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ABETRACT

This work on the signel processing of the sensitivity depletion laws for rhodiom self-posered
neutron detectors (SPNDs) (5 pecformed btoo improse the uoceckainty of the sensitivity depletion
lasws used in ABB-CE reactors emploving chodiom SPND and to develop s calculationsl tool for
providing the sensitivity depleticn lawe to interpret the signal of the newly designed chediom
EPHD inty the locel neotrenn Eluz, The calcolational ool for & tioe dependent oeotron flox
distributionn in the rhediom emitter during depleticn and for 8 fime dependent bets escape
probakility that s bets genecated in the emitter escapes into the collector wes developed, These
progratns provide the sensitivity degletion laws and shews the cedoction of the uncertainky b
about 1.0 %5 less than that of the methed emploved by ABBE-CE in interpeeting the signal inko
the local neutren fluz The redoction in the oocertainty ke 1.0 %2 in lntecpceting the signal oo
bhe locel neotron flox reduces the uncectainkty by 10 ¥ of more in interpreting the signel into the
local power and lengthens the litetime of the rhodiom SPND by akeot 10,0 22 or more,

1, INTRODUCTION

& rhediom self-pewrered neotren detector (SPMD) i 8 high level neotron sensing device
operated on the mechanism of neotron activation of the rhoediom-103 emitter  material, The
neutrens incident o the rhodiom emitter are conserted to the high energy electrons  swhich
spontanecsosly migrate between insolated electrodes often tecrmed ernitter and collector, The oet
flower of electrons iz usoally from the emitter (a0 wire of rhodiom o other material), When the
prritter is electrically connected to the colleckor through s resistor, & counter corent flows bo
maintain charge equilibrivr The oet rate of electron migration through the (osulation 5 equal bo
bhe counter current and is dicectly proportionsl to the rate ab which rediation impinges opon the
device, The in-core instromentation poovides the operator sith the oh-line three-dimensicnal
auclear poser distribotion,

The okiective of this work 5 toe calculate the behavier of the depletion laws for the chodiom
seli-powered neutron detectors (SPMNDs) and lengthen the lifetime of Bhediom SPNDs, The
RHODIIM program wes developed to calculate the burnop dependent oeatron Eloxz distrikbotion
within the rhodiom emitter using the discrete ordinates neotron transpert methed during depletion
of the rhodiom emitter, For the buroop dependent average beta escape probakbility, ooo-uniform
beta generation 5 accounted for and & oomerical apgcoach besed oo the neotron tracsport acd
probekilistic method s emploved, The BETAESC program waes developed to calcolate the electron
escape probekility frotmn inside the emitter to the sucface of the eroitter osing the track length
prokbakility technigae,
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£, AaMNALYSS NWODEL
£l Sensitivity Depletion Lasw

The basic equation governing carent-sensitivity produced by a Bh SPND is given as follows:
I=g P W D IE 4V
e Fp N erjrﬂ . (1]

where ab any Litne
g = electron charge

w = awerage beta escape probability,

|

= gverage rhediom nomber densiky,

M
g = rhodium neotron capbure cooss sectiomn,
Vo= wolome of rhodiormg,
& = neutron fluz in the rhodiam,
[t the useful approach reported by Handschuh! and by Warren® the sensitivity depletion law
based on the ratio of the signel of an old detector to that of & new detector is
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where the soperscripts B and F oindicate the pactially-burned detector and fresh deteckor,
respectively,
Then, the sensitiwity depletion law based on signals becommes
(i}S,:(l_ﬂ_}.E.M (3)
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where the self-shielding ratic is SF = W.
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Ectitnates of the ratic of the double integrals whith remeining thodiom oomber density have been
evaluated with the BEHODIUM neoatron transport progratn for a bvpical 004587 ci (16 rmil) detector,
The sensitivity depletion laswr based on signals hes 8 dewrssseod corvature ss showm in Figures 2
atd 3, This can ke fib resscnably well with an equaticon of the Eoreoe

(=01 - £, (4)
where « is 0625 for 00467 crm diameter chodiom ermitter,

7.2, Beta Escape Probakility™

The beta pacticle (or electron) escape efficiency is given by
Ey

£ = J’u
EIEME" is thos the peobakility that an electron will be ejected from s noclens swith energy
betweet B and E'+dE", E; is the meximom energy of a beta decasy, B s the probability per
anit krack length that & track of length §teo the surface exists swithin the emitter, The track length
i = REJ-FE) 15 the difference in ranges of electrons of enecgies E and E within the emikter
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takerial, [ _f}z ic the reciptocal of the specific energy loss of electrons within the eomitber

tnaterial evaloated at energy B, OF all the beta pacticles produced ke neattot captare, s is the
fraction that appesrs st the emitter’'s sorface, Hewewver, the sppearance of sn electron st the



ptritter’s surface does not necessacily mean thek i6 is 8 coccent contriboting eleckror, (B most hase
energy  greater than EMMN to contribote to the corcent, The continooos  spectrum of  beta
genecation 15 wsed in this BETAESC program Beta generabion (s isctroplc and straightly migrates
itside the emitter, The renge wersus energy of & beta uses the date provided by Beference 4, The
tracking of & ketn 15 pecformed ab the discrete grid peints inside the eenitter,

7.3 Development of the 1-D 5y Equation ®E

This section provides the development of a8 one-dimensicnsl, ooe-groog, discrete-ordinates,
distnotd-differenced form of the burnop-dependent neotron transpert ecuation in s cylindrical
EEBOITIEELY,

The burnop-dependent homegenecus neotton transpett equakion o one space dimension is @

v Qv Qi talv g e 280 = Sie i, (6]
WHELE ¢+, &, £ 3 is the particle Flux (pecticle nomber density times the pacticle speed) defined
guch that (s 8, &) 23 is the fuz of particles, in the wolume elerent & about » &b baroop
step ¢ with dicections of motion in the solid angle element &2 sabout 2, The macroscoplc total
cross sechtion 5 g Al of the ouantities may be spatially dependent, The discrete-ordinates

approsimation to Eguation (6) can then be swritteo:
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recorsion relation = L1TE 1= T Waidia with the requitement that the frst (2,3} and last
aty  moy z

are angular coupling coefficients, These coefficients satisfy the

[am%} copfficients on each Zlevel most vanish,

3, RESULTE AND DISCUSSI0ONE

The BHOODIIN program is intended to caloolate the bamuop dependent radisl oeotron Elos
distribution for the nen-uniform rhediom atem density becaose rhodiom atom density becomes
noti-uriform as it depletes, The benchemack calcolation between the BHODIUR program and the
ANISH code ie shewm in Figure 1 The resolte ectimated by ABB-CEY chesw that the average
beta escape probakiliey slightly incresses as b depletes and ABE-CE assumes that the average
beta escape probaekility is constant becagse the uncertaicky of the calculations compated by the
BOCE and O codes iz equivalent to the evaluated wariaktion of the average beta escape
prokbakility, The burnup dependent average beta escape probability shell decrease as it depletes
becaose the betas are generated deeper as it depletes, Bub the awverage bets escape probability
calculated by ABB-CE tends to slightly ihcrease as b depletes due to the calcolationel wncertainty,
This iz contradicted to the physical oetore of the beta travel in the rhodiom ermittec, The esulks
of the BETAEEC program shows the slight decresse of an average bets escape probakility in
accordance with the depletion as showmn in Figures ¢ and 5, The BETAESC program caloalates
the awverage kets escape probability of 440 %2 for the typical 00467 cin dismeter of fresh rhediom
prribter and conclodes that it is reduced to 425 %2 in the depletion of BO %2,



The initial sensitivite-curcent is calculated from Eguation (1) and the initisl sensitivits-current
incresses as the dinmeter of the Bh emitter incresses, The behaviour of the sensitivity depletion
laws of Eguation (2) as the oeatcon Hux waries (s the same duclng the buroout of the Bhodiom
prritter 85 shown o Fizure 2, This means that the sensitivity depletion laws of Eguation (4) s
independent of the reacter core neotron flox wariabion, The behawioor of the sensitivity depletion
lawws wersus the diameter of rhediom emitter s diffecent during the burop of chediom eritter s
chewn in Figure 3, This means thet different gectnetty hes different sensitivity depletion lasws,
The sensitivity depletion laws of Egquation (4) is required to interpret the sigonal inbo the oeatron
fluxz in the reactor core,

The BHOODIUM and BETAESC programs are sufficient o implement the signel processing
algorithtn into the on-line compoter systern of the reactor, Becently, it swes attemnpted to reduce
the leading density of the rhediom deteckor and lengthen the discharge boroop of the chodiom
detector, As shown in Figures 4 and 6, the average bets escape poobability chenges sboab 15 32
threogh the residence tie i the reacter core, Becaose ABE-CE assomed the avernge bets escape
probekilicy constant, this change of 16 % will cootribate to the vncertainky in poswer  level
itkecpretatiot,  This ercor will alse propegate to the oocectainkty o the total peaking Eactor, (o
cagse thet the oncertainty in the tofal power peaking factor con ke reduced to the order of 1.0 2,
the life of & rhodive detector can be lengthened by about 10 % of the existing detector life®
&lep, the dismeter of the rhodiom emitter is inereased to lengthen the life of & detector a5 showm
in Figure 3,

i, CONCLUSIONE AND RECONWENDATIONS

The BHODIUM program okilizes the existing oomerical model of the neotren transpert, bob the
BHODIUOM program (5 essentially a8 new program for the specisl purpese having the capakdility o
calculate the burnup dependent neotten floxz distribotion  sod chediom atem deasity during
depleticn, The BETAESC program hes s copekility to simolate the koo dependent average
electron escape probakbility, The BHODIUN and BETAESC progratns can establish the improved
sensitivity depletion laws in desighing the rhodiom self-powered neatron detector different from
the existing SPND in diameter, The BHODUIM and BETAESC programs mey reduce the
anaceckainty in the aversge kets escape poobabkiliby and then lengthen the life time by 10 %2 for
rhediom SPMD, We kbeliewe that the algorithm of the BHODIUM and BETAESC programs can ke
also utilized for the signel interpoetation of protopt-response platioom detector swith further stodies
ot bhe platinom etnitter,
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