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ABSTRACT

The questions of intra-reactor vessel modeling with the aim of the calculation of the
three- dimensional (coarse mesh) coolant parameters distribution in the reactor pressure
vessel within the fre of the ATHLET/BIPR8KN 1/ application are considered. The
turning on of the inactive loop of VVER-440 reactor of Kola NPP? is presented as an example

The first attempt of the coolant mixing boundaries estimation for the analysis of the
process of the turning on of the inactive loop with different temperature or boron
concentration with ATHLETIBIPR8KN / code package in use have been made at the AER
Working group D meeting in Moscow. In this simplified case, the modeling was made by
selection of the pair element for the description of each of the characterized reactor part from
the inlet up to the core. These elements were proportional by geometry to the five combined
and one-selected loops. All part of the reactor was independent from each other. The mixing
(from minimal up to maximal) was modeled in under-core space by given values of the
coolant cross flow.

The aim of the simplified investigation was both the receiving of calculated estimation
of mixing degree influence on the process and answer on the question: what mixing degree
leads to the most conservative results.

The goat of the presented report is to show the use possibility of ATHLET/DIPR8KN
code package for the coarse-mesh modeling of the reactor, including the assembly by
assembly calculation of the fl core from the both hydro-dynamic and neutron kinetic point
of view. It is not supported to use the special approaches for the mixing modeling for the
receiving the space dependency distribution of the hydrodynamic parameters.

SI1



The selection of some different reactor zones is supported by the space grid building
Each zone has own spacing out. These zones are:

ca Inlet mixing camera with down camera;
c) Space between the elliptical reactor bottom and the reactor shaft;
ci Space between the elliptical reactor bottom and lower base plate of the reactor shaft;
a Under core space from lower base plate of the reactor shaft up to the lower base plate

of the reactor core;
a The core assemblies (each assembly correspond to the separate thermal hydraulic

channel, without taking into account the intra-mixing;
o Space between lower and upper kept plate of the emergency cooling down system

directing tube;
a Outlet camera;
o Space between upper kept plate of the emergency cooling down system directing tubes

and head of the reactor.

Such approach allows refusing from the working out in detail of the parts, which do
not have influence on the process and giving possibility to describe in more detail the reactor
parts, where the mixing process is essential.

It is supported that all pins of each assembly are equivalent by the heat structure
modeling.

The flil scheme o the plant (primary side, secondary side) is realized in this
calculation in one-dimensional approach.

Conclusion
The principal possibility of the using of the ATHLET/BIPR&KN code package for the

tree-dimensional coarse-mesh calculation of the reactor is shown.
The authenticity of such approach applying will be tested on existing experimental

data. It will be useful and desirable to have the temperature measurements at the assembly
inlet in the process of the inactive loop turning on. Unfortunately, there are not such data.

The increase of the amount of details is limited by the computer memory and
processor. It has huge influence at the stage of initia matrix optimization.

To roceed from the carried out calculation with such model in use. the follow
preliminar conclusions about the slug mixing degree can be done:

o The slug from the being turned on loop has gone to the reactor vessel bottom without
any mixing;

o The main mixing is occurred on the way from reactor vessel bottom up to the hole
shield;

o As a result. the slug is fully mixing at the inlet of the core. The mixing degree is close
to 100%.19 then 0%.

The further work by the use of the ATHLETBTPR8KN code package for the three
dimensional coarse-mesh modeling of the reactor will concentrate on the verification of such
assumption on the base of the experimental data. It should be said, that the three dimensional
coarse-mesh model of the steam generator is developed at the time being on the base of the
ATBLET program 3/.
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Figure 1. Loop mass flow rate, kg/sec
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Figure 3. Neutron power ()and set point of the scram 1 12% (x).
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Figure 4. Position of the scram(+), working group(x), (0) and stuck rod(O)
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Figure 5. Coolant pressure at the iniet(+) and outlet of the reactor.
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Figure 7. Steam mass flow rate at the steam generator outlet
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Figure 9.-Heat transfe t-rough the-steam generator
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Figue 10 Maxmal ueltemperature in the hottest (10 axial nodes are shown,
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Figure 1 . Down camera of the reactor
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Figure 12. Connection scheme of the loops to the down camera of the reactor
(the first loop is turned on)
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Figure 1 () Coolant temperature distribution in the down camera ator the
momnsent o wthn ntelo
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Figure 221. Mass flow distribution at the core inlet aefte the switching on the
loop, kg/sec

TW 8394



TRA. 37 4M

265

95~~~~~~~~~~~3



TIME' 812280

25

Figure 26. (4) Coolant temperature distribution at the core inlet at the time of
the switching on the loop, grad C.
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Figure 30. 2 Distribution of center line pin fuel temperature in the core (node 9
3at the time of the switching on the loopm i), grad C
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