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Neutron Spectrum Mearsurement in JMTRC
(Evaluation in the Energy Region of 0.1~ 1 MeV by

Foil Activation)

Ixuo KONDO, Katsuji SEZAKI and Fumio SAKURAI
Division of JMIR Project, Oarail, JAERI

(Received April 26, 1976)

The evaluation of a reactor neutron spectrum by multi-
foil activation was made at a point in the core of JMIRC.
Reaction 107Ag(n,n')107mAg should serve to estimate the
contribution of neutrons in the energy range of 0.1 to 1 MeV.
In was used as the only fast neutron monitor, and three
resonance detectors were used to monitor the lower energy
regions. Computer code SAND II was employed to determine
the neutron spectrum, to which a spectrum computed by one
dimensional SN code ANISN served as the first initial function.
To apply 107Ag(n,n')107mAg for the spectrum measurement,
cross section data for the excitation reaction 107Ag(n,n‘)
were abtained from ENDF/B-IV, compiled as cross section of
1O7Ag(n,n')lo7mAg, and added to the SAND II cross section
library. A reasonably acceptable spectrum was obtained by
two runs of SAND II, showing feasibility of Ag as a neutron
monitor Jjust below 1 MeV.
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Table 2 List of SANDII input

T JMTRC M=7 WITH FOILS ACTIVATION

CADMIUM 0,004635

M 0.0046

35

CADMIUM  0.004635

2 6325=6
03640-5
12094-4
-1205-3
06936-3
«3991=2
12297-1
1166
«2349
4720
9525
1.918
3,863
T.778

56967

10033

117694-1
L31147-2
«535216=3
. 99290"4
«19217-4
L47375=-5
.29282=5
018580-5
. 93466'6
«56734=6
.93181=-7
269648=8

ITERATION

5 FOILS
AG107MOL
IN115N

Cu636

MN55G CADMIU
IN1156G

ACTS 7.503=17
ACTS 5.769=17
ACTS 1.896-16
ACTS 6.323=16
ACTS 5.809-14
SPECTRUM TABULAR
99 POINTS

ENER .4926-6
ENER .2835-5
ENER .1631-4
ENER .9387=4
ENER .5402-3
ENER .3108=-2
ENER .1789=1
ENER .1029
ENER .2125
ENER ,4280
ENER .B619
ENER 1.736
ENER 3,495
ENER 7.038
ENER 14.173
FLUX 12858
FLUX .22665=-1
FLUX  .39911=2
FLUX +70649=3
FLUX .12654-3
FLUX .24148<4
FLUX  +54109-5
FLUX .31402=5
FLUX .20400=5
FLUX .10760=5
FLUX .6B627-6
FLUX #11139-6
FLUX .12208=-7
FLUX .70857=10
LIMIT 10
DEVIATION 5
D1SCARD 100
LOW END THERMAL
HIGH END FISSION
NORM 1

PLOT, NO CARDS
SMOOTH 1

.8121=-6 ,1043-5
L4673=5 ,6001=5
.2689=4 ,3453=4
2 1548=3 ,1987=3
.8906=-3 .1142-2
.5125=2 ,6581=2
«2949=1 .3787-1
1289 21425

«2596 «2869

.5228 577

1.053 1l
2.120 2
44269 4
8.597 9

44466

«78267-1
«13804=1
«24311=2
«431€1=-3
«TT874=4
415223-4
«43784=5
«27410=5
«16646=5
«83%3528=6
«45040=6
« 79490=7
«40269-8

163
343
«T18
«501

+ 34710
61087
10773
18979
33738
«61456
«12215
40946
25866
«13255
81241
.38308
«5TTT2
«.21599

.1339=5 ,1719=5

«TT705=5 .9893-5

Jh&34-4 56934

.2552=3 .3276-3

.1468~2 ,1885=2

«8450-2 ,1085-1

4B62=1 .6243-1

«1575 <1740

3171 3504

+6385 7056

1.286 1.421

2.589 2.862

5.21% 5.762

10.500 11.604
27085

-1 l47674-1

=1 .8403&=2

=2 .14B820-2

=3 L26375~2

-4 L,48512-4

-4 .98505=5

-5 .38501-5

=5  ,244B2-5

=5 .90096-6

-6 .79234=6

-6 J24524-6
=7 L42705=7
-3 ,10584-8

12208‘5
12704
07310"4
4207-3
«2421-2
11393-1
05016'1
«1923
«3873
- T799
1.570
3.162
6.368
12.825

21129 16483

.37223=1 .29054~1
+65574=-2 .53153-2
|11574'2 -90413-3
.20631=3 .16151-3
»38365=-4 .30411=6
.80330-5 .65638-5
«36005=5 +33654=5
.22994=5 ,21902-5
.12521=-% .11150-5%
.81050=6 .T76354-6
.14008-6 .13380-6
L29040=-7 .19821-7
A46645-9 ,20192-9
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Fig. 2 Energy dependent neutron cross section for the
reaction 15In(n,n')!1°mIn
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Fig. 3 Energy dependent neutron Cross section for the

reaction 119In(n,y)!!®™In (Cd-covered)
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Fig. 4 Energy dependent neutron cross section for the
reaction ®3Cu(n,y)®%Cu
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1071 l _ ]
1075 10~k 1073 1077 1071

Fig. 5 Energy dependent neutron cross section for the

Neutron energy (MeV)

reaction 55Mn(n,y)56Mh
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Fig. 6 Initial neutron spectrum obtained from ANISN calculation
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Fig. 8 Comparison of cross section curve after self-shielding correction with
original one for the reaction !15In(n,y)!16MIn (Cd-covered)
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Fig. 7 Comfiguration of JMIRC core
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Fig. 9 Gamma peaks from 1¥7MAg and 109My o of irradiated silver foil
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Fig. 11 2nd SANDII result
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Fig. 13 Final spectrum and detector respomses.
Maximum value of each respomse function is normalized to unity.
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# SOURCE STATEMENT =

R R RS R PR o

FACOM 230=75 (MT)

akataXala¥aNaNalalatal

40
1001

2000
30

1000

R N

10

100

200

JAERI—-M 6550

FORTRAN=D ~750715= vh&=L05 76.,04.16 PAGE 1

INPUT DATA DICTIONARY

ALAMA= DECAY CONSTANT OF AG-10TM

ALAMB= DECAY CONSTANT OF AG=109% .

GUESS NUMBER OF INITIAL CORRECTED COUNT KATE OF NC.1 PEAK
GUESS NUMBER OF [NITIAL CORRECTED COUNT RATE OF NO.2 PEAK

N1l =
N2[ =
NRCT=
TAUl=
Tauz=

DEAD TIMF
DEAD TIMF
DEAD TIME

ThIS PROGRAM IS
COUNTING RFSULTS
PROGRAM SILDEAD
DIMENSION HOL(20}
COMMON ALAMA,ALAMB,A,B,AA,BB,C
READ (5,1001,EMD=30) HOL
FORMAT (20A4)
WRETE (6,2000) HOL

FORMAT (1X,20A4)

GOTO &40

REWIND 5
EXTERNAL F1l.F2
REAL N1I1,N2I.NBCT,NLITOAN2T0
READ(5» 1000 ALAMA . ALAMB
READR(S,1000) N1I,N2I,NBCT,TAULl.TAUZ
READ(5.,1000) SN1C,5N2C

READ(5,1000) TN.Tw,T0
FORMAT(6€12.62
C=1=NBCT

A=N11i
B=Nz |
[B=0
1A=0

BB=B#TAU2
AA=A#TAUL
CALL SIMPSN(F1,

ANS1=5
WRITE(L,10)

RATE CAUSFD BY THE ALL EVFNTS £XCEPT ABOVE 2 PEAKS
CAUSED BY B INPUT PULSE CORRESPONDS TO NO,1 PEAK
CAUSED BY R INPUT PULSE CORRESPONDS TG NC.2 PEAK
TO RE USED FOR MAKING DEAD TIME CCRRECTION ON THE
OF THE ACTIVITIES OF AG=107TM AND AG=109™

TO,TN.S)

1A,ANSL

FORMAT (1HO,16,1PE12.62
EP1=ABS (ANS1=5N1C) /SNIC
[F(EP1.LE,0.00C1) GOTC 100
A=A+SNIC/ANSL
TA=TA+1

GO TO

'3

IFCIALEQ.0.ANDL[B.NELO) GOTO 200

1B=0

CALL SIMPSN (F2

ANSZ=5
WRITE{(&,10)

+TD,TN.S)

[B,ANS2

EP2=ABS{ANS2=SN2C)Y /SN2C
IF(EP2.LE.0.0001) GOTO 6
BaR#SNIC/ANS2
BB=R#TAL2

GO TO

5

IF(1B.E£8.0) GOTO 200

G0 TO
Nil[=a
N2 [+B

2

N1IO=N1[#EXP (ALAMA#TW)
N2 1O=NZI#FEXP (AL AMB®TW}
WRITE(6,203 N1T,N21.N110.N2IO

__2 1—
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FACOM 230-75 (MT}  FORTRAN-D -750715= v06~-L0S T6.04.16 PAGE 2

* SOURCE STATEMENT (FTMAIN 1=

49 20 FORMAT(1HO//6H N1l= ,1PE12.5,104 N2i= ,E12.5//6H N110=,E12,5,
110H N210,E12.5}
50 S5TOP
51 END
C
C SUBROQUTINE OF INTEGRATION BY SIMPSON METHOD
i 1 SUBROUTINE SIMPSN (F,  X0+XN,s5)
: 2 DIMENSTON N{503),5UM(500),E(500)
; 3 NO=5C
i 4 J=0
; 5 1 K=+l
! & NK) =2#NO
! 7 H= (XN=X0) FFLOAT (N(KD)
i B X&H
| % 52=0.0
: 10 S4=F(X)
i 11 NN=NO/2=1
! 12 DO 2 Is1.NN
| 13 X=X 4H
14 $2=52+F (X)
15 Xzx+H
: 16 S4=54+F (X)
i 17 2 CONTINUE
! 18 SUMCK) =Ha (F (X0) 45 (XN) +4, #5442, %52) /3.
19 NO=N(K)
20 Jx g+l
21 [FEJ.LE.1) GO TO 1
22 E¢KY=(SUM(K) =SUMCE=1)) /SUMCK)
23 E¢KI=ABS{E{K))}
24 WRITEC(E,10) KoN(K),SUMIK),ECKD
1 25 10 FORMAT (1HO.I4,110,1PE12.6+1PE12,.6)
| 26 IFCELK)Y .GEL,0.00001) GO TO 1
i 27 KK=K
1 28 Sa5UMIKK)
| 29 RETURN
} 30 END
} c FUNCTION OF SIMPSON
1 FUNCTION FL(X)
‘ 2 COMMON ALAMA . ALAMB -4 ,B,AA,BB,C
3 F1  SCH#ASEXP (~ALAMA®X}/{1+AANEXP{=ALAMA®X)+BB*EXP (~ALAMB=X})
4 RFTURN
L END
C FUNCTION OF SIMPSON
1 FUNCTION F2(X) :
2 COMMON ALAMA, ALAMB,A,B,AA,BR.C
3 F?  =C#B*EXP(=ALAMA®X)/(1+AAEXP (»ALAMA®X) +BB#EXP (=ALAMB=X))
& RETURN
5 END




