
Onr RIOCe NaTIONAL LaEORATORY
OPERATEO BY

UNION CARBIDE CORPORATION

N U CL EAR DIVISION

POST OfFtCE BOX X

OAK RIDGE, TENNESSEE 3783I

DATE: March 3, l96,

SUBJECT: Conparlson of Calculatlons ancl Uncerbatntles ln the
Temperature Coefflclents of Reactlvlty ln the IiISBE

To: Dtstrlbutlon

FROM: B. E. Prinee

ABSTRACT

$everal- calculated values for the IvISRE tenlterature
eoefftclents of reaetlvlty bave been reporbecl. in dltf-
ferent sourees. l[trese values are coul]arecl andl tbelr
bases ctLseussecl ln thls nenorand.um. Oa1eu].atlons basecl
on new ercperJaentaL clata for the temperature eoefficlent
of expanslon of tbe firel ealt are aLso LncLud.ecl.. Banges
of uncerbalnty ln the current "best valueE" of tempera-
ture eoeffLelente of reaetivlty ancl. crlttcal concentra-
tlon are suggestecl, and. the {qplXcatton of these un-
cerbaLntles ln tJre zero power crltleaL erqlerLuents are
cHscussecl, It ts coneludlec[ that, wtth presently plannecl
proceclures, tbe erryeetecl uncertalntles wl}.L not reduee
reactor safety belov tbat prevlously relnrbetl tn tJre
MSRE safety relnrt.
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INTRODUCTION

In the course of obtaining estinates of basic nuclear d.esign para-

meters for the ffiffi, several values have been reported. for the crltical
concentration and. tern;perature coeffi.cients of reactivity. One should.

first note that these caleulations have had a,n evolutionary aspect, that
is, the more recent calculations are generally consid.ered. to be "better",
either in terms of the physical mod.el or the basie nuelear d.ata used. in
calculating the reported. characteristlc. In the case of the critieal
concentration, the most recent computations have been reported. in Ref. 1 along

with a d.iscussion of the origin of d.ifferences from previous calcul-ations.

In this memorandum we sha1l try to achieve some clarifieation of the second.

case, that of the temperature coefficients of reactivity.

DISCUSSION

The earllest reported" caleulations of
for the final I4SRE eore d.esign were those

Table L, two-group bare reaetor theory was

assumptlons:

t. Ihe neutron ternperature and. the graphite temperature are id.entical.

.2. fhe effects of changes in reactor size are negligible.

1. The Fermi age is a ftnction only of the graphite d-ensity.

4. The resonance escape probability, fast effect, and. \ to, tf1>
were ind.epend.ent of temperature.

The fuel salt analyzed. by Nestor contained. ^O.] rcol % WV 91% enrLched. in
)1^ - t, t t-f", in a carrier salt composition of lo/z\/>/t mo:. $ trcfnetr/zrr,/rirr'.

This salt is d-esignated- as FLel A. Subsequent to Nestor's r'rork, i-t was

d.ecid.ed. not to lnc1ud-e thorir:m in the first I4SXE fuet salt mixture, artd
D44

to use instead- a salt composed. of ^O.2 not $ UFy, )iS entiched. in f", in
a carrier salt of 6l/Zg/\ moL $tit/nefr/Zrt'. This salt is designated. as

Fr:eI B. New calculations of the temperature coefficients were required,

and. this time use was mad-e of tr,ro-group perturbation theory to check the

valid-ity of the one-region approximation./ The remaining assumptions used"

in the earlier calculations were retained.. fhese results are given tn

the temperature coefficients
of Nes to".Z As ind.ieated. in
used., together with the specifie



Table 1. Comparison of IIFRE Ternperature Coefficients of Reactivity

A F\rel Saltuase Composition

Temperature Coefficients
of Reactivity_

(nu/x/" P) x ro+2 )

Temperature Coefficients
of E4tanslon

(+/P/"F) x ro+)) Computational
Mod.el

Refer-
ence

F\rel Graphite Fuel Graphite

A +..8 1.o

-4,7 J,1

-L2.6 -o.4

42.6 {.4

Mrtt. const. (t<" ): TVo 2
group, bare reactor
theory.

Slowing d-own spectnrm:
Deterrnined- by Fermi age
in graphite
Thermal spectnrm: Ma^:ct^lell -
Boltzmann approxlmation .

ke: fVo-group perturbation 1
theory.

Slowing d-olrn and. thermal
spectnrm same as case L.

kut Same as case l. 6

Slowing d.or^rn spectrum:
GAl4- f program calcula-
tions .

The rmal spectnrm: TIIERMOS
program caleulations.
k.t Same as case L. This

Srowing d.own speetnrm, *emo-

GAl4-2 program caleula- randum

tions .

Thermal spectnrm: TIIERMOS

caleulatioos.

B
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tine 2 of Table I. Together with the perturbation theory caleulations,
estimates based. on a one-region homogeneous model were al,so mad.e for fuel
B. The resulting coeffieients were found. to conpare within ) to IOS,

ind.icating that the d.etailed. d.escription of the external regions of the

core (d.owncomer, top and. bottom head.s, etc.) d.id. not significantly in-
fluence the reactivity coefficients. Note, however, that the magnitud.e

of the temperature coeffieients d.iffers from the earlier calculations
primarily because of the change ln fuel salt composition. With fuel B

the reactor neutron spectrum is more themalized and" the effect of salt
d.ensity ehanges on the leakage factors is proportionally larger.

A f\rrbher request was mad.e to exanine the possibility of inereasing

the total uranium content of the salt to the range of O.B{.p nol % WU

@r% errriched. for eritioality, d.esignated- fuel- C). About thls sa,ne time,

two new computer programs were acqulred. by use of which d.etailed. calcula-
tions of the slowing d.o'wn and. thennal spectra could. be mad.e. Specifieally,
the GAI4-1 p"og""*+ is based. on consistent P-I theory for ealculation of
the slowing d-o'wn spectnrm in finite, homogeneous mixtures. The TIIER{OS

program/ npmerlcally solves the Boltzmann equatlon for the themal spectrum

in a one-d.imensional lattice cell, a"nd. thus a1lows the temperature of the

fuet salt and- graphite to be ind.epend.ently varied.. A minor compllcation

in the GAI/I-I caleulation for the lvlSBE spectrr::n was that the then-available

version of the cross section library d.id- not includ.e LL6, t'LT, ana nI9.

The other advantages of the GAII-I calculation were consid.ered. sufficient,
hor^rever, to warrant simulating the slowing d.own effect of the lithir::n and.

fluorine by an equivalent anount of oxygen, vhich vas includ.ed" in the C'AII'I-I

cross section library. With these prograrns availabJ-e, it was d.ecld.ed. to
recalculate the temperature reactivity coeffieients for all three fuels

und.er consj"d.eration, and- to further examine the valid-ity of some of the

assum;ltions underlying previous calculatLons. The results are sunmarj.zed"

in lines J, 4, aJrd 5 of Table 1. Ttre major d.ifference in these results

and. previously reported. values is in the graphite tenperature coefficient.
fhis d-ifference ari-ses prinarily in the temperature dependence of the

thennal spectnim. For the I{SRE lattice, (a) tire thermal spectn:m is not

d.ete::nined. by the graphite temperature (assumption l, above) tut d.epend"s
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on the temperature of the fuel channel as well, ana (U) tfre l4axwell-

Boltzmann approximation pred.icts too large a change in the thermal d.if-
fusion length as the temperature is varied..

Other d.ifferences are also reflected. in the values given in lines l,
4, arrd , of Table l. These incl-ud.e the mod-ified- estimate of the graphite
expansion coefficient, based. on an average of longitud-inal and trarrsverse
extrlansions, and. changes due to explicit treatment of the temperature d.e-

pend.enee of resonanee absorption (assumption 4, above). In general, these
d.ifferences were smal-Ier than that due to the spectrum effect d-iscussed.

above.

Very recently, new experimental d.ata has become availabl-e for the
d.ensity and- temperature coefficient of extrlansion of fr:el- sal-t C.7 Tlrese

new d.ata ind,icate that the expansion coefflcient is nearly 60S Larger Ln

magnitud.e than assumed. in the preced.ing caleulations. The previous values
had been based. on estimated- temperature variations in the molar vol-umes of
the sal-t constituerrt".B

Al-so subsequent to the last reported- calculations, acquisition was

mad.e of the GAI\'I-2 progran, an improved. version of GAIr{-I, d.escribed. above.

By means of this new program, the slowing d"ov.n effects in lithiun and.

fluorine could. be treated- explicitly. The prograrn has alread"y been used.

to revise estimates of critieal coneentration and control rod. worthr9 a^na

a set of temperature coefficients of reactivity for fuel C was also re-
cal-cuIated. based. on the new d.ensity d.ata and the GAIvI-2 progran. Tlrese

results are summarized. in line 6 of Table 1. As may be expected., the new

ercpansion coefficlent causes a significant increase in the fuel tempera-

ture coefficient of reactivity. AIso, the explicit treatment of the
slowing d.own by lithiurc and. fl-uorine, partieularly the inelastic scat-
tering of fluorine, has the effect of further thermalizlng the reactor
spectrrrm. Hence both fuel and. graphite reactivity coefficients are in-
creased..

Most of the changes sunmari-zed. in Tabl-e l have had. the effect of
making the fuel, or prompt temperature coefficient of reactivity more

negatlve. In turn, the changes appear to improve the safety and- stability
margins for reactor operatiorr.Io The question stitl remains, however,

as to the absolute uncertainties in these parameters. A method- is
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presently being investigated by whleh the uncertainty in the basic library
of nuclear cross section d.ata and" d.ensities can be related. to the un-
certainties in the nuclear d.eslgn parameters (eritical concentration, etc.).
The basic notion is that of relating the stand.ard. d.eviation in the cal-
cul-ated. parameter to the stand.ard. d.eviations in the cross sections and.

d.ensities. Tttis method. would ind.icate the sensitivity ln the parameters

to uncertainties in all basic d"ata used. in calculati.on, and- would- be use-
f\:l- in later evaluation of results from the reactor critical experiments.
Tttis is not complete at the d.ate of this writlng and. could. not be includ.ed..

However, since the vaLid.ity of most of the main assr:mptions in the computa,
tion have been checked", tt appears reasonable to assign a eonfid.ence in-
terval of ILOS to the critlcal concentratlon and. tzr% to the temperature
coefficients of reactivity. Because of the "slope-like" nature of the
latter quantlty, it is expected. to be the more sensitive of the two to
errors 1n d.ata and. computational method.s.

For all of the conceivable lncid.ents previously analyzed" which could.
resul-t in signiflcant ad.d.itlons of reactivityrll orrly the so-called- cold.

slug aecid-ent wou1d. lead. to a more severe transient if the f\re1 temperature
coefficient of reactivity were moze negatlve. This incid.ent is not ex-
pected. to lead. to d.angerous or d.amaging cond.itions, and in ad.d.ltion,
precaution will be taken not to start fuel circulation unless the control
rod-s are inserted. in the core. Thus, safe operation shoutd. be insured.
for al-l values of the f\rel reactivity coeffleients ind.icated. in Table I.

The proced.ures of the initial critical experiments will be d"esignud.l2

to allow greater uncertainty ln the clean crltical concentration than the
L@ margin suggested. above. TLre initial additlon of uranium to the salt
in the d.raln tanks will be 455 of that pred.icted. for crlticality al zero
power with all- rod.s withd.rawn from the core. Ihe second. add.ition is
anticipated" to be that araount to bring the salt within B7/" ot the critical
mass. From this point on, the amount in each ad.d.itlon will be d.etermlned

by inverse count rate measurements. Even if the minimum crj.tical mass

were exceed.ed., this would. only mean that crlticality would- be achieved.

with the rod.s sliglrtly lnserted- and. would. not require other special
nrocedures.
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The uneertainty in the temperature coefficients of reactivlty has no

effect on proeedures in the zero power critlcal experi.ments. The coef-
ficients will be measured. along with the rod. calibration experiments, and.

any large d.iscrepancy between measured. and calculated coefficients will
be taken into consid.eration in the planning and. operation of erperiments
at higher po'$rer levels.
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