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ABSTRACT

Neutron fluctuation neasurements were made during the MSRE zero-power
experiment as part of the dynamic tests re'1uestec1 by the projeet. A first
attempt to measure subcritical reactivity was unsuccessf'ul, because the
detection efflciency of' a l-atm BFj ionization chamber lnstalled ln the
nuclear instrument penetration rvas"too lov. A 2-atm BFj chamber was ln-
stalted ln the thermal shleld, and with the reac'cor opeiating at IO w, it
vas d.etermined that the effeetive d.elayed-neutron fraction Ib increased"
f .58 t O.2I lihen fuel eirculation vras stopped., From measurements made

with a low pump-bovl }evel, it is believecl that neutron fluctuations are
strongly affected. by entrai.ned gas in the r'uel salt.

NOTTCE

This document contqins informqtion of o preliminory nstura
ond wos prcpored primorily for internol usc ot the Ook Ridge
Notionol Loborotory. lt is subiect to revision or correction
ond thereforc does not represent o finol report. The informotion
is not to be obstrqcted, rcprinted or of herwise given public
d isseminotion without the opprovol of fhc ORNL potent bronch,

Lcgol qnd Informotion Control Deportmsnt.
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DESCRIPTION OF INSTRUMEIfIA$ION

Ihe curent fluetuatlons from a 2-Ln. BFj lonlzatLon chamber output
were ampliflecl vlth a wld.e-bantl ac ampllffer (ORtm nod,eL q-259l-) and then
recorded on magnetlc tape by a preclslon Inetmment, pS.AOO A, tape record.er.
llhe recordetl signel was later analyzecl uslng a rnultlcbannel spectral:.
tl.enslty analyzer,I

MEASI'NEMH\TTS WITII DE1SCTOR III I{UCLEAN INSTRIJMEI\rI PENETNATION
'l

A l-atm BF3 lonlzation chamber was lnstal}ed ln the IrlflBE nucLear
lnst:rrment penef,ratlon (Flg. r). A L-hr tape recorcl was made for eachnajor fuel- ad'tiltlon durlng the approach to crltlcallty and vith the reactorcrltlcal at an estlmated pover of 10 w.

llhe chamber locatlon ltas not fevor:able for subcritleal reaetlvity
measurements sl-nce a d.etectlon effLclency (that ls, the ratio of the neut:rohs
tletectecl ln the chamber to the total neutron populatlon l-n the core) of atleast rO-5 * required for thls !trrye of ,ne"urri"i,u"t"- wu-""ii*"i"a the <te-
tectLon effLclency to be 1 x 1O-o" I'lhen the d.eteetlon efflcieney is toolov, the observed spectnrm wLll be constant with frequeney and nlLl contaln
no lnfomatlon about the reactor. 0w1ng to lnsufflelent itetectlon effl-clency, we were unable to meesure eubcrltlcal reactlvlty by use of the
neutron fluetuatlon techni.que.

A neutron speetnrm of the _reactor whlIe crltical at a power of lO w
ancl rlth the firel elrculatlng (Ftg. 2 ) iltustrates the ttetectlon inef-fleiency. Although there epp.ars to be some reactor lnfo:mratlon at fre-quencles berow 3 cpsr the spectnrm, for the moet pad.r sbowe a constantoutput over tbe frequency range of O.l to 50 cps.

To lmprove the measurement, a second test was macte wlth a chamber
more sen8ltlve to neutrons whlch was Lnstallecl ln the therrnal sbleld ofthe reactor.

MEASI,]NEI{ENIS WruT{ DETECTOR IN THERMAT SIIIEI,D

\-/

A 2 -atm BFa lonLzatlon
of the therrnal shleld at the
overall detection efflclency
was d.ue to lncreased. neutron

chamber was lnstalled" ln a vertLcal penetratlon
mldplane of the core (ffg. L). The measlred
was lncreased, by a factor of 25 t of whlch L,Tsensltlvlty of the ehamb€r"

lc.w. Rliker, s.E. Eaneuer, and E.R. r,tann, rdeesurement of Reactorrluctuatlon slectra and suberlttcal Reectlvlty.rffisr).
l
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Fig. 2. lbasureal Neutron Fwer Slectn:m ldo:msrlzect to ctc
Ctment ln Cbarnber. llhe Lon chariber was 1n posltlon No. J. (see
Fig. 1), antt the reactor power waa 10 v.
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tltth the reactor operatlng at 10 w, data vere coll-eeted for three
tllfferent condltlons: (f-) vlth-the flrel not belng clrculated,, (2) wlth
tbe frrel being elrculated, antl (3) wlth the fuel belng clrculated, but vlth
the fireL ln the pump bovl at a low leve}.

lDre measurements vltb the fuel not belng elrcuLated and tben belng
clrculated, were uade to detennlue the change ln the effectlve delayed-
neutron fractLon p".

A nathernatlcal mottel based on polnt reactor klnetlc equatlons for a
zero-power crltLcal reactor, assumlng one average tlelayed group of neutrcns,
ylelcle an expressLon for power spectra3- clensity of the fotm

o(ur) 33 
gNc

A
(r)

where

= a constant,
= neutron generatlon tlme,
= effectfve de1-ayed neutron fractlon,
= effeetlve one-cleLay group neutron preeursor decay constant,
!r frequency ln ratllans per second,
= uniform spectral eomponent attrlbuted to the neutroa detectlon

process,
e = cletection efflcl.ency,
N = mean neutron densLty ln the reector.

Ihle moalel ls vaLl<t onLy for the reactor at zero power (no therrnal feettback).

ibom a Least-squares flt of the parameters of the noclel to the experl-
mental clata we determlnetl that po lncreasedl L.58 t 0.2L when clrculatlon of
the firel was stoppea (Ftg. 3). indepenclent measurements uslng control-rod,
eallbratlon shoneal an lncrease of I.l+J (ref 2).

Dcanlnatlon of Eq. I shows that the shape of the spectnrm wlll not be
affected by a ctrange ln neutron power level. In Flgs. 4 and. 5 tbe measured.
reactor spectnrm mlnus the constant term eNQ ls plottecl for nonclrculatlng
and clrculatlng firel-, respectlvely. Ihe Large llmlis of eror for tbe ttata
taken at hlg[rer frequencies are attrlbutecl to the subtraetlon of one number
from another of equal magnitude.

Measurements nad.e with a low pump-bowl leve1 are plottecl ln Flg. 3.
Erom these clata ve tnfer that neutron fluctuatlons are strongly affected by
entralned gas ln the firel salt, althorgf when we nade these measurements,
ue lrere not eole to obtatn sufflcl-ent experlmental ds.ta to quantttatlvel-y
estlmate the anount of entralnetl gas th the ftrel salt.
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28. E. Prlnee, prlnate eomnunlcatLon.
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Flg. 3. l'basured Neutron Fower Spectra NormaLlzecl to dc
G\.rrrent ln Gtember. $re lon cbamber nas in posJ.tlon No. 2, ar-rcl

the reactor power was I0 tI.
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Flg. l+, lteasured Neutron Fower Slnctnrm l,llnug eNq" llhe
lon cbamber wae ln posltlon No. 2, ancl the reactor po$ter ras
10 w wLtb, fuel not beLag clrcuLated.
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Flg. 5. l.teasurecl Neutr^on bwer Spectnrm Mlnus ellq. $re
lon etramber lras ln posltlon ldon 2, antl the reactor pouer lrag
10 w wltb firel clrculatlng.
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CONCLUSIONS

By use of neutron fluctustlon measurement technlques clurlng the }ISRE
zero-power experlment we have measured the effectlve del,ayetl-neut:rQn lose
tlue to circulatLon of the fueL salt. AIso, tbls nethocl mlgbt be uEed to
measure the amount of gpg entralned. ln the t'fiBE firel salt.

RECOIO'IEI\IDATIONS

We recorunencl that neutron fluctuatlon measurements be contlnued vhen
opentlon.of the MSE ls resuned. lDre foltovlng lteurs'sboulat be lnvestlgated:

1. Increase the detectlon efflclency ln the nuclear lnstnrmentatLon
penetration by usLng en Lon ehamber that ls more sensltlve to
neutrons.

2. Tavestlgate firther the effect of entralned. ges ln the fueL salt
on the neutron power spectral tlenslty. 

:

3. Detemlne the neutron power spectral d.enslty at rrarious reactor
power l-evels up to 10 ltlvt. Orr experlence at the 08R leatls us to
beLleve that the cletectlon efflclency requlrement for measurements- at power are not ae strlngent as they are at zero*pover becauee
of tbe atl.rlltlonal thermal feetlbaek effect. lltrereforey tu€86rr€-
ments could be taken vlth the cletector locatect ln the-nucLear
lnstrrrlnent penetratlon.
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