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Measurements of Neutron Fluence by Using Co and Zr

in Neutron Transmutation Doping
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Abstract

The neutron fluence is measured by using the Co and Zr as the neutron flux
monitor for the neutron transmutation doping. As the neutron flux monitor for
NTD, the characteristics of the various samples are investigated, and with

considering of radiative capture cross section, physical properties and emitted



radiations, the Co and Zr are selected as the sample for NTD at HANARO. At
HANARO NTD irradiation hole, the Co and Zr are irradiated with Si crystal,
and the neutron fluxes deduced from each sample are compared. As the result,
it is confirmed that the uncertainty of neutron flux deduced from Co is much
smaller than that from Zr, but the Co sample is much more inconvenient in
manipulation than the Zr sample. After the ratio of the neutron fluxes from the
Co and Zr samples is settled, the final flux is determined by using Zr sample
and the ratio. By this determination methodology of neutron flux, we can adjust

the NTD irradiation to target fluence within +3 2.
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1. NTD® S4AE ZYUHZ AMEE A5 A,

Abun- Radiative capture cross-section
Isotope || dance
[26] |at 0.0253 eV

g— | Induced Half-

Max. avg. | Resonance factor| activity life
at 0.0253 eV| integral

Co—60 0.28y
(Co—-60m)| (10.4m)
Zr-90 | b1.45 | 11.12 mb 9.862 mb | 173.6 mb [1.0003| Zr-91 stable
Zr-91 | 11.22 1.247 b 1.106 b 6.943 b |1.0003| Zr-92 stable
Zr=92 | 1715 | 229.2 mb 203.2 mb | 7139 mb |1.0003| Zr-93 |1.53x10%
Zr-94 | 1738 | 49.81 mb 4416 mb | 320.7 mb [1.0003| Zr-95 64.02 d
Zr-96 | 2.80 22.80 mb 20.22 mb 0.863 b |1.0007| Zr-97 16.90 h

Co-59 | 100 3718 b 32.96 b 7551 b |1.0005
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Main o Daughter
_ |Emission
lid Half- gamma proba- Main
Ruelhde e 1T ity Halr | €@mma- | Emission
energy (%) Nuclide life ray |probability |Daughter
(keV) energy (%)
(keV)
Nb-95 |34.975d| 765.807 99.81 Mo-95
724.199 | 4412 [(99.20%) (stable)
Zr-95 [64.02d
7596.729 | 54.46 Nb-95 | 86.6h | 235.69 26.14 Nb-95
(0.8%)
Nb-97 | 72.1m | 657.94 98.44 Mo-97
743.36 93.06
(5.30%6) 719.53 9.057 (stable)
Zr-97 116.91h| 507.64 5.025
Nb-97m | 52.7s | 7434 100 Nb-97
114797 | 2615
(94.70%)
4. Co, Zr A|lRE 0|28 MRS =3

7 0.005 120127 mm) Zr

kb
- 1

15522 mg¥ 0.381 mm #74e Co wire

0.379 mgs NTD2 ZAE9 Y 94, 9 A ZAAHE W F A5
Aebdl =MERS 09 5 63 rh ®AL AZEE 18076200H, AQT AE 717
el oF 25 cmeolv b AS AR E 3% 2T
¥ 3. Zr-95, Co-602] #vlAd Al A=,
Gamma-| Collection Time
Nuclide ray (sec) Cooling time | Peak
energy (sec) area
(keV) Live True
724 50472
Zr-95 757 4700 5070.70 73024 5092
1173 90865
Co-60 1332 1200 1297.28 83674 81143




G6-1Z WO ABY LG M
16-1Z WO NS €L
G6-1Z WO A V2L

/6-0N WO} A3 02/

\
£6-0N WOy ABY 859—"" W
rrr—— T _
(2]
o o

< N

T
o
— — —

[auuRyD/SIUN0D

T
© 1)
o o
— —

-
o
—

2300

2100

1900

1700

Channel Number

=

a9 5. Zr A

©
o
—

09-0D WoJj A3 ¢EET
09-0D WO A3X €LTT
_ e _
n < o N -
o o o o o
— — — — —
[auueyD/SIUN0D

3600

3400

3200

3000

Channel Number

)
o



>

Ak AZe BA 23E 05 % olFE, AF AL 2400 2 AER 545

7] HeiM s TR A AZElA Alm e Aol Fouf TheF AAek sh=d o] A
o= ASA =3 A7te] 10 %E A slof 529 T Bl 93 = d
HAaE FAE = A v

a9 72 2400 29 AS ARE ESF Zr-95 724 keV b 3 =7 54,000 A =7}
HmE AN AR Avbds W ARkl wEr o i FA kel =3 At
el s 79 Ldolth

12
\
|‘ B : measurements
10+ \ - - - :decay curve of Zr-97
L W : decay curve of Zr-95
— g '\ : sum of decay curves
< 8
= \ of Zr-97 and zr-95
Q
£
©
I
Q
a
B
0 5 10 15

Cooling time [days]

" 7 g Al wE 49 Zr AR B A

el & & ol ukey ol Wz Azke] 5 o]l Aol B3 Azl
718t AvbAde F2 Zr-979 Sl o) s, 50 AzF AR Ay &3
AlZEol 8 %ol Wizl Hof S AgehE & F UTh

¥ 4% FUE NTD ZAFFolA] Si @dAS 2AAZ o Codt Zre 4 =7
ANA FA ZARAA T3 AR FAAASE HEY 92 98 24 MWtk

FoA & F 9= vl o] Zrow AP FAAEE 0381 mm A9

Co-wire®Z =4
_]

e

H FAAERT 1839~20.19 % =A VeI
FAAE B 1521~1667 % A7 YeEr) Co-wired 474
of W& zol= Cod AA 4 &3 wFold. Cod A+ A&

0.381 mm T wired] AA S5 BIHE ZALE] 8 wireE A=l FL3k

Co-wire= =44

4

—n



7yzrel FAAES AR A3 0.05 mm A 73] wire
& AMESE A9 SRS 1.049414)

e}
A WAEE ¢ F Ak Zr wke) A% A §5 Bae FAY wsch

(ld
>
oo
ok
o
o
)
o
o0
o
3
>
!
lo
=
a
i
S

E 4. CoSt Zrg B9 2404 @A 2AAA T AR FHAL

Neutron flux from Co®

Date [n/cm’sec] Neugon ﬂu)g from b/a
Co wire with|Co wire with| Zr [n/em’sec]

9=0.381 mm | ¢=0.05 mm
2002/7/16 | 3.223x10" 3.815x10" 1.184
8/9 3.217x10" 3.847x10" 1.196
8/13 3.164x10" 3.803x10" 1.202
11/6 3.105x10" 3.577x10" 1.152
11/8 3.118x10" 3.638x10" 1.167
11/12 3.142x10" 3.654x10" 1.163

WALSL v go] Coxth Zro] v A7] witoz A4, dx) gd FAFo|r)
T3 82 W7t Ak W] wE Zrg o] &3t SA4W 2200 m/s TR
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