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Table 1. Nuclear Data of Fluence Monitor Sample for Fast Neutron

Measurements.
NE %a Ts Tota I sotope (T12)
(absorption) | (scattering)
2.56 11.62 1418 | ®Fe | 83hour
2.25 22 445 | YFe | Stable
®Fe | 2.7year
2.59 1242 1501 | ®Fe | Stable
ron 2.48 1 348 | Fe | Stable
1.28 28 2928 | ®Fe | Stable
®Fe | 445day
®“Fe | 1.5E6 year
4.49 185 2299 | *Ni 6.1 day
*Ni | 35.6 hour
46 26.1 30.7 | *Ni Stable
*Ni | 7.6E4 year
Nickd 2.9 0.99 389 :Ni Stable
25 9.2 117 Ni Stable
145 95 24 | *Ni Stable
®Ni | 100year
1.52 0.017 1537 | ®Ni Stable
®Ni | 2.51hour
6.09 435 1044 | “Ti 63 year
“Ti | 3.07 hour
059 3.05 364 | “Ti Stable
— 17 32 49 | “Ti Stable
7.84 465 1249 | “Ti Stable
22 34 56 | “Ti Stable
0.179 48 4979 | *Ti Stable
Ti | 5.76min

Table 2. Properties of Fluence Monitor Sample for Fast Neutron

Measurements.
Al 25 Diameter Purity
Puratronic, 99.998 %
Fe (Ironwire 0.1 mm o
( ) (metals basis)
Puratronic, 99.994 %
Ni (Nickel wire) 0.1 mm .
( ) (metals basis)
Ti (Titanium wire) 0.127 mm 99.99 % (metals basis)

Table 3. Impurity Concentration of Fluence Monitor Sample for Fast
Neutron Measurements.

AHe FF

Typical analysis (ppm)
Ag=1, Al=2, Ca=3, Cr=1, Cu=2, Mg=2, Mn=1,
Ni=1, Si=3
Ag=1, Al=1, Ca=1, Cr <1, Cu=3, Fe=15, Mg <1,
Mn<1, Si=2, Sn<1

Al <3, Ca<?2, Cr <6, Cu<10, Fe<10,Mg<1, Mn
<1,Nb<5,Ni<3,S<1,S <5,V <3,Zn<1, Zr<3.

Fe (Iron wire)

Ni (Nickel wire)

Ti (Titaniumwire)




o4t 2] 491 : Fluence MonitorE ©]4-3 HANARO =41 U 47} 5912 =4

2.5 mm
2.0 mm
3 25 mm |
r Y
3.5 mm
] $ 0.5 mm
? 0.5 mm
2.0 mm
14,5 mm B &
0.25 mm
¥
h,
T
0.25 mm —} je —! {+— 0.25 mm

Fig. 1. Schematic drawing of Al capsule.
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Fig. 2. External tube, Al capsule, Al tube & wire, F/M samples.

Fig. 3. The mounted F/M sample to perform the experiments in HANARO research. (red circlein figure)
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Table 4. Mass Measurement of Fluence Monitor Samples.

Table 5. Fluence Monitor Gammaray Measurements Data.

A& No. (j; }_;ﬂ) (j; B?:) (3‘37“]') A& Sample Nuclide Activity(Bq) Mean Activity (Bq)
e e e 1-1 (Ni) %Co 47003.99 47003.99
1-1 0.131 0.146 0.015 Ni
. 1-2 (Ti) “sc 87090 937.45
1-2 0.167 0.176 0.009 Ti 1004.00
1-3 0.152 0.159 0.007 Fe . 12142.33
Fe 13030.24
21 0.169 0171 0.002 Ti 1-3(Fe) 13918.14
oo 0024 0005 0001 o *Mn 2915.16 2915.16
: : : 2270.25
X i 2-1(Ti e 2424.63
2-3 0.189 0.192 0.003 Ni (Ti) 579,00
31 0.173 0.175 0.002 Ti o 29964.57 a6
(5] .
32 0.193 0.197 0.004 Fe 2-2 (Fe) 34762.66
54,
33 0.172 0171 0.001 Ni Mn 8149.07 8149.07
il 0179 0180 0.00L - 2-3 (Ni) %Co 116528.36 116528.36
2824.00
42 0.186 0.189 0.003 Fe 3-1(Ti) s 3044.56
3265.11
4-3 0.141 0.140 0.001 Ni e 29826.07 ga7a
(5] 3
5-1 0.168 0.170 0.002 Ti 3-2(Fe) 34551.39
5. 0.209 0.210 0.001 Fe *Mn 8226.87 8226.87
53 0.145 0.145 0 N 3-3(Ni) %co 101211.61 101211.61
. " 3778.58
4-1(Ti) Sc 4049.81
4321.04
o 39492.48
Fe 4280553
U}, oA AslER B A 4-2 (Fe) 46118.58
E AF A= GammaVision program< ARESFe] Z “Mn 10985.03 10985.03
A} B A|F oA HFEsls 7l ol tiEk RS 2=aElkyd 4-3(Ni) *Co 118346.24 118346.24
TF. Gamma ray S 2 59U ﬁéﬂ%k-% A8 3083.49
- - = 5-1(Ti) e 3290.32
o] AXFEFATE.  Gamma  spectram™  High  purity 3497.14
Germanium (HPGe) AE7|E AME3Ie] Z42te] AldS B 39237.80
2000~3000 22 AA3 A7FEol A5}, 52 (Fe) Fe 4573177 42484.79
Zh AN BEEs Amhde identfy S 913k “Mn 10707.97 10707.97
H3I} 12 Ao
Eckeft & Ziegler Isotope Products_«] = dT A o= 53 (Ni) 5o 79705.19 79705.19
o]-g3}e] o x|9} efficiencyell i3t calibrations 4+3Y
Sit}, o] 2 o] &3t ZF AJH ] oUXA|ef Fgst WAL
st ¥ A2 A7 countsE AT 440l /\]—% Table 6. Fluence Monitor Sample and Stage Matching.
H calibration® XAYCZ+E 59,5412 keVe] mpx&
= Sample labdlin Stage Height
Zah= “'Am, 7k 661.657 kevel Vcs, 1173,237 P , 39 ag , 2
6 = 1-1, 1-2, 1- E stage 7.25
keV, 1332.501 keV “Co 5 & 127]1¢] ZHu}Al oy#| o “
o] o7lE ARSI, 2-1,2-2,2-3 D stage 14.85
4% calibration A¢e] Ho[HE wgow o $1,32.33 C stage 245
Fig. 59} Zo] Z+ F/M A|H¢] oA calibration®} effi- 41,4-2,43 B stage -9.95
Ciency Curvea o]—gi]jl- onﬂﬂ '_7.31_ —5-/\‘];(]— Z;G]_g. /\] 51,5-2,53 A stage -22.35

AoA LEHE AEL PCo(810.78, 863. 96 & 1674.73
keV), 6OCO(1173,24 & 1332.5 keV), sc(889.28 &
1120.55 keV), “Fe(142.65, 192.35, 334.8, 1099.25 &
1291.6 keV), *Mn(834.85 keV)Q] 7t} wrZ8) o)
o o] oz ZAE ek dlelElE Table 59
2t}
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Fig. 6. Comparison of SAND-II evaluation results for total fluence.
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Fig. 8. Thermal neutron burn-out correction factor of *Co.
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Neutron fluence measurement at HANARO using fluence monitor method

Seung Kyu Lee’, Kwang Ho Jo’, Kee Nam Choo ™, Jin Suk Park ", and Yong Kyun Kim’
"Department of Nuclear Engineering, Hanyang University, *Korea Atomic Energy Research Ingtitute

Abstract - The neutron fluence measurement and evaluation technology is very important for material irradiation test, The
most essential technology in this study is the neutron irradiation evaluation method using a fluence monitor., The fluence
monitors were fabricated with metal wires of the purity > 99.9%, whose dimensions were 0.1lmm diameter, about 3 mm
length, and around 150-200 #g mass range. Three wire samples (Fe, Ni, Ti) were prepared for one irradiation aluminum
capsule. Five capsules were irradiated in the ORS5 hole of the HANARO reactor at 30 MW power for about 25 days. After
irradiation tests, radiation activities were measured with the high purity germanium (HPGe) detector, The reaction rates were
calculated by using the measured radiation activity data, and then neutron fluence were obtained from the reaction rates and
the weighted neutron cross section with calculated neutron spectrum at the fluence monitor position.

Keywords : Fluence monitor, Neutron fluence, SAND-II, HANARO
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