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SYNTHESE :

Le phénomène de corrosion-érosion par vapeur humide constitue l'un des
problèmes d'exploitation des centrales nucléaires à eau légère du type W E R ou de
technologie occidentale. La mise en place rétroactive de séparateurs eau/vapeur
directement à l'échappement des turbines haute-pression permet d'éviter les coûts de
maintenance, de réparation et de remplacement des tuyauteries ou des équipements
situés en aval. L'installation de Séparateurs à Grande Vitesse (SGV) dans la centrale
de LOVIISA confirme que ces appareils, dont les travaux d'installation sont réduits au
minimum, permettent d'extraire la quasi-totalité de l'eau contenue dans la vapeur à
l'aval immédiat de l'échappement haute-pression du Groupe Turbo-Alternateur.

Une exploitation à long terme des tuyauteries et des équipements en acier
ordinaire, même si ceux-ci ont déjà été affectés par le phénomène de corrosion-érosion,
peut alors être envisagée.
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EXECUTIVE SUMMARY :

Erosion-corrosion by wet steam is a concern for VVER operators and also, in
numerous LWR power plants of wertern technology. The backfitting of moisture
separators at the HP Turbine outlets is a way to avoid maintenance costs, repairs,
replacement of pipes or equipments. Installation of HVS at LOVIISA confirms that
this device, whose installation work is reduced to a minimum, is able to remove quite
all the water from the steam just a few meters downstream the HP cylinder.

A long term operation can be expected for carbon steel equipments, even those
previously damaged by erosion-corrosion.

- * * •
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ADVANTAGES OF RETROFITTING HIGH VELOCITY SEPARATORS TO LNR TURBINES

EXPERIENCE IN WER NPP IDVIISh

By : J.P. PEYRELONGUE, STEIN INDUSTRIE, VELIZY, FRANCE
E. DUEYMES, ELECTRICITE DE FRANCE, CHATOU, FRANCE

INTRODUCTION

Main steam from a high-pressure (HP) turbine cylinder in a
light water reactor (LWR) power plant has a moisture content of up to
15 % before it reaches the low-pressure (LP) cylinder ; the moisture
content of bled steam can be as high as 25 %-

In these plants, main steam is dried in moisture separators
(MSs) or moisture separator reheaters (MSRs).

However, in most installations the bled steam reaches the
heaters without having been dried, subjecting these equipments to
significant amounts of moisture. The same conditions applied to
second stage reheaters in -the MSRs.

The water in the steam has adverse effects on :

- turbine efficiency
- component service life, as a result of erosion-corrosion.

Generally, when moisture content is 1 % or over, carbon steel
components are sooner or later subject to erosion-corrosion. The
worst affected areas are the cross under pipes, the bleed lines the
HP heaters and the MSRs. '

Consequences on -turbine efficiency are mainly due to never-
perfect moisture separator efficiency ranging from 70 to 95 %. This
has the following results :

- erosion-corrosion may still occur downstream of the separators in
the reheaters or LP cylinders,

- LP cylinders efficiency is below optimum (1 % moisture in LP cy-
linders reduces power output by 0.7 to 1 % ) ,

- consumption of heating steam in plants equipped with reheaters, be-
cause of the need to evaporate residual moisture (1 % water requi-
ring evaporation "diverts" 1 % of the main steam flow to the
reheater, reducing output by 0.2 to 0.4 % ) .

And finally there is a much higher pressure drop in the piping
and components through which wet steam flows (40 % or more) than
would be the case with dry steam. Wet steam in piping connecting the
HP cylinders to the moisture separators can reduce output by 0.05 %.

In Short, removing moisture as close as possible to the HP cy-
linder outlets is a potential source of prof its wich can arise from :

- an increase in power output,
- almost total elimination of maintenance or replacement costs
for components susceptible to erosion-corrosion.



However, it is clear that such benefits can only be expected if
the efficiency of the equipment installed at the HF cylinder outlet
reduces the moisture content to well below 1 %-

PRINCIPLE OF THE HVS

By the end of the seventies, the French Utility ELECTRICITE DE
FRANCE and STEIN INDUSTRIE a subsidiary of GEC ALSTHOM launched a
collaboration for the development and industrial achievement of a
moisture separator able to remove at least 95 % of the moisture con-
tent of wet steam, which will operate at very high steam velocity at
HP cylinder outlets in extraction Unes and cross under pipes.

To cover the entire piping cross-section with a device of mini-
mum size, ELECTRICITE DE FRANCE and STEIN INDUSTRIE therefore develo-
ped a multicell centrifugal moisture separator that operated at the
velocity of the steam in the piping : this is the HIGH VELOCITY
SEPARATOR or HVS.

The HVS consists of a bundle of cells inside a pressurized hou-
sing. The space between the cells and the housing forms a collecting
chamber for water and steam ejected by the cells.

A cell-basically comprises (fig. 1) :

- a central tube,
- an outer tube in two parts arranged to provide a skimmer slot,
- two sets of. vannes joining the central and outer tubes.

At the celle inlet, a rapid rotational motion is imparted to
the water-steam mixture by the set of turning vanes. The water cen-
trifugea <.mx> the wall of the outer tube is removed through the an-
nular skiii cr slot by means of a transport steam flow rate of a few
percent of the main flow rate. The dried steam is straightened by the
second set of vanes to limit the HVS pressure drop and the downstream
turbulence.

INDUSTRIAL DEVELOPMENT OF THE HVS

The experimental optimization of the cells was performed on
test rigs at full scale in wet air at STEIN INDUSTRIE and in wet
steam at ELECTRICITE DE FRANCE'S Gennevilliers plant.

In the first version developed, known as the "HP cell", the
cell diameter is 165 ran and its length 1200 mm. Depending on the
the connection possibilities in the feedwater plant 2 types of HVS
using these cells were designed :

- in the "external bleed" HVS, the transport steam (around 5 % of
total flow) bled with the water is removed from the HVS through
a special nozzle and sent to a reheater.

- in the "internal recirculation" HVS, the bled steam is reinjec-
ted into the inner tube of the cell. This type of HVS does not
"consume" any steam and has a particularly simple drain system :



. one drain pipe

. one balancing pipe to the tank collecting the drains (which
can be the drain tank provided for the existing MSs or MSRs ).

During the development process, the HVS was installed in ope-
rating power plants to acquire industrial feedback and to control the
erosion-corrosion phenomena encountered in French power plants :

- in 1980, two 24-oell HVSs were installed on the cross under pipes
at the HP cylinder outlet of the Bugey 2 turbine (external bleed
cells),

- since 1984 more than one hundred HVSs have been installed on the
HP bleeds of french 900 MW, 1300 MW and 1500 MW turbines (internal
recirculation cells).

As an exemple, the Bugey HVSs operate with the following mea-
sured performances :

. pressure 10.4 bar

. steam velocity 47 m/sec

. upstream moisture 11.4 %

. separating efficiency 97 %

. downstream moisture 0.3 %

They were installed to provide long-term feedback on the limi-
tation of erosion-corrosion by steam drying and on the specific re-
sistance of the cells to the impact of wet steam circulating at high
velocity*

Now, these HVSs had operated 11 years without any visible sign
of wear or ageing. Their efficiency has not changed with time. Apart
from visual inspections every two years, no costs have been incurred
for their maintenance.

Before installation of the HVSs, the thickness loss on the car-
bon steel piping was around 1 mm per year on average in the affected
zones. It was up to 5 mm per year locally at the outlet of the elbows
located at the bottom of the first vertical piping section.

Erosion-corrosion has been quite totally eradicated after HVS
installation :

- the annual maximum thickness loss which is now of around 0.1 mm,
- it remains localized on small surfaces, just beyond surface dis-
continuities created by the connecting welds between the elbows
and the straight piping sections.

As a result of this behaviour, the piping, which had been left
in its current state when the HVSs were installed, has never had to
be repaired.

HVS design and commercial development work extended over a 10
years period and culminated in 1988, in the design of a larger in-
ternal recirculation cell than the first developed (treated unit
flow rate 2.5 times higher, diameter 275 mm, length 2 metres). This
so-called "LP cell" was designed to be used on large diameter piping
at more competitive prices.



On the ELECTRICITE DE FRANCE Gennevilliers test rig, this cell
was subjected in 1989 to very severe operating conditions. Throughout
the range of tests performed, i.e. pressure of 3 to 13 bar and up-
stream moisture content of 6 to 20 %, the efficiency on the rig was
always greater than 92 % and more often over 97 %.

INSTALLATION OF HVS AT LOVIISA NFP

By the time EDF and STEIN INDUSTRIE were completing the tests
of the LP cell, the finish utility IMATRAN VOIMA OY (IVO) was inves-
tigating means to stop erosion-corrosion damages in his turbine plant
at LOVIISA.

The LOVIISA NPP is of WER 440 type, with two units and two
turbine per unit. The first unit was commissioned in 1977 the second
in 1981.

Most equipments of the LP steam circuits are in carbon steel ; cross-
under pipes, extraction lines, MSR' s, feed water heaters. So, loss
thickness by erosion-corrosion in all these equipments led IVO in
1988 to search an efficient way to dry the steam as close as possible
of the HP outlets, on extraction and main steam.

The need was becoming urgent due to increase of damages in the
MSR's in wich maintenance and repairs are difficults tasks specially
in reheating sections. The two sides of the second stage reheaters
bundles were affected :

- the heating steam is feeded with wet steam from an extraction on
the crossunder pipes,

- the main steam to be reheated is not enough dried. Due to bad effi-
ciency of the separators panels installed in the MSR's, the moistu-
re content of the steam reaching the reheater section is largely
over one percent that is a maximum to avoid erosion-corrosion.

After enquiries to potential moisture separators suppliers and
evaluation of their performances, IVO chose the HVS.

HVS ON EXTRACTION LINES

The first qualification of the HVS at LOVIISA was made by ins-
tallation in July 1989 of 2 small HVSs on the HP extraction n* 2,
feeding the first stage of MSR's and a HP heater of the turbine 2 in
unit 1. They protect the extraction pipes, housing and tubes of hea-
ter, heads and tubes of MSR reheater bundles from erosion-corrosion.

As the cells are of the internal recirculation type, there is
no 'transport steam extracted to help the separation of the moisture.
So the drain circuit is very simple, with one pipe per HVS that leads
the water to the feedwater plant.



These HVSs consist of 3 cells each (fig.
ter of 273 mm their dimensions are :

2). For a pipe diame-

- diameter
- length
- weight

650 ma
1250 mm
520 kg

The acceptance tests were performed in September 1989 by a team
from ELECTRICITE DE FRANCE'S Research & Development Division, under
the control of IVO. The results of these tests compared with the
forecasts are given in the following table :

Pressure at HVS inlet
(bar abs.)

Total flow to be hand-
led by HVSs (kg/s)

Moisture content of
steam upstream of
HVSs (%)

Separating efficiency
of HVS (%)

Moisture content of
steam downstream of
HVSs (%)

Pressure drop of HVSs
(bar)

Values expected by
operator or guaran-
teed by constructor

17.7

37.1

6

92

0.5

0.17

Measured values

17.3

33.6

10.2 or 11.2
depending on HVS

97.4

0.3

0.066 or 0.114
depending on HVS

Following the good expérimental confirmation of the expected
performances, IVO ordered 6 further HVSs from STEIN INDUSTRIE.
4 HVSs were installed in July and August 1990 on the same extraction
of two other LOVIISA turbines and the last 2 HVSs were fitted
on the last turbine in July 1991.

HVS GN CROSSUNDER

Following the demonstration at LOVIISA of the efficiency of the
HVS, IVO confirmed the decision to backfitt moisture separators at HP
cylinders outlet and ordered in 1989 to STEIN INDUSTRIE 2 big HVSs,
which were delivered on site in July 1990 and installed during the
annual refuelling outage.

These HVS will protect from erosion-corrosion the crossunder
pipes (where steam velocity is over 60 m/sec. ) and the vessels and
internal hardware of the MSR's. Furthermore, the extraction line con-
nected on the crossunder pipes is now feeded with dried steam, that
protect also the downstream HP heater.



For a crossunder pipe diameter of 1420 mm, these HVSf s are
2000 mm in diameter, 4500 mm in lengh, with a weight of 6,5 tons.
They consist of 22 cells each, of the LP internal recirculation type
(fig. 3}. So the drains circuits are very simple (fig. 4) :

- one balance pipe for the two HVS, 0 168 mm,
- one drain pipe per HVS, 0 219 mm,

For this first installation, these 3 pipes are connected on a
small intermediate drain tank of 1 cubic meter, itself connected to
the existing MSR drain tank by a pipe 0 273 mm.

The total weight of added piping is less than 1000 kg (fig. 5).

The commissioning tests, conducted once again by an ELECTRICITE
DE FRANCE Team, demonstrated a very high efficiency with an average
moisture content downstream the HVSs of 0.3 %. The results of these
tests are sumerized in the following table :

Pressure at HVS inlet
(bar abs. )

Total flow to be hand-
led by HVSs (kg/s)

Moisture content of
steam upstream of
HVSs (%)

Separating efficiency
of HVS (%)

Moisture content of
steam downstream of
HVSs (%)

Pressure drop of HVSs
(bar)

Values expected by
operator or guaran-
teed by constructor

3.5

130.75

12

93.5

0.9

0.10

Measured values

2.86

125.3 or 128.7
depending on HVS

9.7

95.4 or 98.8
depending on HVS

0.49 or 0.15
depending on HVS

0.075

Due to the very efficient drying close to the HP outlets, the
pressure drop of the HVS1S is fully recovered by the decreased pres-
sure drop in crossunder pipes and MSR1 s.

As a global consequence of these performances, the output of
-tiie 220 MH turbine is increased by 0,8 MW.

As no valve or flow control system are needed for operation of
the added equipments, the HVS's revealed to be fully passives and
transparents, even during startup, where the water seals in the drain
pipes are self initiated.
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After some months of fully satisfactory ooeration, IVO confir-
med in June 1991 the order for 2 other HVS to be delivered in 1992,
with 4 HVS in option to be delivered in 1993. For their installation,
the intermediate drain tank, that revealed useless, will be supres-
sed. The two drains pipes will be directly connected to the MSR drain
tank.

ON SITE MEASUREMENT OF THE MOISTORE SEPARATION EFFICIENCY

One of the more interesting achievements of the moisture sepa-
rators developments in France is the measurement method worked out by
ELECTRICITE DE FRANCE for on site acceptance tests. Due to the very
low moisture content expected downstream the separators, the accuracy
of this method has to be around 5 % on the efficiency.

The measurement method is based on the use of a tracer which is
perfectly soluble in water and non volatile under the pressure and
temperature conditions met.

The most currently used tracers are chemical tracers (lithium
or caesium). Better accuracy is achievable with a radioactive tracer
(Sodium 2*), but, of course, the use of such tracers is more complex.
The use of a chemical tracer is described here, given that the method
principles are similar.

The method is based on the comparison of the concentrations
measured at the same sampling point (on drain pipe) for two separate
locations of tracer injections (fig. 6).

The tracer is injected at a constant flow rate. The injection
flow rate is denoted W1 and the injected solution tracer content C1.

c*1 will denote the concentration measured at the sampling
point for injection n° 1 whereas c"2 will denote the taacer content
at this point for injection n" 2.

If injections n° 1 S 2 are carried out under perfectly identi-
cal conditions (same flow rate & same content), the device separation
efficiency, E*, which is defined as the ration «r/V, is directly gi-
ven by :

C 1

Obviously, this method is only valid if the tracer is homogene-
ously mixed with the entire liquid phase for both injections. For
injection n* 1, in particular, one shoulc ch^ck that the tracer is
properly nixed with the liquid phase at the separator inlet.

11



Once the separation efficiency E" is known, one can easily com-
pute the residual moisture hnm in the steam flowing out of the sepa- -«•'.
rator given the moisture he of the steam to be dried : j?.

Sometimes, the piping length upstream of the separator is too
short, and the measurement method cannot be implemented.

In these cases, the water flow rates can be measured directly
downstream from the separator (in near-dried steam, on the one hand,
i.e. W", and in the separator drain pipes, on the other, i.e. W ) .

Uhe separation efficiency E? is then derived from the measure-
ments made using the relationship :

+ W

The accuracy of separation efficiency measurements is usually
some 5 % (best accuracy achieved : 2 %, worse accuracy in case of
steam derivation upstream of the separator : 10 % ) . The use of a
radioactive tracer improves accuracy by a factor of 2 or 3.

12
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