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DESCRIPTION

RISK ASSESSMENT DEVICE, RISK ASSESSMENT METHOD, AND RISK
ASSESSMENT PROGRAM

Technical Field

[0001] The present disclosure relates to a rislessssent device, a risk assessment
method, and a risk assessment program for calegldtie probability that a process
device that is provided in a piping system of ast@lant will malfunction.

Background Art

[0002] In recent years, risk assessment using ébbnique of risk-based inspection
(RBI) that takes risks into consideration is perfed in large faciliies 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 a risk assessment means of this type5884000B (Patent Document 1)
discloses creating a plot diagram by plotting, wekpect to each process device that is
provided in a steam plant, a pair of the probabiif malfunction and the degree of
influence of malfunction, on a risk matrix in whitdie probability of malfunction and the
degree of influence are set as two axes, and parfgrrisk assessment of the target plant
using the plot diagram.

Prior Art Documents
Patent Documents
[0003] Patent Document 1: JP 5884000B

Disclosure of the Invention

Problem to be Solved by the Invention

[0004] However, in the above-described conventionsk assessment means, the
probability of malfunction of each process devigealculated using a common technique
of RBI, and characteristics of process devicesdhatprovided in a piping system of the
steam plant are not taken into consideration.

[0005] Therefore, it is desirable to realize a r&@sessment device, a risk assessment
method, and a risk assessment program that camatal¢che probability of malfunction

in the light of characteristics of process deviiteg are provided in a piping system of a
steam plant.



10

15

20

25

30

35

Means for Solving Problem

[0006] A risk assessment device according to tlkeegnmt disclosure is a risk assessment
device for calculating a probability of malfunctioha process device that is provided in
a piping system of a steam plant, the risk assedste®ice including:

a target malfunction curve calculation unit coofed to calculate a target
malfunction curve that shows a change of the pritibabf malfunction over time with
respect to a target process device; and

a malfunction probability calculation unit confrgal to calculate the probability
of malfunction of the target process device basedhe calculated target malfunction
curve,

wherein the target malfunction curve calculatioit includes:

a parameter storage unit that calculates, basethta for calculation,
one or more parameters for calculating the targalfumction curve and stores the
calculated parameters, the parameters relatingpiogosystem-related items, the data for
calculation being stored in a storage unit in whiah piping system-related items and the
number of years passed before malfunction are dstasethe data for calculation with
respect to each of a large number of process de\acel the piping system-related items
relating to a piping system in which the processageis provided,

a calculation condition acquisition unit that aicgs the piping
system-related items with respect to the targetge® device;

a parameter acquisition unit that acquires autation parameter for
obtaining the target malfunction curve based orpipang system-related items acquired
with respect to the target process device and #Hranpeters stored in the parameter
storage unit; and

a malfunction curve calculation unit that calteda the target
malfunction curve based on the calculation paramete
[0007] According to this configuration, the prodapi of malfunction is calculated
using a malfunction curve that is based on parasetculated using data regarding a
large number of process devices, and, in the aboréguration, the parameters that are
calculated relate to the piping system-related stehat directly relate to the way the
process device is used and largely affect the piliyaof malfunction, and therefore the
probability of malfunction according to charactecs of the process device can be
obtained. Since not all information regarding precess device, but rather objective
items relating to the piping system and not retptim the circumstances of the process
device itself are used, the same type of data eamabily collected and it is possible to
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effectively increase the accuracy of calculate@dupeaters.

[0008] The following describes preferable aspeéta monitoring device according to
the present disclosure. However, the scope ghibeent disclosure is not limited by the
following preferable aspects.

[0009] In one aspect, it is preferable that theapeater storage unit calculates the
parameters by performing survival time analysisedam the piping system-related items
and the number of years passed before malfuncfieaah process device, and assessing
influence of the piping system-related items on thenber of years passed before
malfunction.

[0010] According to this configuration, the degm@einfluence exerted by the piping
system-related items until the process device melfons can be properly assessed
through the survival time analysis, and the paramsatan be used accurately.

[0011] In one aspect, it is preferable that thengsystem-related items include an item
that relates to a usage state of the piping system.

[0012] The usage state of the piping system ictifdahat largely affects the degree of
a load applied to the process device provided eénpibing system, and therefore, if the
usage state is taken into consideration as a pgystem-related item according to this
configuration, the parameters can be used accyratel

[0013] In one aspect, it is preferable that theuwation condition acquisition unit also
acquires device-related items that relate to tingetaprocess device itself, the target
malfunction curve calculation unit includes: a eatron method storage unit that stores a
correction method that corresponds to the deviegew items; and a parameter
correction unit that corrects the calculation patan acquired by the parameter
acquisition unit based on the correction methodresponding to the acquired
device-related items, and the malfunction curvecudation unit calculates the target
malfunction curve based on the calculation parameterected by the parameter
correction unit.

[0014] According to this configuration, the paraareietermined based on the piping
system-related items, which are objective itemsngigg the process device, is further
corrected based on the device-related items, waiehsubjective items relating to the
process device itself, and therefore the accurdcthe@ parameter can be effectively
increased.

[0015] In one aspect, it is preferable that theiceyelated items include an item that
relates to an additional configuration that is jled to the target process device.

[0016] In one aspect, it is preferable that theiakevelated items include either or both
of an item that relates to an installation statéheftarget process device in relation to the
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piping system and an item that relates to perfoomant the target process device in
relation to the piping system.

[0017] An additional configuration provided to theocess device, whether or not the
process device is properly installed, and the perdmce of the process device largely
affect the durability of the process device agamstifunction, and therefore, if the
parameter is corrected taking these into consideraiccording to this configuration, the
accuracy of the parameter can be effectively irszéa

[0018] In one aspect, it is preferable that thewation condition acquisition unit also
acquires operation-related items that relate toatjpes performed on the target process
device, the target malfunction curve calculationt uncludes a malfunction curve
correction unit that corrects, based on the operatlated items, the target malfunction
curve calculated by the malfunction curve calcatatiunit, and the malfunction
probability calculation unit calculates the proli&pof malfunction of the target process
device based on the target malfunction curve ctededy the malfunction curve
correction unit.

[0019] Operations performed on the process dewggely affect the durability of the
process device against malfunction, and therefbtbe malfunction curve is corrected
taking the operations into consideration accordmghis configuration, the accuracy of
the malfunction curve can be effectively increased.

[0020] An additional configuration provided to theocess device, whether or not the
process device is properly installed, the perforreasf the process device, and operations
performed on the process device largely affectitirability of the process device against
malfunction, and therefore, if the parameter igaded taking these into consideration
according to this configuration, the accuracy oé tharameter can be effectively
increased.

[0021] In one aspect, it is preferable that, wigkpect to the target process device, the
target malfunction curve calculation unit calcutate target malfunction curve for each
type of malfunction, and the malfunction probapilitalculation unit calculates the
probability of malfunction of the target processide for each type of malfunction based
on the calculated target malfunction curve.

[0022] According to this configuration, the proldapiof malfunction is calculated for
each type of malfunction, and therefore risk assess can be performed more
accurately.

[0023] A risk assessment method according to thesgmt disclosure is a risk
assessment method for causing a computer to cidaulprobability of malfunction of a
process device that is provided in a piping systéra steam plant, the risk assessment
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method including:

a target malfunction curve calculation step ofcglting a target malfunction
curve that shows a change of the probability offamakion over time with respect to a
target process device; and

a malfunction probability calculation step of cdéting the probability of
malfunction of the target process device basedhemrdlculated target malfunction curve,

wherein the target malfunction curve calculatiteapsncludes:

a parameter storing step of calculating, basedata for calculation,
one or more parameters for calculating the targelfumction curve and storing the
calculated parameters, the parameters relatingpiogosystem-related items, the data for
calculation being stored in a storage unit in whiah piping system-related items and the
number of years passed before malfunction are dstasethe data for calculation with
respect to each of a large number of process devacel the piping system-related items
relating to a piping system in which the processageis provided;

a calculation condition acquisition step of acmgg the piping
system-related items with respect to the targetge® device;

a parameter acquisition step of acquiring a taticuon parameter for
obtaining the target malfunction curve based orpipang system-related items acquired
with respect to the target process device and #Hranpeters stored in the parameter
storage step; and

a malfunction curve calculation step of calculgti the target
malfunction curve based on the calculation paramete
[0024] A risk assessment program according to thesgmt disclosure is a risk
assessment program for causing a computer to atdcalprobability of malfunction of a
process device that is provided in a piping systéra steam plant, the risk assessment
program causing the computer to realize:

a target malfunction curve calculation function oélculating a target
malfunction curve that shows a change of the pniityabf malfunction over time with
respect to a target process device; and

a malfunction probability calculation function célculating the probability of
malfunction of the target process device basedemrdlculated target malfunction curve,

wherein the target malfunction curve calculationdtion causes the computer to
realize:

a parameter storing function of calculating, blasen data for
calculation, one or more parameters for calculatimg target malfunction curve and
storing the calculated parameters, the paramettatng to piping system-related items,
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the data for calculation being stored in a storagéein which the piping system-related
items and the number of years passed before m#iunare stored as the data for
calculation with respect to each of a large nundfeprocess devices, and the piping
system-related items relating to a piping systemhicth the process device is provided,;

a calculation condition acquisition function ofqairing the piping
system-related items with respect to the targetge® device;

a parameter acquisition function of acquiringadcualation parameter
for obtaining the target malfunction curve basedtle piping system-related items
acquired with respect to the target process deaitd the parameters stored by the
parameter storage function; and

a malfunction curve calculation function of cd#ting the target
malfunction curve based on the calculation paramete
[0025] According to these configurations, functioasd effects similar to those
achieved by the above-described risk assessmeiged=n be achieved.

Brief Description of the Drawings
[0026] FIG. 1 is a schematic configuration diagrama plant monitoring system
according to this embodiment.

FIG. 2 is a block diagram of a risk assessmentgevi

FIG. 3 is a block diagram of a process device d¢atlicun unit.

FIG. 4 is a block diagram of a process device galgulation unit.

FIG. 5 is a block diagram of a steam-utilizing @evcalculation unit.

FIG. 6 is a block diagram of a steam-utilizing @evgroup calculation unit.

FIG. 7 is a graph showing one example of a malfanaturve that is calculated
by the process device calculation unit.

FIG. 8 is a graph showing one example of the imibgeexerted on a malfunction
curve when parameters are corrected.

FIG. 9 is a schematic diagram showing one examipéesbeam-utilizing device
group.

FIG. 10 is a diagram illustrating one example ask matrix.

FIG. 11 is a diagram illustrating one example agk matrix.

FIG. 12 is a diagram illustrating one example ask matrix.

FIG. 13 is a diagram illustrating one example dask matrix.

Best Mode for Carrying out the Invention
[0027] The following describes an embodiment ofisk assessment device, a risk
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assessment method, and a risk assessment progcandiag to the present disclosure
with reference to the accompanying drawings. Tdllewing describes an example in
which the risk assessment device according todhibodiment is incorporated into a
plant monitoring system that monitors a steam planhat utilizes steam, such as a
petrochemical plant or a thermal power plant. tFms shown in FIG. 1, in the plant
monitoring system according to this embodimentoaitoring server 3 collects data via a
network 5 from various steam plants 2 to be moedpand accumulatively stores the
collected data in an external database server Be nionitoring server 3 is configured to
perform analysis and/or determination based orctilected data and/or data stored in
the database server 4 periodically or in respomsatinstruction from a user and/or an
administrator, and the result of the analysis antiiile determination is transmitted to a
user terminal 1 such as a PC or a smartphonegarsiér accesses the monitoring server 3
via the user terminal 1, and thus the user is iné&af of the state of the steam plant 2.
Further, the result of the analysis and/or therdetetion is stored in the database server
4 and is used for further analysis and/or detertiwna It should be noted that, in this
embodiment, a “piping system” is a concept thatukbes a whole steam system that is
constituted by, for example, a steam trap, stegnmgpi various valves, and the like. If
such a whole steam system is considered as onéeoinportant assets, the risk
assessment device, the risk assessment methodthandisk assessment program
according to this embodiment can be applied a®btlee asset management techniques.
[0028] One example of data that is collected by thenitoring server 3 will be
described. A monitoring device 21 is configured cmllect, from each constituent
element group 22 of the steam plant 2, sensor (@a¢ssure, electrical current value,
vibration, ultrasonic waves, temperature, rotatiosipeed of a device, etc.) that is
obtained by sensors that are attached to respemivituent elements constituting the
constituent element group 22 and/or obtained thHrougpection performed using a
portable inspection device, event data that relates/ents (start and stop of operation,
occurrence of malfunction and the type thereof, nbemiance such as repair or
replacement of a device, etc.) that occurred irctirestituent elements, and the like, and
transmit the collected data to the monitoring ser8eperiodically or continuously.
Examples of constituent elements of the steam [@antlude a steam-utilizing device
that utilizes steam, such as a turbine, a compresswat exchanger, or the like, a piping
system such as a feeding pipe for feeding steathet@team-utilizing device or a drain
pipe for discharging drainage generated in therstat#lizing device, and process devices
that are provided in the piping system, such a®ans trap, a control valve, a pump, a
filter, a separator, and the like. Data (the abt®scribed sensor data, event data, etc.)
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regarding these constituent elements are colldntegtie monitoring device 21, and each
data piece is periodically transmitted to the nmmmiy server 3 together with
identification information given to the correspamgliconstituent element and time.

[0029] That is, for each steam plant 2 to be moedpthe monitoring server 3 collects
data that indicates, with respect to each constiteiement of the steam plant 2, transition
of a sensor value, whether or not the constitument is in operation, the time when
malfunction occurred, the type of occurred malfiorgtand the time when maintenance
was performed. As a result of the collected damdb accumulatively stored in the
database server 4, information, such as transitiansensor value, the type of occurred
malfunction, the number of years passed beforeumetion, whether or not maintenance
was performed, and when and how many times maintenaas performed, is stored in
the database server 4 for each constituent eletnenhas ever been used in the steam
plant 2.

[0030] More specifically, the database server 4uandatively stores, in association
with identification information regarding each congnt element, the above-described
data; information (corresponding to piping systafated items described later) that
relates to a piping system in which the constituelement is provided; information
(corresponding to device-related items describéer)lghat relates to the constituent
element itself such as the type of the constitederent (in the case of a steam trap, a
float type, a mechanical type, a thermostatic typethermodynamic type, etc.), its
performance, the number of years from installataanadditional configuration provided
to the constituent element, and the like; and m#fdron (corresponding to
operation-related items described later) that eslato operations that have been
performed on a process device. It is necessamoliectively deal with a group of
devices that are associated with each other, fample, a process device group (224A or
224B in FIG. 9) that is constituted by a pipingteys and a plurality of process devices
that are provided in the piping system, such amsteaps 223A to 223C (or 223D to 223
F) that are provided in the same piping 222A (o2EB2as shown in FIG. 9, or a
steam-utilizing device group that is constitutedalsteam-utilizing device and a plurality
of process device groups that are associated hhsteam-utilizing device, such as a
constituent element group 22 that is constituted lsgeam-utilizing device 221 and the
steam traps 223A to 223F that are provided in ipi@g 222A and 222B connected to the
steam-utilizing device. Therefore, in the datatmewer 4, identification information is
given not only to individual constituent elements hlso to each device group such as a
process device group or a steam-utilizing deviasugy and the database server also
stores, together with identification informatiorgaeding a process device group and/or a
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steam-utilizing device group, identification infaation regarding each constituent
element that constitutes the process device grodfmathe steam-utilizing device group,
the arrangement relationship between constituesinehts that constitute the target
device group, and the like. Since the amount o tbollected data is enormous, the
database server 4 that is external to the monga@nver 3 is used in this embodiment to
store the data. It should be noted that the cordigon of the database server 4 is not
specifically limited, and a server device thatasmected to the monitoring server 3 either
by wire or wirelessly, or a cloud server in a clanyironment may be used.

[0031] In this embodiment, the monitoring serveis3configured to be capable of
assessing risks inherent in the target steam @ansing not only data regarding the
steam plant 2 but also data accumulated in thebds¢a server 4 regarding each
constituent element that has ever been used. fl8pgi in risk assessment,
information regarding a device group to be assessedccepted from a user, the
probability of malfunction and the degree of infige of malfunction are calculated with
respect to the device group, the calculated préibabf malfunction and the calculated
degree of influence are plotted on a risk matrixvimch the probability of malfunction
and the degree of influence of malfunction areasetwo axes and that is used as an
assessment technique of RBI, and the result afimdois provided to the user. Based on
the risk matrix, the user can recognize risks iaehernn constituent elements to be
assessed, and performs risk assessment of the ptaah2. The following describes
configurations provided in the monitoring serveo derform the risk assessment.

[0032] First, the monitoring server 3 is a commerver device and includes common
hardware configurations such as a communicatiorerfate for performing
communication via the network 5, an input/outputicke for directly inputting data to and
outputting data from the server device, a CPU¢batrols each unit of the server device,
a HDD that is a large-capacity storage devicersgovarious kinds of data and programs,
a memory that temporarily stores a program to becaed, and the like. In this
embodiment, a risk assessment program for perfgrprocessing described later is
stored in the HDD, and as a result of the risk sssent program, which is temporarily
stored in the memory, being executed by the CP&hedive units of the monitoring
server 3 function as a risk assessment devicénitiatles functional units shown in FIGS.
210 6.

[0033] Specifically, in this embodiment, as a rexfl the risk assessment program
being executed, the monitoring server 3 is conéduas the risk assessment device that
includes, as functional units, an input/output pssing unit 31 that accepts a request
from the user and transmits an assessment restlietaser, a malfunction probability
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calculation processing unit 32 that calculatesghabability of malfunction of a target
device group, an influence degree calculation Esiog unit 37 that calculates the degree
of influence of the target device group, and aldispnage calculation processing unit 38
that creates image data to be provided to the bhaeed on the calculated probability of
malfunction and the calculated degree of influe(fei&. 2). The following describes
respective functional units.

[0034] First, the input/output processing unit 3hdtions as an interface of the risk
assessment device. Specifically, the input/oyppoitessing unit is configured to accept
a request from the user and provide, to respedtiaetional units, an instruction for
causing the functional units to perform processiogording to the request together with
information that is included in the accepted retjwesl is necessary to perform the
processing in the functional units, and the inputgat processing unit is also configured
to output image data that is created by the disiptage calculation processing unit 38 to
the user. Examples of information included in tieguest from the user include
identification information regarding the device gpo to be assessed, additional
information regarding the target device group,gbmmt in time for which the probability
of malfunction is to be calculated (for examplelyaie current point in time or future
points in time over several years), and informatlwat indicates what kind of risk matrix
IS to be displayed.

[0035] As shown in FIG. 2, the malfunction probapitalculation processing unit 32
includes a process device calculation unit 33¢hktulates the probability of malfunction
of each process device that is included in thestallgvice group (steam-utilizing device
group or the like), a process device group calmraunit 34 that calculates the
probability of malfunction of each process deviceup that is included in the target
device group, based on the probability of malfuorctdf each process device calculated
by the process device calculation unit 33, a stetiiming device calculation unit 35 that
calculates the probability of malfunction of a steatilizing device that is included in the
target device group, and a calculation-target @ewgcoup calculation unit 36 that
calculates the probability of malfunction of therget device group based on the
probability of malfunction of each process deviceup calculated by the process device
group calculation unit 34 and the probability of lfmaction calculated by the
steam-utilizing device calculation unit 35.

[0036] As shown in FIG. 3, the process device datmn unit 33 includes a target
malfunction curve calculation unit 331 that caltetaa target malfunction curve that
shows a change of the probability of malfunctiorerotime with respect to a target
process device, and a malfunction probability daten unit 339 that calculates the

10
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probability of malfunction of the target processvide based on the calculated target
malfunction curve, and the process device calaratinit is configured to calculate, for
each process device, a malfunction curve based qmedetermined model and a
parameter of the model, which parameter is detexthaccording to individual process
devices, and calculate the probability of malfumttipased on the malfunction curve.
[0037] In order to calculate the target malfunctanve, the target malfunction curve
calculation unit 331 includes a parameter storagi 832, a calculation condition
acquisition unit 333, a parameter acquisition @34, a correction method storage unit
335, a parameter correction unit 336, a malfunctarve calculation unit 337, and a
malfunction curve correction unit 338, and is cguafed to determine parameters
according to each process device for which calicunas to be performed and calculate
the target malfunction curve based on the paraseter

[0038] The parameter storage unit 332 calculateanpeters for calculating the target
malfunction curve based on data for calculation iatored in the database server 4, and
stores the calculated parameters. More specifithk parameter storage unit calculates
and stores, with respect to each type of the psodesice, one or more parameters
relating to piping system-related items that aeeng relating to a piping system in which
the process device is provided. For this purpibeeparameter storage unit 332 includes
a parameter calculation unit 332a that calculatgarpeters and a parameter saving unit
332b that saves the calculated parameters.

[0039] In order to calculate parameters, first, fp@rameter calculation unit 332a
acquires data from the database server 4. Asidedcabove, the database server 4
stores various kinds of information regarding agéanumber of process devices by
collecting and storing information regarding eaohstituent element of each steam plant
2, and stores, with respect to each of the largeten of process devices, the type of the
process device, the piping system-related itenatimgl to a piping system in which the
process device is provided, and the number of yeassed before malfunction, as data
for calculation to be used for calculation by tlegmeter calculation unit 332a. In this
embodiment, items that relate to the usage statthefpiping system are used as
installation-related items, and specifically, itesisch as the application of the piping
system (for example, whether it is used for feeditgpm to a steam-utilizing device,
discharging drainage generated in the steam-uatjidevice, or tracing), the pressure of
steam flowing through the piping system, the pipgmeter, the steam flow pattern
(whether steam flows intermittently, whether th@airate changes over time, etc.), and
the like are used as items relating to the usage.st Further, the numbers of years
passed before malfunction are classified accortbntpe type of malfunction, and the

11
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parameter calculation unit 332a is configured guae, for each type of malfunction, the
type of the process device, the piping systemeeldtems, and the number of years
passed before malfunction.

[0040] The parameter calculation unit 332a acquites above-described data for
calculation from the database server 4, and assdsseeach type of the process device,
the degree of influence of each piping systemedl#em on the number of years passed
before malfunction, with respect to each type offumation, and determines parameters
by expresssing the degrees of influence of resmedgiping system-related items in
numerical form. For example, out of the piping tegsrelated items, as for the
application of the piping system or the steam flmattern, parameters that correspond to
respective applications and respective flow pastesre determined, and as for the
pressure of steam flowing through the piping systerthe pipe diameter, a plurality of
levels (large, medium, and small, for example) seefor the pressure or diameter, and
parameters that correspond to respective levelgetemined. It should be noted that
parameters can be calculated based on the datalfaration using various statistical
technigues such as a statistical classificatiooratgn, regression analysis, survival time
analysis, and the like. In this embodiment, theapeeter calculation unit 332a uses, as
one example, survival time analysis to calculatampeters, and calculates the parameters
by performing the survival time analysis basedrengiping system-related items and the
number of years passed before malfunction of eamteps device, which are included in
the data for calculation, using each piping systelated item as a covariate, and
assessing the influence of the piping system-mlé¢ens on the number of years passed
before malfunction. Various models can be usdtiensurvival time analysis, such as a
proportional hazard model, a Weibull distributiondel, and the like.

[0041] In the parameter saving unit 332b, pararmsetkat correspond to respective
piping system-related items and are determinedi&yparameter calculation unit 332a are
saved as parameters for calculation of the maliomaurve, for each type of the process
device and each type of malfunction. That is, oneore parameters corresponding to
respective piping system-related items are savédeiparameter saving unit 332b, with
respect to each type of the process device arehfdr type of malfunction.

[0042] The calculation condition acquisition un&33acquires, with respect to the target
process device, the type of the process device, pibing system-related items,
device-related items described later, and operaétated items described later. In this
embodiment, the calculation condition acquisitianit B33 is configured to acquire
identification information regarding the target wev group from the input/output
processing unit 31 and acquire, with respect th @aocess device that is included in the
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device group corresponding to the acquired ideatifon information, the type of the
process device, the piping system-related itenesd#vice-related items described later,
and the operation-related items described laten ftoe database server 4. Also, the
calculation condition acquisition unit 333 is cgufied to acquire the number of years
from installation of each process device from treadase server 4, and acquire
calculation time information regarding the pointtime for which a target malfunction
probability is to be calculated (for example, wegtthe probability of malfunction at the
current point in time is to be calculated or thebabilities of malfunction over a plurality
of years from the current point in time are to kmcalated) from the input/output
processing unit 31. Additionally, if an instructibas been accepted by the input/output
processing unit 31 as to the type of malfunction idich the probability is to be
calculated, the calculation condition acquisitionitu333 also acquires the type of
malfunction for which calculation is to be performine

[0043] The parameter acquisition unit 334 acquiasulation parameters for obtaining
the target malfunction curve based on the typethadiping system-related items that
are acquired with respect to the target processceleand parameters stored in the
parameter storage unit 332. Thus, parametersdinogaio the target process device are
obtained. It should be noted that, if the typemafifunction for which calculation is to
be performed is acquired by the calculation coodiicquisition unit 333, the parameter
acquisition unit 334 acquires calculation paransetacording to the acquired type of
malfunction, and if the type of malfunction is rastquired by the calculation condition
acquisition unit 333, the parameter acquisitiort 384 acquires calculation parameters
for all types of malfunction. The parameter acijois unit 334 may merely acquire, as
the calculation parameters, parameters that camesio the piping system-related items
from the parameter storage unit 332 or calculatectiiculation parameters based on the
acquired parameters.

[0044] The correction method storage unit 335 stomorrection methods that
correspond to the device-related items that rdiatéhe process device itself and the
operation-related items that relate to operatia@r$opmed on the process device. That
is, the parameters acquired by the parameter agiguianit 334 are based on the piping
system-related items and do not reflect the aativalmstances of individual process
devices such as the performance (capacity or lie¢ @f the individual process devices
and additional configurations (a sensor, a pratactover, the material that is used, etc.)
provided to the individual process devices. Thaeefin order to correct parameters
stored in the parameter storage unit 332 and/omBunction curve that is calculated
based on the parameters, according to the deVetede items and/or the

13
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operation-related items that indicate the circumsta specific to the target process
device, the correction method storage unit 33%estoorrection methods that correspond
to respective device-related items and respecpeeation-related items.

[0045] Examples of the device-related items incliigens that relate to additional
configurations provided to the target process aeftice presence or absence of a sensor,
a protection cover, or a device that automatigadlsforms repair, the material used, etc.)
and items that relate to the installation state padormance of the process device
(surrounding environment, whether the process ddsiinstalled where a water hammer
is likely to occur, whether the process deviceadsproperly attached, the capacity, etc.),
and examples of the operation-related items incldgether or not the process device has
been repaired, when the process device was rep#iredype of repair, the degree of
effect of repair, and the like. As described abdkie calculation condition acquisition
unit 333 is configured to acquire the device-relatems and the operation-related items
with respect to each target process device. Aghoilne correction methods are not
specifically limited, the calculation parameterse atzorrected using an appropriate
calculation method (for example, by multiplying dalividing) based on values
corresponding to respective device-related itemd,the malfunction curve is corrected
according to a predetermined calculation procedsneg, as the starting point, the point
in time at which an operation was performed, faregle.

[0046] The parameter correction unit 336 acquiresreection method that corresponds
to the acquired device-related items from the cbiwe method storage unit 335, and
corrects the calculation parameters acquired by#nameter acquisition unit 334, based
on the acquired correction method. That is, thiutation parameters that are
determined based on the piping system-related jtemsh are objective items regarding
the process device, are further corrected basethemevice-related items, which are
subjective items relating to the process deviadfjtand therefore calculation parameters
according to the actual circumstances of individodcess devices can be obtained.
FIG. 8 shows one example of a case where the a#itmulparameters are not corrected by
the parameter correction unit 336 and a case wtierecalculation parameters are
corrected by the parameter correction unit 336.

[0047] The malfunction curve calculation unit 33&laulates the target malfunction
curve as shown in FIG. 7, for example, based omedgbermined model for calculation of
the malfunction curve and the corrected calculatiarameters. It should be noted that
it is possible to use an appropriate cumulativeb@iodity distribution model based on
normal distribution, Poisson distribution, Weibdlktribution, or the like. In the case
where the probability of malfunction is to be cdéted for each type of malfunction, the
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malfunction curve calculation unit 337 calculatee target malfunction curve for each
type of malfunction with respect to the target psxcdevice.

[0048] The malfunction curve correction unit 338recots the target malfunction curve
calculated by the malfunction curve calculationt (887, based on the operation-related
items relating to operations performed on the meckevice. Specifically, if the process
device has been repaired, the malfunction curveection unit acquires a correction
method that corresponds to the acquired operagilated items from the correction
method storage unit 335, and corrects the targdfiuntéion curve calculated by the
malfunction curve calculation unit 337, based andbquired correction method.

[0049] The malfunction probability calculation urdB9 calculates the probability of
malfunction with respect to each process devicedas the target malfunction curve
calculated by the malfunction curve calculationt 887 or the target malfunction curve
corrected by the malfunction curve correction uB&8, and the calculation time
information acquired by the calculation conditiamgaisition unit 333. For example, in
calculating the probability of malfunction at therent point in time, the malfunction
probability calculation unit 339 obtains a probipibf malfunction that corresponds to
the number of years from installation of the targebcess device from the target
malfunction curve (see FIG. 7). In calculating firebabilities of malfunction over a
plurality of years from the current point in tintee malfunction probability calculation
unit 339 obtains, from the target malfunction cyrpeobabilities of malfunction that
correspond to respective years, such as one ytearalad two years later, based on the
number of years from installation of the targetgass device. In the case where the
probability of malfunction is to be calculated feach type of malfunction, the
malfunction probability calculation unit 339 calatéds, with respect to the target process
device, the probability of malfunction for each ¢ypf malfunction based on target
malfunction curves that are calculated for respedipes of malfunction.

[0050] As described above, in the process devitmilkedion unit 33, the probability of
malfunction is calculated with respect to eachdpgocess device through execution of:

(1) a parameter storing step of calculating oneore parameters relating to the
piping system-related items, for calculation ofegéet malfunction curve, based on data
for calculation stored in the database serverd storing the calculated parameters;

(2) a calculation condition acquisition step of@dgg, with respect to the target
process device, the type of the process devicepipiag system-related items, the
device-related items, and the operation-relatedsie

(3) a parameter acquisition step of acquiring acutation parameter for
obtaining the target malfunction curve, based enplping system-related items acquired
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with respect to the target process device and #Hranpeters stored in the parameter
storing step;

(4) a parameter correction step of correcting tleutation parameter based on a
correction method that corresponds to the acquiestce-related items;

(5) a malfunction curve calculation step of caltinka the target malfunction
curve based on the calculation parameter;

(6) a malfunction curve correction step of cormgtihe target malfunction curve
based on the acquired operation-related items; and

(7) a malfunction probability calculation step @laulating the probability of
malfunction of the target process device basedemalculated target malfunction curve.
[0051] The process device group calculation unit cédculates the probability of
malfunction of a process device group that is ¢tuietl by one piping system and a
plurality of process devices that are provided I tpiping system, and, in this
embodiment, the process device group calculation34nis configured to calculate the
probability of malfunction of the process deviceoyy based on the probabilities of
malfunction of respective process devices that caleulated by the process device
calculation unit 33. For this purpose, the procdssice group calculation unit 34
includes a calculation method storage unit 34lindividual probability acquisition unit
342, an arrangement relationship acquisition ud,3and a malfunction probability
calculation unit 344 (FIG. 4).
[0052] The calculation method storage unit 341 estocalculation methods of the
probability of malfunction according to the arrangmt relationship between process
devices that constitute a process device group.thisy embodiment, the calculation
method storage unit 341 stores, as the calculatiethods, a parallel calculation method
for cases where the process devices are in aglagditionship to each other and a series
calculation method for cases where the processeeware in a series relationship to each
other. For example, in this embodiment, accordmghe parallel calculation method,
the probability of malfunction of a process dewgeup is calculated by multiplying the
probabilities of malfunction of respective procedsvices that are in a parallel
relationship to each other, and according to theesealculation method, the highest
probability of malfunction out of the probabilities malfunction of respective process
devices that are in a series relationship to edlolras taken to be the probability of
malfunction of a process device group.
[0053] The individual probability acquisition uni842 acquires the probabilities
(individual probabilities) of malfunction of respgee process devices (target process
devices) that constitute a target process devioeipgrand, in this embodiment, the
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individual probability acquisition unit 342 acqusteas the individual probabilities, the
probabilities of malfunction of the respective mss devices that are calculated by the
process device calculation unit 33.

[0054] The arrangement relationship acquisitiort @4B acquires a target arrangement
relationship that is the arrangement relationshiggpwben the target process devices
constituting the target process device group. his embodiment, the arrangement
relationship acquisition unit 343 is configured @&oquire identification information
regarding the target device group from the inpdplouprocessing unit 31 and acquire,
from the database server 4, identification infoioratregarding each process device
group that is included in the device group corresipny to the acquired identification
information, identification information regardingach process device that constitutes
respective process device groups, and the arramgerakationship between process
devices in each process device group. That isatfEmgement relationship acquisition
unit 343 is configured to acquire information tivaticates which process devices belong
to the same process device group out of processesefor which the probabilities of
malfunction are acquired by the individual probi&pilacquisition unit 342, and
information that indicates the arrangement relatgm between the process devices
belonging to the same process device group.

[0055] The malfunction probability calculation ur84 calculates the probability of
malfunction of the target process device groupguiie acquired individual probabilities
based on a calculation method that correspondbeedarget arrangement relationship
acquired by the arrangement relationship acqumsitioit 343. For example, if the
process devices belonging to the target processalgvoup are in a parallel relationship
to each other, the malfunction probability calaolatunit calculates the probability of
malfunction of the target process device group bitiplying the individual probabilities,
and if the process devices belonging to the tgpgetess device group are in a series
relationship to each other, the malfunction prolitghtalculation unit takes the highest
individual probability out of the individual probdibes to be the probability of
malfunction of the target process device group.r &mample, when the individual
probabilities are represented by, P, and B, according to the parallel calculation
method, the probability of malfunction is P = PP, x P3), and according to the series
calculation method, the probability of malfunctisr® = max(k, P, Ps).

[0056] It should be noted that, as shown in FIG process device group may include a
group of process devices that are in a parallaticgiship to each other (referred to below
as a parallel device group, for example, a grousiitnited by the steam trap 223D and
the steam trap 223E shown in FIG. 9) and anothget@arocess device (for example, the
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steam trap 223F shown in FIG. 9) that is not inetuch the parallel device group, or a
process device group may include a plurality offdardevice groups, and in these cases,
the probability of malfunction cannot be calculatesthg only one of the above-described
parallel calculation method and series calculatioethod. Therefore, in this
embodiment, if there is such a complicated relatgm (a relationship for which the
probability of malfunction needs to be calculatgddombining the parallel calculation
method and the series calculation method), thengeraent relationship acquisition unit
343 identifies, in acquiring the target arrangemeaationship, one or more parallel
device groups and then identifies the parallel akegroups, or the parallel device groups
and another target process device, as a seriesedgwup, considering each parallel
device group as a unit. If there is a complica&dationship, the malfunction probability
calculation unit 344 calculates a target malfumctmwobability by calculating, for each
parallel device group, the probability of malfunctiof the parallel device group based on
the parallel calculation method using the indiviquababilities of target process devices
that constitute the parallel device group, andutating the probability of malfunction of
the series device group based on the series dadculaethod using the probabilities of
malfunction of respective parallel device groupsher probabilities of malfunction of one
or more parallel device groups and the individuabpbility of another target process
device.

[0057] For example, in the case of the processcdegioup 224B shown in FIG. 9, the
arrangement relationship acquisition unit 343 idiest in acquiring the target
arrangement relationship, the steam trap 223D hadsteam trap 223E as a parallel
device group, and then identifies the parallel degroup and the steam trap 223F as a
series device group. When the probabilities offumakion of the steam traps 223D to
223F are respectively represented hy, P:, and R, the malfunction probability
calculation unit 344 calculates the probabilitynoélfunction Re of the parallel device
group constituted by the steam traps 223D and 283t the following formula: f =

(Po x Pg). Further, the malfunction probability calculatiaunit 344 calculates the
probability of malfunction of the process deviceogy 224B by calculating the
probability of malfunction Ber of the series device group constituted by thensteap
223F and the parallel device group constitutednigysteam traps 223D and 223E using
the following formula: Ber = max((R x Pe), Pr). It should be noted that, if there are a
plurality of parallel device groups, the malfunatiprobability calculation unit 344
calculates the probability of malfunction with respto each parallel device group, and
obtains the probability of malfunction using theiee calculation method, based on the
calculated probabilities of malfunction of the resfive parallel device groups and, if
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there is a target process device that does nohdpetoany of the parallel device groups,
based on the individual probability of the targeiqess device.

[0058] As in the case of the process device grafAZshown in FIG. 9, if there is a
parallel device group (steam traps 223A to 223@) the parallel device group includes
one or more groups of target process devices thaha series relationship to each other
(steam traps 223B and 223C, referred to below asibaseries device group), the
probability of malfunction cannot be calculatedngsonly one of the parallel calculation
method and the series calculation method. Thexeforthis embodiment, if the target
process device group includes a parallel devicaggend one or more sub series device
groups, the target arrangement relationship adgunginit 343 identifies, in acquiring the
target arrangement relationship, the parallel gegioup and the one or more sub series
device groups. If there are the parallel deviceugrand the one or more sub series
device groups, the malfunction probability calcekatunit 344 initially calculates, with
respect to each of the one or more sub seriesalgratips, the probability of malfunction
based on the series calculation method using theidlual probabilities of target process
devices that constitute the sub series device grolipen, the malfunction probability
calculation unit calculates the probability of nuaiftion of the parallel device group
based on the parallel calculation method usingptbbabilities of malfunction of the one
or more sub series device groups and, if thereterget process device that does not
belong to any of the sub series device groupsgubm individual probability of the target
process device.

[0059] For example, in the case of the processcdegioup 224A shown in FIG. 9, the
target arrangement relationship acquisition uni® 3dentifies, in acquiring the target
arrangement relationship, the steam traps 223A&882as a parallel device group, and
further identifies the steam traps 223B and 223& s series device group. When the
probabilities of malfunction of the steam traps 228 223C are respectively represented
by Pa, Ps, and R, the malfunction probability calculation unit 34xlculates the
probability of malfunction B- of the sub series device group constituted bysteam
traps 223B and 223C using the following formula:z B max (B, Pc). Further, the
malfunction probability calculation unit 344 calatds the probability of malfunction of
the process device group 224A by calculating tlubaility of malfunction Rsc of the
parallel device group constituted by the steamsti223A to 223C using the following
formula: Rgc = (Pa x max(Rs, Pc)). It should be noted that, if there is a subeser
device group on each of pipes that are in a paraliionship to each other in a parallel
device group, the malfunction probability calcwatiunit 344 calculates the probability
of malfunction with respect to each sub series ae\group and then calculates the
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probability of malfunction of the parallel deviceogp based on the parallel calculation
method, considering each sub series device groapas.

[0060] If there is a parallel device group but pgerformance (capacity or the like) of
one of the process devices that constitute thdl@ladevice group does not satisfy the
required performance in relation to the steamairij device to which the process device
is applied (for example, if the capacity of a steap is insufficient relative to the
amount of drainage discharged from the steam-utjizlevice), the process devices
substantially do not function as parallel devicksoagh they are actually in a parallel
relationship to each other. Therefore, if thereaiparallel device group, the target
arrangement relationship acquisition unit 343 deiees whether the performance of
target process devices constituting the parallalicde group satisfies the required
performance, and at least when all target proceg&ebs that are located on one side of
the parallel relationship do not satisfy the reegiiperformance, the target arrangement
relationship acquisition unit 343 identifies thegtt arrangement relationship between the
target process devices constituting the paralicdegroup as a series relationship.

[0061] For example, in the process device grou@B2&2down in FIG. 9, if one of the
steam trap 223D and the steam trap 223E, whichtitutesa parallel device group, does
not satisfy the required performance in relationthite steam-utilizing device 221, the
target arrangement relationship acquisition ung 8dtermines that the steam trap 223D
and the steam trap 223E constituting the parafleicg group are in a series relationship
to each other. In this case, all of the steanst248D to 223F constituting the process
device group 224B are dealt with as being in eesamlationship to each other, and the
malfunction probability calculation unit 344 calatds the probability of malfunction
Poer Of the process device group 224B using the folhgwiormula: Ber = max(R, P,

Pr). In the process device group 224A shown in RIGf only the steam trap 223B or
the steam trap 223C does not satisfy the requeddnmance out of the steam traps 223A
to 223C, the target arrangement relationship atunsunit 343 determines that the
steam traps 223A to 223C are in a parallel relatigm but if both the steam trap 223B
and the steam trap 223C do not satisfy the requesfbrmance or the steam trap 223A
does not satisfy the required performance, all i steam traps 223A to 223C
constituting the process device group 224A aretaati as being in a series relationship
to each other, and the malfunction probability ekiton unit 344 calculates the
probability of malfunction ksc of the process device group 224A using the folhmvi
formula: Pgc = max(R, Ps, Po).

[0062] As described above, in the process deviamrcalculation unit 34, the
probability of malfunction is calculated with respéo each target process device group
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through execution of:

(1) a calculation method storing step of storindcuation methods of the
probability of malfunction according to the arrangmt relationship between process
devices that constitute a process device group;

(2) an individual probability acquisition step otcairing the individual
probability that is the probability of malfunctiowjth respect to each of target process
devices that are the process devices constituimtprget process device group;

(3) an arrangement relationship acquisition step aofuiring the target
arrangement relationship that is the arrangeméatiaeship between the target process
devices constituting the target process devicemrand

(4) a malfunction probability calculation step ofleulating the target
malfunction probability that is the probability wfalfunction of the target process device
group, using the acquired individual probabilititgssed on a calculation method that
corresponds to the target arrangement relationship.

[0063] The steam-utilizing device calculation u@$ calculates the probability of
malfunction of a steam-utilizing device that isluded in the target device group, and for
this purpose, in this embodiment, the steam-utijzievice calculation unit 35 includes a
target malfunction curve calculation unit 351 thatculates a target malfunction curve
that shows a change of the probability of malfuorcover time with respect to the target
steam-utilizing device, and a malfunction prob#pitialculation unit 357 that calculates
the probability of malfunction of the target steattizing device based on the calculated
target malfunction curve (FIG. 5).

[0064] In order to calculate the target malfunctamve, the target malfunction curve
calculation unit 351 includes a calculation comaditiacquisition unit 352, a parameter
acquisition unit 353, a correction method storageg 854, a parameter correction unit
355, and a malfunction curve calculation unit 3%6d is configured to determine
parameters according to the steam-utilizing devime which calculation is to be
performed, and calculate the target malfunctionelnased on the parameters.

[0065] The calculation condition acquisition unB23acquires the kind of the target
steam-utilizing device, correction items that relaio conditions of use of the
steam-utilizing device, the number of years frostailation of the steam-ultilizing device,
and calculation time information regarding the pamtime for which the probability of
malfunction is to be calculated (for example, wieetihe probability of malfunction at the
current point in time is to be calculated or thebabilities of malfunction over a plurality
of years from the current point in time are to ladcalated). In this embodiment, the
calculation condition acquisition unit 352 is capuiied to acquire identification
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information regarding the target device group dreldalculation time information from
the input/output processing unit 31 and acquianfthe database server 4, identification
information regarding the steam-utilizing devicattlis included in the device group
corresponding to the acquired identification infaton, and the kind of the
steam-utilizing device, the correction items, dmelnumber of years from installation that
correspond to the identification information regagd the steam-utilizing device.
Additionally, if an instruction has been acceptgdhe input/output processing unit 31 as
to the type of malfunction for which the probalyilis to be calculated, the calculation
condition acquisition unit 352 also acquires theetpf malfunction for which calculation
is to be performed.

[0066] The parameter acquisition unit 353 acquitdculation parameters that
correspond to the target steam-utilizing devicenfra database 6 that stores parameters
for calculation of the target malfunction curve &ach kind of the steam-utilizing device.
It is possible to use, as the database 6, a dat#hatsstores parameters that are calculated
based on data collected by the database serverid tlze case with the above-described
parameter storage unit 332, or a database thgies t the public as a database that
stores parameters for calculating a malfunctiorvewith respect to a steam-utilizing
device. In this embodiment, the parameter aciuisiinit 353 is configured to acquire,
from the database 6, calculation parameters thatesmond to the kind of the
steam-utilizing device acquired by the calculat@mdition acquisition unit 352. If the
type of malfunction for which calculation is to kmerformed is acquired by the
calculation condition acquisition unit 352, the graeter acquisition unit 353 acquires
calculation parameters according to the acquirpd tf malfunction, and if the type of
malfunction is not acquired by the calculation dbad acquisition unit 352, the
parameter acquisition unit 353 acquires calculatjperameters for all types of
malfunction.

[0067] The correction method storage unit 354 storor each kind of the
steam-utilizing device, correction items of theasteutilizing device and correction
methods that correspond to the correction itemse dorrection items employed in this
embodiment are items that relate to additional igomdtions provided to the
steam-utilizing device (the presence or absenanaddditional configuration such as a
steam separator, the number of process devicesiassbwith the steam-utilizing device,
etc.); items that relate to the installation statmditions of use, and the performance of
the steam-utilizing device (whether the conditianfs use exceed the performance,
whether the steam-utilizing is installed where watammer is likely to occur, the
frequency and time of use, etc.); and items thiateedo operations performed on the
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steam-utilizing device (whether the steam-utilizohgvice has been repaired, when the
steam-utilizing device was repaired, the type pane the degree of effect of repair, etc.).
Although the correction methods are not specifychthited, the calculation parameters
are corrected using an appropriate calculation ade{for example, by multiplying or
dividing) based on values corresponding to respecirrection items.

[0068] The parameter correction unit 355 corrdutsdalculation parameters based on a
correction method that corresponds to the acquigdection items. The parameter
correction unit 355 corrects the calculation patanseregarding the steam-utilizing
device based on the correction items accordinghto dctual circumstances of the
steam-utilizing device, and therefore calculaticargmeters according to the actual
circumstances of individual steam-utilizing devicas be obtained.

[0069] The malfunction curve calculation unit 358&laulates the target malfunction
curve based on a predetermined model for calculaifahe malfunction curve and the
corrected calculation parameters. The model tosiee is not specifically limited, and a
model similar to that used in the malfunction cucedculation unit 337 can be used. In
the case where the probability of malfunction isbe calculated for each type of
malfunction, the malfunction curve calculation uBf6 calculates, with respect to the
steam-utilizing device, the target malfunction @ufer each type of malfunction. It
should be noted that the calculated target malimmaturve may be corrected based on
items that relate to operations performed on teamstutilizing device, as is the case with
the malfunction curve correction unit 338.

[0070] The malfunction probability calculation urb7 calculates the probability of
malfunction of the steam-utilizing device basedlmcalculated target malfunction curve
and the calculation time information acquired by ¢lalculation condition acquisition unit
352. The malfunction probability calculation u@d67 calculates the probability of
malfunction similarly to the malfunction probabylitalculation unit 339, and therefore a
description thereof is omitted.

[0071] As described above, in the steam-utilizingvide calculation unit 35, the
probability of malfunction of the target steamdaiilg device is calculated through
execution of:

(1) a calculation condition acquisition step of@dgg, with respect to the target
steam-utilizing device, the type of the steam-zitilij device, the correction items, and the
like;

(2) a parameter acquisition step of acquiring datmn parameters that
correspond to the target steam-utilizing devicenftbe database 6;

(3) a parameter correction step of correcting tieutation parameters based on
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a correction method that corresponds to the aadjewerection items;

(4) a malfunction curve calculation step of caltinka the target malfunction
curve based on the calculation parameters; and

(5) a malfunction probability calculation step @laulating the probability of
malfunction of the target steam-utilizing devicesd&a on the calculated target malfunction
curve.
[0072] In order to calculate the probability of fugiction of the target device group
(calculation-target device group) such as a steddiniug device group that includes a
steam-utilizing device that utilizes steam anduaglity of process device groups that are
associated with the steam-utilizing device, theuation-target device group calculation
unit (corresponding to a steam-utilizing device ugracalculation unit) 36 includes a
process device group acquisition unit 361 that meguhe probabilities of malfunction of
the process device groups, a steam-utilizing deacpiisition unit 362 that acquires the
probability of malfunction of the steam-utilizinggedce, and a malfunction probability
calculation unit 363 that calculates the probabdit malfunction of the calculation-target
device group using the acquired probabilities offumetion of the respective process
device groups and the acquired probability of nraifion of the steam-utilizing device
(FIG. 6).
[0073] The process device group acquisition unil Z@&quires the probabilities of
malfunction of the respective process device gragpstituting the target device group,
which are calculated by the malfunction probabitgiculation unit 344 of the process
device group calculation unit 34. It should beedothat the process device group
acquisition unit 361 is configured to acquire, tbge with the probabilities of
malfunction of the respective process device grougentification information and
information that indicates the point in time forialinthe probabilities of malfunction are
calculated. Accordingly, in the case where théahbilities of malfunction of a plurality
of device groups are to be calculated or the pribthad of malfunction at a plurality of
points in time are to be calculated, it is posstbledentify, with respect to each process
device group, the calculation-target device groopwhich the process device group
belongs and identify, with respect to each proligtmf malfunction, the point in time for
which the probability is calculated.
[0074] The steam-utilizing device acquisition uBi62 acquires the probability of
malfunction calculated by the malfunction probabpilcalculation unit 357 of the
steam-utilizing device calculation unit 35. Sinljato the process device group
acquisition unit 361, the steam-utilizing devicegaisition unit 362 is configured to
acquire, together with the probability of malfuocti of the steam-utilizing device,
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identification information and information that indtes the point in time for which the
probability of malfunction is calculated.

[0075] The malfunction probability calculation uri63 calculates the probability of
malfunction of the calculation-target device grauging the acquired probabilities of
malfunction of the respective process device groampd the acquired probability of
malfunction of the steam-utilizing device. If tlealculation-target device group is a
device group that is used for tracing without aasteutilizing device, the malfunction
probability calculation unit 363 calculates the kability of malfunction of the
calculation-target device group using only the piwlities of malfunction of the process
device groups. The calculation may be performeddyyexample, simply multiplying
the probabilities of malfunction of the process idevgroups by the probability of
malfunction of the steam-utilizing device, or, aghe case with the process device group
calculation unit 34, determining a calculation nogthiaking the arrangement relationship
into consideration and calculating the probabibfymalfunction using the calculation
method according to the arrangement relationshijurther, the calculated probability of
malfunction may be corrected using items that eetatindividual circumstances of the
calculation-target device group. In the case wiieeeprobabilities of malfunction of a
plurality of calculation-target device groups are lie calculated, the probability of
malfunction can be calculated for each calculatayget device group by identifying
process device groups and a steam-utilizing deuitaét belong to the same
calculation-target device group based on identifica information, and using the
probabilities of malfunction of the process dewvigeups and the steam-utilizing device
belonging to the same calculation-target deviceugro In the case where the
probabilities of malfunction at a plurality of ptsnin time are to be calculated, the
probability of malfunction can be calculated forclkegoint in time by combining the
probabilities of malfunction at the same pointimé.

[0076] As described above, in the malfunction pholis calculation processing unit 32,
the probability of malfunction is calculated withspect to each process device, each
process device group, each steam-utilizing deware] each calculation-target device
group, and, in response to an instruction fromitipeit/output processing unit 31, the
probabilities of malfunction of respective procetsvices, respective process device
groups, respective steam-utilizing devices, anpa&$/e calculation-target device groups
are transmitted to the display image calculatioocessing unit 38 together with
identification information, the type of malfunctioand information that indicates the
point in time for which the probabilities of malfttion are calculated.

[0077] The influence degree calculation processing 37 calculates the degree of
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influence of the calculation-target device grougeach constituent element, and includes
a calculation condition acquisition unit 371, afluance degree storage unit 372, an
influence degree acquisition unit 373, and an erflte degree calculation unit 374.

[0078] The calculation condition acquisition unitl3acquires the kind and/or type of
each process device and/or each steam-utilizingicelewhat constitute the
calculation-target device group. In this emboditmetihe calculation condition
acquisition unit 371 is configured to acquire idigcdtion information regarding the
target device group from the input/output procegsimit 31 and acquire, from the
database server 4, identification information rdgey each process device and/or each
steam-utilizing device that are included in theidegroup corresponding to the acquired
identification information, and the kind and/or é¢ypf each process device and/or each
steam-utilizing device that correspond to iderndificn information thereof.
Additionally, if an instruction has been acceptgdhe input/output processing unit 31 as
to the type of malfunction for which the probalyilis to be calculated, the calculation
condition acquisition unit 371 also acquires theetpf malfunction for which calculation
is to be performed. Further, if a determinatioemit (for example, the presence or
absence of a device configuration that can redu@ad damage due to malfunction)
for acquiring the degree of influence is specifigdthe influence degree acquisition unit
373, the calculation condition acquisition unit 331%0 acquires the determination item
with respect to each process device and/or eaamstiilizing device.

[0079] The influence degree storage unit 372 stoegsees of influence that correspond
to respective categories and/or types of procegasateand/or steam-utilizing devices and
respective types of malfunction. For each kind/a@n@ach type of process devices
and/or steam-utilizing devices, the degrees otuerfte may be classified based on a
predetermined determination item, and differenti@althat indicate different degrees of
influence may be stored according to the presenabsence of the determination item.
[0080] The influence degree acquisition unit 37guaes, from the influence degree
storage unit 372, degrees of influence that coomdpo the categories and/or types of
respective process devices and/or respective stdhnmg devices, which are acquired
by the calculation condition acquisition unit 371f a determination item is also
acquired by the calculation condition acquisitionitu371, the influence degree
acquisition unit 373 acquires, from the influencegte storage unit 372, degrees of
influence that correspond to the categories angfm@s of the respective process devices
and/or the respective steam-utilizing devices &eddetermination item. If the type of
malfunction for which calculation is to be perfomnis also acquired by the calculation
condition acquisition unit 371, the influence degmEcquisition unit 373 acquires the
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degrees of influence according to the acquired tyfpealfunction, and if the type of
malfunction is not acquired by the calculation dbad acquisition unit 371, the
influence degree acquisition unit 373 acquires @egjrof influence for all types of
malfunction.

[0081] The influence degree calculation unit 37Kwates the degree of influence of a
process device group and/or the calculation-tatgeice group by combining the degrees
of influence of the respective process devices aaintlie respective steam-utilizing
devices acquired by the influence degree acquisitinit 373, using a predetermined
calculation method. The calculation may be per&ry simply adding the degrees of
influence or according to a predetermined model.

[0082] As described above, in the influence degadeulation processing unit 37, the
degree of influence is determined with respect doheprocess device, each process
device group, each steam-utilizing device, and eadtulation-target device group, and,
in response to an instruction from the input/outprdcessing unit 31, the degrees of
influence of respective process devices, respegiroeess device groups, respective
steam-utilizing devices, and respective calculatayget device groups are transmitted to
the display image calculation processing unit 3feter with identification information
and the type of malfunction.

[0083] The display image calculation processingt B8 includes a malfunction
probability acquisition unit 381 that acquires firebability of malfunction of the target
device group and/or each constituent element, fiueirce degree acquisition unit 382
that acquires the degree of influence that cormedpdo the target device group and/or
each constituent element, a mode switching unit B33 is capable of switching the
display mode of image data, and an image datai@neanit 384 that creates image data,
and the display image calculation processing uedtes image data for displaying a plot
diagram that is obtained by plotting a pair (izerisk) of the probability of malfunction
acquired by the malfunction probability acquisitionit 381 and the degree of influence
acquired by the influence degree acquisition uB2 ®n a risk matrix in which the
probability of malfunction and the degree of infige of malfunction are set as two axes.
[0084] First, the mode switching unit 383 will besdribed. The mode switching unit
383 switches the image data creation unit 384 katwee plurality of modes in which
created image data is displayed in different moddhe modes that can be set by the
mode switching unit 383 include the following thremdes that relate to the display
target: a calculation-target device group unit mimiecreating display data for displaying
a plot diagram that is obtained by performing jphottfor each calculation-target device
group; a process device group unit mode for crgalisplay data for displaying a plot
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diagram that is obtained by performing plotting &ach process device group; and a
constituent element unit mode for creating displata for displaying a plot diagram that
IS obtained by performing plotting for each consrit element that constitutes a device
group, and the modes that can be set further iesluals options of these three modes: a
temporal change display mode for creating dispktg dor displaying a plot diagram that
is obtained by plotting a temporal change of tBk;ran improvement effect display mode
for creating display data for displaying improvermgems together with a plot diagram
and displaying a plot diagram that is obtained Wyttipg the risk after a selected
improvement item is improved; and a reference display mode for displaying a plot
diagram on which a reference line for understandisiks is superimposed. The mode
switching unit 383 is configured to switch the madé¢he image data creation unit 384 in
response to an instruction from the input/outpotpssing unit 31.

[0085] The malfunction probability acquisition un#81 acquires probabilities of
malfunction that are necessary out of the proladsliof malfunction of respective
process devices, respective process device groegpective steam-utilizing devices, and
respective calculation-target device groups, whacd calculated by the malfunction
probability calculation processing unit 32. Spieeify, the malfunction probability
acquisition unit 381 acquires, in the calculatiarget device group unit mode, the
probability of malfunction (hereinafter referredde a whole malfunction probability) of
each calculation-target device group, acquirethenprocess device group unit mode, the
probability of malfunction (hereinafter referred &s an intermediate malfunction
probability) of each process device group in additto or instead of the whole
malfunction probability, and acquires, in the cdostt element unit mode, the
probability of malfunction (hereinafter referred t@s an individual malfunction
probability) of each element (each process deunkeach steam-utilizing device) that
constitutes the calculation-target device groupaddition to or instead of the whole
malfunction probability and the intermediate madftion probability.

[0086] In the temporal change display mode, thefunation probability acquisition
unit 381 acquires a data group (probabilities offumation at a plurality of points in
time) that indicates a temporal change of the grtibaof malfunction from the current
point in time, with respect to the target deviceugr or each constituent element. That is,
if the temporal change display mode is set, theunalion probability acquisition unit
381 acquires, in the calculation-target device gronit mode, a whole data group that is
a data group regarding the whole calculation-tadgeice group (i.e., a data group that
indicates a temporal change of the whole malfuncfiwobability), acquires, in the
process device group unit mode, an intermediage glaiup that is a data group regarding
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each process device group (i.e., a data groupinbatates a temporal change of each
intermediate malfunction probability) in additiom or instead of the whole data group,
and acquires an individual data group that is a dabup regarding each element (each
process device and/or each steam-utilizing devemejstituting the calculation-target
device group (i.e., a data group that indicategmpbral change of each individual
malfunction probability) in addition to or insteadf the whole data group and the
intermediate data group. It should be noted tiaprobabilities of malfunction that are
acquired as a data group are each associatednifgttmiation that indicates the point in
time for which the probability is calculated.

[0087] The malfunction probability acquisition urdBl is configured to acquire the
probabilities of malfunction of respective procetsvices, respective process device
groups, respective steam-utilizing devices, anpa&$/e calculation-target device groups
(or the above-described data groups) for each ofpmalfunction, in response to an
instruction from the input/output processing urit 3

[0088] The influence degree acquisition unit 38guaies degrees of influence that are
necessary out of the degrees of influence of réispegarocess devices, respective process
device groups, respective steam-utilizing deviaees, respective calculation-target device
groups, which are calculated by the influence degralculation processing unit 37.
Similarly to the malfunction probability acquisiiounit 381, the influence degree
acquisition unit 382 acquires, in the calculatiarget device group unit mode, the degree
of influence (hereinafter referred to as a wholdluence degree) of each
calculation-target device group, acquires, in thec@ss device group unit mode, the
degree of influence (hereinafter referred to as#ermediate influence degree) of each
process device group in addition to or insteadhefwhole influence degree, and acquires,
in the constituent element unit mode, the degreefloience (hereinafter referred to as an
individual influence degree) of each element (eambcess device and/or each
steam-utilizing device) constituting the calculatiarget device group in addition to or
instead of the whole influence degree and thenmedrate influence degree.

[0089] The influence degree acquisition unit 382asfigured to acquire the degrees of
influence of respective process devices, respegiroeess device groups, respective
steam-utilizing devices, and respective calculateoget device groups for each type of
malfunction, in response to an instruction fromitigut/output processing unit 31.

[0090] It should be noted that the malfunction daibty acquisition unit 381 and the
influence degree acquisition unit 382 acquire, tioge with the probabilities of
malfunction (and data groups) and the degrees fiafeimce, identification information
regarding corresponding process devices, processedgroups, steam-utilizing devices,
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or calculation-target device groups, and the typemalfunction, and the image data
creation unit 384 is capable of creating a paithef probability of malfunction and the
degree of influence that are associated with theesaentification information and the
same type of malfunction.

[0091] The image data creation unit 384 createg@data for displaying plot diagrams
that are obtained by plotting pairs of acquiredbpiulities of malfunction and acquired
degrees of influence on a risk matrix, as showl@S. 10 to 13. Specifically, the
image data creation unit 384 creates, in the caioun-target device group unit mode,
image data for displaying a plot diagram that isam®d by plotting each pair of an
acquired whole malfunction probability and an acegiiwhole influence degree on the
risk matrix (see FIGS. 10 and 12), creates, inptloeess device group unit mode, image
data for displaying a plot diagram that is obtaibgdplotting each pair of an acquired
intermediate malfunction probability and an acatiinretermediate influence degree on
the risk matrix, together with or instead of thermd the acquired whole malfunction
probability and the acquired whole influence degraed creates, in the constituent
element unit mode, image data for displaying a giagram that is obtained by plotting
each pair of an acquired individual malfunction @bility and an acquired individual
influence degree on the risk matrix (see FIGS.rid E8), together with or instead of the
pair of the acquired whole malfunction probabiland the acquired whole influence
degree and the pair of the acquired intermediatunwion probability and the acquired
intermediate influence degree.

[0092] In the temporal change display mode, thegendata creation unit 384 creates
image data for displaying a plot diagram that itawied by plotting, with respect to each
probability of malfunction that constitutes the aicgd data group (whole data group,
intermediate data group, or individual data groaair of the probability of malfunction
and the acquired degree of influence on the riskixpaccording to which mode is set
out of the calculation-target device group unit mathe process device group unit mode,
and the constituent element unit mode. For exampléhe calculation-target device
group unit mode, the image data creation unit 384tes image data for displaying a plot
diagram that is obtained by plotting, with respeceach probability of malfunction that
constitutes the acquired whole data group, a pdiveoprobability of malfunction and the
whole influence degree, on the risk matrix as shawiIG. 10. In the constituent
element unit mode, the image data creation unit@8dtes image data for displaying a
plot diagram that is obtained by plotting, for eatlacquired individual data groups, with
respect to each probability of malfunction thatstaates the individual data group, a pair
of the probability of malfunction and the individuafluence degree that corresponds to
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the individual data group, on the risk matrix tdgetwith or instead of the pair of the
whole data group and the whole influence degreshaan in FIG. 11.

[0093] As described above, in the temporal changelaly mode, the following steps
are performed in the display image calculation esstg unit 38 to display a temporal
change of risks to the user:

(1) a malfunction probability acquisition step afqairing, with respect to the
calculation-target device group, a data group thdicates a temporal change of the
probability of malfunction from the current pointtime;

(2) an influence degree acquisition step of acagia degree of influence that
corresponds to the calculation-target device graog;

(3) an image data creation step of creating imagta ¢br displaying a plot
diagram that is obtained by plotting, with respeceach probability of malfunction that
constitutes the acquired data group, a pair ofpttmability of malfunction and the
acquired degree of influence on the risk matrix.

[0094] In the improvement effect display mode, ithage data creation unit 384 creates
image data for displaying a field in which improvam items regarding the
calculation-target device group are shown, togettir a plot diagram as shown in FIGS.
12 and 13. In this embodiment, the improvemenmstecorrespond to the
above-described device-related items and operatiated items that relate to process
devices, and correction items that relate to steiiming devices, and when one or more
improvement items are selected by the user, thecteel improvement items (i.e.,
corresponding device-related items, operationadlatems, or correction items) are
acquired by the input/output processing unit 34.,(the input/output processing unit 31
functions as an improvement item acquisition urat acquires improvement items).
[0095] If an improvement item is acquired by theutioutput processing unit 31, a
device-related item, an operation-related iteng oorrection item that corresponds to the
acquired improvement item is acquired by the malion probability calculation
processing unit 32 (calculation condition acquesitunit 333 or 352), and the parameter
correction unit 336 or 355 or the malfunction cum@rection unit 338 corrects a
calculation parameter and/or a malfunction cungiasng that the target process device
and/or the steam-utilizing device has the acquitexdce-related item, operation-related
item, or correction item. Then, the malfunctiomlpability calculation processing unit
32 recalculates the probability of malfunction wihspect to each process device, each
process device group, each steam-utilizing dewvace] each calculation-target device
group based on the corrected calculation paranoetére corrected malfunction curve,
and transmits, to the malfunction probability asgiion unit 381, calculation results as
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post-improvement probabilities of malfunction tlzeie the probabilities of malfunction
regarding the device group (respective processéegyrespective process device groups,
respective steam-utilizing devices, and respedatateulation-target device groups) after
the improvement item is improved.

[0096] The malfunction probability acquisition un881 acquires the transmitted
post-improvement probabilities of malfunction, atm# image data creation unit 384
creates, based on the acquired post-improvemebabitiies of malfunction, image data
for displaying a plot diagram that is obtained biptiing pairs of the acquired
post-improvement probabilities of malfunction ahe tegrees of influence on the risk
matrix, together with or instead of the displayedt$ of the probabilities of malfunction
and the degrees of influence.

[0097] As described above, in the improvement ¢ffiesplay mode, the following steps
are performed in the display image calculation essing unit 38 to show the change of
risks before and after improvement:

(1) a malfunction probability acquisition step ofqairing probabilities of
malfunction regarding the calculation-target de\gosup;

(2) an influence degree acquisition step of acagidegrees of influence that
correspond to the calculation-target device group;

(3) an image data creation step of creating imagta ¢br displaying a plot
diagram that is obtained by plotting pairs of tkquared probabilities of malfunction and
the acquired degrees of influence on a risk matrix;

(4) an improvement item acquisition step of acggiran improvement item
regarding the calculation-target device group; and

(5) a post-improvement image data creation stepupbn acquisition of the
improvement item in the improvement item acquisitsbep, acquiring post-improvement
probabilities of malfunction that are the probaiei# of malfunction regarding the device
group after the improvement item is improved, arehting image data for displaying a
plot diagram that is obtained by plotting pairs tbk acquired post-improvement
probabilities of malfunction and the degrees dfuece on the risk matrix, together with
or instead of the pairs of the acquired probaeditof malfunction and the acquired
degrees of influence.

[0098] In the case where plotting is to be perfainfim each type of malfunction, the
image data creation unit 384 creates image dataligmplaying a plot diagram that is
obtained by plotting, for each type (leakage, cdioggetc.) of malfunction, a pair of the
acquired probability of malfunction (in the temporehange display mode, each
probability of malfunction that constitutes the aicgd data group) and a corresponding
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degree of influence on the risk matrix as showRI®&S. 10 and 12.

[0099] Further, the image data creation unit 38doisfigured to create, in the reference
line display mode, image data for displaying a plieigram on which a reference line 7
for understanding risks is superimposed as showAl@8. 10 to 13. In this case, the
plot diagram is displayed together with the refeeelme 7 that serves as an indicator, and
it is possible to visually recognize the region \abdhe reference line 7 as being a
high-risk region and the region below the referdime 7 as not being a high-risk region,
for example, and risk assessment is facilitated.

[0100] As described above, in the monitoring ser@ethat functions as the risk
assessment device, in response to an instructhom thhe user terminal 1, the probability
of malfunction and the degree of influence areudated with respect to corresponding
process devices, process device groups, steamingildevices, and calculation-target
device groups, and pairs of the calculated proiti@silof malfunction and the calculated
degrees of influence are displayed, on a plot diagras risks of the process devices,
process device groups, steam-utilizing devices, aabculation-target device groups for
which calculation is performed. The monitoring veer 3 (i.e., the risk assessment
device, the risk assessment method, and the gss®ient program) of this embodiment
has the following advantages.

[0101] First, the probability of malfunction of ageess device is calculated using a
malfunction curve that is based on parametersatetalculated using data regarding a
large number of process devices, and in partictier, parameters that are calculated
relate to the piping system-related items thatctlyeelate to the way the process device
is used and largely affect the probability of matftion, and therefore the probability of
malfunction according to characteristics of thecpss device can be obtained. Since
not all information regarding the process deviag,rather objective items relating to the
piping system and not relating to the circumstardeabe process device itself are used,
the same type of data can be easily collectedtaagossible to increase the accuracy of
calculated parameters. Furthermore, parameterathaetermined based on the piping
system-related items, which are objective itemandigg the process device, are further
corrected based on the device-related items andpbkeation-related items, which are
subjective items relating to the process devicgfjtand therefore the accuracy of the
parameters can be effectively increased and theapiiy of malfunction can be
accurately calculated.

[0102] In the malfunction probability calculatiorrggessing unit 32, not only the
probabilities of malfunction of individual procesvices but also the probability of
malfunction of a group constituted by a plurality devices, such as a process device
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group or a steam-utilizing device group, is cal®dausing a predetermined calculation
method. Therefore, risk assessment can be perfoomeot only individual devices but
also a device group (asset).

[0103] The display image calculation processing 88iis configured to be capable of
showing a temporal change of the risk of the tadigeice group (asset) on a risk matrix.
Therefore, the user can assess future risks. dfurtire, the plot diagram to be
displayed can be switched between a plot diagramairsdd by performing plotting for
each device group and a plot diagram obtained hyonpeing plotting for each
constituent element, and if plotting is performed éach device group, it is possible to
assess future risks of the whole device group, iidotting is performed for each
constituent element, it is possible to assess mgkimdividual elements. If temporal
changes of the risks of individual elements arevshtmgether with a temporal change of
the risk of the whole device group, it is possibl®btain information that indicates which
element of the device group particularly contrilsui® the temporal change of the risk of
the whole device group.

[0104] The display image calculation processingt @& is configured to show the
change of the risks before and after improvemetihéouser, and therefore the user can
determine the necessity of improvement. Furtheemibye plot diagram to be displayed
can be switched between a plot diagram obtaingaebiprming plotting for each device
group and a plot diagram obtained by performindtiplg for each constituent element,
and the effect of improvement can be shown witlpeesto individual elements, and
therefore the degrees of risks inherent in theviddal elements can be assessed more

properly.

Other Embodiments

[0105] Finally, other embodiments of the risk assgmnt device, the risk assessment
method, and the risk assessment program accordiriget present disclosure will be
described. It should be noted that configuratiafisclosed in the following
embodiments are also applicable in combination wihfigurations disclosed in other
embodiments so long as no contradiction is incurred

[0106] (1) In the above-described embodiment, afigoration is described as an
example in which the calculation condition acqiositunits 333, 352, and 371 and the
arrangement relationship acquisition unit 343 aggigdentification information from the
input/output processing unit 31 and acquire catmnaconditions corresponding to the
identification information from the database serder However, embodiments of the
present disclosure are not limited to this confagion, and the calculation conditions may
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be directly acquired from the input/output procegsinit 31, for example.

[0107] (2) In the above-described embodiment, afigoration is described as an
example in which the process device calculatiot 8Biand the steam-utilizing device
calculation unit 35 correct the calculation pararetind the malfunction curve through
the parameter correction units 336 and 355 anchd&inction curve correction unit 338.
However, embodiments of the present disclosur@airémited to this configuration, and

a configuration is also possible in which the madfion curve is calculated without the
calculation parameters acquired by the parametgrigiton unit 334 being corrected, or
the calculated malfunction curve is not corrected.

[0108] (3) In the above-described embodiment, afigoration is described as an
example in which the malfunction probability caktidn processing unit 32 is capable of
calculating the probability of malfunction for eaplocess device, each process device
group, each steam-utilizing device, and each catiicu-target device group. However,
embodiments of the present disclosure are notddnib this configuration, and the
malfunction probability calculation processing usit may be configured to calculate the
probability of malfunction for only some of procedsvices, process device groups,
steam-utilizing devices, and calculation-targeticegroups.

[0109] (4) In the above-described embodiment, afigoration is described as an
example in which the process device group calanatinit 34 calculates the probability
of malfunction of a process device group based hwn grobabilities of malfunction
calculated by the process device calculation uBit However, embodiments of the
present disclosure are not limited to this confagjon, and various configurations can be
employed for acquiring the probability of malfureetiof a process device by the process
device group calculation unit 34, for example, afiguration is also possible in which
the process device group calculation unit acquhesprobability of malfunction that is
directly input by the user or acquires a value tRastored in a database in advance.
Similarly, various configurations can be employedr facquiring the necessary
probabilities of malfunction by the calculationgat device group calculation unit 36 and
the malfunction probability acquisition unit 38 hdaacquiring the necessary degrees of
influence by the influence degree acquisition GBR.

[0110] (5) The above-described device-related stemperation-related items, and
correction items are merely examples and can begeltbas appropriate according to the
purpose.

[0111] (6) The calculation methods described wi$pect to the process device group
calculation unit 34 in the above embodiment areetgegxamples and can be changed as
appropriate according to the purpose.
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[0112] (7) In the above-described embodiment, afigoration is described as an
example in which the image data creation unit 384 lse set to the calculation-target
device group unit mode, the process device groitgmode, the constituent element unit
mode, the temporal change display mode, the impnene effect display mode, and the
reference line display mode. However, embodimehtthe present disclosure are not
limited to this configuration, and a configuratisnalso possible in which the image data
creation unit can be set to only some of these sode

[0113] (8) In the above-described embodiment, afigoration is described as an
example in which, through execution of the riskeasment program, the monitoring
server 3 is configured to include the malfunctionbability calculation processing unit
32, the influence degree calculation processing3iiand the display image calculation
processing unit 38. However, embodiments of thesgmt disclosure are not limited to
this configuration. For example, a configuratiom @lso possible in which the
above-described risk assessment program or a p#re @rogram is stored in the user
terminal 1, and the user terminal 1 is configuedhtlude all or some of the malfunction
probability calculation processing unit 32, theluehce degree calculation processing
unit 37, and the display image calculation procegssinit 38. For example, the user
terminal 1 may include the display image calculaiwocessing unit 38 and acquire the
probability of malfunction and/or the degree ofuehce from the monitoring server 3.
[0114] (9) In the above-described embodiment, afigoration is described as an
example in which the monitoring server 3 acquiresessary data from the external
database server 4. However, embodiments of theepralisclosure are not limited to
this configuration, and necessary data may bedtora storage unit of the monitoring
server 3.

[0115] (10) Regarding other configurations, thebediment disclosed in the present
description is a mere example in all respects,jtesttbuld be understood that the scope of
the present disclosure is not limited by the eminedit. It should be easy for a person
skilled in the art to understand that it is possitd apply modifications as appropriate
without departing from the spirit of the preserdathsure. Therefore, as a matter of
course, other embodiments that are modified witrdgarting from the spirit of the
present disclosure are included in the scope gbtasent disclosure.

Industrial Applicability
[0116] The present disclosure is applicable to aiskessment of a plant, for example.

Description of Reference Signs
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[0117]

3: Monitoring server (Risk assessment dgvice
31: Input/output processing unit

32: Malfunction probability calculation processimgt

33: Process device calculation unit

331: Target malfunction curve calculation unit
332a: Parameter calculation unit

332b: Parameter saving unit

333: Calculation condition acquisition unit
334: Parameter acquisition unit

335: Correction method storage unit

336: Parameter correction unit

337: Malfunction curve calculation unit

338: Malfunction probability calculation unit
34: Process device group calculation unit
341: Calculation method storage unit

342: Individual probability acquisition unit
343: Arrangement relationship acquisition unit
344: Malfunction probability calculation unit
35: Steam-utilizing device calculation unit
351: Target malfunction curve calculation unit
352: Calculation condition acquisition unit
353: Parameter acquisition unit

354: Correction method storage unit

355: Parameter correction unit

356: Malfunction curve calculation unit

357: Malfunction probability calculation unit
36: Steam-utilizing device group calculation unit
361: Process device group acquisition unit
362: Steam-utilizing device acquisition unit
363: Malfunction probability calculation unit
37: Influence degree calculation processing unit
371: Calculation condition acquisition unit
372: Influence degree acquisition unit

373: Influence degree storage unit

374: Influence degree calculation unit

38: Display image calculation processing unit
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381: Malfunction probability acquisition unit
382: Influence degree acquisition unit

383: Mode switching unit

384: Image data creation unit

7: Reference line

38



10

15

20

25

30

35

CLAIMS

1. A risk assessment device for calculating a fitba of malfunction of a
process device that is provided in a piping systéra steam plant, the risk assessment
device comprising:

a target malfunction curve calculation unit configgh to calculate a target
malfunction curve that shows a change of the pritibabf malfunction over time with
respect to a target process device; and

a malfunction probability calculation unit confrgal to calculate the probability
of malfunction of the target process device basedhe calculated target malfunction
curve,

wherein the target malfunction curve calculatioit includes:

a parameter storage unit that calculates, basethta for calculation,
one or more parameters for calculating the targalfumction curve and stores the
calculated parameters, the parameters relatingpiogosystem-related items, the data for
calculation being stored in a storage unit in whiah piping system-related items and the
number of years passed before malfunction are dstasethe data for calculation with
respect to each of a large number of process de\acel the piping system-related items
relating to a piping system in which the processageis provided,

a calculation condition acquisition unit that aicgs the piping
system-related items with respect to the targetge® device;

a parameter acquisition unit that acquires autation parameter for
obtaining the target malfunction curve based orpipang system-related items acquired
with respect to the target process device and #Hranpeters stored in the parameter
storage unit; and

a malfunction curve calculation unit that calteda the target
malfunction curve based on the calculation paramete

2. The risk assessment device according to claim 1,

wherein the parameter storage unit calculatespdrameters by performing
survival time analysis based on the piping systelated items and the number of years
passed before malfunction of each process deuwckaasessing influence of the piping
system-related items on the number of years pdmsfede malfunction.

3. The risk assessment device according to claam2]
wherein the piping system-related items includetem that relates to a usage
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state of the piping system.

4, The risk assessment device according to angbeiaims 1 to 3,
wherein the calculation condition acquisition ualso acquires device-related
items that relate to the target process devicH, itse
the target malfunction curve calculation unit udzs:
a correction method storage unit that storesreection method that
corresponds to the device-related items; and
a parameter correction unit that corrects theutation parameter
acquired by the parameter acquisition unit basethertorrection method corresponding
to the acquired device-related items, and
the malfunction curve calculation unit calculathe target malfunction curve
based on the calculation parameter corrected byarameter correction unit.

5. The risk assessment device according to claim 4,
wherein the device-related items include an itbat telates to an additional
configuration that is provided to the target preogsvice.

6. The risk assessment device according to clanm54

wherein the device-related items include eithepath of an item that relates to
an installation state of the target process dewiaelation to the piping system and an
item that relates to performance of the target ggsadevice in relation to the piping
system.

7. The risk assessment device according to angpbeiaims 4 to 6,

wherein the calculation condition acquisition wa#o acquires operation-related
items that relate to operations performed on tigetarocess device,

the target malfunction curve calculation unit ud#s a malfunction curve
correction unit that corrects, based on the operatlated items, the target malfunction
curve calculated by the malfunction curve calcalatinit, and

the malfunction probability calculation unit cadates the probability of
malfunction of the target process device basedertarget malfunction curve corrected
by the malfunction curve correction unit.

8. The risk assessment device according to angpbclaims 1 to 7,
wherein, with respect to the target process dewieetarget malfunction curve
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calculation unit calculates a target malfunctionveufor each type of malfunction, and

the malfunction probability calculation unit caates the probability of
malfunction of the target process device for eagde tof malfunction based on the
calculated target malfunction curve.

9. A risk assessment method for causing a compaitealculate a probability of
malfunction of a process device that is provided piping system of a steam plant, the
risk assessment method comprising:

a target malfunction curve calculation step otcekting a target malfunction
curve that shows a change of the probability offomation over time with respect to a
target process device; and

a malfunction probability calculation step of cdéting the probability of
malfunction of the target process device basedemralculated target malfunction curve,

wherein the target malfunction curve calculatitapsncludes:

a parameter storing step of calculating, basedata for calculation,
one or more parameters for calculating the targelfumction curve and storing the
calculated parameters, the parameters relatingpiogosystem-related items, the data for
calculation being stored in a storage unit in whigh piping system-related items and the
number of years passed before malfunction are cstasethe data for calculation with
respect to each of a large number of process dg\acel the piping system-related items
relating to a piping system in which the processageis provided,

a calculation condition acquisition step of acmgg the piping
system-related items with respect to the targetge® device;

a parameter acquisition step of acquiring a taticuon parameter for
obtaining the target malfunction curve based orpipang system-related items acquired
with respect to the target process device and #Hranpeters stored in the parameter
storing step; and

a malfunction curve calculation step of calculgti the target
malfunction curve based on the calculation paramete

10. A risk assessment program for causing a compaitealculate a probability of
malfunction of a process device that is provided piping system of a steam plant, the
risk assessment program causing the computerlinerea

a target malfunction curve calculation function oélculating a target
malfunction curve that shows a change of the pritibabf malfunction over time with
respect to a target process device; and

41



10

15

20

a malfunction probability calculation function chlculating the probability of
malfunction of the target process device basedemralculated target malfunction curve,

wherein the target malfunction curve calculationdtion causes the computer to
realize:

a parameter storing function of calculating, lbdasen data for
calculation, one or more parameters for calculatimg target malfunction curve and
storing the calculated parameters, the paramettatng to piping system-related items,
the data for calculation being stored in a storagjein which the piping system-related
items and the number of years passed before m#unare stored as the data for
calculation with respect to each of a large nundfeprocess devices, and the piping
system-related items relating to a piping systemhich the process device is provided,;

a calculation condition acquisition function afqairing the piping
system-related items with respect to the targetge® device;

a parameter acquisition function of acquiringadcualation parameter
for obtaining the target malfunction curve basedtle piping system-related items
acquired with respect to the target process deaitd the parameters stored by the
parameter storage function; and

a malfunction curve calculation function of cd#ting the target
malfunction curve based on the calculation paramete
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