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Measurement of Fast Neutron Spectrum of FCA Assembly .
with Proton-Reccil Counters

Makoto 0BU

Division of Reactor Engineering, Tokai Research Establishment, JAERI
(Received June 19, 1979)

Fast neutron spectra were measured at the core centers of FCA Assem-
blies VI-2 and V-2 by the proton-recoil counter technique. Small cylindri-
cal counters with field tubes of metaliized-seramic,type‘were uSed, -Hydro-
gen and methane as filling gases were purified to reduce the concentration
of electronegatlve 1mpur1t1es. Gamma—lnduced background was rejected by
the pulse-shape discrimination technique u51ng a dlgltal proce551ng arith-
metic unit and a two—dlmens:Lonal pulse height analyzer' The measured range
of spectra was 2.5 keV to 2 MeV. | |

~ Measurements were made with the energy resolutlon about 10% (FWHM) or
less at energies down to 5 keV. The measured neutron spectra were_compared'
with those calculated by the céll‘program SP-2000 with fine group cfoss sec-
tion library AGLI. Both are in good agreement in the range of 5 keV to

2 MeV except at large iron and oxygen resonances.
Keywords: Fast Neutron Spectrum, FCA Assembly, Proton-Reccil Counters,
Field Tube, Gas Purification, Pulse-Shape Discrimination, Energy

Resolution, Energy Range 2.5 keV - 2 MeV, Cell Program SP-2000,
Cross Section Library AGLI
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Field-tube Anode Field tube ,
voltage line electrode metallized Ceramic
surface seal

Hydrogen counter

Pumping stem

Methane counter

Dimensions in mm

Fig. 2,1 Configurations of proton-recoil counters with field tubes
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Table 1 Contents of impurities in
filling—hydrogen.

Hydrogen contents
Purity 99.99999 %
0o 0.03 ppm
No not detected
€0y not detected
Dew point -72°C

Table 2 Contents of impurities in methane gas
before and after purification,

Methane (E$gﬁ gigde) Purified gas
Purity 99.95 %

1)) 0.01 % < 0.1 ppm, vol.
N, 0.03 %

C02 and 0.01 %

others |

Dew.p;)int | -60°¢C -73°c.
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Table 3 Resolution and gas multiplication with anode
voltage for hydrogen counter

Anode Field-tube Resolution Gas
voltage(V) voltage(V) (FWHM, %) multiplication
400 82.6 — 1.00
600 124 I 1.03
1000 207 —_ 1.09
1200 248 — 1.19
1400 289 — 1.35
1600 331 19 1.62
1800 372 15 2.10
2000 413 10 2.97
2200 454 6.9 4.53
2400 496 5.0 7.46
2600 537 4.1 13.0
2700 558 3.8 17.6
2800 578 4.2 24.2
2900 599 4.6 33.5
3200 661 6.4 _ 95.7
3400 702 8.8 201
3600 744 15 427
3800 785 — 886

Table 4 Resolution and gas multiplication with anode
voltage for methane counter

Ancde Field-tube Resolution Gas
voltage(V) voltage(V) (FWHM, %) multiplication

400 99.8 — 1.00
800 200 5.9 1.05
1200 299 5.8 1.09
1600 399 5.7 1.22
2000 499 5.5 1.54
2400 599 ‘ 6.2 2.48
2800 690 7.3 5.34
2900 723 - 6.80
3100 773 S 11.5

3200 798 9.6 15.4

3500 823 12 39.6
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Fig. 2.4 Variation of counter resclution with anode

voltage
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Table 5 Resolution Bz @ to several § values
Energy Resolution Rp(E)

(keV) *3=0.05  *$=0.07  *$=0.09
2000 0.050 0.070 0.090
1500 0.050 0.070 0.090
1000 0.050 0.070 0.090

800 0.050 0.070 0.090 -
500 0.051 0.070 0.090
250 0.051 0.071 0.091
150 0.052 0.072 0.091
100 0.053 0.073 0.092
80 0.054 0.073 0.092
50 0.057 0.075 0.0%4
30 0.061 0.078 0.096
20 0.065 0.082 0.099
10 0.078 0.092 0.108
8 0.083 0.096 0.112
5 0.098 0.109 0.123
3 0.119 0.128 0.141
2 0.141 0.150 0.160
1 0.193 0.200 0.208

% S denotes the instrumental term.
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Energy range : 0—~114keV
Vertical direction : Counts

Fig. 2.8 Pulse—height distribution of the core
center of FCA V-2 obtained by
two—dimensional analysis : hydrogen
counter, anode voltage 2600V
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Fig.- 31 Vertical cross section of FCA assembly VI -2 (Fix side)



JAERT-M 8327

4. BREGHRITET 2ER

4.1 REFWE

EAKT - 2B LUV -2 0RBEF 2R FARERERENOF AL T » 1. BOHE
A ® Lo CElE L ELNBEES 4 Fig.- 41 CRT. sINBEOLEBICAELHF]

Fig- 41 Counter and preamplifier mounted in a fuel

drawer
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ik, 2o~ +7 7 OShaping BEHE 3 2 ys KEE L. AIER2EORNTEH R
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EMEGH IR LTH R MERHBR2ME, 2o - - Ty 7OMB4BEEREB ST S,
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{a)

channel number

Energy range ! 0~ 500 keV

channel number

Fig 4.6 Proton—recoil pulse-height distributions measured
in FOA VI-2 core(a and in *Co gamma-rays (b ;
methane counter , anode voltage 3100V
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Energy . Y

Rate—of-rise, XY

Fig. 48 Pulse—height distribution of FCA ¥—2 core obtained
by two—dimensional measurement . after facility was
shut down ;> methan counter. anode voltage 3100V
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rids

, Bonergy, Y
Measured at FCA Vi—=2 core cemter by the

hvdrogen counter .

Energy, Y

Magnified in vertical cale

Energy, Y

Response of the hydrogen counter to *°Co
gamma—rays

Fig. 4.9 Pulse-height distributions in range of 0~100keV
obtained by two—~dimensional measurements:ancde
voltage of the counter 3200V, vertical direction
in the displays:relative counts,
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Rate—of-rise, XY

Measured at FCA VI-2 core center by
the hydrogen counter

Rate—of-rise, X/Y

Energy, Y

Response of the hydrogen counter to
#Co gamma-rays

Fig. 4.10 Pulse—height distributions in range of 0 ~30keV
obtained by two—dimensional measurements , anode
voltiage of the counter 3400V, vertical direction
in the displays: relative counts



JAERITI-M 8327

. F— 2 BH

MBI HEA A OAHTEICE VEENKELNE T — 23, KB Fzr vy -2/ T
FB.0-T, CORBBIroH+hEF o3V F¥ - HKICEHET L (unfolding) BE L
ETHi, COBERTHETF — 23 Het—70RE, #y=RELETF0%5] . wall—and
end HEOHELEABEL L, I, BoEAOBEOT — 2 A7 CF — £ kL, 7
— B ONVF UL B v -7, BB F AR OWFT AEA KD ThHEF 27 FVEE
(R TARZ FPAVBRLEEAThRAEA LA . ChLO—BHOABALT b 47 — 2
T FihbE, BohsdhE FRR7 P VvOBEBEICEEEEZL 5,

FLEALF MBI, COBMNOEBHEHLERRBTT -4 8BIF7 07 7 4 SPECT -
RUM 46 H LTEF Le ‘He RIGE— 2/ BICH Yy vRELE L 0A5 3 IAMECHE
EHE D - FAERLTHEL, CALM™ LEZF— 24 SPECTRUM QAR E Lice 7 —4
BrCTHO 70 —K4Fig. 61 R d. UT, HEB->THHAT L

5.1 ‘*He(n, p) TRIEHS DESX

HUGORAAARICHIAVE —BER O *He #RECBRASETH A, FNAE
DEV, SO HeMPFREOTNCHFEET 2BFY FELRERE FEREEZET. TO/K
£, WELLEES G, KR OKEB T OB S HIEO = 7 55EL OB 272 b0
IS ST LEde TRAAMF—REORECH VS *He(n. p) T RIEOHHAMA LT, &
DE -2 He RIBDE — 7 %2EF 10 2o "He RIBEE— 7 OEB EOBT £Fig- 52 Wmde
RGO B EER & He (n, p) 3T DFALFECAHNLMBEOT, He
(n, p) *T PEHMMECERELR LILMEAZN . BHEFERIZ, ~KEHEH G DT 6keV
BT B SHATAL - A NB LI CHEAORTHRBOEINSHALT > TED o

5.2 HUu7EREBFODERE

FALH Y R RERBNET > L ZRERE SR, B a0, SEIKEB FLET
DERDEIBAMNELN, TOBSFE Co BRILLIBBABLE BT ORI SICL
DlBA DB L. £ L EYOBS "HICET AHBAHE T2 /100 M- 2HEDY
O oHECET ARG TOME T AV F —FlICFig. 53@~DERT. FT 2 VF -1
T, %o BHEEAOE FOMHEFREGESAOE FHM IO LRSI BUETHRBMA L.
E#BFe—70oFlMod 3l ofigftshicEFaaoEssciogttl, E7FR,
HorEE LI

EZAARBEUHBE - FEBH T« 04NV 777 «7Tas 820 TH-Ne VT
BEERINL, 027 keVHIEDT 2 vF — o LTHER AL, CORETREF %S

_3'0._



JAERI~-M 8327

Raw daota of proton
recoil distribtions

Subtraction of ®He and
\ { events

Proton recoil
distributions

Normalization between
‘ several sets of data

Normalized proton
recoil distribution -

Bunching of channels

Bunched proton

recoil distribution Original response func-

tions of CHa4 and Hz

Corrections for wall | counters by RESPONSE
and end effects

Interpolation by
subroutine INTERP

Corrected proton ,
Response functions

recoil distribution C(E,En) of CHa and Hz
Counter

Conversion of energy scale to lethargy
scale, and differentiation of proton

Neutron spectrum recoil distribution

and errors

~ Correction for. heavy
\ recoil events

Neutron spectrum
and errors

Fig 5.1 Flow diagram of data analysis for deriving neutron

spectrum
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Fig. 5.4 Protons and gamma—-induced electrons
above and below discriminating level
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foRun Mo KEBETAHUTFARI CLOERD OBRFERTATE 2o

ExDHEHATHE >~ THOBEL I MeV~2MeVTE4%, 6 0keV~1MeV
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Tit, D FHET VB AUNOAEAIICIZBENAREIINRELLEZIOND, T R ILF —
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BROFKIARLEISHF L IHEBBICENLT 5.

BIERRZ bV GFELEARVE OB« OXRBHICIDRFHCET LTS, REMIH
ML ~Aid430keVEi1l1MeV OBE, 51 keVD/a—4h, 29keVOEkE LU 2 9keV
DF LY T ATHSE. BIEEHFEORAY PVIIHHETIC2 9 keVOBKIL® L 4 3 0 keVOR
EHEBORTETA BB I8, FhUsAEs keVir b IMeV OREITRC—H LT 4o
F YU ADEHMITII N v BRER 2 ESREOCEMNDBBALERTH LM, T I TIEH
EFEEHEDART FALO—KHEB L,

ELHERV -2Z0RAELHEORBEFRRI P ORKE Fig. 6.4 iR V- 20H43
PR RH LR AANABAER LTV ADOTEIFVF -FDOART L DOEHEENEL
e V-2 DAXRZ bV DF —2EEOE 2 0 keVEIFABRA LI V— 2001 —
2L EHNBENRFPLIEBTAEDOT, 27 pvdDFEIE1 00 keVELFTOE RS MBHTE
MEICH >T3H, ZOFLBEREM -2 K2 RBENELOVOT, A7 POkl ol
MEMARI—2PLOBESLEL BTV S,

TODRBKRDARI PEBETHE, 43 0keVOERBORDTHEZARZ bv EFH
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