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JUSTIFICATION OF POSSIBILITY OF UKRANIAN NPP’S
EXPLOITATION TIME ASSESSMENT BY EXPERT
METHODS

0.0. Yyaxin, B.I1. Kpaguenxo, I1.A. Iaenuwun, B.O. 3omees, O.E. 3omees. OOIPYHTYBAHHSI MOKIUBOCTI OLIHKY CTPOKY ciryxou AEC
Ykpainu ekcnepTHAMH MeTofaMH. MeTolo poOOTH € po3risi] IUTaHb, MOB’SI3aHUX 3 MPOJOBKEHHsAM TepMiHy ekcrutyatanii AEC Ykpainu.
OcobnuBy yBary mpH JOCITI/DKEHHI MPOOIeMH pecypcy CKIagHuX 00’ekTiB, Takux sk AEC, HeoOXifHO NPUIUIITH KOMIUIEKCY TEXHIUYHHX
XapaKTepHCTUK OOJNaJHAHHA Ta TPyOOIPOBOAIB, IO BU3HAYAIOTH MOMUIMBICTH iX eKCILTyaTamii, i pecypcy eKCIUTyaralii. 3 opraHi3amiifHoi TouKu
30pY, OLIHIOBAHHS PECYPCHUX XapaKTEePUCTHK CKIIAJHHIX 00 €KTIB BiIOYBa€ThCsl Ha 0a3i CUCTEMHOTO MiIXO/Y 0 B3aEMOIIF0UYOr0, BUCOKOHAIIHHOTO,
YHIKQJIBHOTO YCTaTKyBaHHsS 3 OOMEXKEHOI EKCILTyaTalliiiHOK iH(OpMALli€l0, Ma€e iCTOTHY OCOONHMBICTh. ICHYIOTH MoOAenm [UIs EKCHEPTHOrO
OLIHIOBaHHSI PECYPCHUX XapaKTEPUCTUK CKIIATHUX 00 €KTIB, IO Mepea0ayaroTh 3aCTOCYBAaHHsI MOJICTIOBAHHS IIPEIMETHOI 00JIACTI 151 OCII IPKEHHS
JIMHAMIKH 3MiH pecypcy OOJNaJHaHHS KPUTHYHO BaXIIMBHX CHCTEM. 30KpeMa, B aTOMHil €HEpreTwlli, icHye IpobiemMa OLIHKH PEaIbHOTO PiBHS
pecypey CKIIagHuX 00’€KTiB, CXHJIBHUX 0 Ail IMPOLECIB CTapiHHS NPH eKCIUTyaTallii, BTOMH, 3HOCY 1 Jerpajaiii. Takox cItijy BpaxoBYBaTH BIUIUB
JIFOZICBKOTO (haKTOpy Ha 1X JOBroBiuHICTh. bibiricts eneproonokiB AEC YkpaiHu Buuepraina CBiid Mpu3HauYeHHi pecype, sKuit gopiBHIOe 30 pokam
ekcruTyaTarii. OJHaK TpaKTHKa eKCIUTyaTallil okasye, mo eHeprooiokn AEC B minoMy MaroTh IIie I0CTaTHil 3anac pecypcy. TakuM 4uHOM, mepen
EKCIUTyaTallliHUMU OpTaHi3allisiM{ CTOITh MpoOJieMa MPHUHHATH PIlICHHS MPO MPOJAOBKEHHs TepMiHy ciayx0Ou odnagHanas AEC, abo mpo ioro
3amiHy. Lle pillieHHs TOBHHHO OYTH MOBHICTIO OOTpyHTOBaHMM 3a BuMoramu Oesnexn AEC, a Takok eKOHOMIYHO BurpaBaaHuM. [lincraBoro 1ms
TPUHHATTS TAKOTO pIllleHHs Mae OyTH OLIHIOBAaHHS Ta IPOTHO3YBaHHs PEATbHOTrO CTaHy OONAJHAHHA Ta HOro PECypCHHX XapaKTEPUCTHK, SIKE
3a/I0BOJIbHSAE HAYKOBO — OOIPYHTOBaHMM BHMOTraM. ToMy CHCTEMHE JOCIIDKEHHSI PECYPCHHX XapaKTEPUCTHK KOMITOHEHTIB eHeprobiokis AEC,
BHSIBIICHHSI IIPOOJIEM Ta HEJIOMIKIB B cepi AKOCTI OLIHIOBAHHS Ta MPOTHO3YBAHHS IIMX XapaKTEPHCTHK € aKTyaJlbHIM. B poOoTi po3rystHyTi nmuTaHHS.
TIOB’s13aH1 3 MOJKJIMBICTIO BUKOPUCTAHHS €KCIIEPTHUX METOAMK JUIsl OOIPYHTYBAaHHS HPOJOBKEHHS CTPOKY EKCILTyaTallii aTOMHHUX OJIOKIB.

Knouosi crosa: tepMmin excintyatanii AEC, ekcriepTHI MeTOH, TIPOJJOBKEHHS Pecypey

O. Chulkin, V. Kravchenko, P. Pavlyshin, V. Zotyeyev, O. Zotyeyev. Justification of possibility of Ukranian NPP’s exploitation time
assessment by expert methods. The goal of research is the study of problems, which are connected with Ukrainian NPPs life cycle. Particular
attention in the study of the problem of the resource of complex objects, such as nuclear power plants, must be paid to the set of technical
characteristics of equipment and pipelines that determine the possibility of their operation, and the resource of operation. From an organizational point
of view, the assessment of the resource characteristics of complex objects takes place based on a systematic approach to interacting, highly reliable,
unique equipment with limited operational information, which has a significant distinction. Therefore, models have been built for expert evaluation of
the resource characteristics of complex objects, involving the use of subject area to study the dynamics of changes in the resource of equipment for
critical systems. In particular, in nuclear industry, there is the problem of assessing the real level of the resource of complex objects that are exposed
during operation to the effects of aging, fatigue, wear and degradation. The influence of the human factor on their longevity should also be considered.
Up to date, a large number of Ukrainian NPP’s nuclear blocks are on the verge of exhaustion of the assigned resource, which is equal to 30 years of
operation. However, the practice of operation shows that nuclear power units, generally, still have a sufficient resource reserve. Thus, the operating
organizations face with the problem of deciding either to extend the life of the equipment of the NPP, or to replace it. This decision should be fully
justified by the safety requirements of nuclear power plants, as well as economically. The basis for such a decision should be the assessment and
prediction of the real condition of the equipment, its resource characteristics, satisfying scientifically based requirements. Therefore, a systematic study
of the resource characteristics of the components of nuclear power units, the identification of problems and deficiencies in the field of the quality of
assessment and forecasting of these characteristics is relevant. In this paper, problems, which are connected with justification of possibility of
Ukrainian NPP’s exploitation time assessment by expert methods, were considered
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Introduction

Particular attention in the study of the problem of the resource of complex objects, such as nucle-
ar power plants (NPP), must be paid to the set of technical characteristics of equipment and pipelines
that determine the possibility of their operation, and the resource of operation. From an organizational
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point of view, the assessment of the resource characteristics of complex objects takes place based on a
systematic approach to interacting, highly reliable, unique equipment with limited operational infor-
mation, which has a significant distinction. Therefore, models have been built for expert evaluation of
the resource characteristics of complex objects, involving the use of subject area to study the dynamics
of changes in the resource of equipment for critical systems. In particular, in nuclear industry, there is
the problem of assessing the real level of the resource of complex objects that are exposed during op-
eration to the effects of aging, fatigue, wear and degradation. The influence of the human factor on
their longevity should also be considered. To date, a large number of units are on the verge of exhaus-
tion of the assigned resource, which is equal to 30 years of operation. However, the practice of opera-
tion shows that nuclear power units, generally, still have a sufficient resource reserve. Thus, the oper-
ating organizations are faced with the problem of deciding either to extend the life of the equipment of
the NPP, or to replace it immediately. This decision should be fully justified by the safety require-
ments of nuclear power plants, as well as economically. The basis for such a decision should be the
assessment and prediction of the real condition of the equipment, its resource characteristics, satisfy-
ing scientifically based requirements. Therefore, a systematic study of the resource characteristics of
the components of nuclear power units, the identification of problems and deficiencies in the field of
the quality of assessment and forecasting of these characteristics is relevant [1, 2, 3]. To achieve this
goal, it is necessary to solve the following scientific problems: analysis and improvement of the regu-
latory framework in this subject area, modern approaches to managing the aging of nuclear power
units, the development of new predictive mathematical models of resource characteristics and methods
for estimating and forecasting based on them. The deadlines for the regulated period of operation of
the operating power units of Ukrainian NPPs are shown in Fig. 1.
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Fig. 1. Deadlines for the regulated period of Ukrainian power units operation

In the United States, more than 80 % of operating nuclear power units have received or are in the
process of obtaining a license to extend the life of 40 to 60 years.

Analysis of publications and state of art

In the coming decades, the assessment and prediction of resource characteristics to extend the life
of power units are key issues related to the safety analysis of nuclear power plants. The operating or-
ganizations are faced with the problem of deciding on the further operation of power units or their
withdrawal from economic activity, which is associated with significant material and financial costs.
The extension and reassignment of the resource characteristics of nuclear power plants should be theo-
retically justified and practically confirmed by an examination of the technical condition of the equip-
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ment, as well as calculations that make it possible to predict reliably their behavior in the future, en-
suring minimal risks when making appropriate decisions.

To assess the reliability indicators of nuclear power units, systems and equipment, statistical and
calculation-experimental methods are used [4, 5, 6]. At the same time, the practice of aging manage-
ment shows the relevance of developing expert methods for assessing resource characteristics and im-
proving the quality of assessing and predicting the durability of equipment for critical infrastructure,
such as nuclear power plants. In many cases, the decision to extend the service life based on the actual
condition of the equipment and the accumulated statistics on failures is economically viable and does
not lead to a decrease in the level of safety.

It is known that for nuclear power plants, equipment and pipelines are small-batch products.
Their destruction during operation is a rare event. Therefore, in most cases it is impossible to obtain
reliability characteristics from operating experience. It is also impossible to conduct bench tests of
such equipment with adequate modeling of operating conditions (as for electronic systems consisting
of a large number of elements whose reliability is known). Therefore, to obtain evaluation of the re-
source characteristics in such conditions, it is necessary to study the processes of damage, aging, deg-
radation, as well as the construction of physical models, the use of computer modeling and the use of
the mathematical apparatus of fuzzy sets. The advantage of this approach, in comparison with standard
methods, is proved both theoretically and practically by using it in many critical applications [7].
Thus, the relevance and necessity of developing new expert methods for assessing resource character-
istics for the equipment of power units based on fuzzy mathematical models are predetermined. This
will improve the existing methodological requirements, and therefore, improve the quality of assess-
ment and prediction of resource characteristics of equipment.

Purpose and objectives of the study

Main goal of the study is investigation of possibility of NPP power units’ operation time assess-
ment by expert methods.

The main tasks of the work.

1. To make comparative analysis of methods for assessment the reliability state of nuclear unit
power equipment.

2. To develop expert evaluation technique.

3. The use of evaluated technique for expert inspection of power equipment of NPP.

Comparative analysis of methods for assessment the reliability state of nuclear unit pow-
er equipment

The problem of failure-free operation of NPP equipment, or rather, work in conditions of mini-
mal risk of accidents, has been considered from the very moment of its appearance. And practically
from the very beginning it was proposed to consider the large scheme of nuclear power plants as un-
certain [8, 9, 10]. That is, it was believed that the failure of the circuit is possible, but the probability
of failure is not large. By then, probability theory was dominant in resolving reliability issues. It was
believed that equipment failure could possibly be predicted using a law that establishes a stochastic
relationship between the random development of failure and some of the factors that caused it. How-
ever, in a large scheme of factors, there are many factors and not all of them can be controlled. There-
fore, it was agreed that the most acceptable measure of equipment reliability could be its trouble-free
operation under normal conditions. If the expected time is relatively large, the reliability is high; if
relatively small, the reliability is accordingly small.

In other words, if we take into account the high level of achievements of probabilistic methods
for assessing the reliability of power equipment that previously was achieved for individual units, and
attempt to extend it to modern large systems; we can conclude that we will have to face signifi-
cant difficulties.

First, large schemes have a significant number of variables. Secondly, these schemes are branched,
that is, they differ in complex structures and in the presence of cross and feedback links in them. Thirdly,
modern market conditions require equipment to be capable of transformation, that is, rapid organization-
al transformation. Finally, fourthly, the lack of funds for replacing equipment with new one requires the
extension of the life of the existing one without loss of essential reliability qualities.
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Fig. 2 explains the difference in statistical and p(t)
fuzzy approaches to solve uncertain problems. The
statistical method can provide an answer to the ques-
tion of if we take into account only one of the lines (1
— 3). Having chosen one of the lines, we should al-
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F(t) — Integral function of failures (continuous define fuzzy zones from the forecast of reliability
line in coordinates). by another method, approach (especially circle

If we adopt a fuzzy forecast search algorithm,  with number 5) to a more accurate estimate of
then first accepting an indefinite field of the same reliability

width, we will be able to contrast (simplify) the result

from a circle of a larger diameter to a circle of a smaller diameter (from circle 4 to circle 5). At the
same time, important information will not be lost, the result will be more accurate, and the search costs
will be less. The decision maker will have additional opportunities to continue the confident use of the
equipment. If another result is obtained, the decision to terminate the operation will have a proven ba-
sis. All these conditions require the search for new effective methods for studying the actual state of
power units.

The above mentioned stochastic method for determination of reliability of power equipment has
shown that when making the decision only those reliability parameters of the element can be used, that
have numeric characteristics.

As for qualitative characteristics, such as failure free operation, reliability, duration of use, etc.,
then classic method doesn’t provide solutions at the moment. That is why to resolve present issues we
try to apply the modern theory of fuzzy pluralities or so called “fuzzy logic theory”.

This theory is convenient to solve fuzzy tasks.

These qualities are distinguished by expert methods that rely on the theory of fuzzy sets. If, after
carrying out all the procedures for expert evaluation of the reliability of power equipment and obtain-
ing the “risk” indicator in a fuzzy environment, we compare the result with statistical data, we will get
a graphical interpretation of the difference in approaches. This can be seen in Fig. 2. For example, a
statistical analysis of the reliability of the equipment was carried out. As a result there three degrada-
tion curves with numbers 1, 2 and 3 were obtained. Researchers are forced to give preference to one of
the curves, discarding the others. Further, for making further decisions, they will rely only on it, and
may accumulate a significant error.

Based on fuzzy expert methods, the assessment begins with a circle of a larger diameter, and then
this circle narrows to a small diameter. That is, the movement goes from circle 4 to circle 5. The center
of circle 5 will indicate a more accurate and reliable assessment result than a competitive statistical
result. However, most importantly, during the next examination, the previous result will be denounced
and examined radically again. This, in fact, is the difference between the statistical theory, which
notes: “what will happen already will happen” and the theory of possibilities, which states: “it is pos-
sible that can happen under the given conditions, and it doesn’t matter if it happened before or not”.

Expert evaluation technique

The main purpose of conducting an expert assessment with the participation of experienced spe-
cialists is the desire to reduce the duration of repairs [11, 12]. Existing planning procedures for the
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repair of power equipment are based on the standard lifetime. A preliminary analysis of the operation
of some types of equipment showed that the overhaul periods between overhauls and current repairs
also do not fully comply with the recommendations of developers and manufacturers. At the same
time, now, reliability-oriented repair (ROR) has become widespread. The principles laid down in the
ROR are based on the ranking of equipment according to the degree of influence of possible types of
failures on the performance of the basic functions by the systems, taking into account the characteris-
tics of its reliability and establishing for each piece of equipment its own cyclicality and type of repair
action. With all the positive qualities of the now “classical” ROR (risk oriented repair) technique, it
also has inherent disadvantages. The main disadvantage of the ROR technique is the lack of a quanti-
tative approach to assessing the reliability of the equipment in question. In this regard, work is under-
way to create a program for optimal repair planning based on a statistical approach that is, using the
principles of the ROR technique, but with the specification of quantitative measures of reliability. To
date, we improved the main module of methodological and software, which allows to calculate the
optimal repair plan for any technological system. This approach is based on a detailed consideration of
the structural scheme of the technological system. In this case, the values of reliability indicators of
equipment determined before and after the repair are taken into account, and its cost is simultaneously
determined. The decision to choose the best repair option is made based on a comparison of the
growth of reliability indicators and the costs that are necessary to achieve it. Thus, the virtual restora-
tion of the elements of the structural diagram during the calculations according to the program occurs
until the standard value of the probability of failure-free operation (FFO) is reached. As a normative
value of FFO, such a value is taken that was observed during the period of the previous trouble-free
operation of the equipment. If the manufacturer has data on the reliability indicators of the equipment,
they were used taking into account the time of its operation (Fig.3).
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Fig. 3. Simplified scheme of a fuzzy expert system that is recommended to process results
of inspection of critical equipment for reliability

Having the law of the probability distribution of uptime, you can use the time scale to determine
the numerical value of the probability of uptime. If such data are not available, the estimates obtained
from surveys of personnel who for a long time participated in the repair (or operation) of this equip-
ment, are applied. Based on the generally positive experience of using such surveys, a proposal arose
to develop this promising approach to solve the problems of optimal repair planning in the conditions
of a shortage of production resources. Within the framework of the program, all elements of equip-
ment are conditionally divided into two categories:

— elements whose wear occurs quickly for objective reasons, so that they are subject to restora-
tion (replacement) in the current repair;

— items that wear out slowly and are subject to restoration mainly in major repairs.
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Expert assessment as a measurement process

The effectiveness of the initial stages of the development of expert assessment methods (stages of
identification and conceptualization) is largely determined by the successful formation of an authorita-
tive group of experts and obtaining of high-quality information from them about the state of power
equipment. The essence of the process of identifying knowledge is to organize an expert intuitive logi-
cal analysis of the problem area with a quantitative assessment of the judgments formulated by them.
At this stage, the experts:

— form objects and concepts of the subject area (goals, decisions, alternative situations, etc.);

— measure characteristics (probability of occurrence of events, significance factors of goals, pref-
erence of decisions, etc.).

Expert assessment is a measurement process that can be defined as a procedure for comparing
objects according to selected indicators (features). Three attributes appear in this definition: an object,
an indicator (feature), and a comparison procedure. Objects can be objects, phenomena, decisions. As
indicators of comparison, space-temporal, physical, and other properties and characteristics of objects
can be used.

Detection and contrasting of two separate evaluations will give an opportunity to approximate a
new forecasted line of reliability degradation. A question which line has to be used for extrapolation of
causal relationship link between two conditions of process requires many data for its solution. In the
first approximation, it can be assumed that equipment continues operation in the preset operational
limits. That is why an approximation of main parameter changes with a section of straight line is pos-
sible to consider acceptable (Fig. 4).

Discussions

Analysis of the situation shows that the two survey modes are most natural:

— examination of the state of reliability of equipment in the mode of its normal operation;

— examination, which is carried out after equipment shutdown, i.e. simultaneously with the repair.

The methods for obtaining information in these modes are completely different. Naturally, in the
first of them, obtaining information is possible only by:

— external inspection and inspection of equipment with execution of acts;

— data collection from standard instrumentation and information systems;

— collection of measurement information from additionally installed devices;

— collection of records in regular log books and the results of a survey of operating personnel.

| Stochastic evaluation of degradation line that remains the same |

First reliability
evaluation done by
expert groups

Reliability scale [ >

Second reliability

. S evaluation done b
evaluation of the reliability \ y

Approximation of expert
expert groups

Operational time |:>

Fig. 4. Explanation of expert groups action strategy to determine reliability resources
of the equipment by the application of double inspection

In the second mode, i.e. after stopping the opening of most of the equipment:
— data of instrumental measurements of specific elements;
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— data of visual inspection of elements not subjected to instrumental measurements;

— comparison of specific elements with reference samples for the assessment of degradation (new
gasket — old gasket).

Examination of equipment in normal operation, (performed in the period prior to repair):

— the experts, alternately (but not the whole group), which was done in order to obtain independ-
ent judgments, get around the existing equipment of this functional group, inspect it, listen to noise,
detect leaks of working fluids and make a conclusion about the emerging of problem areas. This
solves the problem of the hierarchy of sites in terms of their significance in the upcoming repair. It
becomes possible to minimize the cost of repairs;

— experts personally record the values of technological quantities, which give standard devices
and record the start time of the examination;

— experts, with the help of employees of special laboratories, install additional measuring in-
struments in problem areas. By additional instruments we mean vibration monitors, noise sensors, dif-
ferential pressure gauges, thermometers, qualitative analysis instruments, etc.;

— experts interview operational staff about their observations of equipment status and study en-
tries in log books. Particular attention is paid to the discrepancy between how events are formulated in
the notes and how experts present them;

— based on the survey, experts fill out special questionnaires and draw up acts;

— after passing the set time (normalized for each FG), the experts repeat the survey again and
again fill out the questionnaires and draw up acts.

— based on the data of questionnaires and acts, each expert individually performs prediction of the
equipment fault tolerance of the previously examined FG for the overhaul period. Questionnaires are
used to obtain a predicted histogram of the distribution of operating time to failure. Then, the results of
the work of all experts are checked, summarized, and then transmitted to system engineers for com-
puter processing;

—based on a synthesis of the results of the forecast made by experts, the NPP management decides
on the continuation or termination of operation of the equipment of this FG before the scheduled repair
date. The same information can be used to plan the amount of repair and the estimated costs for it.

Conclusions

1. Modern NPP’s can be regarded as big systems, to which expert methods, based on fuzzy logic,
may be applied effectively.

2. Expert methods have some advantage compare with standard stochastic procedure of reliability
assessment.

3. Presented methods show an updated concept of expert inspection of power equipment of NPP
that is focused on increased exploitation period of its safe operation. This methodology makes it pos-
sible to achieve substantial savings of all kinds of resources.
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