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A Study on the Measurement and Evaluation of Neutron Flux

using SPNDs during Nuclear Fuel Irradiation Test
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Abstract

As a part of the development of instrumentation technologies for a nuclear fuel
irradiation test in HANARO(High-flux Advanced Nuclear Application Reactor), a
study is performed to measure and evaluate the neutron flux at the same position as
the nuclear fuel during irradiation test using the SPND(Self Powered Neutron
Detector).

To perform this study, rhodium type SPNDs and amplifier are selected suitable to
irradiation test, and the selected SPNDs are installed in instrumented fuel
capsule(02F-11K). The irradiation test wusing a instrumented fuel capsule are
performed in the OR5 vertical hole of HANARO for about 54 days, and SPND output
signals are acquired successfully during irradiation test. Acquired SPND signals are
analyzed and evaluated as a reliable data by COSMOS Code, and this will be utilized



for the fuel related research together with fuel center temperature and reactor

operation data.
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sttt 1 o]+ rhodium type SPND®9] response time<= 68 sec® vanadium type
o] 324 secH.t} Y53 W21l burn—up rate’} vanadiumell H]sFe] 325u) A wE FA}
AE ed 717 oF 549 FHob AlgatEdlE EA7F 171 wEol itk Rhodiume]
burn up rate’} @ F4 A< (thermal neutron flux)©] 10" n/er - sec wl 0.39 %/month
olmE (2F-11K Az A FE Mea o] dFAA o] 33 x 10 n/ar - secd]
Stz el ORS FA FoAel ZARAE S8l AF&= 79 Rhodium type SPND9| life
time 309¥°] Ht}f. uwhx, AAHHE SPNDO| emitter= rhodium, insulatore AlOs,
collector+= inconel 6002 % oo™ Z}7}2] emitter dimension, sensitivity, 22 i1 &
AAMgS w19 2ok 18 a, o] SPNDolE 92 52 FE7H4 A5E Aty 9
3ol 20 meters®] Ml(mineral insulated) cable©] 1A% o] ¢ o™ cable €9+ LEMO
connector FFA 1E3027} 2% it}

% 1. 398 AGREOF-11K)o AF-&¥ SPND A%k
(E : Emitter D : Compensator C : Collector)
Emitter Detector e AA A (@]
Sg/lf\ID Diameter | Length Outer Dia. Se[nAS}g:ﬁty - -
[mm] [mm] [mm)] at 20C at 400°C
0 L | E-C:1.7x10°
Rh-89 0.7 60 25 1.017x10 > 10 .
D-C:1.9x10
, , | E-C:L6x10°
Rh-90 0.7 60 25 1.053x10™% 10" '
* ? D-C:1.8x10°
E-C:1.8x10°
Rh-91 0.7 60 25 1.064x107 10" '
* % D-C:2.2x10°

SPNDe] Axd4dL dAdAATES 3 Aol o3 WHolmg, SPNDE
Ae Wil z=Hst7] A3} BES shzol FQ3 Fo| Hewlett PackardAle] 4329A
High Resistance MeterS AF-&-3to] A AA S Hom, o] A= FE 29 . 9]
] Ao A g2 emitter®t compensator, compensator®} collector, collector®} emittere] 3

498 439k
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AAAYT SAHF(Q)
SPND No. T B N A %

Emitter-Compensator 0.7 x 10" 0.7 x 10"

SPND Rh 89 Compensator—Collector 25 x 10" 1.2 x 10"
Collector-Emitter 3.0 x 10" 1.0 x 10"
Emitter-Compensator 1.0 x 10" 1.2 x 10"

SPND Rh 90 Compensator—Collector 2.0 x 10" 1.5 x 10"
Collector-Emitter 3.0 x 10" 1.2 x 10"
Emitter-Compensator 0.6 x 10’ 2.0 x 10"

SPND Rh 91 Compensator—Collector 1.0 x 10" 1.5 x 10"
Collector-Emitter 1.5 x 10" 0.8 x 10’




o] SPND?] 25 35E7]% 294 Medholm Medical(+ Studsvik)AF7} A #Hek DC
Amplifier 4695AE AF&3FATE o] AL 4214 9] SPND A9 ARFAEE JHo = who}
o] 0~10V(out), 0~5V(ogger), 0~10mV (record), 0~1mA(current out) & =5 471¢]
Az g2 AsE &350 ¥ 32 DC amplifier 4695A2] AFYS YEeR 9o 19
2v A3 FF77F AlojAl=dle AzhE AA BE5S BT ok 4719 Ad E9 ol
3t gain¥ offsete] WAHS A AL A AlF3F procedured] ]3] G=sistith. ou] A&
¥ #H]= DC current source® KEITHEY 220 Programmable Current Source®} digital
multimeter 2= HC-90202 AF&3FA T Gaind offsetd] w4 & 4709 AQd FTolA A
@A (linearity)o]l 2 2, 3, 491 AdS Abgste]l 219 33 #o] SPND A zASS 74

&t At

3£ 3. DC Amplifier 4695A A}%F

g% A
7 .
Gain Nominal (Conversion Factor) (2)‘5)( X10170V>/A/A (option)
Fine Adjustment 2 X
Coarse Adjustment 5 x
Compensation Adjustment Nominal 0~1 pA
Response Time 35 msec
Linearity < 025 %
Accuracity <01%
Temperature drift referred to the input < 10 pA/TC
0~10 V 4 Q

0~5V 5.1 k&
0~10 mV 10 %
0~1 mA  Adjustable

+24 VDC 02 A

Output

Power (per unit)

-24 VDC 0.2 A
Size 1 NIM-Module
Input Connector Lemo RA 2310

input oulput X
Disnlay
O CHI 0-10V O+ | Pannel &
SPND-1 —»| O CH?  0-5V O Recorder
SPND-2 —» O CH3 0-5&V O
SPAD-3 —» O CH4 0O-lmd O

DC 4695
Amplifier

7% 3. SPND 4z Ad 4%



2. SPND¢| A%

dAdg ZAAEE AFAEE 3719 SPND7F A X H %
238171 9189 holders A Aske] A2kt ),
SPNDE holderel Agtstr] A $ ARl 1
H 49 17 59F Zr

Holderel Z2%¥ 37§¢] SPND= =19 69l
veld Ay o]l 3719 SdsREy
cooling blockell #ztwm =2ty = Weke
& Hagel 7 WEE 002 VIE shlE
Al ARFEES 2 0°, 120°, 240°° ¢ 3t=SE A

shoith whebAl, A ®E-LS 60°, 180°, 300°¢] ]
AA7E YAE E=olgh dAAFER &t
s

Cooling blocksl SPND7} A4z 42w wse ~LH 5 SPNDE Holder (2%HF)

9 79 2o

W 29 4. SPND$} Holder (%24)
7

SPND 1
Fuel Rod 3 <« #| | M | 4o Fuel Rod 1

1% 6. SPND$F ddss AX 94 1% 6. Cooling block®l
A 21¥ SPND
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02F-11K ¥dds AFPREL vz 31 F712 24-157]1(2003.3.14~3.28, 336
MWD), 24-257](2003.4.4~4.18, 336 MWD), 25-1571(2003.4.25~5.9, 336 MWD), %]
I 25-2571(2003.5.16~5.30, 336 MWD)<] 53.84% &< OR5 2 FolA ZARA|Fo] &=
g om FAAEY 77 F 17 HF0 82 F 77530708 SPND 825 E ukgton,
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2 A4 =AY ddn FAHAEE el 2 zoly. a9 165 19 149 93 9
Az AEHo| wgt COSMOS Codez AAtE ddd FAHEE e 28 Zo|t}, o
9} o] =AE dAdxm FALE COSMOS Code® A4t Az FAE=9 F 18
xo] Folzb HlSzek o mFojrel 02F-11K s AP A +3-% SPND 4
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