TI TLE OF THE | NVENTI ON

WATER QUALI TY MONI TORI NG SYSTEM AND STEAM TURBI NE
SYSTEM | NCLUDI NG THE SAME AS WELL AS WATER QUALITY
MONI TORI NG METHOD

BACKGROUND OF THE | NVENTI ON
1. Field of the Invention
[ 0001]

The present invention relates to a water quality
nonitoring systemfor nonitoring the quality of water used
in a steamturbine systemand a steam turbine system
including the sane as well as a water quality nonitoring
met hod for steam
2. Description of the Related Art
[ 0002]

An exanple of a steamturbine that includes a
mechani smthat provides a nonitor for nmeasuring the water
quality of condensed water condensed in a dry-wet exchange
area of the steamturbine and controls the feed water
quality and the steam based chemi cal injection on the basis
of water quality information obtained fromthe nonitor and
has high reliability by preventing corrosion danage to the
steam turbine material is disclosed in JP-H9-170704-A. The
pat ent docurnent di scl oses that condensed water is obtained
by a condensati on chanber that sinulates condensation
conditions in the proxinmty of the surface of steamturbine
bl ades and the water quality is nonitored by anal yzing the

condensed water, and further discloses that control of



operating conditions of the steamturbine and injection of
chemi cals are performed on the basis of a result of the

nmoni t ori ng.

SUMMARY OF THE | NVENTI ON
[ 0004]

For exanple, in a thermal plant in which steamis
handl ed, various water quality managenent nethods are set in
accordance with a type of the plant.

[ 0005]

According to such water quality managenment, the water
quality of water sanpled fromthe boiler entrance side is
nmeasured and i s nanaged such that the neasured value falls
within a reference val ue.

[ 0006]

In such a situation as described above, corrosion
damage sonetines occurs with a rotor blade, a stationary
bl ade, a rotor or the like. Especially in a thermal power
pl ant configured from high pressure, nedium pressure and | ow
pressure turbines, steamis sonmetines condensed to generate
droplets at a later stage of the | ow pressure turbine that
corresponds to a dry-wet exchange area of steam and
corrosion nmedia may mx into the droplets to pronote
corrosion.

[ 0007]
Further, upon activation and deactivation of the plant,
condensed water is sonetines generated in the high, medium

or low pressure turbine or a feed water punp driving turbine,



resulting in occurrence of corrosion damage to the turbine
simlarly as in the | ow pressure turbine.
[ 0008]

The environnent in which such corrosi on damage as
descri bed above occurs frequently is a dry-wet exchange area
especially in which steamuses up its energy and turns into
water. Since the corrosion danmage to a netal material relies
much upon the environment under which the material is
di sposed, in order to protect the turbine material from
corrosion damage, it is considered effective to nonitor the
wat er quality of condensed water with which the turbine
material contacts and manage the water quality of feed water
that is a source of steamon the basis of information
grasped by the nonitoring.

[ 0009]

As one of such technol ogi es as descri bed above, such a
technol ogy as disclosed in JP-H9-170704- A nenti oned above is
avail able. According to the technol ogy disclosed in JP-H9-
170704-A, water is sanpled froma bl eed pi pe for bleeding
part of steam
[0010]

Here, turbine steamof the | ow pressure turbine of a
steam turbine system frequently has negative pressure
conpared to surroundings, and it has beconme apparent through
i nvestigations by the inventor of the present invention that
such a technol ogy as disclosed in JP-H9-170704- A has a
probl emthat, even if condensed water condensed from steam

bled fromthe | ow pressure turbine is sent to an apparatus
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for nmeasuring the water quality, it is difficult to nmeasure
the water quality because the pressure is not the

at nospheric pressure and nonitoring of the water quality
cannot be executed satisfactorily.

[0011]

The present invention provides a water quality
nmoni toring system capabl e of evaluating the water quality
accurately and with certainty conpared to the prior art
technol ogy and a steam turbi ne systemthat includes the sane
as well as a water quality nonitoring nethod.

[0012]

The present invention includes a plurality of neans
solving the subject just described, and according to one of
the neans, there is provided a water quality nonitoring
system evaluating the quality of steamused in a steam
turbi ne systemincluding steam turbines that produce
mechani cal energy from st eam generated by a steam generation
source, the water quality nonitoring systemincluding a
sanpling pipe configured to acquire steamthat passes a
bl eed pipe that bleeds steamfroma | ow pressure turbine to
whi ch steam of | ow pressure is supplied from anong the st eam
turbines, a steaminlet tank into which the steam acquired
by the sanpling pipe flows, a water quality neasurenent
apparatus configured to nmeasure the water quality of
condensed water condensed fromthe steamflowed in the steam
inlet tank, and a water quality diagnosis apparatus
configured to diagnose the water quality of the condensed

water using a result of the neasurenment of the water quality
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nmeasur enment apparatus. The steaminlet tank is installed at
a location higher in height than that of the water quality
measur ement apparatus such that the water quality

measur ement apparatus neasures the water quality of the
condensed water boosted to the atnospheric pressure
utilizing the head difference.

[0013]

Wth the present invention, the water quality in a
steam turbi ne system can be eval uated accurately and with
certainty conpared to conventional. The above and ot her
objects, features and advantages of the present invention
wi || becone apparent fromthe foll owi ng description and the
appended clains, taken in conjunction with the acconmpanyi ng
drawi ngs in which like parts or elenents denoted by |ike

ref erence characters.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[0014]

Fig. 1 is a schematic view depicting a genera
configuration of a steam turbine system of an enbodi nent 1
of the present invention;

Fig. 2 is a view depicting a general configuration of
a water quality nonitoring systemof the enbodi nent 1,

Fig. 3 is a viewdepicting a schematic configuration
of a water quality diagnosis apparatus in the water quality
nonitoring systemdepicted in Fig. 2;

Fig. 4 is a view depicting a relationship between the

pH of condensed water and the corrosion potential stored in
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a water quality database of the water quality diagnosis
apparatus of the enbodi nent 1,

Fig. 5is a view depicting a relationship between the
life of a material and the margin to corrosion pit
generation stored in the water quality database of the water
qual ity di agnosis apparatus of the enbodi nent 1;

Fig. 6 is a view depicting a relationship between the
life of a material and the margin to hydrogen enbrittl enent
stored in the water quality database of the water quality
di agnosi s apparatus of the enbodi nent 1,

Fig. 7 is a flow chart depicting an exanple of an
eval uation procedure of the margin to corrosion pit
generation in the water quality diagnosis apparatus of the
enbodi nent 1;

Fig. 8 is a viewdepicting a relationship between the
cation concentration in condensed water and the pitting
generation potential stored in the water quality database of
the water quality diagnosis apparatus of the enbodi nent 1;

Fig. 9 is a flow chart depicting another exanple of
t he eval uati on procedure of the margin to corrosion pit
generation in the water quality diagnosis apparatus of the
enbodi nent 1;

Fig. 10 is a view depicting a relationship between the
anmount of sodium chloride in condensed water and the
potential variation width stored in the water quality
dat abase of the water quality diagnosis apparatus of the
enbodi nent 1;

Fig. 11 is a view depicting a relationship between the
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cation concentration in condensed water and the probability
of crevice corrosion stored in the water quality database of
the water quality diagnosis apparatus of the enbodi ment 1,

Fig. 12 is a view depicting a relationship between the
potential of condensed water and the margin to crevice
corrosion stored in the water quality database of the water
qual ity di agnosis apparatus of the enbodi nent 1;

Fig. 13 is a view depicting an outline of a derivation
met hod of the sodiumion concentration with respect to the
el ectric conductivity of condensed water in the water
qual ity di agnosis apparatus of the enbodi nent 1;

Fig. 14 is a view depicting a relationship between the
working stress intensity factor and the sodiumion
concentration stored in the water quality database of the
wat er quality diagnosis apparatus of the enbodi ment 1;

Fig. 15 is a view depicting a relationship of the
probability of crevice corrosion to the solution dipping
time stored in the water quality database of the water
qual ity di agnosis apparatus of the enbodi nent 1,

Fig. 16 is a view depicting an outline of a water
quality nonitoring system of an enbodi nent 2;

Fig. 17 is a view depicting an outline of a water
quality nonitoring system of an enbodi nent 3;

Fig. 18 is a view depicting an outline of a water
quality nmonitoring systemof an enbodi nent 4,

Fig. 19 is a view depicting an outline of a water
quality nmonitoring systemof an enbodi nent 5;

Fig. 20 is a view depicting an outline of a water
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quality nmonitoring systemof a nodification to the
enbodi nent 5;

Fig. 21 is a view depicting a general configuration of
a water quality diagnosis apparatus in a water quality
nonitoring system of an enbodi nent 6;

Fig. 22 is a view depicting a general configuration of
a water quality diagnosis apparatus in a water quality
nonitoring system of an enbodi nent 7;

Fig. 23 is a view depicting a relationship of the
estimated pitting dianeter to the material usage tinme stored
in a water quality database of the water quality diagnosis
appar atus of the enbodi ment 7;

Fig. 24 is a view depicting an exanple of a
rel ati onship between the material usage tine and various
risks used in the water quality diagnosis apparatus of the
enbodi nent 7;

Fig. 25 is a flow chart depicting a procedure for
remaining life evaluation in the water quality diagnosis
apparatus of the enbodi nent 7,

Fig. 26 is a view depicting a relationship between the
cation concentration in condensed water and the crack growh
rate in a test piece stored in the water quality database of
the water quality diagnosis apparatus of the enbodi nent 7;
and

Fig. 27 is a view depicting an exanple of a
rel ationship of the crack length to the material usage tine
used in the water quality diagnosis apparatus of the

enbodi nent 7.



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[ 0015]

In the followi ng, enmbodi nents of a water quality
nonitoring system a steamturbine systemincluding the
water quality nonitoring systemand a water quality
nmoni toring nethod according to the present invention are
described with reference to the draw ngs.

[0016]
<Enmbodi nent 1>

An enbodinent 1 of a water quality nonitoring system
a steamturbine systemincluding the water quality
nonitoring systemand a water quality nonitoring nethod
according to the present invention is described with
reference to Figs. 1 to 15.

[0017]

First, a general configuration of the steamturbine
system according to the present enbodinent is described with
reference to Fig. 1. Fig. 1 is a schematic view of the steam
turbi ne system of the present enbodinent. It is to be noted
that, while the steam turbine system of the enbodi nent
descri bed below is described taking a thermal power
generation systemthat uses fossil fuel as a heat source as
an exanple, the steamturbine systemis not limted to this,
and the present invention can be applied to various steam
turbines for power generation, steamturbines for nmarine
vessel s and other systens in which water is vaporized by

thermal energy and turbine blades are rotated by the energy
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of the vaporized water vapor to obtain mechanical energy.
[0018]

As depicted in Fig. 1, the steamturbine systemof the
present enbodi nent includes a boiler 1, a high pressure
turbine 7, a nmedium pressure turbine 10, a | ow pressure
turbine 12, a condenser 14 and a generator 16.

[0019]

The boiler 1 is a fossil fuel-fired boiler and is an
exanpl e of a steam generation source. By burning fossil fue
by the boiler 1, condensate supplied fromthe condenser 14
is heated to generate high-tenperature high-pressure steam
[ 0020]

A main steam stop valve 3 and a steam control valve 4
are provided in the main steam pipe 2. Further, an overl oad
steam pipe 5 is connected to the nmain steam pi pe 2 and
connects to the | ower pressure side of the steamturbine
than the nmain steam pi pe 2 bypassing the steam control valve
4. An overload valve 6 is provided for the overload steam
pi pe 5.

[ 0021]

St eam generated by the boiler 1 is introduced to the
hi gh pressure turbine 7 through the main steam pipe 2 and
the overload steam pipe 5 and drives the high pressure
turbine 7. The steam deconpressed by the driving of the high
pressure turbine 7 flows down in a high pressure turbine
exhaust pipe 8 and is introduced to the boiler 1, by which
it is heated again to nmake reheated steam

[ 0022]
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The reheated steamreheated by the boiler 1 is
i ntroduced to the nedi um pressure turbine 10 through a high
tenperature reheating steampipe 9 to drive the nedi um
pressure turbine 10.

[ 0023]

The steam deconpressed by the driving of the nedium
pressure turbine 10 is introduced to the | ow pressure
turbine 12 through a medi um pressure turbi ne exhaust pipe 11
to drive the | ow pressure turbine 12.

[ 0024]

The steam deconpressed by the driving of the | ow
pressure turbine 12 is introduced to the condenser 14
through a | ow pressure turbi ne exhaust pipe 13. The
condenser 14 includes a cooling water pipe (not depicted)
and condensates steam by heat exchange between the steam
i ntroduced in the condenser 14 and cooling water flowing in
the cooling water pipe.

[ 0025]

A low pressure feed water heater 18 heats the feed
wat er condensed by the condenser 14 with steam bled fromthe
| ow pressure turbine 12 by a | ow pressure bl eed pi pe 12A
[ 0026]

A high pressure feed water heater 19 further heats the
feed water heated by the | ow pressure feed water heater 18
with the steambled fromthe high pressure turbine 7 by a
hi gh pressure bleed pipe 7A in order to send the feed water
to the boiler 1.

[ 0027]
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The feed water heated by the high pressure feed water
heater 19 is sent back to the boiler 1
[ 0028]

The high pressure turbine 7, nmedi um pressure turbine
10 and | ow pressure turbine 12 depicted in Fig. 1 are
connected coaxially to each other by a turbine rotor 15.
Further, the generator 16 is coupled to the turbine rotor 15
such that the generator 16 is driven by rotational power of
the high pressure turbine 7, nedium pressure turbine 10 and
| ow pressure turbine 12, and output power of the high
pressure turbine 7, medium pressure turbine 10 and | ow
pressure turbine 12 is taken out as electric power (electric
energy).

[ 0029]

It is to be noted that the configuration of the
t hermal power generation systemis not specifically limted
to the systemdepicted in Fig. 1.

[ 0030]

In the present enbodi ment, such a steam turbine system
as described above includes, as additional equipnent to the
| ow pressure feed water heater 18, a water quality
nmonitoring systemfor evaluating the quality of steam Such
addi tional equi prrent nakes it possible to performuni que
nmeasur enment under a severe environnent such as a negative
pressure or a high tenperature
[ 0031]

Now, a configuration and operation of the water

quality nonitoring systemof the present enbodi nent are
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described with reference to Figs. 2 to 15. First, details of
the configuration of the water quality nonitoring system and
a water quality diagnosis apparatus are described with
reference to Figs. 2 to 6. Fig. 2 is a view depicting an
outline of the water quality nonitoring systemof the
enbodiment 1, and Fig. 3 is a view depicting a schematic
configuration of the water quality diagnosis apparatus. Figs.
4 to 6 are views depicting an exanple of data recorded in a
wat er quality database 130 of the water quality nonitoring
system

[ 0032]

As depicted in Fig. 2, the water quality nonitoring
systemincludes a sanpling pipe 22, a condensation section
30, a neasuring pipe 42, a water quality measurenent
apparatus 50, a water quality diagnosis apparatus 100 and a
drai n pipe 52.

[ 0033]

The sanpling pipe 22 is a pipe for acquiring steam
that flows into the | ow pressure feed water heater 18
passing the | ow pressure bl eed pipe 12A for bl eedi ng steam
fromthe | ow pressure turbine 12, and is connected to an
openi ng of an established flange or the |like of the |ow
pressure feed water heater 18. The steam passing the
sanpling pipe 22 is sent to the condensation section 30. A
valve 24 is a valve for adjusting the flow rate of steam
that is to pass the sanpling pipe 22, nanely, the flow rate
of steamto be sent to the condensation section 30.

[ 0034]
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The condensation section 30 is configured froma steam
inlet tank 32 and a condensati on apparatus 34.
[ 0035]

The steaminlet tank 32 is a space for tenporarily
accunul ati ng steam acqui red through the sanpling pipe 22
The steaminlet tank 32 includes a test piece introducer 33
for exposing a nonitoring test piece 31 to the sanpled steam
Si nce the condensation section 30 includes the steaminl et
tank 32 for exposing such a nonitoring test piece 31 as
descri bed above to steam it is possible to perform
corrosion characteristic evaluation under a dry steam
envi ronnent .
[ 0036]

As the nmonitoring test piece 31, preferably a netal
pi ece of a shape or a material is introduced from which
occurrence of fracture mechanics characteristics (a crack
growt h characteristic, a gap corrosion characteristic) or
stress corrosion cracking (SCC) can be evaluated. Such a
nonitoring test piece 31 as just described is introduced and
then taken out at arbitrary timngs to evaluate one or nore
of the crack gromh characteristic, gap corrosion
characteristic, stress corrosion cracking and so forth. The
nonitoring test piece 31 to be introduced may be, for
exanpl e, such a gap corrosion test piece as descri bed
her ei nabove with reference to Fig. 11 or a crack growth rate
eval uation test piece as depicted in Fig. 26. Further, the
nunber of such nonitoring test pieces 31 to be introduced is

not specifically limted, and a suitabl e nunber of
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nmonitoring test pieces 31 may be introduced in response to a
test item nunber for eval uation.
[ 0037]

Further, as the nonitoring test piece 31, a nore
sensitized material than a material used for a steam turbine
(especially, the |low pressure turbine 12) may be used.

[ 0038]

The condensation apparatus 34 is an apparatus for
condensi ng steam having flowed into the steaminlet tank 32
and i ncludes a cooling system pipe 36. The condensati on
apparatus 34 cools steamusing the cooling system pipe 36 to
generate condensed water. As cooling nediumto be supplied
to the cooling system pipe 36, a shaft cold water system
condensed water, industrial water or the |ike can be used.

[ 0039]

The neasuring pipe 42 is a pipe for sending condensed
wat er condensed by the condensation section 30 to the water
qual ity measurenent apparatus 50. The neasuring pipe 42
includes a valve 44 for adjusting the flow rate of steamto
be sent to the water quality neasurenent apparatus 50 and a
U seal 46 having a U-shaped structure.

[ 0040]

The water quality measurenent apparatus 50 is an
apparatus for measuring the water quality of condensed water
condensed from steam having flowed into the steaminlet tank
32 and is an apparatus that perfornms neasurenent of the
water quality at the steamturbine | ow pressure stage to

i mpl emrent water quality nonitoring that utilizes bleed air
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of the steam turbine.
[ 0041]

In the present enbodinent, the steaminlet tank 32 of
t he condensation section 30 is installed at a | ocation
hi gher than that of the water quality measurenment apparatus
50. For exanple, in the case where the steaminlet tank 32
of the condensation section 30 is installed on the second
floor or the third floor of a building in which the steam
turbine systemis installed, the water quality nmeasurenent
apparatus 50 is installed on the ground floor. Consequently,
the water quality measurenment apparatus 50 neasures the
wat er quality of condensed water boosted to the atnospheric
pressure utilizing the head difference.
[0042]

The item of the water quality to be neasured by the
wat er qual ity neasurenment apparatus 50 of the present
enbodi ment preferably includes at | east one or nore itens
i ncludi ng, for exanple, pH, dissolved oxygen (DO,
tenperature, electric conductivity or cation concentration
of Na* or the like, corrosion potential and oxidation-
reduction potential. For neasurenent nethods for such
neasurenment itens as just nentioned, various known nethods
can be used.
[ 0043]

For exanple, for pH nmeasurenent, an indicator mnethod,
a nmetal electrode nethod (a hydrogen el ectrode nethod, a
qui nhydron el ectrode net hod, an anti nony el ectrode nethod),

a gl ass el ectrode nmethod and a seni conduct or sensor nethod
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are available. For DO neasurenent, a titration nethod and a
di aphragm el ectrode nethod are available. For electric
conductivity or cation concentration nmeasurenent, an
alternating current (AC) two el ectrode nethod and an
el ectromagnetic induction nethod are avail able. For
corrosion potential neasurenent, a direct current (DC)
pol ari zati on neasurenent nmethod and an AC i npedance net hod
are avail able. For oxidation-reduction potential neasurenent,
a method that perfornms nmeasurenent using a pH neter body
havi ng a nmV neasurenent function, a noble netal el ectrode
(platinum el ectrode or gold el ectrode) and a conparative
el ectrode is avail able.
[ 0044]

The water quality diagnosis apparatus 100 is an
apparatus that di agnoses the water quality of condensed
wat er using a neasurenent result of the water quality
nmeasur ement apparatus 50. Details of the water quality
di agnosi s apparatus 100 are hereinafter described.
[ 0045]

Condensed water for which water quality eval uati on has
been performed by the water quality neasurenent apparatus 50
is drained to the outside of the steamturbine system
through the drain pipe 52. A valve 54 is provided for the
drain pipe 52. By the provision of such a drain pipe 52 as
just described, chem cal contam nation upon water quality
measurement into the steamturbine system can be prevent ed.
[ 0046]

Now, details of the water quality diagnosis apparatus

17



100 are described with reference to Fig. 3.
[0047]

The water quality diagnosis apparatus 100 is provi ded
on the rear stage side of additionally provided apparat us,
whi ch are provided additionally to the turbine system such
as the sanpling pipe 22, valve 24, condensation section 30,
nmeasuring pipe 42, valve 44, U seal 46 and so forth, and of
the water quality neasurenment apparatus 50, and includes a
wat er quality eval uation apparatus 110, a turbi ne operation
state nonitoring apparatus 120, a water quality database 130,
a data collection apparatus 140 and a data di spl ayi ng
appar at us 150.

[ 0048]

The water quality diagnosis apparatus 100 nmay be
configured froma unitary apparatus in the formof a PC or
the Iike, fromthe conponents individually fornmed as
i ndependent apparatus or froma conbination of a unitary
apparatus including some of the conponents and the other
conmponents formed as i ndependent apparatus. However, in the
case where the conponents are integrated as a unitary
apparatus, since the apparatus configuration can be
sinplified, the integrated apparatus configuration is
desi rabl e.

[ 0049]

The turbine operation state nonitoring apparatus 120
is an apparatus that nonitors an operation state such as
out put power, pressure, tenperature and so forth of the

steamturbine system |In order to nake it possible to
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conpare or verify the operation state and acquisition data
for a long period of time, the turbine operation state

noni toring apparatus 120 outputs data of the operation state
in an associated relationship with tine to the water quality
eval uation apparatus 110.

[ 0050]

The water quality evaluation apparatus 110 is an
arithnetic operation apparatus such as a conmputer and
performs water quality diagnosis on the basis of data
acquired by the water quality neasurenent apparatus 50.
Optim zation of the regul ar inspection interval can be
i mpl enented on the basis of a result of such water quality
di agnosis. A particular exanple of water quality diagnosis
executed by the water quality diagnosis apparatus 100 is
herei nafter described in detail with reference to Fig. 7 and
so forth.

[ 0051]

The water quality eval uation apparatus 110 associ ates
i nformati on of an operation state of output power, pressure,
tenperature and so forth associated with time and inputted
fromthe turbine operation state nonitoring apparatus 120
with data acquired by the water quality neasurenent
apparatus 50 and then outputs the associated i nformation and
data to the data collection apparatus 140.

[ 0052]

The water quality database 130 is a database provi ded

in order for the water quality evaluation apparatus 110 to

performidentification of a corrosion state, conparison with

19



acquired water quality and so forth. Data recorded in the
wat er quality database 130 include, for exanple, such a

Pour bai x di agram (pH potential diagranm indicative of a

rel ati onship between pH of condensed water and the corrosion
potential as depicted in Fig. 4. The data further include
data indicative of such a relationship between the life of a
material and the margin to corrosion pit generation as
depicted in Fig. 5 and used to evaluate the margin to
corrosion pit generation fromthe determ ned pitting
generation potential, data indicative of such a rel ationship
between the life of a material and the margin to hydrogen
enbrittlenment as depicted in Fig. 6 and used to evaluate the
margi n to hydrogen enbrittlenment fromthe determ ned
hydrogen enbrittl enent generation potential, and so forth.

[ 0053]

By retaining such data as described above, it is
possible to performreliability evaluation from eval uation
of the difference between the corrosion potential and the
hydrogen enbrittl enent generation potential (margin to
corrosion pitting) and the difference between the corrosion
potential and the hydrogen enbrittlement generation
potential (margin to the hydrogen enbrittlenent).

[ 0054]

The data collection apparatus 140 is a recording
medi um that stores a neasurenent result of the water quality
nmeasur ement apparatus 50 or water quality data of condensed
wat er eval uated by the water quality evaluati on apparatus

110, and is, for exanple, a hard disc drive (HDD) or the
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li ke.
[ 0055]

The data displaying apparatus 150 is a display for
di spl ayi ng a neasurenment result of the water quality
measur ement apparatus 50 or water quality data of condensed
wat er eval uated by the water quality eval uati on apparatus
110. Further, the data displaying apparatus 150 issues a
warni ng notification when it is diagnosed that the water
quality of condensed water has deteriorated froma
predeternm ned value. As the nethod for the warning
notification, warning sound, warning display and so forth
are avail abl e.

[ 0056]

Now, a water quality nonitoring nethod according to
the present enbodinent is described with reference to Fig. 7
to 15. The water quality nonitoring nmethod of the present
enbodi ment eval uates the quality of steamused in a steam
turbine systemthat includes a steamturbine for obtaining
mechani cal energy from st eam generated by the boiler 1 and
is carried out suitably by such a water quality nonitoring
system as depicted in Fig. 2.

[ 0057]

Fig. 7 is a flow chart depicting an exanple of an
eval uation procedure of the margin to corrosion pit
generation; Fig. 8 is a view depicting a rel ationship
bet ween the cation concentration in condensed water and the
pitting generation potential; Fig. 9 is a flow chart

depi cting anot her exanple of the eval uation procedure of the
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margin to corrosion pit generation; Fig. 10 is a view
depicting a relationship between the sodi um chl ori de anount
in condensed water and the potential variation width; Fig.
11 is a view depicting a relationship between the cation
concentration in condensed water and the probability of
crevice corrosion; Fig. 12 is a view depicting a

rel ati onshi p between the potential of condensed water and
the margin to crevice corrosion; Fig. 13 is a view depicting
an outline of a derivation nmethod of the sodiumion
concentration with respect to the electric conductivity of
condensed water; Fig. 14 is a view depicting a relationship
bet ween the working stress intensity factor and the sodium
ion concentration; and Fig. 15 is a view depicting a

rel ationship of the probability of crevice corrosion to the
sol ution dipping tine.

[ 0058]

An acqui sition step of acquiring steam a generation
step of generating condensed water and a water quality
measurenment step of nmeasuring the water quality are executed
suitably by the conmponents in the water quality nonitoring
system descri bed herei nabove with reference to Fig. 2.

[ 0059]

A water quality diagnhosis step of diagnhosing the water
quality of condensed water using a measurenent result of the
wat er quality neasurenent step described bel ow is executed
suitably by the water quality eval uation apparatus 110 of
the water quality diagnosis apparatus 100.

[ 0060]
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For exanple, a flow of evaluation of the margin to
generation of a corrosion pit is described with reference to
several figures beginning wwith Fig. 7.

[ 0061]

As descri bed herei nabove, the water quality
measur ement appar atus 50 neasures the pH, corrosion
potential, tenperature, DO, electric conductivity, cation
concentration and so forth
[ 0062]

Therefore, the water quality eval uation apparatus 110
pl ots, from anong the neasured data, the data of the pH and
the corrosion potential on the Pourbaix diagramrecorded in
the water quality database 130, corrects the crevice
generation potential or the hydrogen enbrittlenment
generation potential fromthe electric conductivity and the
cation concentration, tenperature or DO, and eval uates the
margin to occurrence of corrosion pitting fromthe
di fference between the corrosion potential of the acquired
wat er and the crevice generation potential.

[ 0063]

In particular, as depicted in Fig. 7, the water
qual ity eval uation apparatus 110 first receives an input of
nmeasurenment data of the pH and the corrosion potentia
nmeasured by the water quality nmeasurenent apparatus 50 (step
S110). Thereafter, the water quality eval uati on apparatus
110 plots the data of the corrosion potential to the
Pour bai x di agram recorded in the water quality database 130

(step S112).
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[ 0064]

In parallel with this, the water quality eval uation
apparatus 110 acquires data under a | aboratory environnent
of the pitting generation potential recorded in the water
qual ity database 130 (step S120) and acquires neasurenent
data of the electric conductivity or the cation
concentration, DO and neasurenent fromthe water quality
measur enment apparatus 50 (step S122). The data under a
| aboratory environnent of the pitting generation potenti al
to be acquired at step S120 is such data as depicted in Fig.
8
[ 0065]

Thereafter, the water quality eval uation apparatus 110
corrects the pitting generation potential using the cation
concentration such as a Na" concentration and so forth (step
S124). For exanple, the water quality eval uati on apparatus
110 extrapol ates such a data range acquired in a | aboratory
as depicted in Fig. 8 to determine an estinmated val ue of the
pitting generation potential under an actual environment.

[ 0066]

Thereafter, the water quality eval uation apparatus 110
eval uates the difference between the corrosion potential
inputted at step S112 and the pitting generation potenti al
determi ned at step S124 (step S130). Then, the water quality
eval uation apparatus 110 determ nes the margin to corrosion
pitting fromthe evaluation of the difference (step S140).

[ 0067]

The water quality eval uation apparatus 110 can utilize
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the corrosion pitting and the margin to the SCC generation
deternmi ned by the evaluation by such a procedure as

descri bed above in life diagnosis of the blade material or
the rotor material of the turbine. By performng life

eval uation agai nst corrosion of turbine nenbers from
acquired water quality in this manner, it becones possible
to set an optinumregular inspection interval.

[0068]

Further, the water quality evaluation apparatus 110
acquires, simlarly also on the cathode (negative) side, the
hydrogen enbrittl enent generation potential under a
| aboratory environnent simlarly to the pitting generation
potential and can evaluate the margin to the hydrogen
enbrittlenment fromthe difference between the hydrogen
enbrittl enent generation potential and the corrosion
potential of acquired water. This nmakes it possible to apply
life evaluation to the hydrogen enbrittl ement of the turbine
menbers fromthe acquired water quality and simlarly
propose an optimum regul ar inspection interval.

[ 0069]

As described above, it is possible to store a water
quality evaluation result under a | aboratory environnent
into the water quality database 130 in advance and then
utilize the water quality evaluation result. By conparing
data under a | aboratory environment with a water quality
nmeasurenment result, it becones possible to evaluate the
margin to corrosion pitting or SCC generation. Further, use

of data under a | aboratory environment nakes it possible to
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achi eve hi gher accuracy in water quality eval uation.
[ 0070]

Further, the evaluation nethod of the margin to
generation of a corrosion pit is not limted to the
procedure depicted in Fig. 7, and the margin can be
eval uated al so by techni ques descri bed bel ow with figures
begi nning with Fig. 9 and so forth.

[0071]

In particular, as depicted in Fig. 9, the water
qual ity eval uation apparatus 110 first acquires data of the
generation probability of crevice corrosion under a
| aboratory environnent (step S210). The data acquired at
step S210 is such data as depicted in Fig. 10. Further, the
wat er quality evaluation apparatus 110 acquires data of the
potential drop anmount of crevice corrosion under a
| aboratory environnent (step S212). The data acquired at
step S212 is such data as depicted in Fig. 11. In Fig. 11
al so an outline of a crevice corrosion test piece to be used
when crevice corrosion data is to be acquired is depicted
t oget her.

[0072]

Thereafter, the water quality eval uation apparatus 110
determ nes the cation concentration dependency of the
potential drop anount by crevice corrosion fromthe data of
t he generation probability of crevice corrosion under a
| aborat ory environnent acquired at step S210 and the data of
the potential drop amount of crevice corrosion acquired at

step S212 (step S214).
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[0073]

Si mul taneously with the processes at steps S210 to
S214, the water quality evaluation apparatus 110 acquires
data under a | aboratory environnment of the pitting
generation potential (step S220). The data acquired at step
S220 is data of such a relationship as described herei nabove
with reference to Fig. 8.

[ 0074]

Thereafter, the water quality evaluation apparatus 110
determ nes the cation concentration dependency of the
pitting generation potential fromthe data under a
| aboratory environnent of the pitting generation potenti al
acquired at step S220 (step S222).

[ 0075]

Then, the water quality eval uation apparatus 110
determ nes a threshold value for the pitting generation
potential fromthe data of the cation concentration
dependency of the potential drop ampbunt by crevice corrosion
determ ned and acquired at step S214 and the data of the
cation concentration dependency of the pitting generation
potential acquired at step S222 (step S230). The threshold
val ue determ ned corresponds, for expel, to the boundary of
a region of the pitting generation potential depicted in Fig.
4.

[ 0076]

Further, the water quality eval uation apparatus 110

recei ves an input of the neasurenment data of the pH and the

corrosion potential measured by the water quality
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measur ement apparatus 50 (step S240) and plots the data of
the pH and the corrosion potential to the Pourbaix diagram
recorded in the water quality database 130 (step S242).
[0077]

Thereafter, the water quality eval uation apparatus 110
eval uates the difference between the corrosion potential
inputted at step S242 and the pitting generation potenti al
determi ned at step S230 (step S250). Then, the water quality
eval uation apparatus 110 determi nes the margin to the
corrosion pitting using the difference between the
potentials and the margin to the crevice corrosion as
depicted in Fig. 12 fromthe evaluation of the difference
(step S260).

[ 0078]

It is to be noted that, in order to perform such
eval uation as descri bed above snmoothly, preferably such a
correspondence rel ationship between the potential and the
el ectric conductivity at which crevice corrosion is
generated and a correspondence rel ati onship between the
potential and the Na" anpunt at which crevice corrosion is
generated using a crevice corrosion test piece as depicted
in Fig. 13 are stored and a correspondence rel ationship
between the electric conductivity and the Na®™ amount is
estimated fromthe relationships and is stored in advance
such that, by neasuring the electric conductivity by the
wat er qual ity neasurenent apparatus 50, the Na® anpbunt can be
estimated. This nmakes it possible to execute identification

of an actual environment nore quickly and accurately and set
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an appropriate regular inspection interval nore easily.
[ 0079]

The correspondence rel ationships to be stored in
advance may be correspondence rel ationshi ps between, in
addition to the corrosion potential, the oxidation-reduction
potential and the electric conductivity or the Na" anount.

By acquiring rel ationshi ps between the corrosion potenti al
or the oxidation-reduction potential and various electric
conductivities in advance in this manner, it is possible to
performwater quality diagnosis fromacquired paraneters of
el ectric conductivities having a high responsibility and

i ncrease the i nmedi acy of diagnosis.

[ 0080]

Further, in regard to the Na* anount, also it is
possible to utilize sanpling test results by the Sum ya
met hod. This makes nore accurate diagnosis possible.

[ 0081]

Furt hernore, since conversion fromthe Na" anount into
an electric conductivity or the |like and conversion of an
el ectric conductivity into a Na* anount is possible from such
a relationship as depicted in Fig. 13 as descri bed
her ei nabove, it is preferable to determ ne in advance such a
rel ationship between the working stress intensity factor and
the Na® anount in all systens when a test piece is soaked for
an arbitrary time period in test solution whose density is
changed as depicted in Fig. 14 or a relationship between the
sol ution soaking tinme period and the Na* anount of al

systens when a test piece is soaked for an arbitrary tine
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period in test solution whose density is changed as depi cted
in Fig. 15. This nakes it possible to evaluate an electric
conductivity or a cation concentration also in regard to the
crack growh rate or the crevice corrosion generation
probability and nakes it possible to performnore flexible
wat er qual ity diagnosis.

[ 0082]

Now, advantageous effects of the present enbodi nent
are descri bed.
[ 0083]

The steam turbine system of the enbodi nent 1 of the
present invention described above includes a water quality
nonitoring systemthat evaluates the quality of steam used
in the steam turbine systemthat includes a steam turbine
t hat obtai ns nmechani cal energy from steam generated in a
boiler 1. This water quality nmonitoring systemincludes a
sanpling pipe 22 that acquires steamthat passes a | ow
pressure bl eed pipe 12A that bl eeds steamfroma | ow
pressure turbine 12 to which steamof a | ow pressure is
supplied, a steaminlet tank 32 into which the steam
acqui red by the sanpling pipe 22 flows, a water quality
measur ement apparatus 50 for neasuring the water quality of
condensed water condensed fromthe steam having flowed into
the steaminlet tank 32, and a water quality diagnosis
apparatus 100 that diagnoses the water quality of the
condensed water using a result of the neasurenment of the
wat er qual ity neasurenment apparatus 50. The steaminlet tank

32 is installed at a | ocation higher than that of the water
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qual ity nmeasurenent apparatus 50, and the water quality
measur ement appar atus 50 neasures the water quality of the
condensed water boosted to the atnospheric pressure
utilizing the head difference.

[ 0084]

By installing the steaminlet tank 32 at a higher
| ocation than that of that of the water quality measurenent
apparatus 50 in this manner, even if the environnent of the
| ow pressure turbine 12 is a negative pressure environment
and the steamto be evaluated is bled steamfromthe | ow
pressure turbine, the condensed water can be boosted to the
at nospheric pressure utilizing the head difference.
Therefore, the water quality neasurenent apparatus 50 can
perform neasurenent of the water quality with certainty and
can execute nonitoring of the water quality with certainty
and continuously in conparison with the prior art.
Accordingly, the possibility that sone abnornmality may occur
with the steam turbi ne systemarising fromsone abnormality
occurring with the water quality can be grasped with
certainty in conparison with the prior art, and therefore,
an appropriate counterneasure can be taken.

[ 0085]

Further, since a condensation apparatus 34 including a
cool i ng system pi pe 36 for condensi ng steam havi ng fl owed
into the steaminlet tank 32 is further provided, steam can
be condensed nore efficiently and water quality eval uation
can be perfornmed nore stably.

[ 0086]
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Furthernore, since a test piece introducer 33 for
i ntroducing a nonitoring test piece 31 for exposing the
nonitoring test piece 31 to the steamflowing into the steam
inlet tank 32 is further provided, evaluation of a corrosion
characteristic can be performed, and further conprehensive
water quality nonitoring can be perforned.
[0087]

Further, since a U seal 46 is provided between the
steaminlet tank 32 and the water quality neasurenent
appar atus 50, condensed water can be suppressed from fl ow ng
back to the | ow pressure turbine 12 side that is in a
negative pressure state, and stabilized water quality
nonitoring can be inplenmented with high certainty.
[ 0088]

Furthernore, since the |ow pressure feed water heater
18 generally has a flange and so forth for connecting an
addi tional pipe, where the sanpling pipe 22 acquires steam
flowwng into the | ow pressure feed water heater 18 passing
the | ow pressure bl eed pi pe 12A, great scale renovation or
the like for connecting the sanpling pipe 22 is unnecessary,
and it becones easy to install a water quality nonitoring
system by addition to an existing steam turbine system
Further, also in a new steamturbine system since it is not
necessary to increase wel ding of pipes, a water quality
nonitoring systemcan be installed nore easily and | ess
expensi vel y.
[ 0089]

Further, the water quality diagnosis apparatus 100
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i ncludes a data displaying apparatus 150 for issuing a
warni ng notification when it is diagnosed that the water
quality of condensed water is deteriorated froma
predeternmi ned value, it is possible for an operator to check
water quality data at any tinme and to early detect
deterioration of the water quality.

[ 0090]

Furthernore, the water quality diagnosis apparatus 100
includes a data collection apparatus 140 for accunul ating a
nmeasurenment result of the water quality measurenent
apparatus 50 and water quality data of condensed water.
Therefore, storage of data and conparison over a |ong period
of time becone possible, and results of water quality
nonitoring can be utilized nore effectively.

[ 0091]

Further, where the water quality measurenment apparatus
50 neasures one or nore of the pH, dissolved oxygen anount,
tenperature, electric conductivity, cation concentration
corrosion potential and oxidation-reduction potential of
condensed water, it is possible to early capture a water
quality change, and it becones possible for the water
qual ity measurenment apparatus 50 to be utilized for the life
eval uation or diagnosis especially of the | ow pressure
turbine 12.

[0092]

I f an eval uati on process for eval uating one or nore of

a crack growth characteristic, a crevice corrosion

characteristic and stress corrosion cracking using a test
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pi ece generated by the exposure step is provided, then it
becones possible to performa test with a material exposed
to an actual environment, which nmakes nore accurate water
quality diagnosis or life evaluation of a steamturbine with
a high degree of accuracy possible.

[ 0093]

Further, where a material sensitized with respect to a
material used for a steamturbine is used as a test piece to
be used at the exposure step, corrosion can be accel erat ed,
whi ch makes early diagnosis of the |ife possible.

[ 0094]
<Enbodi nent 2>

A water quality nonitoring system of an enbodi nent 2
of the present invention and a steam turbine systemthat
i ncludes the water quality nonitoring systemas well as a
water quality nonitoring nmethod are described with reference
to Fig. 16. Like elenents to those of the enbodinment 1 are
denoted by |ike reference characters and overl appi ng
description of themis omtted. This simlarly applies also
ot her enbodi nents hereinafter descri bed.

[ 0095]

Fig. 16 is a view depicting an outline of the water
quality nonitoring system of the enbodi nent 2.

[ 0096]

As depicted in Fig. 16, the water quality nonitoring
system of the present enbodinment is configured such that, in
the water quality nonitoring systemdepicted in Fig. 2, a

branch pipe 62 is branched fromthe sanpling pipe 22. On the
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downstream side of a valve 64 of the branch pipe 62 branched
in this manner, a test piece introduction space 65 for
exposing a nonitoring test piece 31 to sanpled steamis
installed. The test piece introduction space 65 is di sposed
in parallel to the steaminlet tank 32 such that steam
passing the test piece introduction space 65 passes through
a branch pipe 66 having a valve 68 and flows into the steam
inlet tank 32.

[ 0097]

The configuration of the other part and the other
operation are substantially sane as those in the enbodi nent
1, and detailed description of themis omtted.

[ 0098]

Also by the water quality nmonitoring systemof the
enbodi rent 2 of the present invention and a steam turbine
systemincluding the sanme as well as a water quality
noni toring method, substantially simlar advantageous
effects to those of the enbodi ment 1 described herei nabove
can be achi eved.

[ 0099]

Further, the test piece introduction space 65 is
install ed between the branch pipes 62 and 66 branched from
the sanpling pipe 22 and having val ves 64, 68 and is
di sposed in parallel to the steaminlet tank 32. At the
exposure step, by installing a nonitoring test piece 31 into
the test piece introduction space 65, only if the valves 64
and 68 are closed, the extraction or addition of a

nonitoring test piece 31 can be performed at an arbitrary
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timng wthout stopping the steamturbine system and it is
possi bl e to further enhance acquisition of data utilizing
the nonitoring test piece 31.

[ 0100]

<Enbodi nent 3>

A water quality nmonitoring systemof an enbodi nent 3
of the present invention and a steam turbine system
including the sane as well as a water quality nonitoring
met hod are described with reference to Fig. 17.

[0101]

Fig. 17 is a view depicting an outline of the water
quality nmonitoring systemof the enbodi ment 3.

[0102]

As depicted in Fig. 17, the water quality nonitoring
system of the present enbodinment is configured such that, in
the water quality nonitoring systemdepicted in Fig. 2, a
punp 70 for boosting condensed water is provided in the
nmeasuring pi pe 42 between the steaminlet tank 32 and the
wat er quality neasurenment apparatus 50. The punp 70 thus
boosts condensed water to be sent to the water quality
measur enment apparatus 50 with certainty.

[0103]

The configuration of the other part and the other
operation are substantially sanme as those in the enbodi nent
1, and detailed description of themis omtted.

[0104]
Also by the water quality nmonitoring systemof the

enbodi rent 3 of the present invention and a steam turbine
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systemincluding the sanme as well as a water quality

noni toring method, substantially simlar advantageous
effects to those of the enbodi nent 1 described herei nabove
can be achi eved.

[ 0105]

Further, since the punp 70 for boosting condensed
water is provided between the steaminlet tank 32 and the
wat er qual ity neasurenent apparatus 50, condensed water to
be sent to the water quality neasurenent apparatus 50 can be
boosted with higher certainty, and water quality nonitoring
can be executed with nore certainty and conti nuously.

[0106]

It is to be noted that, in the system of the
enbodi ment 2 described above, it is possible to install the
punp 70 in the nmeasuring pipe 42 as in the present
enbodi nment .

[0107]
<Enmbodi nent 4>

A water quality nonitoring system of an enbodi nent 4
of the present invention and a steam turbine system
including the sane as well as a water quality nonitoring
met hod are described with reference to Fig. 18.

[0108]

Fig. 18 is a view depicting an outline of the water

quality nmonitoring systemof the enbodi ment 4.
[0109]
Al t hough, in the water quality nonitoring system

depicted in Fig. 2, the steaminlet tank 32 and the
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condensati on apparatus 34 that has the cooling system pipe
36 are disposed in series, it is possible to directly
connect a steaminlet tank 80 on the nmeasuring pipe 42

wi t hout providing a condenser apparatus and install a
cooling system pipe 86 for the measuring pipe 42 as in the
water quality nonitoring systemof the present enbodi nent
depicted in Fig. 18.

[0110]

The configuration of the other part and the other
operation are substantially sanme as those in the enbodi nent
1, and detailed description of themis omtted.

[0111]

Also by the water quality nonitoring system of the
enbodi ment 4 of the present invention and a steam turbine
systemincluding the sane as well as a water quality
nmoni toring nmethod, substantially simlar advantageous
effects to those of the enbodi ment 1 described herei nabove
can be achi eved.

[0112]

Further, according to the system of the present
enbodi ment, the configuration can be sinplified in
conmparison with the system of the enbodi nent 1, and such
merits as reduction of the installation area and reduction
of the cost can be achieved.

[0113]

It is to be noted that, also in the systemof the

enbodi ment 2 or the enbodiment 3 and nodified systens

descri bed herei nabove, the condenser apparatus can be
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omtted simlarly as in the present enbodi nent.
[0114]
<Enbodi nent 5>

A water quality nonitoring system of an enbodi nent 5
of the present invention and a steam turbine system
including the sane as well as a water quality nonitoring
met hod are described with reference to Figs. 19 and 20.
[0115]

Fig. 19 is a view depicting an outline of the water
quality nonitoring systemof the enbodinent 5, and Fig. 20
is a view depicting an outline of a water quality nonitoring
system of a nodification to the present enbodi nent.

[0116]

As depicted in Fig. 19, the water quality nonitoring
system of the present enbodinment is configured such that, in
the water quality nonitoring systemdepicted in Fig. 2, a
sanpling pipe 92 for directly acquiring steamfromthe | ow
pressure bleed pipe 12A is installed in place of the
sanpling pipe 22 for acquiring steamfromthe | ow pressure
feed water heater 18. A valve 94 is provided in the sanpling
pi pe 92.

[0117]

The configuration of the other part and the other
operation are substantially sanme as those in the enbodi nent
1, and detailed description of themis omtted.

[0118]
Also by the water quality nmonitoring systemof the

enbodi rent 5 of the present invention and a steam turbine
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systemincluding the sanme as well as a water quality

noni toring method, substantially simlar advantageous
effects to those of the enbodi nent 1 described herei nabove
can be achi eved.

[0119]

Further, since the sanpling pipe 92 can acquire water
quality near to the turbine by acquiring steamfromthe | ow
pressure bl eed pipe 12A, water quality diagnosis of higher
accuracy can ben anticipated. Further, since the |ow
pressure bl eed pipe 12A basically has a | arge dianeter, the
sanpl i ng amount of bl eedi ng steam becones abundant, and
therefore, nore continuous water quality measurenent can be
anti ci pat ed.

[ 0120]

It is to be noted that the sanpling pipe 92 fromthe
| ow pressure bl eed pipe 12A in the present enbodi nent is not
limted to a fixed pie, but a sanpling pipe 92A configured
froman expansion joint can be installed in place of the
sanpling pipe 92 as shown Fig. 20.

[0121]

Al so the systens of the enbodi nents 2 to 4 and
nodi fi ed systens descri bed above can be configured such that
steamis acquired fromthe | ow pressure bl eed pipe 12A as in
the present enbodi nent.

[0122]
<Enmbodi nent 6>
A water quality nmonitoring systemof an enbodi nent 6

of the present invention and a steam turbine system
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including the sane as well as a water quality nonitoring
nmet hod are described with reference to Fig. 21.
[0123]

Fig. 21 is a view depicting an outline of a water
qual ity di agnosis apparatus of the water quality nonitoring
system of the enbodi nent 6.

[0124]

As depicted in Fig. 21, the water quality diagnosis
appar atus 100A of the water quality nonitoring systemof the
present enbodi nent further includes, in addition to the
conponents of such a water quality diagnosis apparatus as
depicted in Fig. 3, a turbine operation controlling
apparatus 170 for adjusting operation of the steam turbines
on the basis of a result of water quality diagnosis by the
wat er quality diagnosis apparatus 100A.

[ 0125]

For exanple, in the case where the water quality
eval uation apparatus 110 decides that the water quality of
condensed water is deteriorated, the turbine operation
controlling apparatus 170 decides that the possibility that
corrosion may occur in the high pressure turbine 7 or the
medi um pressure turbine 10, especially, in the |ow pressure
turbine 12, is increasing and executes feedback control of
t he out put power for reducing the output power of the
turbi nes or stopping the turbines by reducing the amount of
fossil fuel to be supplied to the boiler 1 or the |ike.
[0126]

The configuration of the other part and the other
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operation are substantially sane as those in the enbodi nent
1, and detailed description of themis omtted.
[0127]

Al so by the water quality nonitoring system of the
enbodi mrent 6 of the present invention and a steam turbine
systemincluding the sanme as well as a water quality
nonitoring nmethod, substantially simlar advantageous
effects to those of the enbodi ment 1 described herei nabove
can be achi eved.

[0128]

Further, since the turbine operation controlling
apparatus 170 for adjusting operation of the steam turbines
on the basis of a water quality diagnosis result by the
wat er quality evaluation apparatus 110 is further provided,
when there is the possibility that the turbi nes may be
damaged by corrosion, it is possible to reduce the output
power or to stop operation, and it is possible to suppress
unexpect ed shut down of the steam turbine system which nust
be avoided to the utnpbst such as unexpected stop of the
steam turbi ne system caused by corrosion, with a higher
degree of certainty.

[0129]

Al so the systens of the enbodinents 2 to 5 and
nodi fi ed systens descri bed above can be configured such that
they further include the turbine operation controlling
apparatus 170 as in the present enbodi nent.

[ 0130]
<Enmbodi nent 7>
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A water quality nonitoring system of an enbodi ment 7
of the present invention and a steam turbine system
including the sane as well as a water quality nonitoring
nmet hod are described with reference to Figs. 22 to 27.

[0131]

Fig. 22 is a view depicting a general configuration of
a water quality diagnosis apparatus in the water quality
nonitoring systemof the present enmbodinent 7. Fig. 23 is a
view depicting a relationship of the estimated pit dianmeter
to the material usage tine. Fig. 24 is a view depicting an
exanple of a relationship between the material usage tine
and risks of corrosion. Fig. 25 is a flow chart depicting a
procedure for remaining life evaluation. Fig. 26 is a view
depicting a relationship between the cation concentration in
condensed water and the crack growh rate in a test piece
stored in a water quality database. Fig. 27 is a view
depicting an exanple of a relationship of the crack |ength
to the material usage.

[0132]

As depicted in Fig. 22, the water quality evaluation
apparatus 100B of the present enbodi nent includes a working
stress eval uati on apparatus 180 for eval uating the working
stress acting upon the steamturbines in addition to the
conmponents of such a water quality di agnosis apparatus as
depicted in Fig. 3.

[ 0133]
The working stress eval uati on apparatus 180 executes

finite elenent method (FEM anal ysis using operation
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informati on such as an activation tinme nunmber inputted from
the turbine operation state nonitoring apparatus 120 and so
forth and material dynam c paranmeters such as shape
paraneters of the steamturbines to determ ne a working
stress and a vibration anplitude (stress concentration)
applied to the material at each |ocation of the steam

t ur bi nes.

[0134]

Further, the water quality evaluation apparatus 110B
perforns water quality diagnosis using information of the
wor ki ng stress of the steam turbines evaluated by the
wor ki ng stress eval uation apparatus 180.

[0135]

For exanple, the water quality eval uation apparatus
110B cal cul ates a corrosion pit dianeter froma Na* anount
acquired by the water quality neasurenent apparatus 50 or
estimated by the water quality eval uation apparatus 110B and
an evaluation result of a nonitoring test piece (especially
a crevice corrosion test piece) acquired under a | aboratory
environnment and stored in the water quality database 130.
The evaluation result of a nonitoring test piece (especially
a crevice corrosion test piece) acquired under a | aboratory
environnent and stored in the water quality database 130 is,
for exanple, data of such a relationship as depicted in Fig.
23.

[0136]
Further, the water quality evaluation apparatus 110B

eval uates a corrosion damage ri sk using a working stress
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obt ai ned by FEM anal ysis or the like by the working stress
eval uation apparatus 180 or a stress intensity factor
determ ned from an activati on-deactivation tinme nunber. For
this, for exanple, a relationship of the occurrence
probability of a failure arising fromgeneration of a
corrosion pit with respect to the operation tine period as
depicted in Fig. 24 is used.

[0137]

In the follow ng, an eval uation nethod of a crack
growh rate utilizing laboratory data in which a crack
gromh test piece is used is described with reference to
Figs. 25 to 27.

[0138]

As depicted in Fig. 25, the water quality evaluation
apparatus 110B first acquires data of a relationship between
the cation intensity and the crack occurrence probability in
regard to a test piece recorded in the water quality
dat abase 130 (step S310).

[0139]

Thereafter, the water quality eval uati on apparatus
110B uses the cation concentration such as the Na*
concentration or the like to determ ne such a cation
concentration dependency of the crack growh data as
depicted in Fig. 26 (step S312).

[ 0140]

Further, the water quality eval uation apparatus 110B

accepts an input of neasurenent data of the cation

concentration nmeasured by the water quality neasurenent
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apparatus 50 in parallel (step S320).
[0141]

Furthernore, the water quality eval uati on apparatus
110B acquires an estimtion result of the working stress
(variable stress) in the | ow pressure turbine 12 determ ned
by the FEM anal ysis by the working stress eval uati on
apparatus 180 (step S330).

[0142]

Thereafter, the water quality eval uati on apparatus
110B deternmines the crack growh rate under an actual
environ rate determ ned at step S312 (step S350). For
exanpl e, the water quality evaluation apparatus 110B
extrapol ates a data range acquired in a |laboratory fromthe
wor ki ng stress evaluated at step S330 and the cation
concentration inputted at step S320 to evaluate a crack
grom h rate under an actual environnent at the cation
concentration and the working stress as depicted in Fig. 26.
[0143]

Thereafter, the water quality eval uation apparatus
110B eval uates the crack length at the current point of tine
fromthe crack growh rate deternmined at step S350 and the
information of the activation tinme and so forth inputted
fromthe turbine operation state nonitoring apparatus 120
and deternmi nes the difference between such a crack length
and an allowabl e crack Iength froma relationship between
the crack length depicted in Fig. 27 and a tinme period for
exposure to steam an activation-deactivation tine nunber or

the like to evaluate the remaining life (step S360). The
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evaluated remaining life is displayed on the data displaying
apparatus 150 and stored into the data coll ection apparatus
140.

[ 0144]

The configuration of the other part and the other
operation are substantially sane as those in the enbodi nent
1, and detailed description of themis omtted.

[ 0145]

Also by the water quality nmonitoring systemof the
enbodi ment 7 of the present invention and a steam turbine
systemincluding the sane as well as a water quality
nmoni toring nmethod, substantially simlar advantageous
effects to those of the enbodi ment 1 described herei nabove
can be achi eved.

[0146]

Further, since the water quality eval uation apparatus
100B i ncl udes the working stress eval uati on apparatus 180
for evaluating the working stress applied to the steam
turbines, it can evaluate a risk of corrosion under an
actual environnment according to the working stress, and
therefore, it becones possible to set a nore appropriate
regul ar inspection interval.

[0147]

It is to be noted that also the systens of the
enbodi nents 2 to 6 and nodi fied systens descri bed above can
be configured such that they further include the working
stress eval uati on apparatus 180 as in the present enbodi nent.

[ 0148]
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<Ot her s>

It is to be noted that the present invention is not
limted to the enbodi ments descri bed herei nabove but
i ncl udes various nodifications. The enbodi ments descri bed
above have been described in detail in order to facilitate
under st andi ngs of the present invention and are not
necessarily limted to those that include all conponents
descri bed herei nabove.

[0149]

Further, also it is possible to replace sonme conponent
of a certain enbodinment with a conponent of a different
enbodiment. Also it is possible to add a conponent of a
certain enbodinment to the configuration of a different
enbodi nent. Furthernore, it is possible to add, delete or
repl ace a conponent to part of the configuration of each

enbodi nent .
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What Is Claimed Is:

1. A water quality monitoring system evaluating the
quality of steam used in a steam turbine system including
steam turbines that produce mechanical energy from steam
generated by a steam generation source, comprising:

a sampling pipe configured to acquire steam that
passes a bleed pipe that bleeds steam from a low pressure
turbine to which steam of low pressure is supplied from
among the steam turbines;

a steam inlet tank into which the steam acquired by
the sampling pipe flows;

a water quality measurement apparatus configured to
measure a water quality of condensed water condensed from
the steam flowed in the steam inlet tank;

a water quality diagnosis apparatus configured to
diagnose the water quality of the condensed water using a
result of the measurement of the water quality measurement
apparatus; and

an introduction section configured to introduce a test
piece to be exposed to the steam to be flowed in the steam
inlet tank; wherein

the steam inlet tank is installed at a location higher
in height where the condensed water is boosted to
atmospheric pressure due to the head difference with respect
to the water quality measurement apparatus such that the
water quality measurement apparatus measures the water

quality of the condensed water boosted to an atmospheric
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pressure utilizing a head difference.

2. The water quality monitoring system according to
claim 1, further comprising:

a condensing apparatus having a cooling section for

condensing the steam having flowed into the steam inlet tank.

3. The water quality monitoring system according to
claim 1, wherein

the introduction section is installed In a branch pipe
branched from the sampling pipe and having a valve and is
disposed in parallel to the steam inlet tank.

4. The water quality monitoring system according to
claim 1, further comprising:

a U-shape pipe provided between the steam inlet tank
and the water quality measurement apparatus.

5. The water quality monitoring system according to
claim 1, further comprising:

a pump provided between the steam inlet tank and the
water quality measurement apparatus and configured to boost
the condensed water.

6. The water quality monitoring system according to
claim 1, wherein

the sampling pipe is connected to a feed water heater.

7. The water quality monitoring system according to
claim 1, wherein

the sampling pipe is connected to the bleed pipe.

8. The water quality monitoring system according to

claim 1, wherein
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the water quality diagnosis apparatus includes a
display section that issues a warning notification when it
is diagnosed that the water quality of the condensed water
is deteriorated from a predetermined value.

9. The water quality monitoring system according to
claim 1, wherein

the water quality diagnosis apparatus includes a data
collection section that stores a result of the measurement
of the water quality measurement apparatus and water quality
data of the condensed water.

10. The water quality monitoring system according to
claim 1, further comprising:

a turbine operation controlling section configured to
adjust operation of the steam turbines based on a result of
the water quality diagnosis by the water quality diagnosis
apparatus.

11. The water quality monitoring system according to
claim 1, wherein

the water quality diagnosis apparatus includes a
working stress evaluation section configured to evaluate
working stress applied to the steam turbines.

12. The water quality monitoring system according to
claim 1, wherein

the water quality measurement apparatus measures one
or more of pH, a dissolved oxygen amount, a temperature,
electric conductivity, a cation concentration, a corrosion
potential and an oxidation-reduction potential of the

condensed water.
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13. A steam turbine system, comprising:

the water quality monitoring system according to any
one of claims 1 to 12.

14. A water quality monitoring method evaluating a
quality of steam to be used In a steam turbine system
including steam turbines that produce mechanical energy from
steam generated by a steam generation source, comprising:

an acquisition step of acquiring steam that passes a
bleed pipe that bleeds steam from a low pressure turbine to
which steam of low pressure is supplied from among the steam
turbines;

a generation step of causing the steam acquired at the
acquisition step to flow into a steam inlet tank and then
condensing the steam to generate condensed water;

a water quality measurement step of measuring the
water quality of the condensed water generated by the
generation step;

a water quality diagnosis step of diagnosing the water
quality of the condensed water using a result of the
measurement by the water quality measurement step;and

an exposure step exposing a test piece to the steam
acquired by the acquisition step, wherein

at the generation step, the condensed water is
generated at a location higher in height where the condensed
water 1s boosted to atmospheric pressure due to a head
difference with respect to a water quality measurement
apparatus configured to measure the water quality of the

condensed water such that the water quality measurement

52



apparatus measures the water quality of the condensed water
boosted to an atmospheric pressure utilizing the head
difference.

15. The water quality monitoring method according to
claim 14, wherein,

the generation step generates the condensed water by

cooling the steam using a cooling section.

16. The water quality monitoring method according to
claim 14, wherein

the exposure step places the test piece into a branch
pipe branched from a pipe for generating the steam at the
generation step and including a valve.

17. The water quality monitoring method according to
claim 14, further comprising:

an evaluation step of evaluating one or more of a
crack growth characteristic, a crevice corrosion
characteristic and stress corrosion cracking using the test
piece generated at the exposure step.

18. The water quality monitoring method according to
claim 14, wherein

for the test piece to be used at the exposure step, a
material sensitized more than a used material that is used
in the steam turbines is used.

19. The water quality monitoring method according to
claim 14, wherein

the water quality measurement step measures one or

more of the pH, dissolved oxygen amount, temperature,
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electric conductivity, cation concentration, corrosion
potential and oxidation-reduction potential of the condensed
water.

20. The water quality monitoring method according to
claim 14, further comprising:

a displaying step of issuing a warning notification
when 1t is diagnosed by the water quality diagnosis step
that the water quality of the condensed water is

deteriorated with respect to a predetermined value.
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