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Summary

The sodium-water reaction R&D programme for EFR is an integrated European project, as
described in another paper at this Specialists Meeting. In this paper the UK contribution to this
programme is described.

The major sodium-water reaction test facility in the UK is the Super Noah Rig at Dounreay.
This Rig is currently being modified to allow the following to be achieved during experiments:

• Provision of water/steam at the correct EFR SGU flowratc, temperature and pressure in the
24 target tubes modelling the EFR SGU in the test section

• Provision of sodium at the correct EFR SGU velocity, temperature and pressure through the
test section modelling the EFR SGU during the experiments.

Experiments in this facility to determine the Icakrate at which overheating becomes important
in various regions of the EFR SGU and to determine the damage caused by overheating will be
the major UK contribution in the future. The modifications to the Rig and the future
experimental programme are described.

Several intermediate leak experiments have been carried out in the Super Noah Rig in the past,
and the main results from them arc summarised. These experiments have primarily been at
PFR conditions but results have been obtained for 2.25 Cr IMo, 9Cr I Mo and A800 steels,
with and without internal water flow in the target tubes. During these previous experiments, the
sodium was static and was at atmospheric pressure.

Results from experiments carried out in the Small Water Leak Rig (SWLR) and the Small-
Scalc Test Facilities at Dounreay on microlcak evolution, wastage of tubes and SGU walls, the
behaviour of small leaks at the low temperature, bottom-tubcplate conditions and corrosion at
sodium pool surfaces are presented. The future programme for these facilities is discussed.

Fundamental experiments which have been carried out at Harwell on the behaviour of blocked
microleaks are described.

1. AEA Technology, Dounrcay
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1.0 INTRODUCTION

The sodium-water reaction R&D programme for liPR is an integrated European project, as
described in another paper at this Specialists Meeting. In this paper the UK contribution to this
programme is described.

The objectives of the EFR programme arc to provide data and validate axles which will Ix;
used to demonstrate the safely and economic cases of the plant.

This F.FR R&D programme was preceded by an earlier joint European programme which was
targeted towards two alternative design styles of SGU, straight till», as in SNR2/CDFR and
helical tube, as in SPX2. Some of the experimental results described in this report arc from this
earlier programme. 'Ilicy have been included because they are still of relevance to the EFR
project.

The development of a leak progression code whicl; predicts the lichavinur and consequences of
a leak as it evolves from a microlcak up to detection and final shutdown of the SGU and circuit
is an important aspect of this EFR programme. This code must include the effects of self
wastage, target Mix: wastage, overheating, detection systems response and shutdown systems
response.

The development cif a leak progression code is a joint European activity, but each country has
been developing a national code. These national axles arc of great value in testing the models
which will be included in the common European code. The UK's code, BLUSH, will be
described in this paper.

The major sodium-water reaction test facility in the UK is the Super Noah Rig at Dounreay.
This Rig is currently being modified to allow better simulation of the EFR walcr/sleamside and
sodiumsidc conditions of pressure, temperature and flow.

Another major facility at Dounrcay. the Small water Leak Uig (SWLR) has been used in the
past and results from it arc included in this paper. This facility is now shutdown.

Small-scale facilities arc also being used for sodium-water reaction studies, and results from
them arc also presented.

2.0 THE UK LEAK PROGRESSION CODE - BLUSH

The computer code HLUSI1 (Behaviour of Leak Until Sllutdown), has been written to model
the progression of n leak incident in a fast reactor steam generator circuit. The code takes a
stochastic rather than deterministic approach to the problem. The objective of the code is to
investigate the effect of varying a number of parameters, for example the frequency of
operational failure of the steam isolation system, the slcamsidc dump valves, or one of the leak
detection systcms.on the availability of the SGU, and ultimately the operaling costs.

The code randomly selects initial defects and then calculates how these defects develop and
generate further defects. The code also determines, given various input data, when the different
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leak detection systems will operate during each event, and estimates the damage during the
ensuing steam and sodium dumps.

The code can handle up to 100 different initial defects and their effects, producing output
giving statistical information based on the results of the different incidents. Part of this output
is in the form of a fault tree, demonstrating the effects of the different detection systems on the
total damage.

A brief functional description of the BLUSH code is given below and is summarised
(ungrammatically in a flow chart, in Figure 1.

The BLUSH code models only a small section of tube bundle, containing up to 37 tubes in
either a square or triangular geometry. It is assumed that the first defect is always in the centre
of this section, and that all subsequent defects are contained within it.

The code takes as input details of the tube bundle which is being modelled. This includes
physical information, such as the tube material, diameter and wall thickness and the pitch of
the tubes in the bundle, together with details of the fluid temperatures and pressures.

The user can also control the number of leak events to be considered (up to 100).

The code also requires information concerning the operation of leak detection systems, these
include; hydrogen, acoustic, pressure and bursting disc detection systems. The data includes
not only flow rates and pressures at which the detection will take place but also a user defined
probability of the detection system working at all.

Details are also given of the dump of steam and sodium from the bundle along with the
frequency of failure to operate associated with each system.

For each leak event the code first chooses the type of initial defect. This is done by using a
random number to decide whether the initial defect will be cither a small leak, or a microlcak.
The code then randomly selects the direction of the defect. Once the initial defect has been
determined, the code works through the escalation of the event until there have been a total of
five defects, including the initial one. The code assumes leaks fall into one of three classes,
microleaks, small leaks, and intermediate leaks. Each defect is classified by the code according
to its mass flow rate and calculates the wastage rate and secondary defect size accordingly.

If the mass flow rate of the leak is less than 0.03 g/s the leak is considered to be a microlcak. In
this case the defect is considered to either block up with reaction products and then open
suddenly as a much larger leak, or to slowly grow larger through self-wastage. Again the code
determines which is the current case by use of a random number and a user-given probability.

If the mass flow rate of a leak is greater than 0.03 g/s and less than 40 g/s then it is a small leak.
For this the code determines from the direction of the reaction jet the reduction in the wastage
rate due to the angle of incidence on the target tube. The wastage rate itself is then found and
from this the time to penetration of the tube which the jet impinges on. The code then finds the
size of the secondary defect caused by the reaction jet.

If the mass flow rate of the leak is greater than 40 g/s but less than 500 g/s then it is an
intermediate leak. These leaks are so large that the reaction jet will damage several other tubes.
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The code randomly determines which ones these arc and which will l>c the first to fail based on
the calculated wastage rate for the leak rate. The size of the new defect is then calculated.

If the size of the leak rale is greater than 50 g/s it is assumed (hat the leak will cause
overheating in the lube bundle. A time to overheating is calculated and then it is assumed that
one of the tubes affected by the leak jet will rupture with a complete double ended guillotine
failure (DEGF). Which tube fails is decided with a random number.

It must be noted that the overheating model is under development, and the current model only
serves the purpose of indicating that the leak rnic has escalated lo a range in which overheating
is possible. There is no attempt lo

predict the number of tubes affected, nor the lime interval over which they fail.

Once the event has been escalated to consider a total of five defects, the code then considers
the response of the various detection systems. From the input data and the results for the leak
incident, the code can determine at which stage of Ihc escalation sequence llic various
detection systems would have worked. This data is stored for each event so that statistical
information can be found for the detection systems after all the events have been completed.

After the code has determined when each of the detection systems would have worked it can
then predict the damage to the tube bundle occurring during the steam and sodium dump. This
calculation is repealed for each of the detection systems. The user has Ihc ability to define a
number of alternative dumps representing various degrees of dump failure in the input. The
code decides randomly which to use every lime the dump model is invoked.

For each of the events considered, the code outputs details of all the defects which occurred
and the response of the various detection systems.

Once all of the events have been considered, llic code compiles the data from each event into a
statistical form This can include data such as the number of events which followed the pattern
of a self-wasting microlcak, followed by a small leak, followed by an overheating leak, for
example. The code also takes the data on Ihc operation of the detection systems for each event
and produces a fault tree indicating how well the detection systems arc likely to perform under
the circumstances given by the user in the input. (It should be stressed that the results arc
totally dependent on the input given). An example of such a fault tree is given as Figure 2.

3.0 UK EXPERIMENTAL WORK ON MICROLEAK
BEHAVIOUR

Experiments on microlcak behaviour have been performed in the Small Water Leak Rig
(SWLR) at Dounreay and in a small-scale facility at Harwell. Experiments have been
performed on 9CrlMo and A800 steels at various steam generator region conditions, with
various leak path geometries.

Pip«
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3.1 MICROLEAK STUDIES AT HARWELL

Much work has been carried out to investigate the behaviour of microlcaks in all the countries
developing sodium cooled fast reactors.The observed microlcak behaviour has differed in
detail from group to group. In the majority of cases microlcaks were seen to block or partially
block with a vary low residual leak rate. This period is normally referred to as the dormant
period which may last for any period up to many months finally opening to a damaging rate of
several grammes per second.

Studies of the blocking mechanism have been performed at Harwell, nxpcriincnl.il
observations of blocking material in the leak path indicates that a possible blocking mechanism
is that of oxidation accelerated by sodium ingress. Sodium in the form of sodium hydroxide
enters the leak path and travels to the steam side under the influence of surface tension forces.
Incorporation of Na+ ions into the growing magnetite film in the leak path accelerates oxygen
transport across the film and hence the rate of film growth. Widening of the leak on the steam
side and the presence of sodium has been observed in most microlcak studies.

Further work at Harwell has investigated why some groups of workers have reported that the
normal behaviour of microlcaks in their investigations has been that of the leak remaining open
and growing slowly by self-wastage. The Harwell work has shown that the leak path geometry
and the sodiumside pressure can effect whether the leak blocks or not. It has been shown that
leak paths with a restriction close to the stcamside have a tendency to remain open if the
sodium side pressure is relatively low, about atmospheric. In this case, the steam flow produces
shock waves downstream of the restriction, which interact with the film of sodium attempting
to advance into the leak path. This interaction prevents sodium reaching the restriction and
prevents the leak from blocking. Increasing the sodium side pressure to 3 bars has been shown
to suppress the formation of shock waves in such leak paths and to permit blocking to occur.

Experiments at Harwell to investigate whether microlcaks in the region of the EFR bottom
tubcplatc will block and then escalate, have shown that impurities present in the water arc
deposited within the leak path as the water flashes, causing blockage. In most of the Harwell
experiments at these conditions, there has been little corrosion within the blocked leak paths
and such leaks would not be expected to display sudden escalation to a significant size.
However in some cases, considerable leak path corrosion has been observed, indicating that
escalation of microlcaks at the bottom tubcplatc region conditions cannot be ruled out. It is
thought that in these cases, the surface roughness has been such as to enable sodium to migrate
against the steam flow, even although the sodium temperature has been below the threshold for
such wetting behaviour of sodium for steels of normal roughness.

3.2 MICROLEAK EXPERIMENTS CARRIED OUT IN THE SMALL
WATER LEAK RIG AT DOUNREAY

A series of experiments on the evolution of A800 fatigue cracks upto lcakratcs of 50 g s ' ' has
been performed in the SWLR. In each of the five tests carried out, the sodium pressure was 3
bars absolute, the sodium velocity was 0.4 ms'1 and the water/steam pressure was 170 bars
absolute. In one test the sodium and steam temperatures were 350 °c and in the other four, they
were 510 °c.
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The results from these tests arc summarised in Figure 3. It can lie seen that the final escalation
to tens of grammes per second was over a relatively long lime period, and was always after a
long period at a Icakralc in the range detectable by hydrogen detection.

4.0 UK EXPERIMENTAL WORK ON SMALL LEAKS

A large number of small leak wastage experiments have been performed on 2 ' Cr I Mo, 9Cr
IMo, T91 and AR00 tubes, at a variety of slcam generator region conditions and lube to target
spacing. These experiments have been carried out in the SWI.R and small-scale test facilities
at Dounrcay.

4.1 COMPARISON OF THE WASTAGE RESISTANCES OF 2l/4CrlMo,
9CrIMo AND T91 STEELS

The rale of wastage of 2 l /4Crl Mo, 9Crl Mo and TVI steels over a range of Icakralcs from 0.1
to 1.0 gs'1, for a range of spacings from 5 to 20 mm, was examined in a scries of experiments
in one of the small-scale lest facilities at Duunrcay. The purpose of llicse tests, carried out with
sodium at 47()°c and atmospheric pressure, was to determine the relative wastage resistance of
these steels. A large number of injections were performed with each steel (105 for 9Crl Mo, 30
forl '^CrlMoand 44 for T91), to enable the spread in results for each steel to be determined.

The results arc summarised in Figures 4-6. It was concluded that, over the range of Icakratcs
and spacings investigated, there was no significant difference between these steels.

4.2 EXAMINATION OF WASTAGE OF THE EFR SGU SHELL

The first consistent design for the European Fast Reactor uses a once-through straight tube
Steam Generator Unit design. The Tube bundle and SGU vessel will be constructed in a 9 Cr 1
Mo steel variant called T91. The initially considered flexible shell design placed limitations on
the allowable temperature difference between the vessel and lube bundle and the decision was
been made not to have a shroud between the outer lulics of the bundle and the vessel wall over
the main part of the lube bundle. Although this flexible shell design has been abaudonncd, a
decision has not yet been reached on whether to include a protective shroud. There is a finite
probability of a small leak occurring in one of the oulcr row lubes which could be directed
outwards directly towards the SGU vessel wall. If such a leak went undetected it would
eventually pierce the vessel wall allowing the sodium to escape from the SOU causing a
sodium fire and consequent damage in the surrounding area.

A scries of tests have been carried out in the small-scale lest facilities at Dounrcay to
investigate the size of defect in the SGU vessel wall which would result from a small under
sodium leak in an outer row heat exchanger tube. 'Hie tests were carried out at an isothermal
sodium/steam temperature of 470" C with a representative leak to target spacing, for a range of
injection limes from 10s to several thousand seconds.

Figurc7 shows how the depth of wastage pit varies with lime for a constant leak rale of 0.4 g/s.
Figure 8 shows how the diameter of the wastage pit in the large! material increases with time
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from 2 mm at 5 s lo over 10 mm at 2000s at which time the EFR SGU vessel would have been
penetrated by a leak of 0.4 g/s.

These tests have indicated that the diameter of the secondary defect is a function of the
thickness of the wall of the target, and that a leak which would be expected to produce a I to 2
mm diameter defect in a 2.0 mm thick tube wall, produces a 10.0 mm diameter defect in a 15
mm thick SGU shell.

It has been observed that as the injection duration increases, the base of the wasted region
increases, and the sides of the pit become stecper.This is consistent with the rate of wastage
attack close to the central axis of the jet, decreasing as the pit grows deeper, due to the
increasing difficulty of sodium mixing with steam in this region. This allows the lower wastage
rates associated with regions further away from the central axis of the jet to become more
significant and eventually there is a fairly uniform radial distribution of wastage rates at the
greater pit depths.

4.3 EXAMINATION OF THE BEHAVIOUR OF SMALL LEAKS IN THE
BOTTOM TUBEPLATE REGION

The first experiments to investigate the behaviour of small leaks at the bottom lubeplate of a
straight tube, once-through SGU were carried out in the SWLR and small-scale test facilities at
Dounreay. The results from these experiments provided the motivation for the larger scale,
leak evolution tests performed by Interatom, in the ASB Loop at Bensbcrg, reported in another
paper at this Specialists' Meeting.

Adjacent tube wastage tests carried out in the SWLR at sodium temperatures of 220 °C in
flowing sodium were the first to show the behaviour of reaction products at low sodium
temperatures. A concrete like structure of reaction products and sodium was found attached to
the test section, especially around the site (figure 9)

It was postulated that sodium hydroxide was cooled as it left the reaction zone, changed phase
to become solid, and adhered to the test section building a thick deposit around the reaction
zone.

Later tests found that by flowing fresh sodium at high temperature through the reaction test
vessel for some hours it was possible to remove most of the reaction products.

This type of reaction product behaviour could have consequences in SGU designs where the
bottom tube to tube plate welds are under sodium at temperatures at or below the melting point
of sodium hydroxide. The bottom tube plate weld region is recognised as having a high
probability of occurrence of leaks and so wastage shrouds have been introduced to increase the
time available for leak detection before the development of secondary defects. If a leak were to
occur in this region, solid reaction products could be formed which if they were not removed
could pose a threat of generalised corrosion or cracking. Low sodium velocities in the bottom
tube plate region, and the presence of wastage protection shrouds could make it very difficult
lo remove solid reaction products.

A small number of pilot tests were carried out lo investigate the distribution of reaction
products in geometries typical of those being proposed for the bottom tube plate region of the
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next generation of SGU designs. These tests investigated the distribution of reaction products
both with and without a wastage shroud present. The tests showed that for the leak rate and
geometry considered the presence of the wastage shroud limited the spread of the reaction
products to the cell surrounding the leak site and the area ahovc il (figure 10).

4.4 EXPERIMENTS TO DETERMINE THE RATE OF WASTAGE IN
REGIONS OF THE SGU IN WHICH A LEAK IN A TUBE RESULTS IN
THE INJECTION OF SUBCOOLEI), OR SATURATED, WATER INTO
SODIUM AT A HIGHER TEMPERATURE

A scries of small leak wastage experiments were carried out in the SWLR to investigate the
rate of wastage of AR00 steel at evaporator region conditions. During these tests, the sodium
was at 350 °c and 3 bars absolute, and was flowing at a velocity of 1.7 ms . The results from
these cxperimcnls arc summarised in Figure II.

4.5 FUTURE SMALL LEAK WASTAGE WORK TO BE PERFORMED
IN THE UK

The forward programme of EFR tests on small leak behaviour planned in the UK includes
wastage experiments on T91 steel at conditions in the EFR SGU where the water is subcoolcd
or saturated, and the sodium is at a higher temperature than the water. Further work will also be
performed on the wastage of the SGU shell. It is also planned to carry out wastage tests wilh
non-circular leak orifices, simulating cracks, to <|iiniilify the effects of non-circularity on the
wastage rate.

5.0 UK EXPERIMENTAL WORK ON INTERMEDIATE
LEAKS

5.1 PREVIOUS INTERMEDIATE LEAK EXPERIMENTS PERFORMED
IN THE .SUPER NOAH RIG

Several intermediate leak experiments have been performed in the Super Noah. During these
tests, the sodium has been static and at atmospheric pressure. In some of the tests the (low of
water through the target tubes has been modelled. Overheating failures have Ixen observed,
but generally only in tests without the cooling, internal How in the target lubes. Following the
Superheater 2 leak, it has been recognised that modelling of the sodiumsidc pressure in the
SGU is of importance to ensure representative heat transfer lo the lul>cs from the reaction zone.
Accordingly, the Super Noah is currently being modified to allow the sodiumsidc pressure and
flow lo lie simulated. The results from the earlier Super Noah tests are summarised in Table I
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5.2 INTERMEDIATE L E A K E X P E R I M E N T S P L A N N E D IN WM
S U P E R NOAH RIG AT D O U N R E A Y

The SUPER NOAI I Rig, at Dounrcay, is being extensively modified to allow simulation of the
sodium and water sides of the EFR SGU. Experiments in this facility will represent the major
UK contribution to the EPR sodium-water reaction R&D programme in the future.

5.2.1 Brief description of (he modifications being carried out in Super Noah

The Rig is currently being modified to allow the following to be achieved during experiments:

• Provision of water/steam at the correct EFR SGU flowratc, temperature and pressure in the
24 target tubes modelling the EFR SGU in the test section - Previously the EFR pressure
was unattainable and superheated steam (low at the correct rale was impossible -
Superheated steam will be raised in a heat exchanger installed in the Reaction Test Vessel
(RTV)

• Provision of sodium at the correct EFR SGU velocity, temperature and pressure through the
test section modelling the EFR SGU during the experiments - Previously the sodium in the
RTV was static - Pressure relief valves will be used to control the sodium side pressure in
the test section during the tests at the correct value

• Provision of sodium from a high pressure source for the PFR tests which arc simulating the
effects of multiple tube failure events

The flow diagram of the modified Super Noah Rig is shown in Figure 12.

5.2.2 Experiments to determine (he Icakralc at which overheating becomes important

A very important leakrate threshold in the Event Tree, is the Icakratc above which overheating
is possible. If an event escalates beyond this threshold, significant damage to the SGU may
ensue. The determination of this threshold for various regions in the SGU is required to ensure
that the detection system response characteristics have been correctly targeted. For example,
the Acoustic Leak Detection (ALD) system should ideally be designed to detect leaks with
overheating potential rapidly enough to prevent overheating failures. The higher the threshold
value, the greater the prospects are of designing an ALD system which meets the response and
reliability requirements.

Three series, of 24 injections each, at lcakratcs in the range of 10 to 100 g/s are planned for
three different SGU region sodium and water/steam conditions. During these experiments, in
Super Noah, the sodium velocity, temperature and pressure will be correctly modelled as will
the water/steam flow, pressure, temperature and quality. The three regions which will be
investigated will be:

The inlet to the evaporator region

The outlet from the evaporator region

The outlet of the superheater region.
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The objectives of these tests are:

(a) to determine llic rale of wastage in a tutu; bundle geometry

(b) to determine the Icakralc at which overheating becomes impoitanl

(c) to obtain .statistical data on the size of secondary defects when toroidal wastage occurs

(d) to obtain acoustic noise data for leaks in a tutK; bundle with representative sodium and
watcr/slcamsidc conditions.

It should be noted lliat very little dnla exists for Icakralcs in this range.

The test conditions planned arc:

(a)TN.1=365"C (T l l2o=30()<>C

;b)T N a =433"C,T , l 2 o =36l"C

In all cases, the sodium pressure will I« conlrollcd to 3.0 f/- 0.5 bars abs, the sodium llow will
be 44 kg/s. the internal (low in the target tulrcs will lie 0.2 kg/s at the appropriate pressure,
temperature and quality (pressure in the range IKS to 190 bars abs, with very small tolerances
during an injection - time to failure due to overheating is a sensitive function of stress). 'Hie
sodium side pressure can be controlled at any desired value up to 7.0 bars abs, allowing tests to
be carried out at bursting disk niplurc pressure if required. Ilic Mowing sodium will lie
supplied from a 5 Ic capacity vessel, driven by gas pressure. On exiling from the test section,
the hot sodium/reaction products will lie mixed with cold sodium in the IHIIIOIII of the Reaction
Test Vessel (RTV) licfmc discharge to the dump tank. This is in order to protect llie RTV and
the dump tank from excessive temperature induced stresses.

In the tests simulating the superheater region of the EFR SGU, superheated steam for the
injection tube and target tubes will be raised in a heat exchanger situated in the port in the RTV
not being occupied by the test section.

The test sections will l>e made up of a total of 27 EFR TV I lul>cs, arranged in an inner and outer
cluster arrangement (Figure 13|. The 24 target tilings will be U-tul>cs with the inlets and outlets
being arranged to provide as uniform cooling in Ihc lest section as possible. The option of
modelling 24 straight tubes was rejected on cost grounds. For leaks in this range, it is
anticipated that tube failure will be restricted to the immediate target tube, located in the inner
cluster and that outer cluster tubes will experience wastage and possibly some overheating, bill
will not fail. This »Hows for Ihc possibility of multiple injections and cost effective
experiments, liiere will be three injection lubes, with two injectors in each, in each inner
cluster. In this way, it will he possible to obtain six data points from each inner cluster. By
spacing tint axially, the heights of the injections and their directions, it will be possible to use
each outer cluster for 24 injections and still be able to trace back damage lo individual
injections. Therefore this entire scries of 72 injections will be met by 3 outer clusters and 12
inner clusters. The lest section will provide a l/ii()ili scale model, in terms of cross-section, of
an EFR SGU.

The injections will be spaced 200 mm apart axially and for each set of conditions there will l>c
24 injections as follows:

r.»e in
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Three injections at each of 10, 20, 30,40, 50, 60, 80, 100 g/s,

one for 5s

one for 10s

and one for 45s or until penetration of the target if less than 45s.

The tubes will be T91 of 16 mm OD, 2.0 mm wall thickness. The tube geometry will be
circular with a pitch of 32 mm.

5.2.3 Intermediate leak tests in Super Noah for Icakralcs > 100 g/s at superheater region
conditions

It is proposed to carry out 4 tests at superheater region conditions to investigate wastage and
overheating for Icakralcs greater than 100 g/s. During these tests, failures could occur in any
tubes and the inner and outer cluster concept used for the 10 to 100 g/s tests will not be used.
There will be 1 injection tube and 24 target tubes with internal flow. The conditions will be as
for the superheater region tests for leaks in the range 10 to 100 g/s, described above.

These tests will follow those above, and will provide data for validating the Common
European Leak Progression Code.

5.3 SINGLE TUBE OVERHEATING EXPERIMENTS

Single tube overheating experiments using RF Heating to simulate the heating effect of
intermediate leaks will be carried out at Dounrcay during 90/91. EFR T91 tubes will be
subjected to a range of heating ramps under a range of internal pressures, modelling normal
operation and steam dumping conditions. The objective will be to determine the life of the
tubes as a function of temperature and stress. This data will be used to assist in the
development and validation of the overheating module for the leak progression code.

It is proposed to investigate the effect of asymmetric heating and the presence of reaction
products, as well as uniform heating during this series of tests. Previous tests on PFR 2.25 Cr.
IMo, 9Cr IMo and 316 ss tubcs[IJ, with symmetrical heating, have shown that the failure
mechanism is related to the internal stress and heating rate. At high stress and low heating rate,
failures arc ductile. At low stress and high heating rate, failures are brittle. Intermediate
stresses and heating rates produce failures which can display ductile and brittle features.

The failure mechanism may not influence significantly the life of the lube at elevated
temperature, in which case its determination is of lesser importance. However, if an
overheating module is developed which attempts to model the failure mechanism, then its
determination will be of increased importance, to ensure that the code predicts the correct
mechanism.
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6.0 EXPERIMENTS TO INVESTIGATE THE CORROSION
DAMAGE TO TUBES AND m'HEIl SGU COMPONENTS
PENETRATING A SODIUM POOL SURFACE DURING A
LEAK OF STEAM AT OR ABOVE THE SURFACE

A reaction between slcam and a sodium pool surface can occur cither because the leak is into
a cover gas space, or because the leak position has become uncovered during the sodium
draining of the SGU following the sodium-wafer reaction trip. Data for both of these
possibilities is required to ensure that this aspect of leak behaviour is adequately modelled in
the leak progression code.

Two types of experiments have been carried out:

Tests in which steam has been injected across a sodium pool surface, directed at a target
lube, penetrating the surface

Tests in which the corrosion damage in the secondary circuit and scxlium dump tanks fol-
lowing a DF.GF leak with failure to isolate the water supply to the SGU has been investigat-
ed - the COS TO tests.

6.1 SODIUM POOL SURFACE EXPERIMENTS

Experiments were carried out to investigate the generalised corrosion damage to a SGU caused
hy the reaction of steam from a gas space leak with the surface of a pool of sodium. Samples of
2 l/4ClMoand 9Crl Mo steel were exposed to a range of steam fluxes. The tests indicated an
increase in corrosion rate with injection rate for leaks into the gas space (figure 14). It is
expected that the rate of corrosion would reach a peak value and on further increase in steam
mass (lux, the rate of corrosion would decrease. Due to limitations of the experimental facility
used so far for these tests , this maximum value has not been found. The maximum corrosion
rate observed in these tests has been 0.01 mm min'1'

In one test the injection orifice was placed just aljove the surface of the sodium pool so that the
steam jet was directed towards the target across the sodium surface. In this case Ihe wastage
rate observed was 0.12 mm min"' indicating that wastage rates approaching those observed for
under sodium leaks arc possible for above sodium leaks close the the sodium pool surface.
This type of leak would probably cause a tube failure of intermediate size (figure 15) but the
damage to the tube bundle is likely to he localised initially affecting only a number of tubes in
the immediate area rather than the whole (itttc bundle.

6.2 THE COSTO TESTS

The results from these experiments were presented at the LIMET 88 conference |2| . During
these experiments a large number of different specimens were exposed at the sodium surface
or in the gas space above the surface. Normal operating conditions, cold restart and hot restart
conditions were investigated. The materials exposed included !5Mo3, 9CrlMo,2l''lCrlMoI

12CrlMo, 304ss and 3I6ss, plus weld specimens made of various combinations of these
steels.Tlie main conclusion was that materials and welds proposed for the three secondary
circuit design under consideration in Europe prior lo the commencement of llie EFR project.
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were not susceptible to damage, either general corrosion or cracking, under test conditions
simulating a DGGF leak with the additional fault condition of failure to isolate on the
waterside, for any pre-leak operating regime.

7.0 CONCLUSION

The UK is participating in the development of a common European leak progression code,
which will model the wastage and overheating effects of sodium-water reactions.

In this paper, the UK's BLUSH code, which is being used to test models prior to their inclusion
into the European code, has been described along with experimental data generated by the UK
to develop and validate these models.

The very important experiments planned for the modified Super Noah Rig have also been
described. These experiments will be of importance in ensuring that the correct sensitivity and
response targets are set for acoustic leak detection in GFR and will provide data to assist in the
validation of the overheating model. The modified Super Noah Rig will allow simulation of all
the relevant parameters on both the water/stcamsidc and sodiumsidc of the EFR SGU, thus
ensuring that fully representative experiments arc performed.
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Figure 10 : Reaction Product Distribution In Lower Tube Plate Geometry
With Wastage Grids
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Figure 11 : Wastage Rate Data For Alloy 800 At Evaporator Conditions
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Figure 12 : Super NOAH Test Section For EFR Tests
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Figure 15 : Target Plate Showing Damage From Small Leak Directed
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