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Abstract

A characteristic feature of advanced reactor designs is their reliance on passive safety systems. It is
important to assess both the operation of such systems and the ability of systems codes, such as RELAP5, to
model them. In Finland VTT Energy, together with Lappeenranta University of Technology, is using the
PACTEL facility for the investigation of passive core cooling systems. In particular, a core make-up tank (CMT)
has been installed in the rig to operate in a similar manner to those in many Advanced PWR designs. Three small
break tests, GDE-24, GDE-34 and GDE-43 in the PACTEL facility were chosen for modelling with RELAP5.
The objective of GDE-24 was to investigate CMT behaviour and in particular the effects of condensation in the
CMT. The second test, GDE-34, was similar except that it had a smaller CMT and at the start of the test the water
in the CMT and connecting pipework was at an elevated temperature. Test GDE-43 focused on conditions when
the driving force for flow through the passive system injection system (PSIS) slowly disappears. Analysis of all
tests reported here was carried out with RELAP5/MOD 3.2.1.2.

The paper summarises the conclusions of all the tests. A critical part of the study revolved around
modelling of the CMT. A model was developed to allow its detailed behaviour to be investigated more easily.
This enabled recommendations for improving the condensation modelling in RELAP5 to be made. Apart from
the wall condensation modelling issue, the implication of the work is that RELAP5/MOD 3.2.1.2 (a
comparatively recent version of the code) is broadly adequate for these applications.

1. INTRODUCTION

The main objectives of the work presented in this paper are:

- To identify new phenomena associated with the performance of passive safety injection
systems;

- To determine how well the RELAP5 code can simulate the behaviour of such systems.

Several series of tests have been performed in the PACTEL facility [1] sited at the
University of Lappeenranta in Finland. The work is carried out as part of the European
Commission 4th Framework Programme project "Assessment of Passive Safety Injection
Systems of Advanced Light Water Reactors" (F I4I-CT95-0004). The work involves four
partners: VTT, the project co-ordinator, AEA Technology, University of Lappeenranta and the
University of Pisa. This paper is specifically concerned with the AEA Technology
contribution to the project, the validation of the RELAPS code. The authors acknowledge the
support of the UK Department of Trade and Industry and the EC in this project.

2. PACTEL FACILITY

The PACTEL Facility is a 1:305 volumetrically scaled full height model of a 6 loop
VVER. It has 3 equal sized loops, each representing two of the reactor loops. Each loop has an
active pump and steam generator. The core and downcomer are modelled as separate pipes.
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The core is electrically heated with 144 fuel rod simulators in a triangular grid. The axial
power profile is simulated. The steam generators have horizontal tubes with a single bend. The
primary volume is accurately scaled, but the need to represent the plant elevations correctly
means that the secondary side is larger than its true scaled size. A diagrammatic sketch of the
facility with the CMT is shown in Figure 1.
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FIG. 1. PSIS Configuration (Third series).

3. PACTEL EXPERIMENTS

3.1. Brief description of test programme and procedures

Within the project, three series of Small Break Loss-of-Coolant Accident (SBLOCA) tests
were performed. Each series was designed to investigate the performance of the Passive Safety
Injection Systems (PSIS) for different rig geometry or test conditions. The first series focused
on the effect of break size, the second on the break location and the third on the Core Make-up
Tank (CMT) elevation. Experimental parameters were varied to cover the range of conditions
expected to exist in a plant and to provide relevant data for the important code models. Full
details of the experiments are given in a number of internal references within the EC Project.
References [2-5] include summary information together with the RELAP5 code comparisons.
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In each experiment the primary and secondary system parameters were established to
achieve the desired initial conditions. At the start of the test, there was no flow through the
PSIS. It proved necessary, however, to preheat the PBL to ensure that the injection flow
commenced when the Injection Line (EL) valve was opened. The valve opening was triggered
by the fall in pressuriser level after the break was opened.

3.2. Description of key features and phenomena

Each experiment can be separated into three phases:

Recirculation - once the IL isolation valve is open, buoyancy driven single phase water
circulates through the PSIS. The driving head is the density difference between the hot water
in the PBL and the cold water in the IL and CMT.

Oscillation - two phase flow in the PBL resulting in an increased driving head and flow
compared with the recirculation phase.

Injection - steam flows into CMT resulting in increased driving head. The magnitude of
this May be adversely affected by steam condensation. Investigation of this feature is a key
issue of the experiments and the analysis presented in this paper.

4. RELAP5 MODELLING

4.1. Physical models

The RELAP5 code has been developed over many years as a best estimate system thermal
hydraulics code for PWR accident conditions. The mass, momentum and energy equations are
solved for the steam and water phases. The model allows for thermal-disequlibrium between
the phases and also for heat transfer between the fluid phases and heat structures. Current
generation PWRs utilise powered ECCS for SBLOCA and hence the code models have been
exercised and validated under flow conditions rather different from those encountered in these
applications.

In general the key phenomena modelled by the code, including the wall, fluid heat transfer
and shear require empirical correlations. These are flow regime and, therefore, applications
dependent. It is not possible in this paper to provide detail on all the RELAP5 models and
attention is concentrated on a few phenomena which are of importance in these tests.

A key consideration in the RELAP5 modelling concerns the behaviour of the CMT. The
phenomena of interest and which it is crucial to model correctly include thermal stratification,
condensation and the liquid and wall heat transfer. The performance of the code models are
considered in more detail in the analysis results from the individual tests.

4.2. Numerical representation

The original deck for the analysis was supplied by VTT and was intended to be
compatible with RELAP5 MOD 3.2. AEA Technology undertook a thorough review of the
deck, making modifications to the pressuriser model and adding a model for the CMT and
associated pipework.
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A critical factor in this work was the nodalisation chosen to ensure appropriate
representation of the physics and numerical stability for the solution scheme. More details are
given in [3-5]. The basic nodalisation is shown in Figure 2. The same version of the code,
RELAP5 MOD 3.2.1.2 was used for all the tests. The analyses are presented for three
experiments GDE-24, GDE-34 and GDE-43.
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FIG. 2. RELAPS Nodalisation of the PACTEL Facility.

5. CODE COMPARISONS WITH THE GDE-24 -EXPERIMENT

The GDE-24 experiment included a 3.5 mm cold leg break. The main objective was to
investigate CMT behaviour and in particular the effects of thermal stratification and
condensation in the CMT.

Results from calculations representing the full transient are shown in this paper, Figure 3.
In the reference calculation there was a significant fall of pressure which occurred as the core
make-up tank started to empty. In a second sensitivity calculation the rate of condensation in
the core make-up tank was artificially reduced and it was found that the results followed the
experimental data almost precisely. This highlighted some inadequacy in the wall
condensation modelling in the RELAP5 code.

A study of how the code calculated the heat transfer coefficients revealed a deficiency in
the model, the principal feature being that the thickness of the condensation film on the wall is
not modelled realistically.
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FIG. 3. Pressuriser Pressure.

Stand-alone modelling of the CMT was then carried out which indicated:

- that replacing the mesh in the CMT wall, over a practical range of sizes, produced little
benefit. The implication is that it may be difficult to get the resolution necessary using a
system code like RELAP5;

- flow oscillations could be reduced by refining the volumetric (vertical) mesh, but it was
not possible to eliminate them altogether. Again this is a limitation of the approach
inherent in system codes;

- the results were not sensitive to the nodding refinement in the PBL. This is comforting
because of the practical limitations of running a complete rig model with fine nodding in
the PBL.

The implication of the GDE-24 analysis was that, apart from the wall condensation
modelling issue, the modelling in RELAP5 was broadly adequate for this experiment.

6. CODE COMPARISONS WITH THE GDE-34 EXPERIMENT

The second test analysed, GDE-34, was similar to GDE-24 but with a smaller CMT. It
was initially full of hot water. The GDE-34 test represented the conditions that would prevail
if a check valve in the pressure balance line had been leaking. The objective was to
investigate the PSIS performance when the driving force for starting the recirculation was
small.
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Two calculations are again presented each representing the full transient. In the reference
calculation there was a significant disturbance to the emptying of the core make-up tank due to
condensation being calculated. In a second sensitivity calculation the rate of condensation in
the core make-up tank was again artificially reduced (as in the previous study) and it was
found that the results gave an improved agreement with the experiment.

Stand-alone modelling of the CMT indicated support for the conclusions drawn from the
GDE-24 analysis performed previously.

- an alternative approach to the calculation of the wall heat transfer for condensation was
tried making use of an input table in the input deck relating the heat transfer coefficient to
the wall temperature. The heat transfer coefficients in the table were calculated from the
average value obtained from the Nusselt theory [6]. Despite being only an approximate
model, this showed, Figure 4, improved steadiness in the injection flow and could provide
a possible resolution to the condensation problem if implemented in the code;

- a more detailed study of the conditions around the time of emptying of a cell revealed that
the code was calculating the vapour to become superheated. This is not physically realistic
and is the result of a code error in a condensation routine. A corrected version has been
supplied by the code developer.

The implication remained that, apart from the wall condensation modelling issue, the
modelling in RELAPS was broadly adequate for this experiment as well.
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FIG. 4: CMT Injection Line Flows.
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7. CODE COMPARISONS WITH THE GDE-43 EXIPEMMENTS

The test conditions for this experiment were a very small break (0.13 %), the PSIS
geometry was as for GDE-34. The steam generator tubes were kept covered. The objective of
this test was to focus on a long natural re-circulation phase when the driving force for the flow
slowly disappears.

As previously, a reference calculation and a number of sensitivity calculations were
carried out.

These included a number of single parameter changes. Calculations investigating the
effects of the thermal stratification model in the CMT, the number of nodes in pressuriser, the
pressuriser heaters modelled individually, and with adjustment of the heat losses from
pressuriser.

The conclusions from the analysis of this experiment were:

- RELAPS/MOD3.2.1.2 predicted the CMT flow behaviour with good accuracy.

- the injection flow rate was well predicted using the results of pressure loss tests in the
CMT lines. A period when the recirculation ceased was also predicted, but only, within
the timescale of the calculation, when the thermal stratification model was employed in
the CMT and associated pipework, see Figure 5;

0.20 •+•

0.15 - -

0.10 - -

05

0.05 - -

0.00 --*"»

Calculation (without thermal stratification)
" * Calculation (with thermal stratification)
~* Experiment (FPBL)

- u .

•+• 4-

0.0 0.2 0.4 0.6
+

0.8 1.0 1.2

Time (sec)

FIG. 5. CMT Pressure Balance Line Flow.

1.4 xlO

373



the overall course if the transient was followed by the calculation. The behaviour of the
pressuriser was particularly sensitive to the imposed heat losses;

the CMT flow and its cessation were observed to be insensitive to the wide variations
which occurred in different calculations.

8. CONCLUSIONS

The code was successful in calculating all three tests chosen for analysis. No code
failures were encountered. Ale mass errors were small.

From the analysis of tests GDE-24 and GDE-34 it is clear that the modelling of wall
condensation in the REL APS code requires improvement for this application

The principal deficiency was shown to lie in the unrealistic modelling of the thickness of
the condensate film on the wall.

Some benefits could be obtained from reducing mesh sizes but. within practical
limitations, it was not possible to achieve a complete resolution this way.

An alternative model, not included in the code but applied as a revised boundary
condition, successfully demonstrated a possible approach to overcoming the problem for this
specific application.

A further observation of this work was some unphysical superheating of vapour in a cell
just becoming empty. Modified coding to resolve this problem was received from the USNRC
code development contractors.

The analysis of test GDE-43 successfully reproduced the following CMT parameters:

(a) the single phase recirculation flow rate,
(b) the cessation of this flow when the circuit was full of hot water during the recirculation

phase of the experiment.

The agreement of these features with the experiment was good provided the thermal
stratification model was invoked in the code.

Ale overall course of the transient was generally well reproduced but a particular
sensitivity to heat losses in the pressuriser was observed.

Overall it is concluded that, subject to the particular issue of the condensation modelling
noted above, the RELAP5 code is broadly suitable for the analysis of Passive Injection
Systems of the type investigated here.
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