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1 INTRODUCTION

The rupture of single RBMK reactor channels has occurred at a number of stations with
a variety of initiating events. It is assumed in RBMK Safety Cases that the force of the
escaping fluid will not cause neighbouring channels to break. This assumption has not been
justified.

A chain reaction of tube breaks could over-pressurise the reactor cavity leading to
catastrophic failure of the containment.

To validate the claims of the RBMK Safety Cases the Electrogorsk Research and
Engineering Centre, in participation with experts from the Institute of Mechanics of RAS, has
developed the method of interacting multiscale physical and mathematical modelling for
coupled thermophysical, hydrogasodynamic processes and deformation and break processes
causing and (or) accompanying potential failures, design and beyond the design RBMK
reactor accidents.

To realise the method the set of rigs, physical and mathematical models and specialized
computer codes are under creation. This article sets out an experimental philosophy and
programme for achieving this objective to solve the problem of credibility or non-credibility
for multiple fuel channel rupture in RBMK.

2 MODELLING PHILOSOPHY FOR MULTIPLE PRESSURE TUBE RUPTURE

MPTR can be considered at several (at least three) different scales. Each scale can be
analysed separately:

1. A single channel
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2. A series of channels
3. An array of channels
Each of scales can be analysed individually. Relating the results of one scale to another

leads to problems.
The next block of problems is associated with clarifying the mechanical and fluidic

properties of the RBMK core and studying their effects on the MPTR mechanism.
The processes under consideration are multi-parametric and with phase transitions,

moving boundaries and variation of boundary conditions during an accidental scenario.
Hence, it is clear that the full similarity of physical modelling of these processes is
impossible. It is also evident that a mathematical model aimed at describing a full set of the
processes will be inevitably oversimplified. Hence, the full problem on MPTR modelling
needs to be separated into several interrelated blocks, which are now described more fully. At
that regular modelling conditions, i.e. development and implementation of the model
similarity criterion to its actual analogue.

The following two blocks can be separated in the problem of MPTR modelling:
• the block of the problems related to the local fracture processes at the scale of a single

fuel channel;
• the block of the problems related to the interaction of a series or array of channels.

3 MODELLING OF A SINGLE TUBE RUPTURE

Propagation of a rupture in a single tube affects the initial stage of the accident.
This modelling involves examining the conditions and mechanisms of a rupture in a

single channel constrained by a graphite block; examining the parameters affecting the escape
of the steam-water mixture; examining the influence of external static and dynamic loads;
examining the pattern and mechanisms of the graphite/tube fracture together; examining
stress, strain, temperature, pressure and flow in the neighbourhood of a single fractured
column.

4 MODELLING THE INTERACTION OF COLUMNS

The specific nature of the reaction of the effective reactor medium on a quasidynamic
action is related to its structure characterised by the presence of unilateral constraints in the
graphite stack. This effective medium, as well as the single column with the large distributed
mass and small bending resistance, has a low velocity of perturbation propagation.

Hence, mechanical actions and fluid dispersion caused by a local fracture are
characterised by supercritical velocities, piston effects, deformation of the gaps in the graphite
stack, etc.

Studies of the interactive effects are aimed at evaluating the possibility of a MPTR
provocation under the action of a physical field perturbation near an initial fracture source in a
small number of channels (in one or two channels).

Modelling of column interaction can be performed in two stages.
At the first stage the mechanical reaction of a fuel channel system on a perturbation

imitating the rupture of a single channel is examined. The mechanical perturbation transfer in
the channel system is determined. A theoretical and experimental study of the conditions and
regimes of steam-water mixture motion in the deformed interblock gap.
The studies are performed on small scale rigs.

On the basis of the first stage results the program for the second stage is formulated.
The second stage implies using the full scale rig (TKR) simulating the critical

combinations of parameters identified by the first stage of modelling.
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5 MULTIRIG TEST FACILITIES

The aforementioned scheme of interrelated studies can be realised on a system of rigs of
three types which are specially designed.

I type
I.a. A rig for testing a single tube and simulating the conditions of an initial initiating

rupture and searching for the conditions of dependent fracture at the scale of a single channel.
I.b. A rig simulating a single tube rupture examining the channels reaction to external

and internal loads.
I.c. A rig to model steam-water flow through the inter-block gaps.
II type
II.a. A rig simulating a row of columns examining the mechanical propagation of the

disturbance.
III type
III.a. A full scale rig simulating several rows of columns (a reactor block) examining

the fracture process caused by the rupture of a single tube in the limiting conditions.
In compliance with that the following rigs are under designing and construction at

EREC:

5.1 Rig 1 “Model of an Accidental Channel” (TKR-F)

Rig I.a (Fig. 1) is aimed at:
• the development of methodology for investigating and analysing accidental

thermomechanical rupture of a technological channel at the given rupture parameters;
• studying the processes of channel rupture, the interaction of the components and

escape of coolant.
• modelling the processes of channel rupture to derive test conditions for the full scale

rig (rig III.a) and the conditions of an accidental fracture in the RBMK reactor medium.
The rig consists of a length of zirconium alloy tube embedded in a graphite column, a

system of external mechanical loads, a system supplying steam-water mixture (265−290°C,
14−20% vapour and ∼7,8 MPa), a system for heating tubes up to 700°C and measuring
system.

The height of the tested tube is about ~4 m. The zirconium alloy tube is embedded in
the model graphite stack which consists of the graphite bricks and rings representative of the
design technology.

5.2 Rig 2 “Small Scale Model of a Module of the Reactor Stack” (TKR-M)

Rig 2 represents I b and II a types (Fig. 2) and is aimed at:
• studying the processes of quasielastic deformation of a single column and a row of the

columns under the action of the transverse and longitudinal loads;
• studying the processes of mechanical perturbation propagation through a row of

representative columns and the effective stiffness characteristics of the system;
• obtaining data to enable a representative boundary of the absent part of the RBMK

stack to be designed for the full scale rig.
A model of 1 to 5 column row will be fabricated at a scale of 1:6,47. The model tubes

will be fabricated from the RBMK fuel element tubes (the alloy H-1 (Zr+1%Nb)). The
graphite blocks are modelled from lead. Models of assembly and supporting plates as well as
the rig frame will be fabricated from the structural steel.
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Axial tube tension and compression with traction up to 1000±100 N will be provided.
This loading will enable the action of a longitudinal load to be modelled and design and
testing of an appropriate system for the full scale rig.

5.3 Rig 3 “Model of the Flow in the Inter-bricks Gap” (TKR-Grafit)

The rig represents I c type (Fig. 3) and is designed for:
• studying the flow of steam-water mixture through a narrow gap taking into account

the effects of cooling, phase transitions, wetting and mechanical displacement of the gap
surfaces;

• determining the test conditions;
• obtaining data to design the hydraulic resistance of the missing RBMK columns for

the full scale rig.
The rig consists of at least several graphite blocks with a system for adjusting the

interblock gap, a system for block heating, a system to inject a steam-water mixture of given
initial parameters (pressure, temperature, flow rate), a measuring system.

5.4 Rig 4 “Full Scale Model of a Module of the Reactor Stack” (TKR)

The rig was aforementioned as rig III.a and represents further development of the
design of the TKR rig (Fig. 4). The full scale rig is aimed to verify elements of potential
MPTR scenario at near RBMK operational conditions. The rig is a representation of a part of
the real reactor core (up to 25 channel tube and graphite columns).

6 CONCLUSION

This theoretical and experimental analysis of MPTR in RBMK reactors involves the
following main stages:

• determination and analysis of the main processes and combination of material
properties and active media which can lead to MPTR;

• determining critical parameters and dimensionless groups related to characteristic
regimes of system activity and their variation;

• modelling of the basic elements of the system;
• modelling of the reaction of a system of elements and media on a combination of

kinematic, force and thermodynamic actions;
• modelling and verification of separate elements of MPTR scenarios;
• development of the MPTR model and searching for a safe range of the critical

parameters which precludes tube rupture propagation.
The Scheme given in Fig. 5 demonstrates the interrelation between the studied stages of

the hypothetical MPTR, list of the experiment types (needed for their quantitative description)
and rigs aimed at performing these experiments.

In whole the results given in this paper represent the strategy of the experimental and
theoretical analysis of the MPTR problem on the current level. The set of problems, which
can be solved by physical modelling on the special rigs, is outlined. The list of rigs needed for
modelling on three scales is presented. It is shown that the described rigs are sufficient for
solving the formulated problems. The main types of the experimental studies need to be
performed on these rigs are described.

The work has been performed under International Project TACIS R2.30/96
“Assessment of the Residual Lifetime of RBMK 1000 Channels, Including Experimental
Support for Multi-Tube Rupture Evaluation” under Contract #12700032.
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Figure 1: Accident Channel Model
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Figure 2: Small Scale Model of Reactor Stack Module
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Figure 3: Model of Flow in Inter-Bricks Gap
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