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Abstract

The DSNP [1] simulation language was applied to study the effect of different mod-
eling approximations of feedback phenomena in nuclear power plants. The different
methods to model the feedback effects are presented and discussed. It is shown that
HWR's are most sensitive to the correct modeling since the usually have at least
three feedback effects acting at different time scales, and to achieve correct kinetics
a one dimensional representation is needed with correct modeling of the in core time
delays. The simulation methodology of lumped parameters and one dimensional
models using the DSNP simulation language is presented.

Simulation Methodology

Simulating accidents and transients in nuclear reactors requires first of all a "good"
neutronics and thermal hydraulic representation of the core. The possible models
range from simple lumped parameter models to full scale 3-D models. Full scale 3-D
models are rare, and only recently became available [2] at very high cost. Most of
the accident and transient analyses are still performed with system codes which use
mostly lumped parameter models for the core kinetic representation although some
have introduced 1-D neutronics models.

The present study investigates the importance of improved feedback representa-
tion in system codes using the point kinetic model to describe the core neutronics.
The importance of proper representation increases if several feedback phenomena
exist, each having a different time scale. Such conditions exist in reactors where the
bulk of the moderator is separated from the coolant, and has a much larger heat
capacity than the coolant. The GCR and HWR reactors belong to this category. In
these reactors at least three different feedback effects can be identified.

1. A prompt Doppler feedback from the fuel
1 Summary of paper submitted to the 5th International Conference on Simulation Methods in

Nuclear Engineering, Montreal, Canada, Sept. 8-11, 1996(papl85ab)
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2. A coolant temperature feedback from the coolant channel with a short time
delay

3. A feedback effect from the moderator with a long delay.

An additional complication arises from the fact that the delayed neutron time
constants might interact with the thermal-hydraulic time constants, since they are
of the same order of magnitude. It was shown by the author [3] that the delayed
feedback effects, even if all are negative, can cause instability. In the same reference
it was shown that the correct representation of the effective delayed neutron fractions
can move the simulated system from stable to unstable conditions and vice-versa.

Feedback Models

The following models were compared in the present study:

1. A lumped parameter model, (Fig la).

2. A one-dimensional fuel model and coolant channel model with lumped pa-
rameter representation of the moderator using an ideal mixing approximation,
(Fig lb).

3. A one-dimensional fuel model and coolant channel model with a single trans-
port delay representing the moderator, (Fig Id).

4. A one-dimensional fuel model and coolant channel model with a one-dimensional
moderator model representing the moderator average temperature, (fig lc).

5. A one-dimensional fuel model and coolant channel model with several trans-
port delays each representing a single moderator node situated opposite the
corresponding fuel channel node, (fig le).

The models are presented schematically in Fig. 1. As can be seen from the
figure the moderator region can be modeled either as a single node or a number of
thermal-hydraulic regions, in each the appropriate conservation equations are solved,
and some heat transfer from the fuel is introduced, or as a series of transport delay
elements in which case the heat transported across the boundary and the mixing
are neglected.
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Figure 1: Schematic core feedback models, (fdb.eps).

Results of the Study

Each of the models presented in Fig. 1 was included in a full scale simulation pro-
gram which included a detailed representation of the core and the primary loop.
The model does not represent any particular reactor, but some of the system pa-
rameters were taken from the Canadian NPD power plant [4]. The basic phenomena
that drives the system behavior is the rapidly responding coolant temperature with
a relatively small feedback, and a slowly responding moderator region with a large
feedback.

The hypothetical system was investigated both, with the full scale simulation
model and by performing stability analyses using one dimensional transfer functions.

Fig. 2 shows the response of the power plant to a step change in reactivity with
a) representing the moderator by a single lumped parameter region and b) as a
one dimensional thermal hydraulic model having 7 regions. As can be observed the
lumped parameter model gives a false impression of a very stable system, while the
one dimensional model results in oscillatory behavior,

There are also differences between the 1-D model and the model that approxi-
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Figure 2: Response to a step change in reactivity from a lumped parameter and one
dimensional moderator model

mates the moderator by several transport delay elements. The transport delay model
tends to enhance the simulated system instability and the oscillatory behavior.

It can be concluded that modeling of the feedback dimensionality and its distri-
bution along the core is rather important for the understanding of system transient
behavior and phenomena of instability. The recommended correct modeling is the
one dimensional representation of the core fuel, coolant, and moderator zones along
the core with correct distribution of feedback in each of the modeled nodes.
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