BRENY 7 VHMOEATS b,
RS DRASNBIEEETUICEEE VT Np237 KT 2SR ERAEE S L .5
100keV O FP#EF L 3 L ¥ —$EIRICHT T B Np237/U235 DA RSB E R L J UF Np237 DR 57 22T
Mg % BlE L7,

—F. Np EEBICEEFFLIREREERFFOLSNTVS M HEIOH L T AR241 BT
An243 DR S EWEROERFFET AL DI AR AF L. EEYERL .

* RERESIT RIKEFSIF ZAHEEEEAORACIVER L FRORRTH 2,
ZHES: 080D0222
EEFELUBBERUBYEE: TS Y ¥ —EREHBAEIR LR BE EHAE
P ELAZETEREFIHAVF - TER (B EFREIER)



COMMERCIAL PROPRIETARY
PNC T39601 97-001
MARCH 1997

Measurement of Fast Neutron Induced
Fission Cross Section of Minor-Actinide*

Naohiro Hirakawa™**

Abstract

In fuel cycles with recycled actinide, core characteristics are largely influenced by
minor actinide (MA: Np, Am, Cm). Accurate nuclear data of MA. such as fission cross section
are required to estimate the effect of MA with high accuracy. In this study, fast neutron induced
fission cross section of MA is measured using Dynamitron Accelerator in Tohoku University. '

The experimental method and the samples, which were developed or introduced during
the last year, were improved in this fiscal year: (1) Development of a sealed fission chamber,
(2) Intensification of Li neutron target, (3) Improvement of time-resolution of Time-of-Flight
(TOF) electronic circuit, (4) Introduction of Np237 samples with large sample mass and (5)
Introduction of a U235 sample with high purity. Using these improved tools and samples, the
fission cross section ratio of Np237 relative to U235 was measured between 5 to 100 keV, and
the fission cross section of Np237 was deduced. On the other hand, samples of Am241 and
Am243 were obtained from J épan Atomic Energy Research Institute (JAERID) after
investigating fission cross section of two americium isotopes (Am241 and Am243) which are
important for core physics calculation of fast reactors.

* Work performed by Tohoku University |
under contract with Power Reactor and Nuclear Fuel development Corporation
PNC Liaison: Toshio Wakabayashi,
Core Physics Research Section, advanced Technology division

** _aboratory for nuclear Physics, Tohoku University
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Table 4.1.1 Atomic fraction of impurities realtive to Np237 in Np solution
Np237 Pu239+240 Pu238 Am241
Before purification 1.0 7.17E-3 5. 95E-6 5. 83E-7
After lst purification 1.0 - 1.61E-5 2.47E-8 2. 69E-9

After 2nd Purification

1.0

(*) 1.23E-3 : read as 1.23 x 103
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Table 4.1.2 Result 6f sample assay for four Np samples

Foil No. Deposited mass (mg) Error (%)
6 0.2757 1.35
8 1.083 1.34
g+ 71,051 1.34
11 1.042 1.34

*used in the present measurement



Table 4.1.3 Errors in sample assay of Np sample

Error (%)
Statistiacl 0.2
Extrapolatoin - 0.001
Equation for Effciency 1.0
Geometry for Effciency 1.033
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Table 4.1.4  Measurement result of uniformity of Np samp les

Foil No. Center ({cps) Most outer region Difference (%)
(4) (cps) 100* (B-4) /A
(8)
8 0.65 0.59 10
9* 0.65 0.68 4
11 0.65 0.68 4

*used in the present measurement
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Table 4.1.5 Result of sample assay of U sample

Isotope Total Isotopic Relative Number of Areal
Activity (Bq) | Composition | Activity (%) Atoms Density
(%) {(x10') (u g/cn®)
-233 < lppm <(). 24 -
U-234 _ 0.0298 45.84 0.003
U-235 60.55 = 0.55 99.912 53. 66 10.40 = 0. 11 94.0
U-236 0.0165 0.27 0.002
U-238 0.0414 ' - 0.004
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Table 4.2.1 Experimental result of Np237 fission cross section measurement

n (keV) Present - Present JENDL3. 2 ENDF/B-G(mb)
YError & JEF-2
8.4 19.9 23.7% 23.0 3.8
15.2 17.3 11.8% 23.0 9.4
25.0 16.1 9.9%% 23.0 9.9
41.7 17.8 7.4% 23.7 11.3
83..5 16.0 7.1% 28.5 14.5

B

IOREHTEILNTVAERER . V=7 v PFx /1\~*5'L§LEIJI§?7F%EM%@*§IELE§ ¢ hER
EIHHBERUY Y TVEER smse e F 0T\ B, ERAIC IR RETEE (237 D) EREE
FE LTV 5,

sem 2 R - NEA data bank P00 EXFOR Foy 77 ANPLRYHLEET - R
OF JENDL3. 25.ENDF/B-1Ve R OF JEF-2"DR T —5 74 77 ) EMfE R HLETRLTVE.BEEH
5y T AR THRE L7 10keV IR T Np RS RETER ¥ME LT3 0Did.Table
4.9.2 1257 4 §iH A Fig.4.2.19 R U Table L2 126000EBY sEORBRITLoLD
L WEEBRER TH S Hofiman OEE £ ~FKLTWa I EFSP 5.4 EOERER IS Hoffnan

nn%tﬁﬁbtﬁn%it&oto

—H Fig.4.2.19 R U Table 4.2.1 12§38 Y AEOREEEIX 16-20 mharn BETH 2 DIC




2+ L ENDF/B-6 B UF JEF-2(ME x4 { F—) D{EiF 9.0 -15 mbarn (10 - 100keV) . JENDL3. 2 & 23-30
mmnuo-momﬂv%&ocwﬁ%ﬁ%«%@@ME%%@%WE&&?-&774»@@&
% & 50keV BLUF T i, JENDL3. 2 1035 ¢ . 83. SkeV @ 1 satd ENDF/B-6 I WERE R 272,

Table 4.3.2 Reported study for Np237 fission cross section around several 10 keV

Author reported year | Laboratory Remarks
(country)
Hoffman 1976 Los Alamos, Nuclear explosion
(USA)
Platterard 1973 Saclay 60 MeV Linac
(France)
Perkin 1965 Awre Aldermaston, Fe filtered beam
(UK)
Thite 1965 Awre Aldermaston, p-Li monoenergetic source,

(UK)

relative to U235
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Table 4.3.1 Am241 and Am243 samples

Sample Isotope Number of atoms Total mass a activity
(zg) {u Ci)
Am241 Am241 2.637E16 (100%) 10. 6 36.2
Am243 Am241 ~3.90813 (0. 018%)
Am243 2.16E17 (99.66%) 86.7 40.5
Cm244 7.05E14 (0. 326%)
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(1) B BRI RE0HE. QLI FHEFRES —xy P oEREL. Q) FRITHARMEDES
NEBEAEEL.WBEREDATT =V LEHOEIE G)BREDY S VRENEATS 2,
TnLORASALHEEER T ERWT Np237 WY A B E R EIE & =k L5~
100keV DT RV F— IR T 2 Np237/U235 OB AL ET AR L B U Np237 D% TR
HREE R,

—FNp EEBICBRFREOICRS REELEO L SN T3 An FHAITH LT An2dl RU
An243 PSR EROBREAETHEL S L EREEAEL ERERRELL

SHE IR

' T Iwasaki et al, J.Nucl.SciTecnol, 26,ppl 1-14(1989)
* M Baba et al, J.Nucl.Sci.Tecnol., 27,pp895-898(1990)
3 N Shinohara et al, JAERI-memo 02-418 (1991)

* 6. W .Carlson et al, Nuct.Sci.Eng.,80,pp282 (1982)

* K Schibata et al, JAERI-1319 (1990)

¢ P F.Rose eta ], BNL-NCS-17541 (1993)

"H.D.Lemmel et al, IAEA-NDS-120 (1993)
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Fig.4.1.5 Time resolution by improved TOF circuit
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TOF Spectrum of F.C.
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Fig.4.2.10 One dimensional TOF spectrum for Fission Chamber of U235 and Np237
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Fig.4.2.11 Measured 2-dimentional spectrum for U235 sample
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Fig.4.2.12 Measured 2-dimentional spectrum for Np237 sample
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Fig.4.2.14 Pulse height Spectrum and fitted Curve for extrapolation
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Fig.4.2.18 Experimental result of Np237/U235 fission cross section ratio
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Fig.4.2.19 Experimental result of Np232 fission cross section



-8?-

Cross Section t(barns)

241 Am fission cross section

T L3 ]Irlllll T T [I'llll] T ] llllll! T 1 il‘lll'

g

||!tlll

@ =

L

107! -
— JENDL-3.2
------- ENDF/B-VI |
o JEF-2 1
. ; -~ - BROND-2
g o -
» m] ]
3 ! o aaal 1 e a1l 1 Lt 1l ' et taal ]
103 o4 103 108 1o’

Neutron Energy ( eV)

Fig.4.3.1 Am241 fission cross section <Experimental result>
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Fig.4.3.2 Am241 fission cross section <Nuclear Data files>
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Fig.4.3.3 Am243 fission cross section <Experimental result>
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Fig.4.3.4 Am243 fission cross section <Nuclear Data files>
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