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PREDICTION OF OPERATION LIFE EXTENSION
OF HEAT POWER EQUIPMENT

B.I. Ckanoszybos, JI.C. Ilipxoscokuii, M. Anani, P. Anvecep6i. IIporHo3yBaHHsI CTPOKIiB IPOJOB:KeHHSI eKCILTyaTamii
TeIUIOeHePreTUYHOro odsagHanHsa. Ha oOcCHOBI aHami3y BIZOMHX IOCIIJKCHb YCTAQHOBJICHO, LI0 BH3HAYAIBHUMHU (DaKTOpaMu
NPOTHO3YBAaHHS CTPOKIB MPOIOBKEHHS €KCIUTyaTalii TeINIOCHEPreTHYHOro 00JaiHaHHs (TeII000OMIHHUKH, HACOCH, apMaTypa) € KiIbKICTb 1
IIBUAKICTH HAKOIIMYCHHS IUKJIIYHUX TEPMIUYHUX Ta JUHAMIYHUX HABAHTAXXCHb Y HEPEXiAHUX PEKIMAX HOPMAIBHUX YMOB EKCIUTyaTalil, mpH
[OPYLICHHI HOPMAJIBHUX YMOB €KCILTyaTallil Ta B aBapifiHMX pexuMax (3a BUHATKOM KOpITyca siIEPHOro peakrtopa). IIpencraBieHo MeTox
BH3HAYEHHs POTHO3HUX OLIHOK CTPOKIB NPOJOBKEHHS €KCILTyaTallii TeMIOCHEPreTHYHOro 00JIaAHaHH 3aJIe)KHO Bil aMILTITY]] HAIIPYTH B
MEepexXiHUX Ta aBapiiHUX PEeXHUMax, KUIBKOCTI 1 IIBUAKOCTI HAKOMMYEHHS LUKJIIYHUX HABAHTA)XCHb, MII[HICHHX IapaMeTpiB MeTaja
KOPIYCIB TEIUIOCHEPreTUYHOro o0JIaJiHaHHS (32 BUHATKOM KOpIyca peakTopa). Meroj peasizoBaHO Ha MNPHKIAZl HaporeHepaTopiB
peakTopHux ycraHoBOK i3 BBEP 3 BukopucTraHHsM ekciulyarauiiiHux nauux 1-ro Gnoka IliBaenHo-Ykpaincekoi AEC (na 2010 p.). ¥V
pe3yNbTaTi BCTAaHOBJICHA TPHUITYCTUMA HMIBUIKICTh HAKOIIMYEHHS [IUKIIIYHUX HABaHTAXXEHb IPU MPOIOBKEHHI CTPOKiB exciutyarauii Ha 30, 40
u 50 pokiB. OTpuMaHi pe3ynbTaTH BU3HAYAIOTh HEJOCTATHIO OOIPYHTOBAHICTH POOOTH aTOMHHMX CTAHIIH Yy «MaHEBPEHUX» PEXUMAX i3
3MIHHOIO MOTYXKHICTIO peakTopa. Y IbOMY BHIIAJKy KUTBKICTh IMKITIYHHX HABAHTA)KEHb HA OONAIHAHHS Pi3KO 3pOocTae, Ta 0OMEKYIOTHCS
cTpoku Oesmeky excrutyararii. Po3poOneHuil MeTox i OTpuMaHi pe3ysibTaTH PO3PaXyHKOBOTO MPOTHO3YBaHHS CTPOKIB MPOJOBIKCHHS
eKCIUTyaTamii TeIIOCHEPreTHYHOro O0JaJHAHHS MOXKYTh OYTH BHKODHCTaHI Ul Tally3eBHX [POrpaM MO IPOJOBXKCHHIO CKCILTyaTarlii
YKpaTHCBKHX aTOMHHX €JICKTPOCTaHIiif, a TaKOX I BIOCKOHAJICHHS HOPMATHBHMX JIOKYMEHTIB, SIKi PErJIaMEHTYIOTh YMOBH Ta BUMOTH JI0
JOMYCTUMOTO OE3eYHOro MPOMOBXKCHHS CKCIUTyaTallii TEINIOCHEPTeTHYHOro 00JIaHAHHS MiAIPUEMCTB aTOMHOI 1 TEIUIOBOI €HEPreTHKH.
IMogansiie BIOCKOHATICHHS 3aIlPOIIOHOBAHOrO B POOOTI METO/A MPOrHO3YBAHHS CTPOKIB MPOJOBIKEHHS EKCIUTyaTalil TeIIOCHEPreTHYHOTO
o0JajHaHHg MOXKe OyTH 3aCHOBAaHO HAa PO3BHTKY METOJIB aHaji3y HaJiHHOCTI TEINIOEHEPTeTHYHOro OOJaiHAHHA Ta 0a3 JAHUX IO
MOPYILEHHSM Y Ipoleci ekcrutyaTtanii. MaTepianu npeacTaBieHol poOOTH BHKOPUCTOBYIOTHCS B HABYAJIBHOMY IMPOLIECI AJISL MiJrOTOBKH,
MEpPerniroTOBKY 1 MiIBUILIEHHS KBami(iKallii CrienianicTiB eHepreTHYHoI ratysi.

Kniouosi ciosa’ IpOrHO3yBaHHs, IPOJIOBXKEHHS eKCILTyaTallil, TeIIoeHepreTHYHEe 00J1a JHAHHS

V. Skalozubov, D. Pirkovsky, M. Alali, R. Algerby. Prediction of operation life extension of heat power equipment. Based on the
analysis of known researches, it is revealed that the quantity and accumulation rate of cyclic thermal and dynamic loads in the transient
modes of normal operation conditions, when violating normal operation conditions and in accident conditions (except for the nuclear reactor
vessel) are the key factors of prediction of operation life extension for a heat power equipment (heat exchangers, pumps, armature). The
method for predictive estimation of terms of operation life extension of a heat power equipment depending on stress amplitudes in transient
and accident conditions, quantity and accumulation rate of cyclic loads, strength metal parameters of a heat power equipment vessels (except
for a reactor vessel) is provided. The method is implemented on the example of steam generators of WWERs and using operational data of
South-Ukraine-1 (by 2010). Admissible accumulation rate of cyclic loads during operation life extension by 30, 40 and 50 years is a result.
The results define insufficient substantiation of nuclear power plant operation in the “maneuverable” modes with a variable reactor power. In
this case, the quantity of cyclic equipment loads increases dramatically, and terms of safe operation are limited. The developed method and
the obtained results of prediction of operation life extension of heat power equipment can be used for industry programs to extend the opera-
tion of Ukrainian nuclear power plants, as well as to improve the regulatory documents governing the conditions and requirements for ac-
ceptable safe extension of the operation life of heat power equipment of nuclear and thermal power enterprises. Further improvement of the
method proposed in the work for predicting operation life extension of heat power equipment can be based on the development of methods
for analyzing the reliability of heat power equipment and databases on operation disturbances.The materials of the presented work are used in
the educational process for the training, retraining and advanced training of specialists in the energy industry.
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Introduction

Many years of nuclear power experience have defined technical and economic suitability of ex-
tension of operation life of nuclear power units after design operation life. The developed nuclear
powers have carried out work on technical and economic suitability and substantiation of possibility to
extend operation life of nuclear power units since the late 1970s. A lot of researches and many years of
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experience have defined technical feasibility in principle and economic suitability to extend the speci-
fied lifetime by 40...50 years or more. So, for an example, the analysis showed that the economic loss
because of decommissioning of the USA NPPs in 1990s was about 119 billion US dollars, and costs of
technical and economic maintenance of life operation extension would be no more than 60 million US
dollars. For 2000...2014 USA renewed operation licenses for 49 nuclear power units (installed capaci-
ty of 34 GW). It has made a profit of 350 billion dollars, reduced emissions of carbon dioxide by
150 million tons and sulphur oxides by 2.5 million tons. And 20 power units were built by 2020.

For the period till 2034, the costs of extension of operation life of the operating NPPs of Ukraine
are estimated from 9.326 to 11.650 billion UAH. For all scenarios of development of a nuclear power
complex, suitability of operation extension of operating power units of Ukraine is confirmed for fol-
lowing criteria: safety level, additional electricity production, payback on operation life extension, So-
cial Security Fund income, etc.

However operation life extension after the design life of heat power equipment (heat exchangers,
pumps, and armature) requires sufficient scientific and technical substantiation. From nuclear power
experience, the programs for extension of operation life of heat power equipment (HPE) have to con-
tain the following main stages:

— analysis of normative, design and operational documentation;

— analysis of operating experience, tests, control, repair and maintenance;

— analysis of the actual reliability for the all operation life;

— analysis of the causes of ageing/degradation of the equipment;

— assessment of the current technical condition;

— generalization of results and substantiation of extension time of operation life.

Usually subjective technical decisions set the term to extend HPE operation without sufficient
substantiations.

Such approach defines relevance of the offered work.

Analysis of recent publications and problem statement

The HPE vessel is the critical element for operation life extension. The predicted time of opera-
tion life extension depends on the current key parameters of technical condition of the HPE vessel and
their rate during operation. Integrity and thickness of metal are the key parameters of technical condi-
tion of the HPE vessel.

The review analysis of mechanisms of degradation/destruction of the HPE vessels in work [1]
showed that cyclic thermal and dynamic loads (CL) caused by transients under normal operation con-
ditions (NOC), the violation of normal operation conditions (VNOC) or the design accidents (DA) are
dominant factors.

The statistical analysis of representative data on results of operational control of technical condi-
tion in work [2] also confirmed dominance of metal fatigue failure of the HPE vessel because of CL
(except for the nuclear reactor vessel).

The work [3] has shown that destruction of the HPE vessels because of CL happens much earlier
than inadmissible “thinning” of the HPE vessels because of corrosion-erosion wear (the “leak before
break” concept). Application of different methods for non-destructive test of metal of the armature
vessel also confirms this concept [4].

The work [5] has analysed operational data on defects of heat-exchanging pipes of steam genera-
tors (SG) of nuclear power plants. The result is that CL is basic cause of leaks in SG pipes. Use of dif-
ferent technologies of metal control for other power facilities has confirmed these results [6, 7].

It should be noted that codes of strength analysis of the equipment and pipelines [8] are also ori-
ented to admissible quantity of CL, and the ratio of quantity of the actual CL to admissible one defines
strength conditions. Admissible CL for each specific HPE are determined in Technical Regulations for
Safe Operation.

Thus, the analysis of known researches of the causes and mechanisms of degradation showed that
the quantity of CL in NOC, VNOC and emergency operation, and their accumulation rate is a domi-
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nant factor to predict time of HPE life extension. These conclusions define the purposes and problems
of the represented work.

Purpose and objectives of the study to develop a method to predict time of HPE life extension
using quantity of CL in NOC, VNOC and accident modes.

The purpose of work defines the solution of the following tasks:

— development of basic provisions of a method;

— application of a method for a specific example of NPP SG;

— analysis of results of calculation modelling.

Method for predicting operation life extension of heat power equipment

According to [8], nominal allowable stress for the HPE vessel loaded with internal pressure has
accepted as minimum of the following values:

T T T

[c]:rnin{fﬁl;fiﬂﬁirﬁﬂl}, @
nm n0.2 nmt

where n, = 2.6, Ny, = 1.5, Ny = 1.5.

Admissible design values of loading cycles [No] for each group j of the operational modes are de-
termined by the maximum design value of the mode from group j or by total admissible quantity of
loading cycles for group j. Everyone group j of the operational modes is characterized by the maxi-
mum admissible value of design quantity of loading cycles max[Ng];. Thus, the condition is obvious:

nj
ZNi(a-Gi)SmaX[No]j, 2
i=1

where, according to [8]: a; =1 (NOC), a,= 1.2 (VNOC), a3 = 1.4 (DA).

According to [8], the maximum permissible number of loading cycles for the mode group j is de-
termined by formulas:

ETel RT
[ow )= ™ 7
nc([ 0]) nG‘:(4[NO])m9+ +I':|
1-r 3)
ETel R '
low 1= G v W
NEO (4nN[No])me+17
el
TaT T
[o,1= (§[§°]) e
n m
T “{“Rﬁﬁj
" ; (4)
6 1 Eel . RI
L@ N R 14T
RI 1-r

where, according to [8]: n,, ny is stress safety factor and load safety factor, respectively, m, m, are ma-
terial characteristics, r is stress ratio, RT is strength characteristic:

Rl =RI(1+1.4-102ZT). (5)

Characteristics E, Z', RT are accepted as equal to the minimum values in the operation tempera-

ture range taking into account ageing. Stress safety factor n, = 2 and load safety factor ny = 10.
Exponents m, m, and endurance limit RT, are accepted according to [8].
For:
(08 ) max <REgE 1 2(0,6) <[REgH) + RiTeT, 6)
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stress ratio is calculated by a formula:
— (GF )max — 2(GaF )

()
(GF)max
If stress ratio r <—1 or r > 1, calculation accepts r = -1.
For (o¢)me > R{GE” and 2(c ) <[R{y + R{7e'] stress ratio is determined by a formula:
R-;I)—rglg 2(GaF) (8)

RTmln

p0.2
Amplitude of the reduced local engineering elastic stress in a cycle i is found by a formula:
(Cu)i = KF,i(Ga)i (o) )

where s is a cyclic strength reduction coefficient (according to Table 5.8 [8]), Kg; is stress concentra-
tion coefficient in a cycle i:

Ke =RI,| 1405 {KR(" )} ~14/(s,), (10)

p0.2

where R7,, is a material yield strength at a specified temperature, K, is the theoretical stress concen-

tration coefficient determined from Appendix 3 [8].

The allowed amplitude of engineering elastic stress for temperatures specified in 5.6.4 [1] is de-
termined by multiplying the calculated values by the ratio of the elastic modulus at the set temperature
to the elastic modulus at a maximum temperature:

ET
[o41=(0) 5 (12)
Stress amplitude (o,); of half-cycle in the mode i can be determined from the equation:
td(o,), dT
=2 dt= | f P—dt+ f,(ET,aT)—dt, 12
(ca).gdt j([]) j( an) g (12)
where
()
f, =%; f,=0.35ETaT. (13)

According to [8], an assessment of strength conditions for the equipment can integrate and reduce
different types of cycles to one calculation cycle. Thus the number of calculation cycles is equal to the
sum of numbers of the integrated cycles, and the allowed number of cycles [No] corresponds to the
maximum amplitude [o,¢] of the integrated cycles. From conservatism, the maximum stress amplitude
[o] can be used as the last parameter. Then, the condition for admissible loading cycles on the separate
equipment/elements of the equipment is:

3 wN,
2Nl fon) 2 1)

where o, is coefficient depending on the mode type: o, = 1 (NOC), a,= 1.2 (VNOC), a3 = 1.4 (DA).
Follows from the equation (4) fatigue curve cyclic loads:

<Ga>maxj _R .
N 7 e <Ga>max' >R;
wy = [c.-]1-R ! : (15)
0’ <Ga>maxj < R’
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where <Ga>maxj is the maximum stress amplitude for group j of the low-frequency modes, m is expo-

nent accepted according to [8]:

R= RS (16)

R 1+r
n, |1+ ——
RT 1-r
For an assessment of admissible operation life or a current reserve of admissible quantity of cy-
cles it is introduced the maximum accumulation rate of the operational modes of group j:

w, = 2N a7
.\
It reflects the maximum increment of the operational modes AN; for time At from operating expe-
rience.
For a maximum accumulation rate of the operational modes W; = ANj/At, predictive value of ad-
missible operation life or extension of the specified operation life is determined by a formula (14) with
(Nj = Nj + Wj ta|):

a3
le[ 0] ((X [GaF]) _ 5
al = 3 HW Nj—_ N; . (18)

J'Z=;[No] ((xj[GaF D

Analysis and discussion of results of calculated modelling

The method is implemented on the example of SGs of nuclear power plants with WWER. SG is
intended for heat removal from the primary coolant and generation of dry saturated steam. The SG
type is horizontal single-vessel, with a submerged heat exchange surface of horizontally located pipes.
SG consists of the following main elements: vessel, distribution device of the main feedwater, distri-
bution device of emergency feedwater, heat-transfer surface and primary collectors, separation device,
balancing device of steam loading, supporting structures, levelling vessels, and hydraulic shocks.

Basic data for calculation.

The calculated zone is an insert assembly of the primary coolant collector. This zone is the most
loaded because of welded seams that are stress concentrators. Vessel material is steel 10GN2MFA
(10TH2M®A).

Calculated operation modes:

—a circulating pump starts earlier than idle loop (NOC);

- no supply of feedwater to SG (VNOC);

— unfitting of the SG safety valve (DA).

The actual quantity of loading cycles for all operation life of South-Ukraine-1: Nyoc = 6867,
NVNOC = 146, NDA =1

Strength characteristics of SG vessel material:

— ultimate strength RT =491 MPa;

—yield strength R[,, =304 MPg;

— restriction Z" = 51 %;

— elastic modulus E'= 197 GPA,;

— calculated temperature t;,, = 278 °C;

— ambient temperature t,,; = 20 °C (we accept conservatively, without heat conductivity of vessel
material, for the maximum temperature differences in wall thickness);

— calculated pressure P = 6.4 MPag;

— atmospheric pressure Rqm = 0.098 MPa;

— linear expansion coefficient o. = 12.8-10°° 1/°C.
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Curves of change of calculated parameters are presented in Fig. 1.
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Results of calculations.
Results of strength calculation of the SG vessel at static and dynamic approximation of loadings
are reduced in Tables 1 and 2.

Table 1
The strength calculation results for the SG vessel under static loading
L N . Mode
Characteristic Designation Unit NOC | VNOC | DA
Nominal allowable stress [o] MPa 188.846
Pressure range AP MPa 0.7 1.29 1.5
Temperature difference AT °C 6.5 14.1 17.2
Reduced stress (0,) MPa 16.064 | 31.476 | 37.31
Concentration factor Ke - 9.614 5.127 4.427
?t\:re]sslltude of the reduced local engineering elastic (0u) MPa 154129 | 161.377 | 165.171
The same, taking into account temperature [0.£] MPa 159.807 | 167.322 | 171.256
Stress ratio r - 0.074 0.031 0.008
Maximum permissible number of loading cycles [No] - 3.836:104|1.671-104|1.07-104
Actual number of loading cycles N - 6867 146 1
Accumulation rate of operation modes W mode/year 312 6 0.045
(_Ioeff|C|ent taking into account impact of opera- u _ 0.846 0.886 0.907
tion modes
Cumulative fatigue damage a - 0.159
Allowed operation life ta year 33.25
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Table 2
The strength calculation results for the SG vessel under dynamic loading
- S . Mode

Characteristic Designation Unit NOC | VNOC | DA
Nominal allowable stress [c] MPa 188.846
Pressure range AP MPa 0.7 1.29 15
Temperature difference AT °C 6.5 14.1 17.2
Reduced stress (6.) MPa 14.996 35.393 | 117.875
Concentration factor Ke - 10.278 4.63 2.406
Amp_Iltude of the reduced local engineering (©.9) MPa 154439 | 163.87 | 283.607
elastic stress
The same, taking into account temperature [6.7] MPa 160.129 | 169.907 | 294.056
Stress ratio r - 0.072 0.016 -0.703
Maximum permissible number of loading cycles [No] - 3.364:104 | 1.609-104 | 2.552-103
Actual number of loading cycles N - 6867 146 1
Accumulation rate of operation modes W mode/year 312 6 0.045
C_:oeffluent taking into account impact of opera- " : 0.848 0.9 1557
tion modes
Cumulative fatigue damage a - 0.182
Allowed operation life ta year 26.38

Curves of variation of rate of calculated parameters with time are presented in Fig. 2.
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Based on the carried-out calculation it is possible to evaluate a share of separate loading cycles
for the NOC, VNOC and DA modes in total quantity of cycles. Fig. 3 shows the average percentage
ratio of loading cycles for the NOC, VNOC and DA modes. It is also possible to evaluate a residual
life of number of loading cycles for the NOC, VNOC and DA modes at the moment. The percent of a
reserve of loading cycles for the separate modes is shown in Fig. 4a. Fig. 4b shows the compara-
tive percent of a reserve of loading cycles for the separate modes with regulated admissible number of
cycles.

61 %

ONOC
EVNOC
ODA

28 %

11%

Fig. 3. Average percentage ratio of loading cycle numbers

98.8 % 99.98 % 96.6 %
75.2 %

474%  SL3%

a b

Fig. 4. The percent of a reserve of loading cycles for the separate modes (a), the percent of a reserve of loading
cycles for the separate modes with regulated admissible number of cycles (b)

The formula (18) assesses impact of admissible operation life on an accumulation rate of the op-
erational modes. The assessment was performed for t;=30, 40, 50 years. The calculation results for the
SG vessel under static and dynamic loading are provided in Table 3.

Table 3
Accumulation rates W of modes for SG vessel
Loading approximation type
ta, years Static Dynamic
Whioc Wynoc Wpba Whioc Wynoc Wpba
30 345.78 7.418 0.05 274.41 5.89 0.04
40 259.348 5.563 0.037 205.806 4.415 0.03
50 207.482 4.451 0.03 164.64 3.53 0.024

Assessment of impact of admissible operation life on an accumulation rate of the operational

modes can lead to a conclusion that accumulation of the NOC modes makes the greatest contribution.

For an example, Fig. 5 shows average dependence of admissible accumulation rate of the NOC modes
for different admissible operation life.
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Fig. 5. Average dependence of admissible accumulation rate of modes

Conclusions

1. Based on the analysis of known researches, it is revealed that the quantity and accumulation
rate of cyclic thermal and dynamic loads in the transient modes of normal operation conditions, when
violating normal operation conditions and in accident conditions (except for the nuclear reactor vessel)
are the key factors of prediction of operation life extension for a heat power equipment (heat exchang-
ers, pumps, armature).

2. The method for predictive estimation of terms of operation life extension of a heat power
equipment depending on stress amplitudes in transient and accident conditions, quantity and accumu-
lation rate of cyclic loads, strength metal parameters of a heat power equipment vessels (except for a
reactor vessel) is provided.

3. The method is implemented on the example of steam generators of WWERSs and using opera-
tional data of South-Ukraine-1 (by 2010). Admissible accumulation rate of cyclic loads during opera-
tion life extension by 30, 40 and 50 years is a result.

4. The results define insufficient substantiation of nuclear power plant operation in the “maneu-
verable” modes with a variable reactor power. In this case, the quantity of cyclic equipment loads in-
creases dramatically, and terms of safe operation are limited.

Jlitepatypa

1. OcrpeiikoBckuii B.A. CrapeHne ¥ nNporHo3upoBaHUe pecypca 000pYAOBaHUS aTOMHBIX CTaHIMH. M. :
Dueproaromusaar, 1994. 287 c.

2. Kossilov A. IAEA Co-ordinated Research Programme on Management of Ageing of Motor Operated
Isolating Valves. Proceeding of the Joint Specialist Meeting on Motor Operated Valve Issues in Nuclear
Power Plants, Paris, France, 1994, April 25-27. 1994. P. 369-383.

3. Tetman A.®. Konnenmust 6€30MacHOCTH «TeYb Mepe]l pa3pylIeHHEM» ISl COCYIO0B U TPYOOIPOBOAOB
nasnenust ADC. M. : Dueproatomusaar, 1999. 258 c.

4. 3apuukuit H.C., Jlaryra C.M., Cennes B.A. Ckano3y6os B./l. Ananu3 oTka3oB apMaTypsl 3HEprooJo-
koB 3anopoxckoit ADC. Hoepnas u paouayuonnas dezonacnocms. 2000. 2. C. 86-89.

5. Bapunkwuii H.C., CenneB B.A. Ckano3y6oB B./l. Ananu3 sKCIUTyaTallMOHHBIX JAHHBIX MO JedeKram
TeMI000MEeHHBIX TpyO maporeneparopoB BBIP. Hoepras u paouayuonnas 6ezonacnocms. 2000. 1. C.
96-98.

6. [ToBpIlIeHNEe THHAMHYECKON HAICKHOCTH H IPOJUICHHE CPOKa CIYKOBI TPyOOIIPOBOIOB TPH HUCIIOIB30-
BaHWU TEXHOJOTHHU BBICOKOBs3koro nemiidpepa / B.B. Kocrapes, /JI.10O. ITasnos, B.H. Anekcees, A.M.
bepkosckuid, A.YO. Ulykun. Taxcenoe mawunocmpoenue. 2000. 8. C. 26-33.

7. P11 50 0185-00. MeToaMKa OIICHKH TEXHUYSCKOTO COCTOSIHUS U OCTATOYHOI'O pecypca TpyOOorpoBOIOB
sHepro6iokoB ADC. M. : Pocaneproarom, 2000. 73 c.

ENERGETICS



60

ISSN 2076-2429 (print)

IMpaui Oxecbkoro nomitexHiuHoro yHiBepcurery, 2020. Burm. 2(61) ISSN 2223-3814 (online)

8.

ITH AD I'-7-002-86. Hopmbl pacueTa Ha MPOYHOCTh 00OPYIOBAHUSA U TPYOOIPOBOIOB ATOMHBIX JHEP-
TEeTHYECKHUX yCTaHOBOK. M. : DHeproaromusaat, 1999. 525 c.

References

1.

2.

Ostreykovsky, V.A. (1994). Ageing and Resource Prediction of Equipment of Nuclear Power Plants.
Moscow: Energoatomizdat.

Kossilov, A. (1994). IAEA Co-ordinated Research Programme on the Management of Ageing of Motor
Operated Isolating Valves. Proceeding of the Joint Specialist Meeting on Motor Operated Valve Issues
in Nuclear Power Plants, Paris, France, April 25-27, 369-383.

. Getman, A.F. (1999). Safety Concept “Leak before Break™ for NPP Pressure Vessels and Pipelines.

Moscow: Energoatomizdat.

. Zaritsky, N.S., Laguta, S.M., Sednev, V.A. & Skalozubov, V.I. (2000). Analysis of Armature Failures at

Zaporizhzhya Power Units. Nuclear & Radiation Safety, 2, 86-89.

. Zaritsky, N.S., Sednev, V.A., & Skalozubov, V.I. (2000). Analysis of Operational Data on Defects in

Heat Exchanger Tubes of WWER Steam Generators. Nuclear & Radiation Safety, 1, 96-98.

. Kostarev, V.V., Pavlov, D.J., Alekseev, V.N., Berkovski, A.M., & Shukin, A.J. (2000). Improving Dy-

namic Reliability and Extending the Operation Life of Pipelines Using High Viscous Damper Technol-
ogy. Russian Journal of Heavy Machinery (Tyazheloe mashinostroenie), 8, 26-33.

. RD EO 0185-00. Methodology for Assessing the Technical Condition and Residual Life of Pipelines of

Nuclear Power Units (2000). Moscow: Rosenergoatom, 73.

. PN AE G-7-002-86. Codes of Strength Design for Equipment and Pipelines at Nuclear Power Plants

(1989). Moscow: Energoatomizdat, 525.

Cxaio3y6os Bostogumup IBanosuyu; Skalozubov Volodimir, ORCID: https://orcid.org/0000-0003-2361-223X
IMipkoBcwknii Ienuc CepriitoBuy; Pirkovskiy Denis, ORCID Number: https://orcid.org/0000-0002-6638-9499
Moxamman Ananai , Mohammad Alali, ORCID: https://orcid.org/0000-0003-4052-9331

Paoia K. Auxi Anbrep6i; Algerby Rabia K. Ali, ORCID: https://orcid.org/0000-0001-9745-5658

Received March 12, 2020
Accepted May 27, 2020

EHEPTETHUKA



