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Table 1. Neutron Reactions in Radiometric Monitors
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I ohge] AR A8 2] Foll APttt

- g2/ 2B E 235k Fe 2 Co-Al Hhet
- NP ARAE 29 7L=8 29 Cu, Ti, Fe, Ni 2 Co-Al ¥}
- AFAARAE 3P 7= 29 FUR UNp Ak

AR Aee dE8r)e £5474 ARl Y
7} 5= 39 00938 2fete] 157, 3073 45°9] 47 B4
Z} ) th3ted & 6707 AR =T AR 079 A
ollis fAAle] A, 57 B ST ARG AR e A%
AR g RISk v A 37]9) W912HQ57, 30° 7 457)
AxollE FE=A S0 2 iR AR e A
)5Hgict. w91zt 0°] o} el A8 AR fa
Zaro 2 o) M AX|of e HSL 18] A X7 Aol

U and Np Dosimeters
(Vanadium incapsulated wire)

Foil Type Dosimeters
i(Fe, Ni, Cu, Ti, Co-Al)

Fig. 1. Wire and Foil Type Sensor Sets for Ex-vessel Neutron Measurements

Material Reaction of Interest Neutron Energy Response” Product Half Life
Copper SCu(n,2)*Co 4.53-11 MeV 5271 yr
Titanium “Ti(n,p)*Sc 3.70-9.43 MeV 83.79 dy
Iron *Fe(n,p)*Mn 2.27-7.54 MeV 3123 dy
Nickel #Ni(n,p)*Co 1.98-7.51 MeV 70.82 dy
Uranium ZU(n,0H""Cs 1.44-6.69 MeV 30.07 yr
Neptunium P Np(n,H)*'Cs 0.68-5.61 MeV 30.07 yr
Cobalt *Co(n,y)*Co Thermal 5271 yr

* Energies between of which 90% of activity is produced
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Fig. 2. Standard Source for Efficiency Calibration of Gamma
Spectrometer
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Fig. 3. R-6 Reactor Geometry of Neutron Transport Calculation for 3-Loop Plant
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Fig. 4. R-Z Reactor Geometry of Neutron Transport Calculation for
3-Loop Plant

FEN A1 =9 RS 018 48] S 2 EA

dg 23eke 127702 ¥h W ARR o] F01 4 glom o
2RE 713t T2 U 2E Azl giaiA 5173 wikel
g A7t 23 "t

A+ T =] W
o] ZE XA ELA o3l ““35]1_ T/‘ 2te} oA
5 ojnlgic. gwle] alelol o)) ubpie
SR o) Har AN L 119] ol A] B2 (fission spectrum)
o7 FHYL vt =) wiiel 2 9
B fRoA AR EE dovl= T HEE Aok
a7 o] ke Felne] 27 3 9 YT ALEE VGO
Z AR £ ot 3 =4 dAle] YRGS Hds 4
A1) Bpage] v 2t BRI ) 2
X 9 H A48 RE AL 4= 3l
o] Alxte] Hagh 2t AASHFA ] 271 w2, A
#3 BT P ALK 5 R DA ARE A 7]
AARINE 27= 4%0}912‘:4 o] 9o X3
A ARG A A M= HEA W7o FAEE(rod)E 3
o 2% RIAA ARS AV 1] ) el
EAFA A dsiME HASE(od)E &8 B2 453
BEE 2 ASE R o WA THA U4 2
AlAFsl KT}, SORCERY[14] = o|¢} 7He. qlaEzlg &

Lo
.1%'

Q ox [

Table 2. Measured Activities and Corresponding Reaction Rates for 1st Ex-vessel Dosimetry Set

. Measured Activity (dps/g)
Reaction
0 degree 15 degree 30 degree 45 degree
“Cu (n,2) “Co 9.670E+02 6.840E+02 7.910E+02 6.890E+02
*Ti (n,p) “Sc 1.510E+04 9.270E+03 1.080E+04 9.360E+03
*Fe (n,p) **Mn 3.675E+04 2.250E+04 2.290E+04 1.870E+04
**Ni (n,p) *Co 8.580E+05 5.230E+05 5.290E+05 4.300E+05
U (n,f) ¥'Cs 2.190E-+03 1.410E+03 1.310E+03 9.500E+02
Np (n,f) ¥'Cs 3.750E+04 2.680E+04 1.890E+04 1.360E+04
*Co (n,y) “Co 5.440E+05 5.390E+05 3.490E+05 2.460E+05
*Co (n,y) “Co” 4 410E+05 4.240E+05 2.720E+05 1.950E+05
. Reaction Rate (rps/atom)
Reaction
0 degree 15 degree 30 degree 45 degree
%Cu (n,2) “Co 9.429E-19 6.669E-19 7.713E-19 6.718E-19
*Ti (n,p) *Sc 1.495E-17 9.178E-18 1.069E-17 9.267E-18
*Fe (n,p) *Mn 8.981E-17 5.499E-17 5.597E-17 4.571E-17
#Ni (n,p) *Co 1.250E-16 7.622B-17 7.710E-17 6.267E-17
78U (n,f) ¥Cs 5.562E-16 3.581E-16 3.327E-16 2413E-16
2"Np (n,f) 'Cs 9.322E-15 6.662E-15 4.698E-15 3.381E-15
*Co (n,y) “Co 7.769E-14 7.697E-14 4.984E-14 3.513E-14
*Co (n,7) *Co" 6.298E-14 6.055E-14 3.884E-14 2.785E-14

" Cadmium Shielded Dosimeter
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Table 3. Measured Activities and Corresponding Reaction Rates for 2nd Ex-vessel Dosimetry Set

Reaction Measured Activity (dps/g)
0 degree 15 degree 30 degree 45 degree
%Cu (n,@) “Co 1.020E+03 6.290E+02 8.180E+02 7.720E+02
**Ti (n,p) “Sc 1.490E+04 8.970E+03 1.140E+04 1.060E+04
*Fe (n,p) *Mn 3.820E+04 2.280E+H04 2.620E+04 2.345E+04
*Ni (n,p) *Co 9.140E+05 5.460E+05 5.930E+05 5.230E+05
30U () ¥'Cs 2.050E+03 1.330E+03 1.190E+03 1.010E+03
“"Np (n,f) ¥'Cs 3.620E+04 2.600E+H04 1.860E+04 1.590E+04
¥Co (n,y) “Co 5.140E+05 5.230E+05 3.460E+05 2.540E+05
*Co (n,y) “Co’ 4.130E+05 4.070E+05 2.690E+05 2.000E+05
Reaction Reaction Rate (rps/atom)
0 degree 15 degree 30 degree 45 degree
“Cu (n,@) “Co 9.870E-19 6.087E-19 7.915E-19 7.470E-19
*Ti (n,p) “Sc 1.478E-17 8.897E-18 1.131E-17 1.051E-17
*Fe (n,p) *Mn 9.298E-17 5.550E-17 6.377E-17 5.708E-17
*Ni (n,p) *Co 1.335E-16 7.977E-17 8.664E-17 7.641E-17
U (n,f) ¥'Cs 5.164E-16 3.350E-16 2.998E-16 2.544E-16
ZNp (n,f) ¥'Cs 8.924E-15 6.410E-15 4.585E-15 3.920E-15
*Co (n,7) “Co 7.285E-14 7.412E-14 4.904E-14 3.600E-14
*Co (n,7) “°Co’ 5.853E-14 5.768E-14 3.812E-14 2.834E-14

* Cadmium Shielded Dosimeter
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Fig. 5. Neutron Spectrum at the Location of 1st Ex-vessel Dosimetry
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Fig. 6. Neutron Spectrum at the Location of 2nd Ex-vessel Dosimetry
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Table 4. Comparison of Measured and Calculated Reaction Rates for Fast Neutron Reaction (Measurement/Calculation)

1st Ex-vessel Dosimetry

Reaction
0 degree 15 degree 30 degree 45 degree
®Cu (n,2) “Co 091 0.97 0.99 0.96
“Ti (n,p) “Sc 0.99 0.94 0.99 0.98
“Fe (n,p) “Mn 0.97 0.90 0.92 091
*Ni (n,p) *Co 0.93 0.84 0.89 0.89
28U (n,H) ¥"Cs 0.98 0.93 1.00 0.96
Z"Np (n,f) 'Cs 1.02 0.93 0.94 0.94
Average 0.97 092 0.96 0.94
) 2nd Ex-vessel Dosimetry
Reaction
0 degree 15 degree 30 degree 45 degree
“Cu (n,2) “Co 0.90 0.90 097 0.93
*Ti (n,p) “Sc 0.94 0.92 1.00 0.96
*Fe (n,p) *Mn 0.96 0.92 1.01 0.98
*Ni (n,p) *Co 0.95 0.90 0.97 0.94
=8 (n,f) ¥'Cs 0.89 0.88 0.89 0.88
ZNp (n,f) *'Cs 0.96 0.93 0.90 0.98
Average 0.93 091 0.96 0.95
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Fast Neutron Flux Determination by Using Ex-vessel Dosimetry

Choon Sung Yoo', Jong-Ho Park
*Korea Atomic Energy Research Institute, Chungnam National University

Abstract - It is required that the neutron dosimetry be present to monitor the reactor vessel throughout its plant life. The Ex-vessel
Neutron Dosimetry Systems which consist of sensor sets, radiometric monitors, gradient chains, and support hardware have been
installed for 3-Loop plants after a complete withdrawal of all six in-vessel surveillance capsules. The systems have been installed in the
reactor cavity annulus in order to characterize the neutron energy spectrum over the beltline region of the reactor vessel. The installed
dosimetry were withdrawn and evaluated after a irradiation during one cycle and then compared to the cycle specific neutron transport
calculations. The reaction rates from the measurement and calculation were compared and the results show good agreements each other.

Keywords : Vessel, Dosimetry, Cavity, Surveillance
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