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Improvement of Material Dosimetry for Irradiation Test in JOYO

Chikara ITO*, Takafumi AOYAMA** Takuya SAIKAWA*** and Tomohiko MASUT***

ABSTRACT

The material dosimetry using the multiple foil activation method has been
carried out in order to assure the accuracy and reliability of neutron fluences for
the irradiation tests in the experimental fast reactor "JOYO",

In this study, the neutron fluences were calculated by the JOYO core
management code system "MAGI" for the subassemblies which were irradiated at
the positions around control rods or reflector boundary in the JOYO MKk-II core.

Improvement of neutron fluence was evaluated when the "MAGI" calculation
was corrected with the dosimetry results. The difference of the neutron spectrum
adjustment was also investigated between ENDF/B-V and JENDL-3 dosimetry files.

The major results obtained are summarized as follows;

(1) The reaction rates of the dosimeters calculated by the adjusted neutron spectrum
agreed well with the measured values, and its error was reduced.

(2) The neutron spectrum adjusted using JENDL-3 dosimetry file was significantly
improved than that by ENDF/B-V in the energy range of 10~ 100 keV,

because of the less error of the neutron capture cross sections of Co and Sc.

(3) It showed that the correction rate of the "MAGI" calculation by the dosimetry
results ranged 10~30% for the subassemblies of the JOYO irradiation test.

*Reactor Technology Section, Experimental Reactor Division, Irradiation Center,
Oarai Engineering Center, INC (Presently at Science and Technology Agency)
**Reactor Technology Section, Experimental Reactor Division, Irradiation Center,
Oarai Engineering Center, INC
““Inspection and Development Company I.td.
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#2.1 RIA—FOEWNE
FRLNED [ FRLLRNNED
REHE | R A—FtEy M| EHMEE Lyt R A—% OfEE
No. (cm) (cm)
D21 27.5 Fe,Co,Sc,”"Np,*U
C3M D31 [3E1] :24.45 0.0 Fe,Cu,Co,Sc,*Np,*U
D41 (2D2] :14.12 -27.5 Fe,Cu,Co,Sc,”Np, U
D11 -155.7 Cu,Co
DS 34.07 6.5 . Fe,Cu,Co,Sc¢,”’Np,*U
M1 -20.2 Co,Sc
SMIR-23 M2 39.45 6.5 Fe,Cu,Co,Sc
M3 -53.5 Fe,Co,Sc
M4 38.74 40.8 Fe,Sc
M5 6.5 Fe,Cu,Co,Sc
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#4.1

RISHRPERER (C3IM)

BRI

BUSE (reaction/sec/atom/100MWt)

Z=-155.,7cm

Z=-27.5cm

Z=+0cm

Z=+27.5cm

54 Fe(n,p)**Mn

2.20x10™" {3.10)

4.25%10°" (8.15)

2.14X10™" (3.07)

®cu(n, a)*Co

6.52X10°"° {2.01)

1.18x10°7"° (1.82)

2.20x10" (2.05)

*Co(n, 7)*°Co

1.10x10" {1.84)

4.17X¥10" (1.96)

8.16x10°"" (2.02)

1.29x107° (1.91)

*sc(n, 7)*%Sc

7.63%10" (2.58)

8.58x10°" (2.02)

4.90%10"" {2.38)

27 Np (0,1 197 Cs

5.97x107"° (5.86)

1.25X%10° (5,86)

5.08%10™" (5.87)

235U(n f) TS?CS

3.81x10" (6.42)

4.35%107 (8.42)

2.19x10° (6.42)

&) - (YR o BEBELRT,

s ZLFPL L AN S OMARERE TR .

®42 FRBRRIERE R (SMIR-23)

BRI

RISE (reaction/sec/atom/100MWL)

Z=-53.5¢m

Z=-20.2cm

Z=+6.5cm

Z=+40.8cm

DS: 2.13x10°" (3.08)

*Fe(np)**Mn  Im3: 41010 (3.26) — M2: 1.02%10™" (3.11) —
e — MS5: 9.44%1072 (3.11)|M4: 1.40%107'2 (3.12)
—_— _— DS: 1.35%107"° {1.49)

#Cu(n, @)*°Co N _ M2: 5.86X107* (1.51) _
— — Ms5: 5.61%10™" (1.52) e

3¥Cof(n, v)5°Co

M3: 1.20x107 (1.86)

M1: 5.684X1071° (1.48)

DSs:
M2:
M5:

4.12%107° (1.48)
8.91x10""° (1.89}
1.04X10° (1.80)

“850(n, v)*58e

M3: 8.581 %10 (3.01)

M1: 9.36x10""" {2,90)

DS:
Mz:
M5;

1.01%107% (2.90)
1,17x101% (2.91)
1.19%10°'° (2.986)

M4

7.28X10°"" (3.14)

237Np(n.f)“705

DS: 7.13x10°" (5.82)

235U (I'I f) 1 ETCS

-1 DS:

4.20x10"9 (6.35)

E) (VA o NERERT.
FZATFERL AN SOWERERERT.
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#®43 TVY A MEORINEDCE (C3M)
BT FiA—% BZRiG TP A A TPy A M
S475YU] v kNo. CALC/EXP. C/E ERROR? | CALC/EXP. C/E ERROR®
%Con,7)%%Co | 2.19 23.6 1.06 5.8
2BNp(n,f)"*"Cs 1.59 18.6 1.20 14.4
D21 By A17Cs | 1.85 12.8 1.17 9.0
(Z"=+27.5cm)| *°Sc(n.7)*°Sc 1.79 14.1 1.06 6.2
S5 Fa(n,p)**Mn 0.94 19.5 1.04 8.0
Ty 1.67 8.5 1.11 4.3
59Co:;)(n,T)suCo 1.12 13.0 0.98 6.0
2Np(n,f'¥Cs 1.65 18.6 1.20 14.8
Da1 B3n,n"*Cs 1.56 13.1 1.08 8.9
JENDL-3 {Z=0cm) 55c(n, v)*Sc 1.64 14.2 1.08 6.0
**Fe(n,p)*'Mn 1.46 19.6 1.02 8.2
83Cu(n, ) Co 2.03 21.6 1.09 9.1
iy 1.58 7.4 1.08 3.9
$9Co(n, v}%°Co 2.41 26.2 1.08 5.6
BINp(n,H'¥Cs 1.38 18.8 1.18 14.6
D41 250(n,H1¥7Cs 1.50 12.2 1.06 9.1
(z=-27.5cm) | *scn,v)*sc | 1.56 12.5 1.07 6.5
54Fe{n,p)**Mn 0.96 18.5 1.02 8.1
83Cu(n, ¢)*°Co 1.32 21.0 1.08 8.9
T 1.52 8.8 1.08 3.9
52Com, 1)%°Co 2.18 35.2 1.43 31.5
B7Np(n,f**7Cs 1.61 18.5 1.19 14.4
D21 235 (n,f'¥Cs 1,86 12.8 1.23 9.6
{Z7'=+27.5cm)| **Sc{n,r)**Sc 1.74 29.9 1.12 28.1
54Fe(ﬂ,p)s“Mn 0.95 19.6 1.03 8.1
Fig 1.67 12.2 1.20 9.9
%Gofm, )% Co 1.18 28.4 0.92 27.0
B7Np(n,f 137 Cs 1.66 18.5 1.18 14.6
D31 2353 (n 137 Cs 1.57 13.1 1.16 9.6
ENDF/B-V| (Z=0Ocm) Sge(n, v)*eSc 1.56 29.9 1.47 27.9
54Eg(n,p)**Mn 1.48 19.8 1.03 8.2
83Cufn, @)% Co 2.17 22.4 1.09 8.9
iy 1.60 9.3 1.09 7.3
52Co(n, r1%°Co 2.38 37.1 1.47 32.0
27Np(n,f'¥Cs 1.40 18.4 1.17 14.5
D41 23501 '%7Cs 1.51 12.2 1.15 9.5
{Z=-27.5cm) | **So(n, 1)**Sc 1.55 29.1 1.20 27.9
$*Fe(n,p)>*Mn 0.98 19.6 1.01 8.2
83Cu(n, ¢)*°Co 1.45 21.9 1.07 8.7
iy 1.55 11.9 1.18 8.8

#) - TZER O L ARLD S OMBTRERETRT.
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Fa4 TP X MO KISGEROCE (SMIR-23)

AR R A—g BRIG T4 RN Ty R ME
SA4T5 v No. CALCJ/EXP. C/E ERROR® | CALC/EXP. C/E ERROR™

%9Co(n, 7)%°Co 0.60 22.6 1.00 5.4

B7Np(n, £1'%Cs 1.43 18.6 1.04 14.5

DS 25y, £} Cs 1.04 12.7 1.01 8.9

(R"=34.07cm) | **Sc(n, 7)*°Sc 0.91 14.1 0.97 6.9

(Z%=+6.5¢cm) | **Fe(n, p)**Mn 1.39 19.5 0.98 8.2

®3Gu(n, &)%°Co 1.62 21.2 1.00 8.6

iy 1.17 8.0 1.00 3.8

JENDL-3 $2GCo(n, 7)%°Co 1.50 26.4 0.99 5.5

Mz “36(n, r)*°Se 1.01 11.6 0.97 6.6

{R=39.45cm) | **Fe(n, p)**Mn 0.96 19.3 0.97 8.3

(Z=+6.5cm) | *3Cu(n, &)%°Co 1.20 20.3 1.00 8.5

Ty 1.17 11.0 0.98 3.7

%Co(n, r)%°Co 0.85 26.1 0.96 5.6

M5 *3Se(n, r)*°sc 0.89 12,3 0.95 7.1

(R=38.74cm) | **Fe(n, p)*'Mn 1.62 19.4 0.96 8.3

(Z=+8.5cm) | *3Cu(n, a)®Co 1.98 20.7 0.98 8.5

T4 1.34 10.7 0.96 3.7

¥Go(n, r}%Co 0.59 34.4 0.64 31.7

27Np(n, £)137Cs 1.46 18.4 1.06 14.5

DS 235 3(n, £)1%7Cs 1.05 12.6 0.93 9.8

(R=34.07cm) | *Ssc(n, r)**Sc 0.88 29.8 0.83 28.2

(Z=+6.5cm) | Fe{n, p)**Mn 1.41 19.7 0.98 8.2

cufn, @)% Co 1.76 22.1 1.01 8.5

i 1.19 9.2 0.91 6.9

ENDF/B-V $9Co(n, v)%°Co 1.47 37.3 1.09 32.3

M2 *5Se(n, 7)*°Sc 1.02 28.8 0.82 28.4

(R=39.45cm) | %Fe(n,p)**Mn 0.99 19.5 0.98 8.4

(Z=+6.5¢cm} | ®Cu(n, a)*Co 1.33 21.3 1.01 8.4

¥4 . 1.20 14.8 0.87 11.2

%¥Co(n, r)¥Co 0.84 37.0 0.72 32,5

M5 “53¢(n, 7)*Sc 0.88 29.1 0.60 28.7

(R=38.74cm} | **Fe(n,p)**Mn 1.65 19.6 -0.99 8.3

(Z=+6.50m) 83Cu(n, 2)*'Co 217 21.7 1.01 8.5

Fi4 1.39 12.6 0.83 9.4

) - TRIIERLSSOBEFABRERT.
- PZERL L AL B OMARIESE R,
- "°C/E ERRORIF 8% (1 0 %) &RT.
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=45 CMORI AN —fER

e - BB S B X 10%n/cm?) & DPA o
Ty hNo. | FEE | BEE(O)
R A RUJ—(E)
MAGI |ESPRIT-J| MAGI |ESPRIT-J
- D 8.8340.58 12.3 12.7 1.39 1.44
o7 5o | oy 6.03+0.57 7.93 1.32
=+el. DPA 30.742.0
31 D o 18.8+1.1 24.0 22.0 1.28 1.17
e to | Do 13.841.2 16.5 1.20
== DPA 69.6+4.4
D41 D 11.240.8 15.0 15.0 1.34 1.34
o7 Se | Dooimer 7.2840.73 9.13 1.25
=al. DPA 362425
F46 SMIR-23D BRI AR —iER
BT RS B( X 10%n/cm?) & DPA -
ty hNo. | ER | HEHE(C)
R AU —(E)
MAGI |ESPRIT-J| MAGI | ESPRIT-I
DS B 2.04%0.13 1.84 2.03 0.90 1.00
Re3d dem | @ 1.2140.11 1.08 0.89
=34. DPA 576+0.38
S B n 1.6920.14 1.84 1.75 1.09 1.04
R_38 7cm (D)U.IMcV 0.85 iO.ll 1.08 1.27
=90. DPA. 3.83+0.37
V2 B o 1.61+0.13 1.84 1.69 1.14 1.06
Re30 50 | Do 0.85+0.10 1.08 1.26
=37, DPA 3.83+0.36
: Qwa | 1.04+0.13 | 1.03+0.03
FEI0) g (1141022
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1016 i R:14.12cm Z: Ocm
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