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Abstract

Experience with sodium water reactions has shown, that the
course of such a steam generator accident depends strongly
on its place in the steam generator. For the EFR steam generators
we have to differentiate between:

- weld region at the upper tube plate (gas space)

- bundle region

- weld region at the bottom tube plate

This paper describes results of a running test program simu-
lating the bottom tube plate area. One main part of these tests
is the investigation of the Influence of wastage protection
shrouds between the tubes in the weld region to avoid a fast
leak propagation and to give time for leak detection and
mastering of the accidents.

1. Introduction

The course and the consequences of sodium-water-reactions are
not only dependent on the size and direction of primary leaks
but also on the location of the leakage. In case of EFR-straight
tube steam generator units (fig. 1) it has to be differentiated
between:

- leaks in the tube bundle

- leaks at the upper tube plate (in the gas space)

- leaks at the bottom tube plate

The mechanism for failure propagation in each case is wether
self wastage of the leak or wastage on adjacent tubes. The
latter can cause secondary leaks after relatively short times
and with that a significant increase of the water/steam leakrate.
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The highest potential for leaks is in the wold region at the
upper and bottom tube plates. To avoid a fast failure propag.il ion
in the EFR steam generators two measures are foreseen!

- gas space at the upper tube plate
(due to the lack of sodium practically no wastage
on adjacent tubes is possible)

- wastage protection device at the bottom tube plate

Aim of this test programme is the investigation of the effecti-
viness of such wastage protection devices in the bottom tube
plate region'; the main results of the first tests are described
in Die paper.

2. Description of the tests

After the ending of the test programme of intermediate leaks
in the bundle region (so-called leak propagation tests) the
ASB sodium loop and especially the test section has been modified
for the tests simulating the bottom tube plate region;

Fig. 2 shows a simplified flow scheme of the sodium loop.
The sodium flows through a pipe system (length about 100 m,
diameter 100 mm), the SG model and one of the dump tanks (for
increasing the sodium mass) with the sodium flow velocity re-
quired for the test. Water flow Inside the tubes can be maintained
by a water loop, for the water flow through the primary leak
a separate water storage is installed. A series of flowmeters
in the injection line give a measuring range of 1 - 1000 g ll-O/s.
Additionally a level gauge is placed in the water storage
tank.

The test section for test 1 to 4 (fig. 3) consists of 208 tube
positions, 12 tubes with internal water flow, 17 tubes pressurized
with nitrogen and with tube no. 30 as the position for the
primary leak; different directions of the leak are possible,
both in horizontal and in vertical direction. The tubes are
fixed in a steel plate, simulating the bottom tube plate, and
at the upper end in a distance grid. The primary leak is a
conical hole drilled through the tube wall and closed by a
small laser-welded cap. This cap is fixed in the height of
the bottom tube plate. To start the test, the whole tube with
the primary leak is lifted up by 50 mm, the fixed cap is sheared
off and the leak is opened.

In test 5 a simplified version (9-tube model) has been used,
because the first tests have shown, that the consequences are
more ore lass limited on the tube with the primary leak.

The test is stopped by isolation and fast depressurization
of the water side when one of the following limits is reached!

- total mass of water (to avoid blockage of the sodium
loop and especially of the dump lines)
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- leak flow rate (e.g. stop after formation of a
secondary leak)

- rupture of bursting discs

Additionally different protection devices against wastage on
neighboured tubes can be placed between the tubes, to show
the effectiviness of such a measure.

During the tests the following data are recorded

- sodium and water flow rates

- water level in the storage vessel

- sodium level in the steam generator model

- sodium and water pressures

- temperatures (waterside, sodium side)

- acoustic measurements

In total about 10 tests are planned, the test arrangement and
also the conditions depend strongly on requirements of the
design companies.

3. Test conditions

The test conditions are summarized in table 1 (including two
tests under SNR 300-conditions). Except test one, where the
leak path was blocked, the other tests had been stopped after
reaching a certain amount of water.

Test conditions are as close as possible to the real conditions
in this region; that means choice of sodium flow, water flow
(as far as needed to avoid falsified test results), temperatures,
pressures and also the tube material, pitch and wall thickness.

4. Test results

4.1 Temperature distribution

To get information about the extent of the reaction zone thermo-
couples have been placed at about 40 positions between the
tubes. From these temperature measurements the distribution
of areas with comparable levels of temperatures have been derived.
Main results are:

- test 3 and 4 had about the same injection rate, but test 4
had been performed without wastage protection grid. The
difference is shown in fig. 4. With such an device only the
leaking tube is influenced by the sodium-water reaction,
in the other case some other tubes have shown wastage. In
test 3 the tube with the leak showed wastage in the area
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of the grid: the width of the gaps is too laryo, so there
was always entrainment of sodium. As a result also the grid
itself had a wastage pit. The calculated wastage rate from
both wastage damages at the tube and at the grid would lead
to a secondary failure after a few minutes.

In test 5 another type of wastage protection has been investigated
(fig. 5), consisting of an apertured plate placed at a distance
of 20 mm in front of the tube plate. The temperature measure-
ments have shown, that on both sides of tlie wastage protection
plate and also in the gap sodium water reactions took place
with temperatures at the same level than in case of sodiutn/water-
reaction In free bundle geometries.

After having performed the first five tests, two tosts under
SNR 300-conditions had been performed for the confirmation
of the SHU 300 SGU-accident philosophy.

To avoid thermo shocks at the tube plates of the SIJR 300
straight tube steam generators, so called shock plates are
mounted in front of the tube plates with practically no gap
between both plates. The thickness of the shock plates is
100 mm and the gap width between the tubes and the shock
plates is about 1.5 mm.

The test section simulating the bottom tube plate region
is shown in fig. 6. The highest potential for leaks is in
the weld region. So the position of the artifical leak is
near the tube plate and the outcoming water/steam has to
expand in the gap before the sodium water reaction can impact
other tubes. Table 1 shows the test conditions for the SNR 300
tests, the injection rate obtained by the 0.3 rosp. 0.5 mm
leak is given in fig. 7. It can be seen, that about the whole
range of possible primary leak rates (from about 1 g/s to
some tens of g/s) is covered by these tests.

Thermocouples have been positioned near the leak, in the
gap and also in the tube bundle above the shock plate to
measure the extend of the reaction zone. As an pxainple fig. 8
shows the temperature distribution during the 2nd SMR 300
test. During the period with Die injection rate of about
1 g/s no remarkable sodium/water reaction took place* After
unblocking of the leak path and the increase ot the injection
rate to its desired value of 27 g/s, at the leak position
and in the middle of the gap a decrease of the temperatures
(down from 300 °C to about 170 °C) was observed due to the
adiabatic expansion of the water/steam. As indicated by
T7/33 in fig. 8 the main reaction zone is at the outlet of
the gap, but the temperatures are much lower than In case
of a sodium/water-reaction in free bundle geometries (where
peak values up to 1200 °C are observed). Also the horizontal
extension of thereaction zone is much smaller. At the adjacent
tubes only an increase of about 100 °C has been observed.
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From this point of view this solution for wastage protection
seems to be sufficient.

4.2 Wastage distribution

The test without wastage protection (test 4) shows wastage on
several tubes with a maximum value on tube No. 6 (direct impingement
of the reaction flame). Wastage rates have been measured to
15 - 20 um/s, so under these circumstances the formation of
a secondary leak is possible after about 100 s. Together with
the relatively high probability of leaks at the bottom tube
plate this test result show the urgency of wastage protection
in this area.

The test with the wastage grid has shown that during the sodium
water reaction there is entrainment of fresh sodium into the
gap area which lead to wastage on the grid and also on the
leaking tube. Wastage rates are in the range of 15 um/s, so
after a few minutes the grid would be penetrated and wastage
at the adjacent tube will start.

4Together with the circular pitch of the straight tube bundle
and the necessity to avoid a too large gap width between the
tube and the wastage protection device the best design for
the wastage shroud seems to be an additional apertured plate
in front of the bottom tube plate with gaps between the tubes
and the bores in the range of 1 to 2 mm. The first test with
such an arrangement has been performed - as already mentioned
under 4.1 (fig. 5) - with a gap between both plates to allow
a complete drainage of sodium. But the consequence was a sodium
water reaction in this region with the formation of a secondary
leak after an injection time of 77 sec. Additionally there
is some wastage near the leak and at the wastage protection
plate and also above the plate at the tube with the artificial
leak (fig. 9). At the height of the secondary leak also swelling
has occured. The wastage on adjacent tubes is a consequence
of the secondary leak because there was some water flow for
about 6 minutes at a H2O-pressure of about 5 bars.

The SNR 300-tests with a thicker plate and no gap between the
plates show a completely different behaviour (as already
indicated by the temperature measurements). In fig. 10 the
wastage distribution is shown for the 2nd test (for the 1st
test the wastage is even less). In the gap no wastage has been
observed neither at the tube nor at the protection plate. Only
about 10 to 20 mm above the shock plate there is wastage with
a maximum wastage rate of about 1 um/s. So with this arrangement
about half an hour is needed for the formation of a secondary
leak.

Wastage on neighboured tubes has only been observed on one
tube, but with a wastage depth much lower than on the tube
with the leak. So, deduced from these tests if at all only
a secondary leak on the tube with the primary leak has to be
taken into account. Because there is no wastage on the wastage
protection plate (for these tests ferritic material has been
chosen), the question of material is of minor interest.

So the SNR 300 tests gave important advices for the design
of a wastage protection plate. Additional tests arc planned
under EFR-conditlons for the optimization of this arrangement

4.3 Hydrogen release

The theoretical hydrogen release following the equation

Na + H 2O • NaOH + 1/2 H.

is 11.2 1 NTP per mole of water. Due to the hydrogen dissolution
in the sodium the measured amount is lower, depf'.'Jing on
different parameters. Especially at low Lemperatures the
dissolution rate is very low. To get a feeling about the
effectiviness of a hydrogen detection system using the gaseous
amount of hydrogen the real hydrogen release has to been
known.

During the tests the hydrogen release is measured by a sodium
level gauge. The results are compiled in table 2. Although
the conditions of SNR and EFR test are different, there is
no clear tendency in the hydrogen release. It seems, that
the geometry is important as well as e.g. the temperature
or the sodium pressure. But, nevertheless, the tests have
shown that principally the hydrogen release allows a detection
of gaseous hydrogen at a leak rate greater about 5 g/s. An
answer for the behaviour at lower leak rates at EFR conditions
will be given in future tests.

5. Conclusions

Even at this low temperature level wastage is an important
factor for damage escalation. But by using a wastage protection
device (and of course leak detection and mastering actions)
the formation of secondary leaks can be avoid?d. The tests
have shown, that an apertured plate placed directly in front
of the tube plate is more convenient than a grid; some optimi-
zation of this plate is still needed in further tests. It
is expected that an adequate design will give more than half
an hour time before formation of a secondary leak.

A leak detection via the gaseous hydrogen release is principally
possible. The first tests indicate a H^-release in the range

of 50 % of the theoretical value. More investigations are
needed, esp. at low leak rates taking into account a realistic
geometry of the bottom tube plate region.

Acoustic measurements show a high noise level, so this is
also a method to detect leaks in this region. Detailed results
are presented separately during this meeting.
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Table 1: Test conditions

Test Date Na*
Primary

leak

MB/ /kg/s/ /mm/

leak flow

rate

/g/s/

test

duration

p p p
Na H-0 N-

/bar/ /bar/ /bar/

remarks

1

2

3

4

5

SNR
300
Test

03.02.88

19.04.88

29.11.88

07.03.89

05.12.89

1 27.03.90

240

240

240

240

240

300

0.03

0.03

0.03

0.03

0.03

0

0.125

0.125

0.125

0.125

0.125

0

0.3

0.5

0.8

0.8

0.5

0.3

-

6,4*«»

44

48

22

appr.6

lh

210

69

90

86

142

38'

s

s

s

s

appr

appr

appr

3.5

3 -

7

.3

.3

.3

4

appr.180

187

185

180

180

180

appr.180

180

185

190

185

-

leak was blocked

injection was stopped
after 210 s

injection was Btopped
after 69 s

injection was stopped
after 90 s; test without
wastage shroud

after 77 s formation of a
sec.-leak with a flow rate
of about 100 g/B

Injection was stopped, due
to amount of water

SNR
300
Test 2 28.03.90 300 0 0 0.5 appr.27 57 s**** 7 180 injection was stopped, due

to amount of water

* Flow velocity in the testbundle before the test

*• HjO-Loop

*** Average value; variation between 1.4 - 10.8 g/s

•*•• Injection time without a fore- resp. post-running time with injection rates of about 1 g/s



Table 2: Hydrogen release

test injection
rate

/ g/s /

theoretical
H_-release

/ 1/s /

measured
value

/ 1/s /

ratio

1

2

3

4

5

SNR 300
test 1

SNR 300
test 2

6.4

44

48

22

4.0

27.4

29.9

7.0

17.3

18.5

not evaluated up to now

27

3.7

16.8

2.9

6.6

1.8 (!?)

0.63

0.62

0.77

0.39
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TEST BUNDLE LOWER TUBE PLATE REGION Fig. 3
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