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RISK ASSESSMENT DEVICE, RISK ASSESSMENT SYSTEM, RISK
ASSESSMENT METHOD, RISK ASSESSMENT PROGRAM, AND DATA
STRUCTURE

Technical Field

[0001] The present disclosure relates to a rislessssent device, a risk assessment
system, a risk assessment method, a risk assespnoginam, and a data structure for

performing risk assessment of a steam plant tlthides at least one device group that
includes a steam-utilizing device that utilizesaste a piping system that is connected to
the steam-utilizing device, and process devicesattgaprovided in the piping system.

Background Art

[0002] In recent years, risk assessment using ébbnique of risk-based inspection
(RBI) that takes risks into consideration has bperformed in steam plants such as
petrochemical plants and thermal power plantshi@ukl be noted that an assessment
technigue based on RBI is standardized as API58thdyAmerican Petroleum Institute
(API)). As disclosed in JP 5884000B1 (Patent Doeninl), in such risk assessment,
the risk of each device is assessed based on twesvthat indicate the likelihood that the
device will malfunction (probability of malfunctiprand the degree of influence that will
be exerted when the device malfunctions.

[0003] The likelihood that a process device, sugla&team trap, that is installed in a
steam plant will malfunction is affected not only the device itself but also by the
environment of the installation site, and therefdRe5010472B2 (Patent Document 2)
proposes determining the likelihood of malfunctioha device that is installed at a
predetermined site in a plant, using diagnosislteseigarding process devices that have
been provided at the target installation site, ooy on the installation site rather than
individual devices.

Prior Art Documents

Patent Documents

[0004] Patent Document 1: JP 5884000B1 (or cormdipg US 2017/024267A1)
Patent Document 2: JP 5010472B2 (or correspond®§®14252B2)

Disclosure of the Invention
Problem to be Solved by the Invention
[0005] However, it is preferable that risk assesgno¢ a steam plant is performed not
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only for each device but also for each device gri@gset) that includes a steam-utilizing
device, a piping system, process devices, andkike |

[0006] Therefore, it is desirable to realize a rasdsessment device, a risk assessment
system, a risk assessment method, a risk assesprognam, and a data structure with
which risk assessment can be performed for eadbelgrvoup.

Means for Solving Problem

[0007] Arrisk assessment device according to tlesgnt disclosure is a risk assessment
device for performing risk assessment of a steamtghat includes at least one device
group that includes a steam-utilizing device thiizas steam, a piping system that is
connected to the steam-utilizing device, and pavices that are provided in the
piping system, the risk assessment device including

a diagnosis result storage unit that accumulatigebres diagnosis results of a
plurality of diagnoses regarding each process de¥iat is provided in the steam plant to
be assessed, in association with installation sitése process devices;

a risk information calculation unit configured talculate risk information
regarding a likelihood of malfunction of a procetavice that is provided at a target
installation site, based on diagnosis results diggrprocess devices that are and have
been provided at the target installation site; and

a device group risk information calculation urin@igured to calculate device
group risk information regarding a likelihood of lfaaction of a target device group
among the at least one device group, based onstheformation regarding installation
sites of respective process devices that consthetearget device group.

[0008] In the steam plant, devices that constitutdevice group relate to each other.
For example, operation conditions of a steam-uitdjzilevice relate to a load applied to a
process device, and abnormality that occurred & pmocess device affects the
steam-utilizing device. In particular, in the casiea device group that includes a
steam-utilizing device, a piping system, and preavices, malfunction of the process
devices, which affects steam flowing into the stedifizing device or flowing from the
steam-utilizing device, is a dominant factor ineasing the likelihood of malfunction of
the device group. Further, the likelihood of mafftion of each process device is also
affected by the environment of the site at whicle fbrocess device is installed.
Therefore, according to this configuration, riskormation regarding the target device
group is calculated based on risk information ih&cused on the installation sites of the
respective process devices that constitute theettatgvice group, and therefore it is
possible to properly assess risks for each devimapg
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[0009] The following describes preferable aspectsthe risk assessment device
according to the present disclosure. Howeverstope of the present disclosure is not
limited by the following preferable aspects.

[0010] In one aspect, it is preferable that thk assessment device further includes an
arrangement relationship storage unit that stdogsgach device group, an arrangement
relationship between process devices that corestihg device group, and a calculation
method storage unit that stores a calculation ngetbiocalculating the device group risk
information according to an arrangement relatignsiietween process devices
constituting the device group, wherein the deviaig risk information calculation unit
calculates the device group risk information regeydhe target device group, using the
calculation method that corresponds to an arrangemeationship between process
devices constituting the target device group.

[0011] As described above, devices constituting\dag group relate to each other, but
the influence that is exerted by a process dewvicetber devices varies according to the
arrangement relationship between the process dgvilme example, whether the
arrangement relationship between the process delce series relationship or a parallel
relationship. Therefore, according to this confagion, a calculation method according
to the arrangement relationship between procesgafeonstituting a process device
group is determined in advance, and the devicepgrisld information is calculated using
the calculation method, and therefore it is possiblmore properly assess risks for each
device group.

[0012] In one aspect, it is preferable that thie assessment device further includes a
device group information storage unit that stofes,each device group, device group
information regarding a configuration of the devigemup, and a determination unit
configured to determine, with respect to the tadgtice group, whether or not the
diagnosis results accumulated with respect to paotess device constituting the target
device group satisfy a predetermined standard, eimeif it is determined by the
determination unit that the standard is satisfigt device group risk information
calculation unit calculates the device group mgkimation based on the risk information
regarding the installation sites of the respecpwecess devices constituting the target
device group, and if it is determined by the deteation unit that the standard is not
satisfied, the device group risk information cahtian unit acquires the device group risk
information regarding another device group that th@sdevice group information that
matches or is similar to the device group infororatiegarding the target device group at
least to a predetermined degree, and for whichdetermined by the determination unit
that the standard is satisfied, and the deviceprisk information calculation unit takes
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the acquired device group risk information to be tievice group risk information
regarding the target device group.
[0013] In order to obtain accurate risk informattbat is focused on the installation site,
it is preferable that a certain standard is satilsffor example, it is preferable that there
are diagnosis results regarding a certain numbgrraéess devices, and if diagnosis
results regarding process devices constitutingléwice group for which calculation is to
be performed do not satisfy the standard, accuisitenformation cannot be obtained.
However, the likelihood of malfunction of a devig®up depends on the configuration of
the device group (the kind of respective devicés) €0 some extent, and accordingly,
even if the diagnosis results do not satisfy tleddrd, it is possible to estimate the
likelihood of malfunction of the target device gpolo some extent from the likelihood of
malfunction of a device group that matches ornslar to the configuration of the target
device group. Therefore, according to this comfigjon, if the diagnosis results
regarding the process devices constituting thecdeyioup for which calculation is to be
performed do not satisfy the standard, the deviceig risk information regarding a
device group that matches or is similar to theefadpvice group and for which it is
determined by the determination unit that the steshds satisfied is taken to be the device
group risk information regarding the target devgreup, and therefore, even if the
diagnosis results regarding the target device dcsatisfy the standard, it is possible to
assess risks more properly.
[0014] In one aspect, it is preferable that theige\group information storage unit
stores, as the device group information, a kindthed steam-utilizing device that
constitutes the device group and an arrangemeatiaeship between process devices that
constitute the device group.
[0015] According to this configuration, the kindthie steam-utilizing device that is the
primary part of the configuration of the device poand the arrangement relationship
between the process devices are stored as theedgaigp information, and therefore it is
possible to properly determine whether or not threfigurations of device groups match
or are similar to each other, based on the devmepgnformation.
[0016] Arisk assessment system according to tasgmt disclosure is a risk assessment
system for performing risk assessment of a steamt pihat includes at least one device
group that includes a steam-utilizing device thiizas steam, a piping system that is
connected to the steam-utilizing device, and pavices that are provided in the
piping system, the risk assessment system including

a diagnosis result storage unit that accumulatigebres diagnosis results of a
plurality of diagnoses regarding each process dd¥iat is provided in the steam plant to
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be assessed, in association with installation sitéfse process devices;

a risk information calculation unit configured talculate risk information
regarding a likelihood of malfunction of a processvice that is provided at a target
installation site, based on diagnosis results diggrprocess devices that are and have
been provided at the target installation site; and

a device group risk information calculation urginigured to calculate device
group risk information regarding a likelihood of lfaaction of a target device group
among the at least one device group, based onsthenformation regarding installation
sites of respective process devices that consthetéarget device group.

[0017] A risk assessment method according to thesgmt disclosure is a risk
assessment method for performing risk assessmenstgfam plant that includes at least
one device group that includes a steam-utilizingiae that utilizes steam, a piping
system that is connected to the steam-utilizingiocggvand process devices that are
provided in the piping system, the risk assessmetihod being performed by a computer,
and including:

a diagnosis result storing step of accumulatiwttying diagnosis results of a
plurality of diagnoses regarding each process de¥iat is provided in the steam plant to
be assessed, in association with installation sitéfse process devices;

a risk information calculation step of calculatingk information regarding a
likelihood of malfunction of a process device tlsaprovided at a target installation site,
based on diagnosis results regarding process dethet are and have been provided at
the target installation site; and

a device group risk information calculation stémalculating device group risk
information regarding a likelihood of malfunctioh @ target device group among the at
least one device group, based on the risk infoomategarding installation sites of
respective process devices that constitute thettdeyice group.

[0018] A risk assessment program according to thesgmt disclosure is a risk

assessment program for performing risk assessmansteam plant that includes at least
one device group that includes a steam-utilizingiate that utilizes steam, a piping

system that is connected to the steam-utilizingicdgvand process devices that are
provided in the piping system, the risk assessnpeojram causing a computer to
perform:

a diagnosis result storing function of accumusivstoring diagnosis results of
a plurality of diagnoses regarding each procesgéddhat is provided in the steam plant
to be assessed, in association with installatis sif the process devices;

a risk information calculation function of calctitey risk information regarding
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a likelihood of malfunction of a process devicet iegrovided at a target installation site,
based on diagnosis results regarding process detheat are and have been provided at
the target installation site; and

a device group risk information calculation fupatiof calculating device group
risk information regarding a likelihood of malfurtst of a target device group among the
at least one device group, based on the risk irddbom regarding installation sites of
respective process devices that constitute thettdeyice group.
[0019] According to these configurations, functioasd effects similar to those
achieved by the above-described risk assessmeiged=an be achieved.
[0020] A data structure according to the presestldsure is a data structure for
performing risk assessment of a steam plant tlthides at least one device group that
includes a steam-utilizing device that utilizesaste a piping system that is connected to
the steam-utilizing device, and process devicesatgprovided in the piping system, the
data structure including:

diagnosis result data that is constituted by diagnresults of a plurality of
diagnoses that are accumulatively stored regaktic process device that is provided in
the steam plant to be assessed, in associationnsttiilation sites of the process devices;

risk information data that is constituted by riskormation that indicates, for
each installation site, a likelihood of malfunctioha process device that is provided at
the installation site; and

device group risk information data that is congtitl by device group risk
information that indicates, for each device groaplikelihood of malfunction of the
device group,

wherein the risk information data is updated wktes diagnosis result data is
updated, and the risk information is calculatedetdasn the diagnosis results regarding
process devices that are and have been provided mistallation site, and

the device group risk information data is updatéen the risk information data
is updated, and the device group risk informatiencalculated based on the risk
information regarding installation sites of respartprocess devices that constitute a
target device group among the at least one devagg
[0021] According to this configuration, when theginosis result data is updated, the
risk information data and the device group risloinfation data are also updated, and
therefore it is possible to properly assess riskgéch device group.

Brief Description of the Drawings
[0022] FIG. 1 is a schematic configuration diagrama plant monitoring system
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according to this embodiment.

FIG. 2 is a block diagram of a risk assessmentgevi

FIG. 3 is a schematic diagram showing one exanfgdewce groups.

FIG. 4 is a block diagram showing one example iagkainformation calculation
unit.

FIG. 5 is a block diagram showing one example oflexice group risk
information calculation unit.

Embodiment

[0023] The following describes embodiments of & ressessment device, a risk
assessment system, a risk assessment method, assisksment program, and a data
structure according to the present disclosure keittrence to the accompanying drawings.
The following describes an example in which a askessment device according to this
embodiment is incorporated into a plant monitosggtem that monitors a steam plant 2,
such as a petrochemical plant or a thermal poveert pihat utilizes steam.

[0024] First, as shown in FIG. 1, in the plant ntoring system according to this
embodiment, a monitoring server 3 that functionthasisk assessment device according
to this embodiment collects data via a network @mfrvarious steam plants 2 to be
monitored, and accumulatively stores the colleatath in an internal database. The
monitoring server 3 is configured to perform anigly@nd/or determination based on the
collected data and/or data stored in the datalahsepredetermined timing or in response
to an instruction from a user and/or an administradnd the result of the analysis or
determination is transmitted to a user terminatugh as a PC or a smartphone, or the
user accesses the monitoring server 3 via theteisamal 1, and thus the user can grasp
the state of the plant 2. Further, the resulhefdnalysis and/or determination is stored
in the database and is used for further analysifoaetermination. It should be noted
that, in this embodiment, a “piping system” is an@ept that includes a whole steam
system that is constituted by, for example, a st@ap) steam piping, various valves, and
the like. If such a whole steam system is consill@s one of the important assets, the
risk assessment device, the risk assessment sytstemsk assessment method, the risk
assessment program, and the data structure aagdaodthis embodiment can be applied
as one asset management technique.

[0025] The steam plant 2 includes, as constituksmhents, steam-utilizing devices 21,
such as a turbine, a compressor, and a heat exahangt utilize steam, piping systems
22 such as feeding pipes for feeding steam to tdensutilizing devices 21 and drain
pipes for discharging drainage generated in thanstatilizing devices 21, process
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devices 23, such as steam traps, control valvespgufilters, and separators, that are
provided in the piping systems 22, and the likeccaxdingly, in the steam plant 2, one
or more device groups 24 (each including a stealimiug) device 21, a piping system 22
that is connected to the steam-utilizing device &1d process devices 23 that are
provided in the piping system 22) are respectiveigned centered around the individual
steam-utilizing devices 21 (or a plurality of steatiizing devices 21 that cooperate with
each other to perform a series of processes) asnshio FIG. 1, and processes to be
performed in the steam plant 2 are performed byddwce groups 24 individually or in
cooperation with each other.

[0026] The steam plant 2 also includes a monitodagice 25 that is constituted by a
computer, such as a PC, that is capable of commiimgcwith the monitoring server 3
via the network 4, and the steam plant 2 is conéidwsuch that the monitoring device 25
collects data regarding each constituent elememihefsteam plant 2 and transmits the
collected data to the monitoring server 3. Thusjous kinds of data regarding each
constituent element of the steam plant 2 is catkoh the monitoring server 3, and the
monitoring server 3 performs analysis or deternmndbased on the data.

[0027] In particular, in this embodiment, the datallected from the constituent
elements includes diagnosis results that indicatether the process devices 23 are
functioning properly. Specifically, inspection thie state of the process devices 23 and
diagnosis based on the inspection are perform@dedetermined intervals in the steam
plant 2, and, in this embodiment, results of ttegdosis are collected by the monitoring
device 25 and are transmitted to the monitoringeses.

[0028] The following describes diagnosis perfornoedthe process devices 23. The
process devices 23 remove and discharge drainatjerasther impurities from steam
flowing through the steam plant 2 or control floWwtbhe steam, and are provided at
respective positions in the piping system 22. pf@cess device 23 malfunctions, a loss
may occur in operation of the steam plant 2, anthaf malfunction is left as it is, the
steam plant 2 may fail to operate. Therefore, rhags is repeatedly performed in the
steam plant 2 at certain intervals by detectingstia¢e (temperature, vibration, etc.) of
each process device 23 using a portable inspedtigice (or, if a sensor is attached to the
process device 23, using the sensor), and detergwanether each process device 23 is
functioning properly, based on detection resulié.a malfunction of a process device 23
is found through diagnosis, the process devices2&placed or repaired, and thus the
state of the steam plant 2 can be maintained failyoralt should be noted that intervals
between diagnoses are set as appropriate accaooding purpose, and, in some cases, the
intervals are several months, one year, or shaon@m these periods, or are changed
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according to the installation period of the proatsgce 23, and the like.

[0029] In this embodiment, the detection resultd/anthe diagnosis results, such as the
presence or absence of a malfunction, that arangltdor each process device 23 as
described above are collected by the monitoringicge\25 in association with
identification information regarding the proceswide 23, and are transmitted to the
monitoring server 3 every time diagnosis is periedm Such diagnosis results are
transmitted from a plurality of steam plants 2he monitoring server 3, although this is
not illustrated.

[0030] In this embodiment, the monitoring serveris3configured to perform risk
assessment of each steam plant 2, using the ealld@gnosis results. Specifically, the
monitoring server 3 is configured to perform riss@ssment focusing on installation sites
at which process devices 23 are installed, ratien the individual process devices 23,
and further assess risks for each device groupa®édon the risk assessment. The
following describes configurations provided in thenitoring server 3 to perform the risk
assessment.

[0031] First, the monitoring server 3 is a commerver device and includes common
hardware configurations such as a communicationerfate for performing
communication via the network 4, an input/outputicke for directly inputting data to and
outputting data from the server device, a CPU tbatrols respective units of the server
device, a HDD that is a large-capacity storage agethat stores various kinds of data
and/or programs, a memory that temporarily stoq@®gram to be executed, and the like.
In this embodiment, a risk assessment programddobpning processing described later
is stored in the HDD, and as a result of the rsdeasment program, which is temporarily
stored in the memory, being executed by the CP&heaive units of the monitoring
server 3 function as a risk assessment devicerttiatdes functional units shown in FIG.
2.

[0032] Spedcifically, in this embodiment, as a réesafl the risk assessment program
being executed, the monitoring server 3 functiossthee risk assessment device that
includes, as functional units, an input/output pssing unit 31 that acquires data
transmitted from the monitoring device 25, a dasahanit 32 that stores various kinds of
data such as acquired data, a risk informationuaion unit 33 that calculates risk
information regarding the likelihood of malfunctiah process devices 23, and a device
group risk information calculation unit 34 that @adhtes device group risk information
regarding the likelihood of malfunction of a targ#gvice group 24 (FIG. 2). The
following describes respective functional units.

[0033] First, the input/output processing unit 3hdtions as an interface of the risk
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assessment device. Specifically, the input/ougmacessing unit is configured to
perform various kinds of processing such as (auiagog data transmitted from the
monitoring device 25 and storing the acquired dathe database unit 32, (b) accepting a
request from a user, causing the risk informatialtidation unit 33 and/or the device
group risk information calculation unit 34 to perfo calculation, and outputting an
assessment result according to the request tostireand (c) editing and/or updating the
database unit 32 in response to an instruction frenuser.

[0034] The database unit 32 is configured to mardega for each steam plant 2, and
includes a device information storage unit 321 8tates various kinds of information
such as identification information regarding eaohstituent element of a target steam
plant 2, a device group information storage un 8t stores, for each device group 24,
device group information regarding the configunatad the device group 24, a diagnosis
result storage unit 323 that stores diagnosis tesafjarding each process device 23,
which are transmitted from the monitoring device &%isk information storage unit 324
that stores risk information calculated by the iislormation calculation unit 33, and a
device group risk information storage unit 325 thtares device group risk information
calculated by the device group risk informatiorcakdtion unit 34.

[0035] The device information storage unit 321 es$or with respect to each
steam-utilizing device 21, for example, informaticegarding the class (a turbine, a
compressor, a heat exchanger, etc.) and the typeeofsteam-utilizing device and
information regarding the number of years from atation (the date and time of
installation, etc.) in association with identificet information regarding the
steam-utilizing device 21. The device informatgiarage unit 321 stores, with respect
to each process device 23, for example, informatgarding the class (a steam trap, a
control valve, etc.) and the type of the processcde information regarding installation
conditions (temperature and pressure of steam rigwherethrough, etc.) and the
application, information regarding the number o&ngefrom installation (the date and
time of installation, etc.), and information regagl the installation site (in this
embodiment, identification information given to timstallation site) in association with
identification information regarding the proceswide 23. It should be noted that the
device information storage unit 321 is configuredbé edited and/or updated through the
input/output processing unit 31 in response to m@struction from a user, and if a
constituent element of the target steam plant Pemaced, for example, the device
information storage unit can perform predetermimpedcessing such as additionally
creating items that relate to a post-replacemenstitaoent element and storing new
information regarding this constituent element. efvif information regarding a

10
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post-replacement device is stored, information ndigg a pre-replacement device
remains, and accordingly the device informationragje unit 321 stores not only
information regarding each constituent element thaturrently provided in the steam
plant 2 but also information regarding each camstit element that was provided in the
steam plant 2 in the past.

[0036] The device group information storage uni 3@ves identification information
to each device group 24 and stores, together with itlentification information,
identification information regarding each constituelement that constitutes the device
group 24 (identification information regarding timstallation site is also stored for each
process device 23), the kind of each steam-utizievice 21, each piping system 22, and
each process device 23 that constitute the devioepgthe arrangement relationship
between constituent elements, such as the arramgjemationship between process
devices 23 constituting the target device grouftBdt is, the device group information
storage unit 322 functions as an arrangementaakdiip storage unit that stores, for each
device group 24, the arrangement relationship exweocess devices 23 constituting
the device group 24), and the like.

[0037] The diagnosis result storage unit 323 acdatively stores diagnosis results
regarding respective process devices 23 everydiagnosis results are transmitted from
the monitoring device 25. In the diagnosis restdtage unit 323, data is managed for
each of the installation sites at which the proasaces 23 are installed in the target
steam plant 2, rather than for each of the indsiguocess devices 23. Specifically, the
diagnosis result storage unit 323 is configureédoumulatively store, for each of the
installation sites, diagnosis results regardingcg@ss devices 23 that are and have been
provided at the installation site, together wittentfication information (hereinafter
referred to as “device identification informationfegarding the individual process
devices 23, in association with identification mmf@tion (hereinafter referred to as
“installation site identification information”) gen to the installation site. Upon
acquiring diagnosis results transmitted from thenbeoing device 25, the input/output
processing unit 31 additionally stores, in the dasis result storage unit 323, the
diagnosis result regarding each process device@iher with the device identification
information regarding the process device 23, ino@ation with installation site
identification information that corresponds to tdevice identification information
regarding the process device 23. Thus, the diggn@sult storage unit 323 is
configured to accumulatively store diagnosis resafta plurality of diagnoses regarding
each process device 23 provided in the target sigamt 2, in association with the
installation sites of the process devices 23.

11
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[0038] The risk information storage unit 324 staiisk information that is calculated by
the risk information calculation unit 33 and indes for each installation site, the
likelihood of malfunction of a process device 2attls provided at the installation site.
Specifically, in the risk information storage uBR4, the risk information calculated by
the risk information calculation unit 33 is stored association with installation site
identification information.

[0039] The device group risk information storaget (825 stores device group risk
information that is calculated by the device grask information calculation unit 34 and
indicates, for each device group 24, the likelihobdhalfunction of the device group 24.
Specifically, in the device group risk informatistorage unit 325, the device group risk
information calculated by the device group riskomfiation calculation unit 34 is stored
in association with identification information givéo the corresponding device group 24.
[0040] As described above, the data structureefititabase unit 32 includes: diagnosis
result data that is constituted by diagnosis resolta plurality of diagnoses that are
accumulatively stored with respect to each prodesgce 23 provided in the target steam
plant 2, in association with installation sitestloé process devices 23; risk information
data that is constituted by risk information thadicates, for each installation site, the
likelihood of malfunction of a process device 2attls provided at the installation site;
and device group risk information data that is ttumed by device group risk
information that indicates, for each device grodptBe likelihood of malfunction of the
device group 24.

[0041] The risk information calculation unit 33 callates risk information regarding the
likelihood of malfunction of a process device 23attis provided at a target installation
site, based on diagnosis results regarding prodegges 23 that are and have been
provided at the target installation site, of whidlagnosis results are stored in the
diagnosis result storage unit 323. Specificallg tisk information calculation unit 33
includes a diagnosis result acquisition unit 33t #icquires diagnosis results from the
diagnosis result storage unit 323, a risk indexiealalculation unit 332 that calculates a
risk index value that indicates the likelihood oflfunction of a process device 23
provided at an installation site, and a reliabitiggree calculation unit 333 that calculates
the degree of reliability that indicates the degi@evhich the risk index value can be
relied on as being accurate, and the risk informnatialculation unit is configured to
calculate the risk index value and the degreeliadibty as the risk information.

[0042] The diagnosis result acquisition unit 33hues diagnosis results from the
diagnosis result storage unit 323, and acquiregndsis results regarding an installation
site for which calculation is to be performed.

12
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[0043] With respect to the installation site forighhthe diagnosis results are acquired
from the diagnosis result storage unit 323, thk n&lex value calculation unit 332
calculates a risk index value that indicates tkelihood of malfunction of a process
device 23 that is provided at the installation, aatecording to a predetermined standard.
[0044] The risk index value is, for example, a nuos value that expresses the
likelihood of malfunction within a given range suas 0 to 100 or O to 10, or a rank that
is determined by ranking the risk at an installasge where malfunction rarely occurs as
“low”, the risk at an installation site where matftion is likely to occur as “medium”,
and the risk at an installation site where malfiomcis particularly likely to occur as
“high”, for example, and that is expressed usingharacter such as A, B, or C, or a
symbol indicating such as “good”, “average”, or 6ph according to the result of
ranking.

[0045] The risk index value is calculated by, forample, determining the number
and/or the ratio of diagnoses in which the occueenst malfunction was confirmed, with
respect to a period and/or the number of diagnimseshich calculation is performed, or
determining the number of process devices 23 tleme wistalled at the installation site
(or how many times replacement was performed) Hiat period, and taking the thus
determined value itself to be the risk index valresanking the likelihood of malfunction
according to the determined value and/or whetherobrthe determined value is larger
than a predetermined threshold value. In exprgghia likelihood of malfunction using
a numerical value or in ranking, it is also possilol use one or more items as parameters
out of items such as how many times malfunctiorued, the ratio and frequency of
malfunction, the type of malfunction (if the prosetevice 23 is a steam trap, leakage or
clogging, for example), and the class and typed#hace that malfunctioned.

[0046] The reliability degree calculation unit 3&3culates the degree of reliability that
indicates the degree to which a risk index valueutaied by the risk index value
calculation unit 332 can be relied on as being @teu That is, it can be said that a risk
index value that is calculated using a large nunabetiagnosis data pieces has a small
error and is more accurate, compared to a riskind&ie that is calculated using a small
number of diagnosis data pieces. Therefore, asird pf view, it is also necessary to
grasp the specific degree to which the calculadindex value can be relied on, and
accordingly the degree of reliability is calculatadthe reliability degree calculation unit
333.

[0047] Similarly to the risk index value, the degref reliability is, for example, a
numerical value that expresses the degree to whechisk index value can be relied on,
within a given range such as 0 to 100 or 0 to 1@ @ank that is determined by ranking
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the degree to which the risk index value can beedebn and is expressed using a
character such as A, B, or C, or a symbol indigggiach as “good”, “average”, or “poor”.
[0048] In calculating the degree of reliabilityetheliability degree calculation unit 333
expresses the degree to which the risk index vedurebe relied on using a numerical
value or ranks the degree to which the risk indelues can be relied on, based on
numerical values that are determined with respecbrte or more items. Although
various items are used for calculating the degfeel@bility, the following items 1 to 3
are used, for example.

[0049] First, the item 1 is the number of processicks 23 for which diagnosis results
regarding the target installation site are storethis is because, as the number of process
devices 23 for which diagnosis results are staneckases, the accuracy of the calculated
risk index value increases. That is, if resultsl@fdiagnoses are stored regarding the
target installation site and the results includagdosis results regarding four process
devices 23 (this means that four process devicese28 installed at the installation site
during the period for which the 10 diagnoses wesefgpmed), the numerical value
determined with respect to the item 1 is four.

[0050] Next, the item 2 is the frequency of diagrethat were performed regarding the
target installation site. This is because, adréguency of diagnoses increases, periods
passed before individual process devices 23 mdlaured can be grasped more
accurately. The frequency is expressed using asi¢htervals between diagnoses or an
annual average of the number of diagnoses, andiafjndses are performed at
substantially constant intervals (for example, engcyear), for example, an interval or the
annual average is taken as the numerical valuendeted with respect to the item 2. |If
intervals between diagnoses vary, the annual agerag be taken as the numerical value
determined with respect to the item 2. For examplé2 diagnoses are performed in
three years, the annual average of the numberaghdses is four. It should be noted
that, if diagnoses are performed at intervals #natequal to or longer than one year, the
annual average is equal to or smaller than one.

[0051] The item 3 is a variation among diagnosssits regarding the target installation
site. This is because it can be said that thelemiile variation among the obtained
diagnosis results is, the more accurate the cadrlldsk index value is. The variation
can be determined using a statistical techniqueaastdndard deviation can be used, for
example.

[0052] If the above-described items 1 to 3 are yasdhe numerical value determined
with respect to the item 1 increases, the numbpraxfess devices 23 for which diagnosis
results are stored increases and the degree td wiecrisk index value can be relied on
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increases. If the item 2 is an interval, as thmenical value decreases, the frequency of
diagnoses increases and the degree to which tkeindex value can be relied on
increases. If the item 2 is an annual averagegh@sumerical value increases, the
frequency of diagnoses increases and the degresith the risk index value can be
relied on increases. If the item 3 is a standagdiation, as the numerical value
decreases, the variation among diagnosis resutieakes and the degree to which the
risk index value can be relied on increases. Basethe above-described relationship
between the magnitude of a numerical value deteunwith respect to each item and the
degree to which the risk index value can be retiedthe reliability degree calculation
unit 333 expresses the degree to which the riskxindalue can be relied on using a
numerical value or ranks the degree to which thleiridex value can be relied on, using
the one or more items and based on predetermirsttasts. Alternatively, the
reliability degree calculation unit 333 may deterenia numerical value itself, which is
determined with respect to any one or more oftéras, as the degree of reliability.

[0053] The risk information calculation unit 33 e®nfigured to store, in the risk
information storage unit 324, the risk index vahrel the degree of reliability that are
calculated as described above, as the risk infoomat association with installation site
identification information. Thus, risk informatiaa stored for each of the installation
sites of the process devices 23, in the risk infdiom storage unit 324.

[0054] The device group risk information calculatianit 34 calculates device group
risk information regarding the likelihood of malfttion of a target device group 24,
based on risk information regarding installatidesiof respective process devices 23 that
constitute the target device group 24, and incldesalculation information acquisition
unit 341, a calculation method storage unit 342, arcalculation unit 343. That is, in
the case of a device group 24 that includes a ste#imng device 21, a piping system 22,
and process devices 23, malfunction of the prodessces 23, which affects steam
flowing into the steam-utilizing device 21 or flavg from the steam-utilizing device 21,
Is a dominant factor in assessing the likelihooanalfunction of the device group 24.
Further, the likelihood of malfunction of each pees device 23 is also affected by the
environment of the site at which the process deigdestalled. Therefore, the device
group risk information calculation unit 34 is capfred to calculate risk information
regarding the target device group 24 based onimigkmation that is focused on the
installation sites of the respective process devi3 constituting the target device group
24.

[0055] The calculation information acquisition ui@1 acquires information that is
necessary for calculating the device group risérimition from the database unit 32, and
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acquires the kind of the steam-utilizing devicec@hstituting the device group 24 for
which calculation is to be performed, device graufprmation such as the arrangement
relationship between the process devices 23 cotisgitthe device group 24, and risk
information regarding each of the process deviBGasoastituting the device group 24.
[0056] The -calculation method storage unit 342 estorcalculation methods for
calculating the device group risk information aciog to the arrangement relationship
between the process devices 23 constituting theelgvoup 24 for which calculation is
to be performed. In this embodiment, a device gnisk index value that indicates the
likelihood of malfunction of the target device gpoR4 is calculated as the device group
risk information, and, in order to calculate thevide group risk index value, the
calculation method storage unit stores calculatie@thods for calculating a risk index
value of a process device group that is includetthéndevice group 24 and is constituted
by one piping system 22 and a plurality of proagsegices 23 that are provided in the
piping system 22. Specifically, the calculationtinoel storage unit stores a parallel
calculation method for cases where the processele3 are in a parallel relationship to
each other and a series calculation method foisaakere the process devices 23 are in a
series relationship to each other. For exampl&higmembodiment, risk index values of
respective process devices 23 are standardizedaloulation, and according to the
parallel calculation method, the risk index valfiehe process device group is calculated
by multiplying the standardized risk index valuésaspective process devices 23 that are
in a parallel relationship to each other, and atiogrto the series calculation method, the
largest risk index value out of the standardize#t mdex values of respective process
devices 23 that are in a series relationship tb e#er is taken to be the risk index value
of the process device group. It should be noted the risk index values are not
necessarily suited for calculation because theyexmgessed in forms that facilitate
understanding, and therefore the risk index valaees standardized to be suited for
calculation. For example, if the risk index valwe numerical values expressing the
likelihood of malfunction, the risk index valueseamormalized, and if the risk index
values are ranks that indicate the likelihood offumation, the risk index values are
converted into numerical values according to rank.

[0057] The calculation unit 343 calculates the dewgroup risk information regarding
the target device group 24, using a calculation hotetthat corresponds to the
arrangement relationship between the process deviBeconstituting the target device
group 24, which is acquired by the calculation infation acquisition unit 341.
Specifically, the calculation unit is configured ¢alculate a risk index value for each
process device group (a group of process devicésa2&re provided in the same piping
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system 22, such as a group 26A or 26B in FIG. &) tonstitutes the device group 24,
using a corresponding calculation method, and taéculate the device group risk index
value based on the calculated risk index valuessgective process device groups. For
example, if process devices 23 that belong to ags® device group are in a parallel
relationship to each other, the calculation unicwdates the risk index value of the
process device group by multiplying standardizesk iindex values, and if process
devices 23 that belong to a process device gramax series relationship to each other,
the calculation unit takes the largest risk indelug out of the standardized risk index
values to be the standardized risk index valud@fprocess device group. For example,
when the standardized risk index values are reptedgdy R, P,, and B, according to the
parallel calculation method, the risk index valdiehe process device group is P 5 &

P, x P3), and according to the series calculation methbe, risk index value of the
process device group is P = max (P, P»).

[0058] As in the case of the piping system 22Bhefdevice group 24 shown in FIG. 3,
if a group (referred to below as a “parallel devigeup”) of process devices 23D and
23E that are in a parallel arrangement relationshigach other and another process
device 23F that is not included in the parallelidewgroup are provided in the single
piping system 22B, or a plurality of parallel des/igroups are provided in a single piping
system, the risk index value of the process degioep cannot be calculated using only
one of the above-described parallel calculationhogktand series calculation method.
Therefore, in this embodiment, the calculation rodtistorage unit 342 also stores a
calculation method for such a case, and the cdionlanit 343 is configured to calculate
the risk index value of the process device groupetiaon the calculation method as
described below. First, the calculation unit 34Rulates the risk index value for each
parallel device group, based on the parallel catmn method and using standardized
risk index values of individual process devicest28 constitute the parallel device group.
Then, the calculation unit calculates the risk ndalue of the process device group,
based on the series calculation method and usiegisk index values of respective
parallel device groups, or the risk index valuesra# or more parallel device groups and
the risk index value of another process device 23.

[0059] For example, in the case of the processcdegroup 26B shown in FIG. 3,
which is constituted by the piping system 22B ahd process devices 23D to 23F
provided in the piping system 22B, when the stattidad risk index values of the process
devices 23D to 23F are respectively representeBpby:, and R, the calculation unit
343 calculates the risk index valugePof the parallel device group constituted by the
process devices 23D and 23E based on the paralellation method using the
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following expression: ki = (P, x Pg), and then calculates the risk index valgerf the
process device group 26B from the risk index v&lgeof the parallel device group and
the standardized risk index value Bf the process device 23F using the following
expression: fr = max((B % Pg), Py).

[0060] Further, as in the case of the piping syst@w of the device group 24 shown in
FIG. 3, if there is a parallel device group (pracdsvices 23A to 23C) and lines in the
parallel device group include a line on which thisra group (referred to below as a “sub
series device group”) of target process devices 2BB 23C that are in a series
arrangement relationship to each other, the ridiexrvalue of the process device group
cannot be calculated using only one of the paraidtulation method and the series
calculation method. Therefore, in this embodiméng, calculation method storage unit
342 also stores a calculation method for such a,casd the calculation unit 343 is
configured to calculate the risk index value of firecess device group based on the
calculation method as described below. First, dakeulation unit 343 calculates, for
each line on which there is a sub series devicepgithe risk index value of the sub series
device group, based on the series calculation rdedimol using standardized risk index
values of respective process devices 23 that totesthe sub series device group. Then,
the calculation unit calculates the risk index eabi the parallel device group, based on
the parallel calculation method and using the imglex value of each sub series device
group and, if there is a process device 23 thas aoe belong to any sub series device
group, using the risk index value of the processoge

[0061] For example, in the case of the processcdegroup 26A shown in FIG. 3,
which is constituted by the piping system 22A ahd process devices 23A to 23C
provided in the piping system 22A, when the statidad risk index values of the process
devices 23A to 23C are respectively representeBabys, and R, the calculation unit
343 calculates the risk index valugcPf the sub series device group constituted by the
process devices 23B and 23C based on the ser@datiin method using the following
expression: gt = max(R, Pc). Further, the calculation unit 343 calculates tisk
index value Rsc of the process device group 26A constituted byptioeess devices 23A
to 23C based on the parallel calculation methodgutiie following expression:aB: =
(Pax max(Rs, Pc)). It should be noted that, if sub series degmips are respectively
provided on lines that are in a parallel relatigpsb each other in a parallel device group,
the calculation unit 343 calculates the risk ingtalue for each sub series device group,
and then calculates the risk index value of thalfrdevice group based on the parallel
calculation method, considering each sub serieselgvoup as a unit.

[0062] The calculation unit 343 calculates the dewjroup risk index value based on
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the risk index values of respective process degmmips, which are calculated as
described above. The calculation may be perforimedimply multiplying the risk
index values of the respective process device groupletermining the largest risk index
value out of the risk index values. Alternatively, calculation method may be
determined taking the arrangement relationship cunsideration, and the risk index
value may be calculated using the calculation neethocording to the arrangement
relationship. A configuration is also possiblenihich, not only the risk index values of
the respective process device groups, but alsagkendex value of the steam-utilizing
device 21 is calculated, and the device groupinfkmation is calculated using the risk
index value of the steam-utilizing device 21 aslweln this case, the risk index value of
the steam-utilizing device 21 can be calculated foy, example, calculating the
probability of malfunction of the target steam-atilg device 21, based on information
that is stored in the device information storagé 881 and using a database in which
expressions and parameters for calculating theapitily of malfunction are stored for
each kind of steam-utilizing device 21, and caliogp the risk index value of the
steam-utilizing device 21 from the probability ofaliunction. Alternatively, the risk
index value of the steam-utilizing device 21 mayské simply based on the degree of
influence that will be exerted on the operation thé steam plant 2 when the
steam-utilizing device malfunctions. For exampie risk index value may be set to a
large value if the steam-utilizing device is usedtlze main device, and set to a small
value if the steam-utilizing device is used aslzsgliary device.

[0063] The device group risk information calculationit 34 may also calculate, as the
device group risk information, the degree of religbthat indicates the degree to which
the device group risk index value can be reliecasrbeing accurate. If the degree of
reliability is common between the process devi@sdhstituting the target device group
24, the degree of reliability regarding the proasgces 23 can be taken to be the degree
of reliability regarding the device group 24, ahthe degree of reliability differs between
the process devices 23, an average value of theeete@f reliability regarding the
respective process devices 23 or the lowest degfreeliability out of the degrees of
reliability regarding the respective process devigd8 can be taken to be the degree of
reliability regarding the device group 24.

[0064] The device group risk information calculationit 34 is configured to store, in
the device group risk information storage unit 328, device group risk information (the
device group risk index value and the degree adlydity) calculated as described above,
in association with the device group identificatioformation.

[0065] In this embodiment, every time the diagnessult storage unit 323 is updated
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(that is, every time new diagnosis results trartsohifrom the monitoring device 25 are
stored), the risk information calculation unit 2&alculates the risk index values and the
degrees of reliability and stores new risk indelugs and new degrees of reliability in the
risk information storage unit 324, and every tite tisk information storage unit 324 is
updated (that is, every time new risk index valaed new degrees of reliability are
stored), the device group risk information caldolatunit 34 recalculates the device
group risk information. Accordingly, in the datakaunit 32, the risk information data
stored in the risk information storage unit 32dipslated when the diagnosis result data is
updated, and the device group risk information dataed in the device group risk
information storage unit 325 is updated when thle information data is updated.

[0066] As described above, in the monitoring seBsetisk information regarding each
steam plant 2 is stored in the database unit 32dbas collected diagnosis results,
through execution of (1) a diagnosis result stostep of accumulatively storing results
of a plurality of diagnoses regarding each processce 23 provided in the target steam
plant 2, in association with installation sites tbe process devices 23, (2) a risk
information calculation step of calculating riskarmation (in this embodiment, the risk
index value and the degree of reliability) regagdihe likelihood of malfunction of a
process device 23 provided at a target installasie, based on diagnosis results
regarding process devices 23 that are and havepbeeided at the target installation site,
and (3) a device group risk information calculatstep of calculating device group risk
information regarding the likelihood of malfunctioha target device group 24, based on
the risk information regarding installation sitek respective process devices 23 that
constitute the target device group 24. When tlee tequests risk information from the
monitoring server 3, an assessment result accordinpe request is output via the
input/output processing unit 31 to the user, arel uker can assess risks of the target
steam plant 2.

[0067] If a calculation model for calculating theopability of malfunction of a process
device 23 is determined, a configuration is alsssfide, as an additional configuration, in
which the risk information calculation unit 33 isnfigured as shown in FIG. 4 and the
risk index value is calculated through comparisetwieen a probability of malfunction
that is calculated using the calculation model anehalfunction ratio that is based on
diagnosis results regarding process devices 23atteatind have been provided at the
target installation site.

[0068] Compared to the risk information calculationit shown in FIG. 2, the risk
information calculation unit 33 shown in FIG. 4 ther includes a calculation model
storage unit 334 that stores a calculation model clalculating the probability of
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malfunction, a malfunction ratio calculation unB=3that calculates, with respect to an
installation site, a malfunction ratio that is thatio of process devices 23 that had
malfunctioned by the time a reference period hagssd, based on diagnosis results, and
a malfunction probability calculation unit 336 thatlculates the probability of
malfunction based on the calculation model, andigleindex value calculation unit 332
is configured to calculate the risk index valuetlgh comparison between the calculated
malfunction ratio and the calculated probabilitynodifunction.

[0069] The calculation model storage unit 334 st@ealculation model for calculating
the probability of malfunction of a target procetevice 23, based on the installation
period of the target process device 23. For exanmpldata regarding the number of
years passed before malfunction is available niyt fom process devices 23 provided in
the target steam plant 2 but also for process deVa&3 provided in a large number of
steam plants, it is possible to obtain, using assizal technique, a calculation model for
calculating the probability of malfunction of a dat process device 23, using the
installation period as a parameter. The calculatimdel storage unit 334 stores such a
calculation model. Although the calculation mod#bred in the calculation model
storage unit 334 may be a simple model that usésthe installation period as the
parameter, the calculation model may be a detaledel that uses, in addition to the
installation period, one or more items relatingfte kind of the process device 23, such as
the type, application, or the like of the processick 23, which are stored in the device
information storage unit 321, as parameters. détailed calculation model is used, it is
possible to calculate the probability of malfunotiaccording to the kind of the process
device 23, based on various kinds of informatiamest in the device information storage
unit 321, and accordingly an accurate probabilftynalfunction can be obtained. If the
calculation model is determined for each kind afgess device 23, for example, for each
class or type of process device 23, the calculatmmlel storage unit 334 stores the
calculation model for each kind of process devige 2

[0070] Based on diagnosis results regarding prodesises 23 that are and have been
provided at the target installation site, the madtion ratio calculation unit 335 calculates
a malfunction ratio that is the ratio of processickes 23, out of the process devices 23
that are and have been provided at the targetlaigia site, that had malfunctioned by
the time a reference period had elapsed from wherptocess devices were installed at
the target installation site. For example, assgntirat five process devices 23 were
installed at the target installation site, diagaosas performed at every half-year, and
according to the diagnosis results, two processcdswvere malfunctioning when two
years elapsed, one process device was malfundjievtien two and a half years elapsed,
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one process device was malfunctioning when thraesyelapsed, and one process device
was malfunctioning when four years elapsed, ifriference period is three years, four
process devices out of the five process devices rmalfunctioned by the time the
reference period had elapsed, and the malfuncéibo is 80%. Thus, the malfunction
ratio calculation unit 335 calculates the malfumatratio with respect to the reference
period, for each installation site. The referepedgod needs to be at least longer than
intervals between diagnoses, but is not speciidetiited, and can be set as appropriate
according to the target installation site.

[0071] The malfunction probability calculation uBi86 calculates the probability that a
process device 23 provided at the target instaflatite will malfunction within the
reference period, based on the calculation modetdtin the calculation model storage
unit 334. Specifically, for example, the malfupctiprobability calculation unit extracts,
from the device information storage unit 321, itethat serve as parameters of the
calculation model, with respect to the processaie?B3 provided at the target installation
site, and calculates the probability of malfunctiathin the reference period based on the
extracted data. If the calculation model storagie384 stores the calculation model for
each kind of process device, for example, for edabks or type of process device, the
malfunction probability calculation unit 336 calatds the probability of malfunction
using a calculation model that corresponds todhget process device 23.

[0072] The risk index value calculation unit 33Zanfigured to calculate the risk index
value of the process device 23 provided at thestargtallation site through comparison
between the calculated malfunction ratio and tHeutated probability of malfunction.
That is, the probability of malfunction calculatedsed on the calculation model by the
malfunction probability calculation unit 336 is argeral probability, and does not reflect
influences that are derived from and are charatierio the environment of the
installation site at which the target process de@8 is installed. On the other hand, the
malfunction ratio calculated by the malfunctionioatalculation unit 335 indicates the
likelihood of malfunction of the process device tthe determined while taking the
environment of the installation site into considiera Accordingly, if the malfunction
ratio is higher than the probability of malfunctijoncan be said that the environment of
the installation site largely affects the likelittbof malfunction of the process device 23.
Therefore, the risk index value calculation uni2 38 configured to specify installation
sites that largely affect the likelihood of malftino of process devices 23 by comparing
the malfunction ratio with the probability of matfction, and identify installation sites at
which malfunction is likely to occur.

[0073] If the malfunction ratio is higher than tpebability of malfunction, this may be
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because of an error, and therefore, if the malfancgtio is higher than the probability of
malfunction by at least a predetermined value rigleindex value calculation unit 332
calculates the risk index value, presuming thairibellation site affects the likelihood of
malfunction of the target process device 23. T$)dhe risk index value calculation unit
332 is configured to calculate the risk index vahssed on the degree of difference
between the malfunction ratio and the probabilitynwlfunction, rather than merely
determining which of the malfunction ratio and fhrebability of malfunction is higher.
A configuration is also possible in which a plusalof threshold values are set to
calculate the risk index value, and the likelih@banalfunction is ranked according to the
degree of difference between the malfunction ratid the probability of malfunction.
[0074] If process devices 23 for which diagnos@ules are stored include a plurality of
kinds of process devices 23, such as process dexfef different classes or types, it is
preferable that the malfunction ratio and the phbditg of malfunction are calculated and
are compared with each other for each kind of m®abevice 23. Therefore, if the
process devices 23 that are and have been proaidbd target installation site include a
plurality of kinds of process devices 23, the nrattion ratio calculation unit 335
calculates the malfunction ratio for each kind obgess device, the malfunction
probability calculation unit 336 calculates thelgability of malfunction for each kind of
process device, and the risk index value calculatinit 332 calculates the risk index
value at the target installation site, comparing tlalculated malfunction ratio with the
calculated probability of malfunction for each kiofdprocess device.

[0075] As described above, in the risk index valakeulation unit 332 shown in FIG. 4,
the risk index value is calculated for each tanggthllation site through execution of:

(1) a calculation model storing step of storingakalation model for calculating
the probability of malfunction of a target processvice 23 based on the installation
period of the target process device 23,;

(2) a malfunction ratio calculation step of caltug, based on diagnosis results
regarding process devices 23 that are and havepbeeided at the target installation site,
the malfunction ratio that is the ratio of procdssices 23, out of the process devices 23
that are and have been provided at the targetlaigia site, that had malfunctioned by
the time a predetermined period had elapsed froemwine process devices were installed
at the target installation site;

(3) a malfunction probability calculation step adlaulating, based on the
calculation model, the probability that a procesvice 23 provided at the target
installation site will malfunction within the pretgéemined period; and

(4) a risk index value calculation step of calanlgtthe risk index value that
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indicates the likelihood of malfunction of the pess device 23 provided at the target
installation site, through comparison between thafunction ratio and the calculated
probability of malfunction.

[0076] Further, a configuration is also possibkaa additional configuration, in which
the device group risk information calculation udtis configured as shown in FIG. 5 and
if diagnosis results regarding a target device grad do not satisfy a standard, device
group risk information regarding a device groupti2at matches or is similar to the target
device group 24 is acquired as device group riknmation regarding the target device
group 24. This configuration is for the followimgasons. In order to obtain accurate
risk information that is focused on the installatisite, it is preferable that a certain
standard is satisfied, for example, it is prefezdhht there are diagnosis results regarding
a certain number of process devices 23, and iihdisig results regarding process devices
23 constituting the device group 24 for which chdtian is to be performed do not satisfy
the standard, accurate risk information cannotliidaivmed. However, the likelihood of
malfunction of a device group 24 depends on thdigumation of the device group 24
(the kind of respective devices, the arrangemdatioaship, etc.) to some extent, and
accordingly it is possible to estimate the likebdoof malfunction of the target device
group 24 to some extent from the likelihood of mafition of a device group 24 that
matches or is similar to the target device group ZPherefore, if the device group risk
information calculation unit 34 is configured a®win in FIG. 5 and device group risk
information regarding a device group 24 that matobeis similar to the target device
group 24 is acquired as the device group risk médion regarding the target device
group 24, it is possible to properly assess riksetarget device group 24.

[0077] Compared to the device group risk informaialculation unit shown in FIG. 2,
the device group risk information calculation uddt shown in FIG. 5 further includes a
determination unit 344 that determines whetherabrdiragnosis results regarding process
devices 23 constituting the device group 24 forolhtalculation is to be performed
satisfy a standard, and a device group risk inftionaacquisition unit 345 that acquires
device group risk information regarding a deviceugr 24 that is similar to the target
device group 24.

[0078] The determination unit 344 determines whetrenot diagnosis results that are
accumulated with respect to each process devia@stituting the target device group
24 satisfy a predetermined standard. The detetimmaunit 344 determines, for
example, whether or not the accumulated diagnossilts satisfy predetermined
standards in terms of one or more items, sucheasumber of diagnoses, the number of
process devices 23 for which diagnosis resultstared, the frequency of diagnosis, and

24



10

15

20

25

30

35

a variation among diagnosis results. The itemsl Use the determination are not
specifically limited, and the determination uni43dhay use, as the items, the degrees of
reliability that are stored in the risk informatistorage unit 324 in association with the
respective process devices 23, and the degrediaility that is stored in the device
group risk information storage unit 325 in assaoratvith the target device group 24, and
determine whether or not the degrees of reliatshitysfy a predetermined standard.
[0079] Ifitis determined by the determinationtusd4 that the standard is not satisfied,
the device group risk information acquisition ud#5 acquires device group risk
information regarding another device group 24 tiat device group information that
matches or is similar to the device group inforomatiegarding the target device group 24
at least to a predetermined degree, and for whighdetermined by the determination
unit 344 that the standard is satisfied, and talkes acquired device group risk
information to be the device group risk informatregarding the target device group 24.
[0080] Specifically, in this embodiment, the devg®up risk information acquisition
unit 345 compares the device group information ndigg the target device group 24,
which is acquired by the calculation informatiomaisition unit 341, with device group
information regarding other device groups 24, whishstored in the device group
information storage unit 322, and extracts, fromdRvice group information storage unit
322, identification information regarding anothesvide group 24 that matches or is
similar to the device group information regardihg target device group 24 at least to a
predetermined degree, and identification infornmatiegarding process devices 23 that
constitute the other device group 24. It shouldnbeed that, although items that are
used in comparing the device group information e specifically limited, in this
embodiment, the comparison is performed in termghefkinds of the steam-utilizing
device 21 and the process devices 23 constitutiey device group 24, and the
arrangement relationship between the process de2Reonstituting the device group 24,
for example. If there are a plurality of other @devgroups 24 that match or are similar
to the device group information regarding the targevice group 24 at least to the
predetermined degree, identification informatiogareling all of these device groups 24
and identification information regarding processides 23 that constitute these device
groups 24 are extracted.

[0081] Further, the device group risk informationqgaisition unit 345 determines
whether or not the degrees of reliability regarding device groups 24 and the process
devices 23 that correspond to the extracted ideatiibn information satisfy a standard,
referring to the device group risk information sige unit 325 and the risk information
storage unit 324, and acquires device group rigknmation regarding a device group 24
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for which it is determined that the standard issfatl. If there are a plurality of other
device groups 24 that match or are similar to #aa@ group information regarding the
target device group 24 at least to the predeteandegree and it is determined, for a
plurality of device groups 24 among the other dewitoups 24, that the degrees of
reliability regarding the corresponding device gr®24 and the corresponding process
devices 23 satisfy the standard, device groupimiskmation is acquired with respect to a
device group 24 that has device group informati@t matches or is the most similar to
the device group information regarding the targatice group 24, or a device group 24
that has the highest degree of reliability.

[0082] The device group risk information acquisitianit 345 stores, in the device
group risk information storage unit 325, the aceglidevice group risk information as the
device group risk information regarding the tadgtice group 24, in association with the
device group identification information. In thiase, the device group risk information
storage unit 325 stores the device group risk métion such that it is possible to identify
whether the device group risk information is acegirby the device group risk
information acquisition unit 345 or is calculatedtbe calculation unit 343.

[0083] In the device group risk information caldida unit 34 shown in FIG. 5, first,
the determination unit 344 performs determinatiasdal on information acquired by the
calculation information acquisition unit 341, ardtiis determined by the determination
unit 344 that the standard is satisfied, the catmrn unit 343 calculates device group risk
information based on risk information regardingtatiation sites of respective process
devices 23 that constitute the target device gdipand if it is determined by the
determination unit 344 that the standard is nasfead, the device group risk information
acquisition unit 345 acquires device group riskinfation.

Other Embodiments

[0084] Finally, other embodiments of the risk ass@nt device, the risk assessment
system, the risk assessment method, the risk assesprogram, and the data structure
according to the present disclosure will be desdib It should be noted that
configurations disclosed in the following embodirtseare also applicable in combination
with configurations disclosed in other embodimests long as no contradiction is
incurred.

[0085] (1) In the above-described embodiment, afigoration is described as an
example in which the single monitoring server 3fgens the series of processing.
However, embodiments of the present disclosur@airémited to this configuration, and
a risk assessment system that is constituted Hyrality of devices may be used, and
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processing performed by the monitoring server 3 beagistributed between the plurality
of devices. For example, a configuration is algssible in which information, such as
diagnosis results and risk information, that igesiain the database unit 32 in the above
embodiment is stored in one or more external databarvers, and the monitoring server
3 acquires information from the database serversgaessary, to perform calculation.
[0086] (2) The calculation processing performedhsyrisk information calculation unit
33 and the device group risk information calculatimit 34 as described in the above
embodiment is a mere example, and can be changegpaepriate according to the
purpose. For example, the risk information calkbohaunit 33 may calculate only the
risk index value as the risk information withoulocgating the degree of reliability.

[0087] (3) Regarding other configurations, the etiiments disclosed in the present
description are mere examples in all respects,tasttbuld be understood that the scope
of the present disclosure is not limited by the eduments. It should be easy for a
person skilled in the art to understand that ifpassible to apply modifications as
appropriate without departing from the spirit oé toresent disclosure. Therefore, as a
matter of course, other embodiments that are nemtifiithout departing from the spirit
of the present disclosure are included in the sobpiee present disclosure.

Industrial Applicability
[0088] The present disclosure is applicable to aséessment of a plant, for example.

Description of Reference Signs
[0089] 2: Steam plant
21: Steam-utilizing device
22: Piping system
23: Process device
24: Device group
3: Monitoring server (Risk assessment device)
322: Device group information storage unit (Arramgat relationship storage
unit)
323: Diagnosis result storage unit
33: Risk information calculation unit
34: Device group risk information calculation unit
342: Calculation method storage unit
344: Determination unit
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CLAIMS

1. A risk assessment device for performing riskesssent of a steam plant that
includes at least one device group that includgsam-utilizing device that utilizes steam,
a piping system that is connected to the steanzingl device, and process devices that
are provided in the piping system, the risk assessutevice comprising:

a diagnosis result storage unit that accumulatigebres diagnosis results of a
plurality of diagnoses regarding each process de¥iat is provided in the steam plant to
be assessed, in association with installation sitése process devices;

a risk information calculation unit configured talculate risk information
regarding a likelihood of malfunction of a procetavice that is provided at a target
installation site, based on diagnosis results oiggrprocess devices that are and have
been provided at the target installation site; and

a device group risk information calculation urginigured to calculate device
group risk information regarding a likelihood of lfaaction of a target device group
among the at least one device group, based onsthenformation regarding installation
sites of respective process devices that consthetéarget device group.

2. The risk assessment device according to clafiorther comprising:

an arrangement relationship storage unit that stdog each device group, an
arrangement relationship between process deviaesadhnstitute the device group; and

a calculation method storage unit that storedaulkedion method for calculating
the device group risk information according to amamgement relationship between
process devices constituting the device group,

wherein the device group risk information caldolatunit calculates the device
group risk information regarding the target dewigeup, using the calculation method
that corresponds to an arrangement relationshipdagt process devices constituting the
target device group.

3. The risk assessment device according to claim2] further comprising:

a device group information storage unit that stofer each device group, device
group information regarding a configuration of thevice group; and

a determination unit configured to determine, witspect to the target device
group, whether or not the diagnosis results accatedlwith respect to each process
device constituting the target device group satisfyedetermined standard,

wherein, if it is determined by the determinationit that the standard is satisfied,
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the device group risk information calculation ucalculates the device group risk
information based on the risk information regarding installation sites of the respective
process devices constituting the target devicepgrand

if it is determined by the determination unit thfa standard is not satisfied, the
device group risk information calculation unit args the device group risk information
regarding another device group that has the deynoep information that matches or is
similar to the device group information regardiig target device group at least to a
predetermined degree, and for which it is deterthiog the determination unit that the
standard is satisfied, and the device group risrnmation calculation unit takes the
acquired device group risk information to be theicke group risk information regarding
the target device group.

4. The risk assessment device according to claim 3,

wherein the device group information storage stutres, as the device group
information, a kind of the steam-utilizing devit¢et constitutes the device group and an
arrangement relationship between process deviaeesahstitute the device group.

5. A risk assessment system for performing rislesssent of a steam plant that
includes at least one device group that includgsam-utilizing device that utilizes steam,
a piping system that is connected to the steanzingl device, and process devices that
are provided in the piping system, the risk asseassgystem comprising:

a diagnosis result storage unit that accumulatigeres diagnosis results of a
plurality of diagnoses regarding each process dd¥iat is provided in the steam plant to
be assessed, in association with installation sitéfse process devices;

a risk information calculation unit configured talculate risk information
regarding a likelihood of malfunction of a processvice that is provided at a target
installation site, based on diagnosis results diggrprocess devices that are and have
been provided at the target installation site; and

a device group risk information calculation urmn@igured to calculate device
group risk information regarding a likelihood of lfaaction of a target device group
among the at least one device group, based onsthenformation regarding installation
sites of respective process devices that consthetéarget device group.

6. A risk assessment method for performing riskess®ent of a steam plant that

includes at least one device group that includgsam-utilizing device that utilizes steam,
a piping system that is connected to the steanzingl device, and process devices that
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are provided in the piping system, the risk asseesmrmethod being performed by a
computer, and comprising:

a diagnosis result storing step of accumulatiwgtying diagnosis results of a
plurality of diagnoses regarding each process dd¥iat is provided in the steam plant to
be assessed, in association with installation sitése process devices;

a risk information calculation step of calculatirigk information regarding a
likelihood of malfunction of a process device tlsaprovided at a target installation site,
based on diagnosis results regarding process detheae are and have been provided at
the target installation site; and

a device group risk information calculation stégaculating device group risk
information regarding a likelihood of malfunctioh @ target device group among the at
least one device group, based on the risk infoomategarding installation sites of
respective process devices that constitute thettdeyice group.

7. A risk assessment program for performing rideasment of a steam plant that
includes at least one device group that includgsam-utilizing device that utilizes steam,
a piping system that is connected to the steanzingl device, and process devices that
are provided in the piping system, the risk assessmrogram causing a computer to
perform:

a diagnosis result storing function of accumutdsivstoring diagnosis results of
a plurality of diagnoses regarding each procesgeddhiat is provided in the steam plant
to be assessed, in association with installati@s sif the process devices;

a risk information calculation function of calctuheg risk information regarding
a likelihood of malfunction of a process devicet iegrovided at a target installation site,
based on diagnosis results regarding process dethet are and have been provided at
the target installation site; and

a device group risk information calculation fupatiof calculating device group
risk information regarding a likelihood of malfurwst of a target device group among the
at least one device group, based on the risk irdobom regarding installation sites of
respective process devices that constitute thettdeyice group.

8. A data structure for performing risk assessnoéiat steam plant that includes at
least one device group that includes a steamiatilidevice that utilizes steam, a piping
system that is connected to the steam-utilizingiocdgvand process devices that are
provided in the piping system, the data structoreqrising:

diagnosis result data that is constituted by diagnresults of a plurality of
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diagnoses that are accumulatively stored regaehict) process device that is provided in
the steam plant to be assessed, in associationnsttilation sites of the process devices;

risk information data that is constituted by riskormation that indicates, for
each installation site, a likelihood of malfunctioha process device that is provided at
the installation site; and

device group risk information data that is congtitl by device group risk
information that indicates, for each device groaplikelihood of malfunction of the
device group,

wherein the risk information data is updated wkien diagnosis result data is
updated, and the risk information is calculatedetdasn the diagnosis results regarding
process devices that are and have been provided gistallation site, and

the device group risk information data is updateen the risk information data
is updated, and the device group risk informatiencalculated based on the risk
information regarding installation sites of respaxrtprocess devices that constitute a
target device group among the at least one devagg
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