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Turbine Water Damage Prevention

Introduction

A few years ago in the United States the number of instances of damage to turbines
caused by induction of water or cold steam has sharply increased. This has initiated inten-
sive research on preventative measures by both owners and manufacturers. In this connec-
tion we would like to refer to the papers by J. H. Moore [1]and J. D. Dickinson — D. E.
McKindley [2]. The latter was presented at the 1970 APC and suggested that a commi-
ttee be formed to investigate measures for prevention of such damage in the future.

An American statistic on causes of damage resulting from water induction into turbines
revealed that in a six years period 25 incidents caused 23 735 outage hours. 70.4 % of the
outages were caused by water induction through extraction lines. Assuming the same
damage rate, the probability of a new machine being damaged during the first five years
of operation is about 35 9. Because of the extreme importance of this subject and especially
since we are convinced that our experience can contribute to increasing operational safety
and availability, a few of the more important points will be discussed in the following text.

Following two incidents of damage due to water and cold steam induction in 1957-58
we revised our safety philosophy and have maintained it till now. Since then our turbines
have been free from such damage.

In attacking the problem of water induction into the turbine we concentrated primarily
on eliminating the causes rather than trying to detect back flowing water in time through
extensive and complicated instrumentation.

A very important source of danger was eliminated by principly placing the feedheaters
with exception of the deaerator under the turbine. A short time ago an American utility
accepted in six instances our proposal for such an arrangement.

In the following text we will briefly reconstruct the two previously mentioned incidents
as a basis for a closer look at the design of the powered check valves, our safety philosophy
with reference to induction of water and steam through extraction lines and finally the lo-
cation and layout of drains.

* Brown, Boveri and Company, Ltd., Baden.

10 Prace IMP z. 70 -72 [145]
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Turbine damages resulting from induced water and cold steam

The first incident involved the 120 MW reheat machine Amer IV in Holland on October
22, 1957 at 00.45 a. m. After a three hour outage to replace commutator brushes (this is
carried out during operation today) the turbine tripped out soon after being run up to syn-
chronous speed.

The following is a reconstruction of events.

During the stillstand (barring operation) the LP bypass was in operation with a reheat
pressure of about 150 psig. Feedheater 7 continued to function because the steam pressure
held the flaps in the extraction line open even though a closing force was applied. The con-
densate which formed flowed through the drains to the lower feedheaters and finally to
the condenser. During the subsequent start the extraction line flaps opened automatically,
powered by the safety oil pressure. This opened the passages between the feedheaters and
the turbine permitting a free backflow of steam into the IP turbine which was under vacuum.
The relatively large amount of steam released from feedheater 6 entered the hot (750° F)
center section of the IP shell and cooled it unsymmetrically. The resulting shell distortion
caused the blades to rub, removing up to 18 from the tips of blades in the IP as well as
the HP. The plant returned to operation four weeks later.

During the original planned outage the operating personnel had forgotten to close the
steam side shut off valve to feedheater 7. If free swinging powered check valves (see section
“Powered Check Valves”) instead of flaps (powered opening and closing) had been used
in the extraction lines, this human error would not have resulted in a damaged turbine.

The second incident was very similar to the first. It occurred a few months later on Ja-
nuary 18, 1958, to the 65 MW reheat machine Merxem in Belgium. .

Powered check valves

After these two incidents it was decided among other things to develop a powered
check valve of our own, without glands, as those commercially available were not satisfac-
tory mainly because of jamming in the glands.

A. General

The purpose of the powered check valves is to prevent a back flow of water or steam into
the turbine. A reverse flow closes them automatically and various criteria initiate a powered
closing: e.g. loss of pressure in the safety oil system or a high condensate level in a corres-
ponding feedheater. They are installed in extraction lines to feedheaters and heat exchan-
gers as well as in the cold reheat lines of reheat turbines with bypass etc. A light, a medium
and a heavy series have been designed in order to most economically adapt to various steam
conditions. The heavy series is suitable up to 950 psig and 930° F. The maximum steam
velocity at the seat is chosen to give a pressure drop less than 1%. The seat diameter is
smaller than the nominal pipe size. Size selection is based on a comparison between the
price difference for the next larger size and the capitalized power loss reduction.
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B. Design and operation

Compressed air rather than oil is the normal operating medium for servomotor 20
Fig. 1).

When pressurized, piston 24 moves upward until spindle 75 stops against bushing 3.
This is formed as a back seat thus preventing spindle leakage. In this position the flap 3
is free to move under the influence of the steam flow. A closing impulse to pilot valve 40
relieves the pressure under piston 24 causing springs 29 and 30 to close the flap 3.

29
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Fig. 1. Sectional drawing of a powered check valve

The spring closing force is relatively small so that a pressure difference of 7 - 15 psi
across the valve (in normal flow direction) will force it open.
A functional check can be made with either the lever on the pilot Valve or via the safety

system. The stroke of the servomotor is indicated locally with a pointer and scale and re-
motely via limit switch 10.

10*
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The number of points on the drive subject to relative movement have been reduced
to a minimum. Spindle /5, bushing I3, roller 7, bearing bushing 8, seat 2 and shaft 5 are
made of surface hardened stainless steel. Flap 3 is mounted with clearance on lever 4 so
that sealing is insured even with a slightly deformed housing. The center of gravity of flap
3 is designed to provide an aligning component during closing. This insures that the flap
is aligned parallel to the seat at the moment of closing.

Flap 3 is made accessible by removing servomotor 20 and cover /2. The check valves
are always welded into a horizontal run of pipe with the servomotor positioned vertically
upwards. Connection a is for control air, b for power air, ¢ for sealing steam an d for lea-
kage steam.

Safety philosophy for protecting steam turbines against water and steam induction through
extraction lines

A. Purpbse

Steam turbines are endangered in many ways by extractions to surface and contact
feedheaters as well as other large capacity vessels:

— Induction of steam — danger of overspeed.

— Induction of water and cold steam — quenching, water slugging.

— Excessive thrust due to sudden increases in extraction flow.

— Danger of overloading the feedheater.

The following is a presentation of the safety philosophy which has kept our turbines
free of such damage since 1958.

B. Multiple cylinder reheat turbines

In all cases where an extraction line supplies a large capacity receiver (variable pressure
heat accumulater, contact feedheater, large steam system, outside steam system), the tur-
bine must be protected by two independent powered check valves in series. This is required
because a direct back flow from a large energy reservoir to the turbine can occur. Extrac-
tion lines which fulfil all of the following three conditions must also be provided with two
powered check valves in series:

— The extraction is located between two blade rows of the same cylinder in a high
temperature region, so that a reverse flow could cause dangerous thermal shocks and in the
case of a load rejection, dangerous overspeed.

— An isolating valve in the main steam path (e.g. intercept valves) is located between
this extraction and a higher pressure one v(not only the next higher). It may be that several
neighbouring extractions require two check valves.

— The condensate from the next higher heater is drained to this heater.

Low capacity vessels, e.g. surface feedheaters, whose highest points lie under the tur-
bine axis are provided with a single protection. Each extraction line to surface feedheaters
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with a maximum operating pressure over 25 psig is provided with one powered check
valve.

— A safety device which is operated by a level monitor must be placed higher than
the monitor itself. If two safety devices in series are operated by the same monitor, at least
one of them must satisfy the above requirement.

— The check valves should be easily accessible for checking.

A non-powered check valve combined with a power d alve (e.g. reducing valve) are
equivalent to one powered check valve. However, the closing signal which would normally
2o to the powered check valve must in this case close the powered valve. Motor operated
valves should have a closing time less than one minute!

Only one powered check valve or an equivalent solution is provided in an extraction
from the cold reheat to a surface heater or to a large vessel.

Extractions with a maximum operating pressure less than 25 psig are protected with
one non-powered check valve. These should be placed as close as possible to the turbine
to increase the safety against overspeed.

The check valves required for the lowest LP extractions of large plants are so big that
a reasonable design is difficult to realise. They may be omitted when the following condi-
tions are fulfilled:

— When a drain pump fails, an alarm is actuated and a level operated valve opens
a direct drain to the condenser.

— If the level continues to rise a high level alarm is given and then an independent
level monitor opens the vacuum breaking valve. The turbine will be unloaded via the
vacuum limiter and finally tripped via the vacuum trip. The signal to the vacuum breaking
valve is removed only after the level has returned to normal and the unit is shut down.
Extractions to heaters with adequately dimensioned direct drains to the condenser (no addi-
tional restrictions such as drain coolers or isolating valves) do not require isolating or sa-
fety devices.

Locating the check valves

A check valve is installed as close as possible to the turbine to increase the safety against
overspeed, by keeping the stored steam volume at a minimum. It must be located upstream
of the isolating valve. When there are two check valves in series only one must fulfil the
above condition.

In plants with multiple parallel feedheaters the powered check valves should bo located
in the common steam line near to the turbine. This is also valid when two check valves
in series are requierd. If desired for planning reasons the second common check valve
can be replaced by one check valve in each string.

Control of the valves or check valves

As can be seen in Fig. 2, the check.valves are pneumatically operated. This simplifies
planning as there is no oil leakage. They are operated by feedheater level monitors 441,
443 - 445. The impulse from the level monitor is led to a 3-way pneumatic valve 531 - 533,
535 - 538 located on the pilot valve of the check valve 501 - 506.
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Fig. 2. Standard diagram of a feedheating plant with protection devices against reverse flow



Turbine Water Damage Prevention 151

One 3-way valve per check valve is provided. One valve is sufficient for a maximum
of two check valves if these are operated by the same level monitor and are placed next
to each other, 533, 503, 504. Two check valves which are wide apart 501, 502 are each
provided with a valve 531, 532. =

The check valves or valves in an extraction line receive a closing signal if the turbine
safety oil system is relieved or if the level monitor of the corresponding feedheater of vessel
is activated.

A reducing valve 521 between two extractions is operated by the safety oil system as
well as the level monitors 441, 443 of the vessels supplied by these extractions.

Safety devices on HP feedheaters

An increase in drain flow causes the level controller to increase the opening of the drain
valve to the next lower heater. When this valve is wide open the emergency drain valve
to the condenser is opened; simultaneously alarm is given in the control room via a limit
switch on the emergency drain valve. When the cause of increasing level is tube leakage
the amount of water to be removed can be great; the level will continue to rise and the le-
vel monitor will close the powered check value in the extraction. The stroke limits of the
check valve servomotor are indicated in the control room. The cascading drain from the
next higher heater can also be shut off simultaneously. If the level still increases the electric
level monitor switches the feedheater over to bypass operation (feedwater) and gives
alarm in the control room.

Safety devices on LP feedheaters

LP feedheaters are drained by means of drain valves, automatic condensate traps,
orifices or syphons. Excessive leakage in a LP feedheater (experience indicates that it
never occurs) causes a pneumatic level monitor like in the HP heaters to close the powered
check valves (if there are any). The stroke limits of the check valve servomotor are indicated
in the control room. An electric level monitor gives alarm if the level continues to rise;
automatic bypass-equipment is usually not provided on LP heaters, only manually operated
valves. : ;

In certain cases a second still higher electric level monitor is installed which acts directly
on the vacuum breaking valve.

Protection for special arrangements

A cross connection with a reducing valve 521 between the cold reheat and a lower
extraction is switched as follows:

— directly connected to the reheater system on the HP side,

— LP connection located so that two powered check valves in series are located be-
tween the reheater and the lower extraction point,

— a non-powered check valve 454 is provided in series with reducing valve 521,
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— reducing valve 521 and check valve 454, like powered check valve 502, are placed
at least 3 ft. above the highest operating level in vessels 431/433.

Frequently a restricting venturi 461 is installed in extractions to large capacity vessels
and HP surface heaters to prevent excessive thrust on the turbine. The same is valid for
extractions to evaporators and to feedheaters which could be overloaded under certain
operating conditions.

If feedheaters are placed above the turbine pedestal, which would be against our re-
commendations, an additional powered check valve (max. two in series) is required in
each extraction line concerned.

C. Reheat turbines with bypass

The following conditions apply in addition to those mentioned under B.

— Each cold reheat line from the HP cylinder must be provided with one powered
check valve operated by the turbine safety oil system 62.

— An extraction from the cold reheat is not provided with safety devices unless there
is a feedpump turbine (505 becomes superfluous). The nonpowered check valve 454 would
not be provided in this case. Reducing valve 521 would only be closed by signals from level
monitor 441.

D. Additional conditions for reheat turbines with feedpump turbines

— Feedpump turbines of plants with a bypass are supplied with steam from an ex-
traction from the main turbine (usually the same extraction which supplies the deaerator).
However, the pressure at low loads is insufficient and steam is then taken from the cold
reheat [3]. Two powered check valves in series 507, 508 are provided in the extraction
to protect the main turbine against steam induction from the reheater. These check valves
are closed by the safety oil system of the main turbine. The feedpump turbine is protected
against a back flow of water or steam from feedheater 423 by powered check valve 505,
or when the feedpump turbine is rated at 40 MW or less by a non-powered check valve
in place of check valve 505.

A backflow from feedwater tank 433 is prevented by check valves 502 and 501. Non-
powered check valve 454 in series with reducing valve 521 is also provided in this case.

— Feedpump turbines of plants without a bypass are supplied with reduced live steam
at low loads. The same conditions as above also apply in this case.

Turbine drains

In the following chapter, the drains which directly concern the turbine are considered.
Basically, it can be said that the number of drains is a good indication of how well
a power plant was planned. As these auxiliary systems cause, in addition to their primary
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task, a loss in thermal efficiency, the aim during the planning should be to keep the number
of drain points to a minimum. This can be obtained through the following considerations:

— Extraction lines should be laid out with continuous grades to the feedheaters ensuring
self-drainage of the line. Locating the feedheater below the turbine axis makes this possible
in most cases.

— The design of the turbine and its individual elements should be carried out with
close consideration of potential condensate traps and water collections. The basic design
of a reaction turbine casing, as opposed to that of an impulse turbine, greatly simplifies
fulfillment of the above requirement.

— The most effective drains are those which prevent the collection of water. This
is obtained by ensuring a continuous flow of steam in the possible collection points.

Even when strictly observing these rules there are a number of points in a plant where
the installation of drains is necessary. In the following sections, these drains are divided
into four groups:

A. Starting drains (see Fig. 3, item /)

These drains are solely provided for draining the condensate which collects during
heating-up and starting. They are provided with a fast-acting pneumatic shut-off valve
with position indication and common control, either automatic or manual. The starting
drains are opened before starting the turbine and are kept open until 15 %, load is reached,
independent of the start being a cold or a hot one.

B. Disturbance drains (see Fig. 3, item 2)

This group contains those drains which are activated only when a secondary plant
component is disturbed. The purpose of this type of drain is to keep the extraction line to
the isolated element dry by continuous steam flow in the line. The operation of the pneu-
matic drain valve is automatic by means of the limit switches on the shut-off valve in the
corresponding extraction line.

If, for instance, a feedheater is isolated on the steamside, the disturbance drain up-
stream from the isolating valve is automatically opened as soon as the isolating valve
reaches the closed position.

C. Combined disturbance and starting drains (see Fig. 3, item 3)

In certain points drains are selected to fulfil the function described under both section
A and B. Such a point is for instance the extraction to the deaerator. To fulfil the NPSH
demands for the feedpump, the deaerator is placed above the turbine axis which necessarily
gives a U-shaped configuration of this extraction. Since this practice is common in Europe
as well as in the U.S. it will be necessary to have a drain in the lowest point of the extraction,
which is open during starting as well as when the extraction is isolated.
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D. Continuous drains (see Fig. 3, item 4)

This type of drain is mostly applicable in those regions where wet steam is found. The
task is to drain water which collects during normal operation. In nuclear plants, they are
mostly applied as interstage draining.

For safety reasons, shut-off valves are forbidden in these drains. The capacity is limited
by orifices. The diameter of these orifices should be given careful consideration as these
drains represent a continuous heat loss.

The next section concerns where the different drains are led.
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Fig. 3. Typical drain diagram of a reheat turbine with bypass and feedpump

As can be seen in Fig. 3, item J, all starting drains for the turbine if they are under
vacuum before starting are led to a special collector, the flashbox. All the other drains
concerning the boiler are led to an atmospheric drain tank. In nuclear plants with Boiling
Water Reactors, where atmospheric flashing is not allowed, a second flashbox is provided.

All drain lines are to be led to the flashbox or the atmospheric drain tank with a contin-
uous grade of at least 2 9. These drain collectors are therefore installed in the lowest possible
point in the plant.

Function of flashbox

The steam led to the flashbox is cooled to saturated condition with a spray head. Water
for the spray is taken after the main condensate pumps.
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The water is led to a lowest possible point on the condenser through a 7 - 8 foot high
syphon. The saturated steam is led from the top of the flashbox to the condenser neck,
according to the principle to lead water to water and steam to steam.

Sealing steam system

The supply system for the glands can be connected to a number of sources. These are
usually auxiliary steam, live steam, cold or hot reheated steam or even steam from an
extraction. Switch over facilities enable a change from one source to another during opera-
tion. Such facilities are most dangerous because a switch-over will suddenly take an isolated
line into operation. Thereby collected water will be carried over to the glands and will
cool the rotor unsymetrically, causing a bowed rotor with its related severe damage. The
danger involved is emphasized by the number of accidents which have already occurred
due to such arrangements. A lot of broken shafts due to overstressing as a consequence
of water induction are known.

Through suitable measures such damage can be fully avoided. It must be strictly observed
that the gland sealing system is supplied from one source only.

The best source is, dependent on the type of boiler, the live steam line or the hot reheat
line. The best connection point is in the vertical pipe approximately two feet below turbine
main stop valves if live steam is used, and in the vertical pipe two feet below the reheat
stop valves if hot reheat steam is used.

The supply line has to be as short as possible and led with a constant grade to ensure
selfdraining. This is obtained by running pipe section and between the steam source and
supply control valve with an upward grade which will ensure that the line is kept hot,
even when the need for supply steam is zero. After the control valves the supply line is to
be laid with a constant grade down to the gland steam heater, the lowest point of which
should in turn be connected to the flashbox with a continuous drain. (see also Fig. 3, item 6).

Conclusions

The following is a summary of those points which have been considered most important.

— Principly, every measure aimed at preventing water from collecting or being induced
into turbine is always more effective than extensive supervision for the detection of water,
because, by its nature, the latter can only react when water is already present.

— Prevention of water induction begins with the planning of the plant. As an example,
placement of the feedheaters below the turbine axis is a strong contribution to this point.

This generally allows the extraction lines to be planned so that they are self-draining
away from the turbine, or making the collection of water impossible.

— Another important preventive measure is the optimal layout and design of the various
interconnected devices with respect to safety —e.g. small enclosed volumes for steam and
water, no steam inlets below maximum water levels.

— The design of the powered check valves also has an important influence on the plant
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safety; a gland for instance may not be allowed to restrict the movement of the valve flap.
These demands are fulfilled by the check valve shown in Fig. 1, as this has no glands.

— A motor operated valve controlled by a level switch in a feedheater is no protection
against reverse flow of cold steam (saturated steam) or carry-over of water caused by a sud-
den load reduction. A powered check valve will prevent such a reverse flow.
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Zapobieganie uszkodzeniom turbin przez uderzenie wodne
Streszczenie

W ostatnich kilku latach w Stanach Zjednoczonych gwaltownie wzrosta liczba przypadkow uszko-
dzenia turbin wywolanego zassaniem wody lub chtodnej pary wodnej. Zapoczatkowalo to intensywne
badania nad Srodkami zapobiegania temu, prowadzone zar6wno przez uzytkownikow jak i producen-
tow.

Z amerykanskiej statystyki dotyczacej przyczyn uszkodzen powstatych po zassaniu wody do turbin
wynika, ze w ostatnich szesciu latach 25 wypadkow spowodowato 23 735 godzin przestoju, z tego 70,4 %
czasu przestoju wigzalo si¢ z zassaniem wody przez rurociagi upustowe.

Przedyskutowano wazniejsze problemy dotyczace zwickszenia bezpieczenstwa dziatania i dyspo-
zycyjnosci turbin na podstawie doswiadczeri wltasnych. Powazne zrodlo zagrozenia wyeliminowano
przez celowe umieszczenie podgrzewaczy wody zasilajacej, za wyjatkiem odpowietrzacza, pod turbina.
Zapobieganie dostaniu si¢ wody do turbiny zapewnia sie na etapie planowania silowni. Innym
waznym S$rodkiem zapobiegawczym jest rozplanowanie i zaprojektowanie réznych polaczonych ze
soba urzadzen w spos6b optymalny z punktu widzenia bezpieczenstwa; dla przyktadu mozna tu
wymieni¢ mate przestrzenie zamkniete zawierajace pare i wode, brak wlotow pary ponizej maksymalnych
poziomow wody. :

Zwrécono uwage, ze konstrukcja mechanicznie napedzanych zaworow zwrotnych ma rowniez duzy
wplyw na bezpieczenstwo sitowni; mozna na przyktad nie dopusci¢ do tego, by dlawik ograniczal
ruch klapy zaworu.

3amuTa OT HOBpeXACHUsA TYPOUH BOIOM

Pesrome

3a nocnenaue roasl B CIITA CUIBHO yBEIUYUIIOCH KOJIMYECTBO CIIyIAEB TIOBPEIKICHNSI TypOHUH BBHAY
IOZACOCa BOJBL MJIM OXJIAXACHHOTO BOASHOIO mapa. DTO IPUBEN0 XK WHTCHCHBHBIM IMOMCKAM CPEICTB
SaIIUTEL OT TAKNX OBPEKACHUH. [IpOBOAMIMCE HCCENOBAHMS KaK Y IOTPEOUTENIEN, TAK M y HOCTABIIIKOB.
W3 amepnkaHCKOI CTATHCTWKY, KACAIOIIENCS NPUYMH MOBPEKICHUMN, BO3ZHHKIINX BBHUOY IOICOCa
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BOIBL B TypOMHY, ClIeyeT, YTO B TCUCHHUE NOCICIHIX IISCTH JIET 25 apapuii npusenu k 23 735 yacam ocTa-
=0BKH. 70,49 5TOTO BpeMeHH OBUIO CBA3AHO C MOACOCOM BOIBI Y€pPE3 TPYOOIPOBOABI OTGOPOB.

ABTOp, HA OCHOBE NPOU3BOACTBEHHOTO OMbITA, MPENIAracT pPsAJ MEPONPUSITHH, KOTOPHIE MOTYT
IDWYMHATHCA K HOBBIIICHIIO OE30TACHOCTH M PaboTOCMOCOOHOCTH TypOHH.

O4eHb CepBe3HBI UCTOYHUK YIPO3BL YCTPAHACTCS P HEIEBOM Pa3MEUICHHN MOAOTPEBATENEN MATA-
TEIBHOM BOIBI, KPOME [1easpaTopa, noja TypOMHOIA.

3amuTa OT MOMAJAHUs BOABI B TypOWHY OGECIEYMBAETCS YK€ HA JTalle IUIAHMPOBAHUS CHIIOBOK
YCTaHOBKH.

JpyruM BECbMa BaXKHBIM 3aUIMIIAFOLIAM CPEICTBOM SIBISICTCS HANEKHAS PACINIAHUPOBKA CBA3AHHBIX
MEXIy CO0OI yCTpPOMCTB, TapaHTHUPYrOmas Ge30nacHOCTL 3KCIUlyaTanuu. JlJIs mpuMepa MOXKHO 31eCh
NEPEYNCINTH: Mallble 3aMKHYTBIE MPOCTPAHCTBA COMEPXKAIIWe Iap M BOMY, OTCYTCTBUE BILyCKOB Iapa
HWXE MAKCHMAJIBHBIX YDPOBHEW BOJEL.

KoHcTpyKinst HEBO3BPATHBIX KJIAMAHOB C MEXAHUYCCKUM MPUBOAOM UMEET TaKKe OONIBIIOS BIUSHHE
Ha 6e30macHOCTh PabOThI CHITOBOM ycTaHOBKK, Hanpumep, MOXKHO HE AOOYCTUTH 10 TOTO, YTOOL memudep
OrPAHWYWMBAJI JIBHKCHWE KJIallaHa.



