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ANALYSIS OF EXISTING THERMAL-HYDRAULIC
ANALYSIS METHODOLOGIES IN THE FRAMEWORK
OF RESOURCE EXTENSION OF REACTOR
PRESSURE VESSELS

O.C. Masypox, B.II. Kpaguenxo. AHali3 icHYyIlOUMX MeTOJHK TeILIOTiipaBJiuyHOro aHAIi3y B paMKax poOiT 3 IPOJ0OBMKEHHS
pecypcy xopmyciB peakropiB. Ha nanuii MomeHT YkpaiHa i psiI iHIINX KpaiH peani3yloTs Iporpamy 3 npomoBxeHHs ekcrutyatanii AEC y
HOHA/IMPOCKTHHUI TEPMiH, [0 EKOHOMIYHO BHTiJIHO, OCKLIBKM PiBEHb KalliTaJlbHUX BUTPAT, HEOOXIAHMX JUIS 1[OTO, 3HAYHO HUIKYE, HIK IPH
OyIiBHUITBI HOBHUX eHeproomokiB. OcoOmmBa yBara NpUAUIIETHCS OLIHII TEXHIYHOTO CTaHy Ta IIOJOBXKEHHS EKCILTyaTalii Koprycy
peakTopa, OCKIIbKH KOPITyC € HalJ0POKYMM i HAaHCKIIAHIIIMM eJIESMEHTOM €HEpProOJIOKy 3 TOUKH 30pY BUTOTOBIICHHS Ta 3aMiHu. [l paHOT
OL[IHKH, 30KpeMa, I TEIUIOTiIpaBIiyHOro aHali3y B CBIiTI 3CTOCOBYIOTHCS ClieliajbHi METOMUKH. Y NaHii poOOTi MpoaHai30BaHO OCHOBHI
iCHYIOUl METOJMKM TEIUIOTiJPaBIIIYHOTO aHali3y, L0 3aCTOCOBYIOTHCS B YKpaiHi Ta CBiTi, 3 METOI BU3HAYEHHS IX aKTYaJbHOCTI IO
BI/IHOIICHHIO JI0 crienn(iku Ta MoTouHOMY cTaHy eHeproonokis AEC Vkpainn HamiueHo nuisixu onTuMisaniil TEMIoriApaBIiyHOro aHaisy,
30KpeMa, 32 paxyHOK OOIPYHTOBAHOTO 3MEHIICHHs KiJIbKOCTI PO3IIISIHYTHX ClieHapiiB. HaykoBa i mpakTH4Ha IiHHICTh JaHOT POOOTH TONIATaE
B TOMY, IIIO BUSIBIICHI JAe(ilUTH AIIOYUX METOIUK 3 YpaxXyBaHHSM MPAKTHYHOTO JOCBIAY A03BOJATH PO3POOUTH aKTyalbHY METOMIHUKY, SKa
JIACTh MOXUIMBICTB 30CEpeMTUCS Ha OiIbII TIMOOKOMY JIOCHI/UKEHHI NPEICTABHUIIBKMX aBapiiHUX CIIeHapiiB i Oyjae 3acTocoBHA JUIS
teruoriapasiiuaoro ananizsy AEC Ykpainu 3 ypaxyBaHHsIM HasBHOTO Ha JJaHHI MOMEHT BiTYM3HSHOTO JOCBimxy. METOMOMNOTIS TOCIIPKEHHS
MoJIsirae B aHalli3l Jil0YMX METOIMK 3 BIIMOBIJHOIO OIIHKOK iX 3aCTOCOBHOCTI i akTyanbHOCTi Aiust AEC YkpaiHu, a TakoxX ypaxyBaHHSIM
MPaKTHKH BUKOHAHHS TETUIOTiAPABIIYHOTO aHAII3Y IIiJ Yac MpojoBkeHHs pecypcy BiTumsHaHux AEC. JlocmimkeHHs JJ03BOIMIO 3pOOUTH
BHICHOBOK, III0 TIPaKTHKa BUKOHAHHS TEIUIOTiAPABIIYHOTO aHali3y B YKpaiHi BUIepe/kae TEOPETHYHI 3HAHHSA, MDXKHAPOAHMI 1 BITYM3HAHMH
panHiif nocBin. TakuM YMHOM, BITYM3HSIHI METOAMKM BHMAraroTh aKTyanizalil abo yIOCKOHAJICHHS 1 MOXYTh OyTH 3aCTOCOBaHi B paMKax
poOIT 3 mponoBKeHHs ekciutyartauii eHeproOuiokiB AEC VYkpaiHu, s sSIKUX BiQIOBiZHI poOOTH Ie HE pO3Movari, a TakoXk, IiJ dJac
HPOJIOBKEHHS TIOBTOPHO.
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O. Mazurok, V. Kravchenko. Analysis of existing thermal-hydraulic analysis methodologies in the framework of resource
extension of reactor pressure vessels. At the moment, Ukraine and a number of other countries are implementing a program to extend the
operation of nuclear power plants beyond the design period. This is economically advantageous, since the level of capital expenditures
required for this is much lower than with the construction of new power units. Special attention is paid to assessing the technical condition
and extending the operation of the reactor vessel, since the vessel is the most expensive and complex element in terms of manufacturing and
replacement. For this assessment, in particular for thermal analysis, in the world special techniques are applied. In this paper, we analyze the
main existing methods of thermal-hydraulic analysis used in Ukraine and the world, in order to determine their relevance in relation to the
specifics and current state of Ukrainian NPP units. Ways of optimizing thermal-hydraulic analysis are outlined, in particular, due to a
reasonable reduction in the number of considered scenarios. The scientific and practical value of this work lies in the fact that the identified
deficiencies in existing methods, taking into account practical experience, will allow developing a current methodology that will allow you to
focus on a deeper study of representative accident scenarios and will be applicable for the thermal-hydraulic analysis of Ukrainian NPPs,
taking into account the current domestic experience. The research methodology consists in the analysis of existing methods with an
appropriate assessment of their applicability and relevance for NPPs of Ukraine, as well as taking into account the practice of performing
thermal hydraulic analysis when extending the life of domestic NPPs. The study led to the conclusion that the practice of performing
thermal-hydraulic analysis in Ukraine is ahead of theoretical knowledge, international and domestic early experience. Thus, domestic
methods require updating and improvement and can be applied as part of work to extend the operation of Ukrainian NPPs for which the
relevant work has not yet begun, as well as when renewing.

Keywords: lifetime extension, reactor vessel, thermal hydraulic analysis, thermal shock, method

Introduction. According to the “Energy Strategy of Ukraine for the period until 20357, it is
planned to keep the share of electricity production at nuclear power plants (NPPs) at the reached level —
about half of the total domestic production. To accomplish this task, it is necessary to increase the
safety, reliability and efficiency of existing NPPs operation, to continue NPPs operation beyond the
design time, to build and commission new power units. Lifetime extension is economically advanta-
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geous, as the level of capital expenditure required for this (analyzes, modernization of reactor facility
equipments and systems), significantly lower than in the building of new power units.

In framework of NPPs lifetime extension particular attention is paid to assessing the technical
condition and lifetime extension of the reactor pressure vessel (RPV), since the RPV is the most ex-
pensive and complex element of the power unit in terms of manufacturing and replacement. In particu-
lar, in order to prepare the boundary conditions for the further determination of the temperature and
stress fields in the RPV material the thermodynamic analysis of series of emergency scenarios leading
to a RPV thermal shock, including system analyzes and analyzes of stream mixing, are performed.

Below is the analysis of the applied methodologies, in particular, comparison of recommenda-
tions and requirements of the methodologies with their practical application in performing thermal-
hydraulic analysis for Ukrainian NPPs.

Analysis of recent publications and problem statement. Applied methodologies are practical
documents that contain requirements and recommendations for the implementation of the analysis,
therefore, studies and publications may not be directly related to the methodologies, but for perform-
ing computational analysis with their using, etc.

The main international document containing the methodology for assessing technical condition of
RPV under pressure (VVER and PWR types) in the part of performing thermal-hydraulic analysis is
Guideline (methodology) IAEA-EBP-WWER-08 [1]. The Guideline is the fundamental document for
the implementation of this analysis type in the world. After publication in 1997, the Guideline was
applied in different the IAEA thermal benchmark, and was also widely used in Member States operat-
ing VVER NPPs. After this, revision 1 of the Guideline [1] was issued in 2006.

Also, within the framework of the VERLIFE project of the fifth framework program of the Euro-
pean Union, in the period 2001...2003, a was developed methodology, which included several sec-
tions and annexes on the RPV integrity evaluation developed in framework of the Guideline [1] prepa-
ration. In 2008 and 2013 the VERLIFE methodology was revised and update, but for Ukraine, the
2008 version is applied [2]. Also the document IAEA-IAEA-TECDOC-1627 [3] was published in
2010, which contains both recommendations for the evaluation of thermal shock, and practical results
of applying various methodologies, guidelines and standards, some of which were applied in Ukraine,
namely [1, 2, 4]. However, the experience of Ukraine is not taken into account in [3], since at that time
the work in Ukraine was only begun. Also, it should be noted that [4] contains only the methodology
for performing strength calculations without any information on the thermohydraulic part.

As the Guideline [1] contain only general recommendations, therefore on its basis a domestic
methodology of VVER RPV strength and resource evaluation in the process of operating Ukrainian
NPPs MT-D.03.03.391-09 [5] was developed. Methodology [5] is basic, in particular, to perform
thermal-hydraulic analysis for all power units of Ukrainian NPPs. Based on the available information,
including [1, 2, 5], more detailed standard and work programs are developed for assessing the tech-
nical condition and lifetime extension of reactor elements, as well as other documents containing
methodologies for performing the thermal-hydraulic analysis for Ukrainian NPPs. At the same time,
are taken into account the recommendations of the United States Nuclear Regulatory Commission
(USA) documents [6, 7], which contain the estimation methodology used in the USA for PWR type
reactors and which, in terms of the thermal-hydraulic evaluation, practically does not differ from the
procedure given in [1].

Thus, the most up-to-date document for a calculated power unit is a work program developed
specifically for it. However, as the programs are based on recommendations and methodologies, the
requirements of which must be fulfilled, therefore a number of issues, such as the specificity of the
Ukrainian NPP power units, in particular, the recent modernization and the accumulated experience
during the lifetime extension, are not taken into account.

Purpose and objectives of the study. The purpose and task of the study is to analyze the exist-
ing methodologies of thermal-hydraulic analysis used in the RPV lifetime extension. The task is re-
duced to the analysis of international [1] and domestic [5] methodology. A their detailed analysis of
the methodologies with taking into account the experience of the assessment as part of the lifetime
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extension, will allow developing recommendations for its improving, consisting in taking into account
the current state of power units and allowing to optimize the performance of thermal-hydraulic analy-
sis. The improved methodology will reduce the time spent on performing thermo-hydraulic analysis by
reducing the required scope of work and improve the quality of the results obtained.

The objectives are defined below, and the main stages of the thermal-hydraulic analysis are ana-
lyzed: the selection of the approach to calculations, the collection of basic data, the calculation models
development, the selection of calculation scenarios for analysis, the calculations execution.

The purpose of thermal-hydraulic analysis. As determined in the current methodologies, the
purpose of thermal-hydraulic analysis is to determine the boundary conditions for selected representa-
tive emergency or transient regimes (scenarios). The obtained results are used to perform strength
analysis in justification of the RPV integrity.

Boundary conditions are the time dependences of the following parameters for the scenarios ac-
companied by cooling of the coolant: the temperature field in the reactor downcomer, the heat transfer
coefficients from coolant to the PPV wall and the pressure in reactor downcomer.

The execution of thermal-hydraulic calculations in justification of the RPV integrity is a complex
task, including a number of engineering analyzes and calculations using computer codes. In general, the
content of the work on thermal-hydraulic analysis is similar to the content of the work when performing
calculations for the accidents analysis as part of the power units safety analysis and includes the follow-
ing main steps: the choice of the approach to the calculations, the collection of the initial data, the devel-
opment of calculation models, the choice of calculation scenarios for analysis, the calculations.

The above steps in this order are defined in the methodology [5] and were having been taken as
the basis for analysis of the methodologies below.

The choice of the approach to the calculations. When executing thermal-hydraulic calculations
in support of the RPV integrity justification, deterministic and probabilistic approaches are used to
take into account both scenarios that will obviously lead to thermal shock and scenarios that may not
lead to serious consequences but have a high probability of realization, therefore can not be ignored.

In accordance with [1] and [5], the deterministic approach is based on the selection initial events
(from the events list), which represent a potential danger from the point of view of the RPV integrity,
and their subsequent analysis with using a conservative assumptions. A characteristic feature of this
approach is the use of the principle of single failure for safety systems (i.e., multiple failures of
equipment are not considered). In general, the approach is similar to that used in the analysis of design
basis accidents. In order to reduce the number of necessary calculations, a qualitative analysis is usual-
ly carried out first. Based on the results of qualitative analysis from list of initial events leading to sim-
ilar consequences, are determined by event-representatives (i.e., events which lead to more adverse
consequences from the point of view of the target calculation parameters, for example, to a lower
coolant temperature in the reactor downcomer at high primary pressure) for their subsequent detailed
modeling using thermal-hydraulic calculation codes.

The probabilistic approach allows for more complete analysis events, potentially dangerous in
terms of the RPV integrity. First of all, this is due to the consideration of multiple equipment failures.

In [5] it was noted that the use of the probabilistic approach requires a large amount of labor (in
comparison with the deterministic approach). Therefore, the probabilistic approach is usually applied
in addition to the deterministic approach and is used after calculations using the deterministic ap-
proach in case of need for in-depth analysis. It was also noted in [2] that probabilistic analysis of the
occurrence of thermal shock is regarded as additional to the deterministic.

However, in practice, in the framework of work in Ukraine, probabilistic analysis is no less significant
than deterministic analysis, therefore it is carried out in parallel and is mandatory (not additional). On the
basis of probabilistic analysis, dominant scenarios with a high probability of realization (frequency more
than 107 1/year) and potentially leading to thermal shock are determined. After that, for the dominant sce-
narios list, a deterministic analysis is performed (quantitatively or qualitatively). For the analysis, the codes
SAPHIRE and RISKSPECTRUM PSA are used, and the corresponding integral probability models for the
full spectrum of the accident initial events for all reactor facility modes.
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The initial data collection. As for analysis requires the engineering assessment execution, prepa-
ration of calculation models and the development of calculation scenarios, therefore, it is required to
perform the initial data collection in an amount sufficient to complete the calculation analysis for re-
searched the power unit. In [1] and [2], there are no specific requirements for the initial data collec-
tion. However, the methodology [5] puts forward the requirements for the development of a separate
database, which should be developed directly within the framework of this task.

In practice, within the framework of work in Ukraine, separate database are not developed. The
available database for the reactor facility, systems and containment (if available), the drawings of the
equipment and pipelines, the operation instructions, the technological regulations of safety operation, the
lists of the protections and interlocks, the neutron-physical calculations of fuel loads, technical solutions
and corresponding documentation for the modernization implementation and other technical documenta-
tion. Initial data are limited to equipment and systems that are part of the modeling boundaries.

The calculation models development. To perform the thermal-hydraulic analysis appropriate
calculation models for integral thermal-hydraulic codes and engineering codes that take into account
mixing in downcomer should be developed. For the analysis in Ukraine, the following codes are used:
RELAPS (definition of boundary conditions with quasi-three-dimensional downcomer modeling),
GRS-MIX and REMIX/NEWMIX (obtaining the specified boundary conditions for the dominant sce-
narios with considering mixing in downcomer). Typically, as models for the RELAPS5 code are used
by the NPPs operator, which are developed within the framework of the safety justification, for exam-
ple, for the analysis of design accidents. The requirements to the model development, validation and
documentation are similar to other types of analysis for Ukrainian NPPs.

In addition, researches on the CFD codes using for the analysis of thermal shock are performed in
the world also (for example, some results are showed in [8 — 11]), but now domestic methods do not
require this type of analysis.

The choice of calculation scenarios for analysis. The identification of those initial events with a
potential threat to the RPV integrity to select the calculation scenarios must be performed.

In accordance with [5] a general list of the initial events specified for researched NPP is taken as
a basis. This list is described and analyzed in the normative and technical documentation, including
safety analysis reports. It is recommended to select all initial events and scenarios that potentially af-
fecting to the RPV integrity from the list of initial events. In addition, according to [5] the initial
events in the groups should be considered: decrease of the primary coolant reserve, increase of the
coolant reserve, increase of heat removal through the secondary, external cooling of the RPV. Thus,
the approach is analogous to the approach to the design basis accidents analysis. However, in the
framework of Ukrainian projects realization is applied the approach given in [1, 2], where the group-
ing is performed in a different way, namely, the initial events are related to the groups: Loss of coolant
accidents (LOCA), primary to secondary leakage accidents (PRISE), large secondary leaks (MSLB),
stuck open pressurizer safety or relief valve, inadvertent actuation of the high pressure injection or
make-up systems, accidents resulting in cooling of the RPV from outside. The initial that are not pre-
sent in groups LOCA, PRISE and MSLB belong to the group OTHER. In addition, based on the expe-
rience of the justifications and the high probability of realization (frequency 1.73-10° 1/year), the sce-
nario “Total loss of the feed water of the steam generator (SG)” with the implementation of the proce-
dure “feed-and-bleed”, which is characterized by a fast pressure decrease in the primary, followed by
cooling from cold water from the emergency core cooling system (ECCS).

As indicated above, probabilistic analysis is performed in addition to the deterministic evaluation.
As a result of the probabilistic evaluation, the list of calculation scenarios can also be complemented,
for example, in the framework of the RPV integrity justification for RNPP-3, a scenario with the main
steam collector break was analyzed with a failure to closing all quick-acting shut—off valve (multiple
failure), characterized by a high probability of realization (frequency 1.58-107 1/year).

As an example, Table contains lists of 10 dominant scenarios groups with a high probability of real-
ization, obtained for the SUNPP-3, with the preliminary calculation results of the reserve to brittle frac-
ture Ty, (for in formativeness). Based on the presented results, it can be concluded that the dominant
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(more probable) scenarios may not be representative from the results of strength analysis. The applied
methodologies for calculating the probability and T, are given in documents [12, 13] and [14, 15].

Lists of 10 dominant scenarios groups with a high probability of realization

Scenario Group /

Ne Description Scenario Tas °C
Frequency, 1 year
Large primary leakage DN90-350 with
5 operation 3 train of HPIS (high-pressure
1 PTS-IN-A1/8.44-10 injection) and LPIS (low-pressure injection) LOCA2.1.63 At
system
4 Medium primary leakage DN50-90 with
2 PTS-2N-1/5.33-10 operation only 1 train of HPIS LOCA 2131 | 49.77
PTS-3N-1 (reactor facility
3 mode: “on
power”)/6.86-107 Small primary leakage DN11-50 with
PTS-3S-1 (reactor facility operation 3 train of HPIS LOCA2.12.1 | 30.14
4 mode: “hot
shutdown”)/7.58-10°°
5 |  PTS-3N-4/2.76x10°° Small primary leakage DN11-50 with LOCA2.122 | 882
operation 1 train of HPIS
Small primary leakage DN<11 with operation
6 PTS-4N-1/4.97-107* 1 train of HPIS due to failure of the make-up | LOCA2.1.1.1 | 178.65
system
Small leakage from primarty to secondary
4 with failure of: make-up system, emergency
! PTS-6N-1/5.99-10 SG localization, heat removal through PRISE2.31.2 | 62.94
secondary
PTS-7N-11 (reactor Medium leakage from primary to secondary
8 facility mode: “or; (break of several heat exchange tubes) with
power”)/2.92-10" operation 3 train of HPIS at the initial
PTS-7S-11 (reactor facility | accident stage and the successful switching of PRISE23.22 | 3643
9 mode: “hot to the recirculation of redundant HPIS train
shutdown”)/3.16-10™° after the cooldown through secondary
Medium leakage from primary to secondary
(SG collector cover opening) with operation 3
10 PTS-7N-12/9 73-10°* train of HPIS at the initial accident stage and PRISE 2333 | 45.06

the successful switching of to the recir-
?2ulation of redundant HPIS train after the
cooldown through secondary

Based on the presented results, it can be concluded that the dominant (more probable) scenarios

may not be representative accordance to the strength analysis results. For example, for the scenario
LOCA 2.1.1.1 (with a high probability of implementation 4.97-10™* 1/year) a high value of T,
(178.65 °C) was obtained.

In addition, it is stated in [5] that in order to reduce the total number of calculations, a prelimi-

nary qualitative (engineering) analysis of the initial events selected to the RPV integrity justification
should be performed. Possible ways of accident taking into account the equipment failures and staff
mistake are considered in the qualitative analysis. In practice, this is the case, but a qualitative analysis
is performed for every next NPP unit, as a result of which the part of initial events are excluded from
the quantitative examination, for example, PRV external cooling, inadvertent actuation of the high
pressure injection or make-up systems (based on the reactor facility design features and the availability
of RPV cold overpressure protection, respectively).
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In addition to this, the initial events of the same group are identified during the analysis (and be-
longing to the same frequency category). These groups should have similar chronology of scenarios
and lead to similar consequences. In this case, a preliminary selection of the initial events-
representatives and, accordingly, scenarios for subsequent detailed modeling is performed. However,
in fact, all the initial events of the group (all dimensions of leaks etc.) are actually considered, repre-
sentatives are not selected, but based on the results of qualitative analysis, preliminary calculations and
the previous analyzes experience, the most conservative scenario — for each initial event, such a calcu-
lation is issued and initial data are prepared for the strength evaluation.

But, even with such an optimized grouping, a large array of scenarios is still selected for the
analysis, for example, for the SUNPP-3 was performed a calculation analysis of 55 accident scenarios.
Such a scope of scenarios requires a lot of labor costs, although the result is a single number of domi-
nant scenarios. At the same time, most scenarios are characterized by a fairly large Ty,, therefore, in
view of the power units uniformity, the list of scenarios requires optimization after: a detailed analysis
of the already completed justifications, data collection on the specifics of all power units to identify
differences, including planned modifications. For example, Fig. 1 and 2 show the results of the prelim-
inary strength evaluation of the above scenarios in the definition of T,.
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Fig. 1. Margin to brittle strength (T,,), the first part of the scenarios
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Fig. 2. Margin to brittle strength (Ty,), the second part of the scenarios

Shown results allow us to conclude that only 6 scenarios are characterized by Ty, of less than
40 °C, and scenarios of the MSLB group are not representative (Ty, over 78 °C, the scenario
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MSLB 2.2.5.2 is the 38th in the list in ascending Ty, list) and can be excluded from the quantitative
assessment after a detailed study.

Calculations performing. First of all, the formulation of the task is carried out. Task consists in
choosing an approach to carrying out the calculation analysis and determining the initial and boundary
conditions. In practice, a conservative approach to performing analysis is applied in accordance with [1, 2].
However, the methodology [5] also permits the application of a more labor-intensive approach with an
best-estimate (realistic) approach, which is not actually applied in the framework of the work
in Ukraine.

Further, the initial and boundary conditions are determined [5]. The initial conditions include pa-
rameters that characterize the state of the power unit, which are directly measured at the station (for
example, pressure, temperature, etc.), or can be calculated (for example, reactivity coefficients, regula-
tors efficiency, etc.). In addition, the initial conditions include some design conditions, for example,
the limiting values of the non-uniformity coefficients (reactor kinetics). In the conservative approach,
the limiting values of the parameters (taking into account the inaccuracies of the measurement sys-
tems) from the range characterizing the normal NPP operation (i.e., operational limits) should be cho-
sen as initial conditions.

Boundary conditions include the configuration and characteristics of systems and equipment involved
in overcoming the accident consequences. In the deterministic approach, the principle of conservatism and
single failure is used, while in the probabilistic approach multiple failures can be considered.

In a conservative approach, parameter values accepted as boundary conditions should lead to
worst-case consequences for a given initial event, taking into account the permissible deviation of the
parameter from the nominal value. Also, the loss of external sources of energy supply should be taken
into account as an additional failure, if this further worsens the results of the analysis [1, 2, 5]. In par-
ticular, in accordance with [2], failures of elements of normal operation systems should be considered
only for scenarios with loads leading to more conservative thermal shock conditions.

Two groups of operator actions are considered that have a significant effect on the transient pro-
cess, leading to a thermal shock [1, 2, 5]. The first group is the operator's actions, which lead to an ag-
gravation of the thermal shock conditions, the second group — leading to a softening. For the second
group, it is necessary to demonstrate that the operator has sufficient information and a period of time
for decision making and implementation of actions, the appropriate qualifications for the implementa-
tion of such an action. This only takes into account the actions that are prescribed by the current oper-
ating instructions. In Ukraine it is symptom-oriented emergency response instructions. It should be
noted that the time of the operator is an important aspect.

Further, a calculation analysis to obtain the boundary conditions for the strength evaluation is
performed. Boundary conditions are prepared in the form of tabular data in Excel format. Using these
datas strength analysis is performed and scenarios, characterized by the smallest margin to brittle
strength violation are determined. For scenarios characterized by a low rate of coolant natural circula-
tion (or flow stagnation) in the main circulation pipes, a refined thermohydraulic analysis of the cool-
ant mixing in the downcomer is performed using special engineering codes that allow obtaining im-
proved boundary conditions on the RPV inner surface. However, such an analysis is performed only
for the dominant scenarios, after which the specified boundary conditions are applied for the repeated
scenario strength analysis.

Research results. The study analyzed the main stages of the thermal-hydraulic analysis, namely:
the selection of the approach to calculations, the collection of basic data, the calculation models devel-
opment, the selection of calculation scenarios for analysis, the calculations execution. For each stage
were set out approaches to their implementation in accordance with the requirements of various meth-
odologies, have been described the experience of using methodologies in Ukraine, were given domes-
tic results of work and were identified methodologies deficiencies, which will allow to continue the
study in terms of updating the existing methodologies or the development of modern methodologies.

Conclusions. The practice of thermohydraulic analysis performing in Ukraine is ahead of theo-
retical knowledge, practical experience, international experience and domestic early experience.
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Therefore, domestic methodologies require updating or improvement. The experience of Ukraine can
be taken into account in the next revision of the IAEA guidelines or practices.

At the domestic level, the methodology can be optimized by reducing the number of scenarios for
which a quantitative assessment is required. Optimization can be performed through a more in-depth
analysis of analyzes results for Ukrainian NPPs executed and approved by the State Nuclear Regulato-
ry Inspection of Ukraine (SNRIU), taking into account the “feedback” between the results of strength
and thermohydraulic analysis.

Up-to-date or newly developed modern methodology after the approval by SE “NNEGC “Ener-
goatom” and SNRIU can be applied in the framework of Ukrainian NPPs units lifetime extension.
This applies to units for which the relevant work has not yet been started, and also when it is re-
newed repeatedly.
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