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ABSTRACT

The temperature coefficient of reactivity of the RPI
Critical Facility was measured in the range from 58.3 to
108 degrees Fahrenheit. The coefficient is small and pos-
itive below approximately 95°F and small and negative above
that. It is presumed that the temperature coefficient re-
mains negative thereafter.



PURPOSE:

A negative temperature coefficient is important to the safety
of a reactor since it adds inherent stability with respect to
temperature changes, such as might be induced in an excursion.

The purpose of this experiment is the measurement of the temp-
erature coefficient of reactivity of the RPI Critical Facility.

THEORY : \ b

The reactivity of a reactor is defined as R = |~ .
The temperature coefficient of reactivity o(, 1saihe rate of
change of reactlv%ﬁy with temperature. W% =
Thus ¢ = 90 S o c}.‘r
Since k is close 10 1, %4 is approximately -t AR
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The multiplication factor of a bare thermal Eeagtor is

k = k c Pp Pp = ﬂ FpgbPhyp PF. PT /(1 = Ly B) and

Pp = exp(-B Ty)are the thermal and fast non-leakage probabil-
ities.
Thus In k = 1n kee + 1n Pp + 1n Pp.
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For the bare thermal reactor, reactivity changes are ex-
plainable by using these coefficients. One can immegietely guess
that the temperature coefficients of p and€ will be unimportant
due to the small concentration 6f U-238 in the fuel{ This is
the case and is also one of the causes of difficudity with the
experiment. The resonance escape probability is one of the
largest contributors to a negative temperature coefficient due
to Doppler broadening of the resonances. In such small concen-
trations of U-238, o+!f*) becomes less important relative to
the other coefficients which may be positive or negative. For
this reason the temperature coefficient of this reactor is very
small, and may be of either sign in the temperature range in-
vestigated.
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a) Temperature coefficient of 7+

Ny =V ﬁ/@;\ Nu is essentially constant at thermal energies
so the temperature dependence of eta is the variation of the
ratio q?/q:& with temperature. This is very small in the range
in which we measured, as shown below.
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b) Temperature effects on thermal utilization e
Lamarsh shows that or(£) =~ (1-f)[«.+(§) .»ﬁ’,.,}j
where T is the thermal disadvantage factor and (3.,is the coef-
ficient of expansion of the moderator. o,(¥{)is always negative
and ﬂ.‘.zois positive i%he temperature range of interest so %r(£)
is always positive,

c) Temperature effects on the resonance escape probabiltiy

The temperature coefficient of p is always negative and
is a function primarily of the resonance integral and the coef-
ficient of expansion of the moderator. As the temperature in-
creases, moderator is expelled from the unit cell, effectivély
increasing the fuel to moderator ratio. p decreases therefore
as the relative resonance absorber concentration increases. \//

d) Temperature effects on the fast fission factor

Thermal expansion of the fuel increases slightly the prob-
ability that fast neutrons escape from the fuel. An increase
in temperature also tends to flatten the thermal flux in the
fuel, changing the spatial distribution of the primary fissions
which decreases the probability that primary fiséion neutrons
escape the fuel. These two competing factors combine to make
«(f)small, and in this reactop, negligible.

e) Temperature effgcts on the non-leakage probabilties

The buckling B decreases with increasing temperature since
the reactor dimensions increase. This means that neutron leak-
age decreases giving a positive %409. However, the_reactor
structure tends to expand very little so that «+(B“) is gener-
ally very small. Since xT(L%) and %+(74) are both positive,
the net temperatuye coefficients of the nonleakage probabilties
are negative.

PROCEDURE:

A three rod bank was raised to approximately 20 inches and
the reactor was brought citical on the remaining rod which was
used thereafter to relate all reactivity changes. The two 18 kw
heaters were turned on (the agitators had been on since the be-
ginning to maintain an even temperature and to avoid perturbing
the core as they were turned on). After the response of the
reactor to temperature was noted (positive or negative period)
negative or positive reactivity was added with the control rod
to put the reactor on a small but opposite period. Due to the
effect of the temperature coefficient, the reactivity added is
eventually balanced as the reactor passes through critical. The
temperature coefficient of reactivity between the two successive
critical positions and temperatures is:
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This procedure is followed throughout the temperature range by
relating successive critical positions and the corresponding

temperatures. The coefficient applies at the midpoint of the
initial and final temperatures.



DISCUSSION:

One of the experimental difficulties encountered involved
the amount of reactivity to be inserted, which the temperature
coefficient had to overcome. If too much recativity is inserted
a very long time would be required to return to critical at the
slow rate at which the bulk temperature of the water increased.
On the other hand, too little reactivity would introduce poss-
ible large numerical errors since numbers which are almost equal

must be subtracted. This allows large percentage errors to occur

error, I think a one-half cent reactivit
the best compromise of these requirements.

The temperature coefficient of reactivity is one of the
basic parameters affecting the stability of a reactor and is im-
portant both from a safety and from a$) operating standpoint.
If the coefficient were positive, a power change would initiate
reactivity additions causing the chain reaction to diverge. At
best this would be a nuisance since the reactorv;Epld resist

s

although the absolute error may be smali;//Based on trial and

attempts to bring it to critical. At worst it wglld be a safety
hazard which would allow the reactor to runawayV Although a
large negative temperature coefficient pres@nts no safety prob-
lem, the possibility of power overshoots during power changes
occurs. In this case, the temperature increase causes such a
large negative reactivity change that the reactor falls subcrit-
ical and the power level drops until the reactivity is zero. If
the coefficient is negative and small, the reactor is stable.

An important distinction should be made between the temp-
erature coefficient measered in this experiment, and the one
actually responsible for safety. Due to the slow rate at which
the temperature of the water changes, and the fact that the fuel
is contained in thin plates, all temperature changes cam be con-
sidered uniform. During a power change, the fuel temperature
responds almost instantaneously. It is the prompt temperature
coefficient of the fuel which is responsible for safety, since
the moderator temperature changes more slowly.

At lower temperatures the temperature coefficient is posi-
tive, is zero between 90 - 100 degrees F, and is therafter neg-
ative. As stated, the temperature coefficient of f is always
positive. Since the coefficients of ., £, p, are negligible,
%{K.)is positive and must be compensated for by leakage. Al=-
though the temperature coefficients of the leakage are negative,
they do not equal that of f at first, possibly because they in-
volve a factor of B®, which is a small number. As the tempera-
ture increases further leakage increases and dominates due to
the fact that at lower moderator density the mean free path for
scattering increases allowing more neutrons to escape. Although
this reactor would continue to have an infinite reflector due
to the large amount of water surrounding the core, reflectors of
other reactors would become less effective if they had a fixed
volume since some of the reflector would be expelled. At much
higher temperatures the temperature coefficient would presumably
remain negative. It is difficult to extrapolate the prompt
temperature coefficient from the data, but it should also be
negative since the most important factors affecting the fuel,
eta andp, have negative coefficients. A power excursion would
then

addition would be about
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then be controlled b e_temperature coefficient, eventually . oof _f

compensating for excess reactivity and inducing criticality, coCLp
although at a possibly high power level. This of course assumes
that no meltdown or other core disruptive accident occurs. CoM/ZZ;(;th

There is really no trade-off between safety and economecs
as far as temperature coefficients are concerned. Although
fuel loadings could be reduced slightly with a positive coef-
ficient, and the core would be less reactive when clean and
cold, the negative coefficient is needed at operating tempera-
tures. In fact, when one considers the effort to reduce the
possibility of core meltdown, one of the worst credible acci-
dents, designing a negative coefficient s¢ems one of the cheap-
est ways of decreasing thet probability.

(f) is one of the primary contributors to a positive
temperature coefficient and for solid moderators this is through
the thermal disadvantage factor {-@/@ . If | decreases
with temperature, «y(f) becomes more positive. As stated pee-
viously, this does occur since the flux tends to flatten as the
diffusion length increases with temperature. If you assume
that the moderating properties of liquid water acting only as
a coolant do not change much, the contributions to the coefficient
from leakage would depend only on the properties of the solgd
moderator. These might not change as rapidly with T as with a
liquid moderator which has larger density changes. The net
result could be a positive temperature coefficient.
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