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ABSTRACT

In the refueling and in the process of first core loading the control of subcriticality for
ensuring the reactor safety becomes important. In principle this control can be provided by the
use of off-reactor neutron detectors. However a low neutron flux in the area of detectors'
location and the presence of spatial effects make it necessary to employ special methods of
accumulation and processing the experimental information. This paper gives a description of
plans of works in this direction and the preliminary estimation of the effect.

The control of reactor subcriticality during the refueling and first loading of the core is
an important function for ensuring the reactor safety. The measurement of reactivity in the
process of refueling is performed at the NPP of many countries, and in some of these countries
has been become a mandatory procedure.

The aim of the authors is to estimate the possibility of continuous control of the
subcitical reactor safety without the use of an additional external neutron source when the
irradiated fuel is in the core.

When solving the problem of the control of reactor subcriticality the question arises:
whether the detectors recording the neutron flux are to be located inside or outside the reactor.
At most NPP the control of nuclear safety in the reloading is now performed using the systems
provided with in-reactor detection units. However the operation of these systems has some
disadvantages:

- detection units can be only installed after removing the reactor cap and be removed
after the completion of refueling;

- at other time the control of nuclear safety is accomplished by the equipment using off-
reactor detectors;
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- during the assembling and disassembling of the in-reactor detection units the metallic
casings and sealed hoses of the units may.be damaged;

- intense y-radiation reduces significantly neutron sensitivity of the detectors because of
the necessity to discriminate the valid signal, and makes it necessary to fine-tune the
conversion coefficients of the reloading control system equipment in the process of refueling
for obtaining a reliable information;

- during assembling and disassembling of the reloading control system equipment the
personnel receive additional radiation loads.

The authors propose to control the reactor subcriticality in the refueling using
supersensitive neutron detectors located outside the reactor in the biological shielding.
Although here some difficulties arise because of rather low statistics of counts, the reasonable
accuracy of the control, as the experience shows, can be reached in accumulating the statistics
within the reasonable time intervals.

From the viewpoint of estimation of nuclear safety of the current state of the core, the
reactivity control is, of course, desirable. However the methods of estimation of the reactivity
developed and used in other cases are not applicable under the shutdown conditions and in the
refueling of W E R reactors either because of design features (when the reactor cap is open the
control rods cannot be dropped), or because of non-uniformity of multiplication properties
over the W E R core cross section impending the use of pulse source methods or stationary
statistic and fluctuation methods for reactivity determination (Feinman-alpha method, Mogilner
method [1]) owing the impossibility to identify the value, determined by the average
multiplication properties of the core, in the spectrum of values characterizing the fission chain
lengths.

The authors of the report propose to use the modification of the well-known "method
- S - —

of source multiplication" for the subcriticality control: n = where n and S are the
\-Keff

average values of the flux and source power. More exact expression connected the values of
the source and neutron fluxes in the reactor is

where S = S(r) - neutron sources;

Q - operator characterizing the fission neutron appearance;

<P+- joint function which is a solution of the stationary equation:

n = «(r) - neutron flux which is a solution of the equation:

Qn-Ln + S = 0.

The change in the signal from the neutron detectors located in the channels of biological
shielding is determined by the calculation for each refueling phase, and this change is compared
with the measured value. If calculated and measured values of the outer detectors reading
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change are identical, it is supported that the calculating model is corresponded to the reality
and reactivity is determined from the calculating model. Otherwise it is supported to use the
experimental repairing:

«d.c.

where - ^ - repairing factor, characterizing the measured and calculated flux ratio in the
nd.c.

place where detector is, for which the ratio has the maximal value.

The results of the measurements carried out in the refueling the Zaporozhie NPP-2 in
1992 favor the proposes method. During the core unloading the counting rate of the channel

provided with three counters CNM-18 (sensitivity ~ 10 puie
 7—) was reliably recorded

neutron I cm' -s

within the range 0.35 s"1 - 0.1 s"1 (the background measured was 0.01 s*1). Upon completion of
core loading (70% of irradiated and 30% of fresh fuel assemblies) the counting rate was 0.7 s"
'. This reactor state is characterized by the lowest source capacity (the largest fraction of fresh
fuel assemblies) therefore at all the rest moments of refueling the counting rate will be higher.
To ensure the measurement error ~ 5% in the case considered about 10 min is required, which
is quite real. The measurements carried out with the similar channels in the startup of the
Zaporozhie NPP-1 in the refueling in 1997 showed that the reliable control of the core at the
frequency of pulse recording ~ 1 s"1 is ensured upon the withdrawal of CR groups at the
H3BO3 concentration ~ 19.5 g/kg. As far as the control of performing the first load (fresh fuel)
is concerned, the measurement show that the control is only possible at the first loading
stage/before filling the reactor with boric acid). In this case the recording rate is ~ 1 pulse/s,
which is quite sufficient for stable measurements. Upon flooding with boric acid the possibility
of reactor control without employing additional external neutron sources is completely lost and
is recovered only at the reactivity ~ -1.5 peff.

As the foundation for the problem set it is proposed to use the NOSTRA code [2],
which will be verified by the experimental data using a specially prepared constant base. The
NOSTRA code will integrate the units which will allow the neutron produced from the
spontaneous fission, the (a, n) and (y, //) reactions to be allowed for. For a correct modeling
the signals from the neutron detectors the coefficients of detector sensitivity, characterizing the
contribution of each fuel assembly to their signal, will be preliminary calculated.

The authors hope that this short communication would initiate the discussion on the
question considered and will help to choose the correct way for solving the problem set.
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