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FORECASTING NPP PIPELINES RESIDUAL LIFE BASED
ON EROSION-CORROSION WEAR RATE MEASUREMENT

Abstract. The article is devoted to solving issues related to the assessment and forecasting NPP
pipelines residual life, taking into account the rate of erosion-corrosion wear. (ECW). The article
investigates the theoretical issues that arise when carrying out probabilistic calculations when
forecasting the residual life of pipelines of the supply network. The authors proposed the use
of a probabilistic-physical approach to assess the real technical condition and forecast the residual
life, in the absence of failures. As a probabilistic model, we use DM-distribution (diffusion
monotonic) distribution. Its parameters have a physical interpretation — average rate of determining
parameter change (validity criterion) and the variation coefficient of the generalized degradation
process. The residual thickness of the pipeline wall is taken as the determining parameter, and it is
assumed that when determining such a section of the pipeline, it is possible to measure it.

Key words: probabilistic-physical approach, residual life, probabilistic-physical model

of reliability.

Formulation of the problem. In view
of recent events of recent events of our time,
the nuclear industry is one of the priority areas
for the development of the energy industry.
And the reliability issues that are being
addressed in this area certainly determine
the future and must meet high standards
of both safety and resource consumption. Since
pipelines are one of the fundamental elements
of nuclear power plants, the issues of assessing
their residual life are certainly relevant.

Existing methods for studying the reliability
of such structures under erosion-corrosion
wear (ECW) are often deterministic (not
taking into account the random nature
of phenomena) or based on strictly probabilistic
failure models, which leads to a low correlation
of results with the object failures physics
[1; 2]. Also, quite often, the calculations are
approximate, since they are made without
taking into account the variation coefficients
of random degradation processes. This greatly
affects the accuracy of forecasting the residual
resource based on them.
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Analysis of recent research and publications.
The method of a priori calculation of reliability
indicators is the most frequently mentioned in
the literature [3,4] and used in determining
the residual life. This method, in contrast to
the experimental ones, makes it possible to take
into account the entire spectrum of influences
in the models. However, the existing
calculation methods ignore the random nature
of strength. Namely, these deviations occur
during the production process, material defects
and non-stationarity of loading processes.

Isolation of previously unsolved parts
of the general problem. Thus, the problem
of assessing the residual life of NPP feed water
pipelines during their long-term operation
under real conditions seems to be an urgent
task. Within the framework of a probabilistic-
physical approach to assessing the durability
of pipelines under ECW conditions used
a probabilistic model (diffusion monotonic
DM-distribution). The parameters of this
model have a physical interpretation, average
rate of change of the determining parameter
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(validity criterion) and the variation coefficient
of the generalized degradation process. The model
also assumes that the ongoing degradation
processes are irreversible and monotonous.

Purpose of the article. The purpose
of the article is to apply a probabilistic-physical
method for estimating the residual life of NPP
feed water pipelines using the DM-distribution
of time to failure.

Presentation of the main material. It is
necessary to calculate the residual life of a straight
pipeline section after 23 years of operation
using two methods. 60 similar pipeline sections
were subjected to the study. All pipelines were
operated for the same time and under equal
conditions [3]. The measurements were carried out
for pipes with a diameter D=530 mm with wall
thickness S,,,=28 mm. For a period of operation
of 23 years, the measured wall thickness
of the studied area was S, =24 mm at the minimum
allowable standard value S,=19,5 mm.

1. Calculation and experimental deter-
ministic method with and without technological
tolerances for the thickness of pipelines

The equation takes into account technological
tolerances for the thickness of pipelines during
their manufacture. As well as the presence
of corrosion products deposits, the thickness
of which is compared with the thickness
of the intact metal. The equation for calculating
the pipeline wear rate is as follows [3]:

Weew =(Spom Ky Kiy - Spin - Ky) 1 ATy), (1)

where Wy, — pipeline emission-corrosion wear
rate;

A1, — time interval from the date of object
commissioning to the date of control (years);

S .., — initial wall thickness;

S.i» — minimum allowable wall thickness;

K,, — coefficient, tolerance for wall thickness
in the manufacture of the pipeline;

K, — coefficient, the contribution of deposits
of corrosion products to the initial design wall
thickness;

K, - coefficient taking into account
the contribution of deposits of corrosion products
to the value of the minimum wall thickness.

than 108 mm, the coefficient K, can be taken
equal to 1,075. For pipelines with an outer
diameter of up to 108 mm, it can be taken equal
to 1,025. As the minimum value of the coefficient
K,, can be taken equal to 1,05, and the value
of the coefficient K,, — 0,95.

Substituting the values of the coefficients K,
K, K,,;, the equation for calculating the wear
rate will be written as:

Weew =1(S,

nom

1,075-1,05-8_. -0,95)]/ At (2)

The remaining service life of the pipeline
until the minimum allowable thickness is
reached, taking into account dependence (2), is
calculated by the equation

AT = (Snom .KZI _Sa)/(WESW .Ksaf )’ (3)

where At — residual life of the pipeline;

K, — safety factor;

K,, — coefficient taking into account the
contribution of deposits of corrosion products
to the durability of the pipeline.

Estimates of the ECW indicators of straight
feed water pipelines sections, according to
the algorithm given in [3], are given in Table 1,
where At, — residual service life without taking
into account technological tolerances for
the thickness of pipelines; At, — residual service
life, taking into account technological tolerances
for the thickness of pipelines.

The total resource (R) of the investigated
section of the pipeline, taking into account
the time of preliminary operation, is:

R, = AtytAt =23+27,2=150,2 year;
Ry, = Aty+At,=23+10,8 = 33,8 year.

2. Probabilistic-physical ~ method  for
calculating the average resource without
taking into account technological tolerances
for the thickness of pipelines

The procedure for predicting the residual
life of products is considered for the case
when there are no failures (critical failures).
And in the process of operation, the values
of the resource (determining) parameter IT can
be measured. Achieving the parameter II,, of its

Note 1. For the example below [3] limit value leads to the limit state or failure
and pipelines with an outer diameter of more of the product.
Table 1
Item type Shom S, Wecwi Aty Wecws Aty
Sraight section 28 24 19.5 0,169 27,2 0,416 10,8
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Suppose thereisan opportunity to periodically
measure the resource defining parameter ¢(7). It
is assumed that the limiting value of the defining
parameter is known or specified ¢(¢) =11,

During operation, measurements of the deter-
mining parameter are carried out after a certain
period of time At.

Note 2. The time period At is taken equal
to the value providing uncorrelated gains,
the increment correlation interval Ad(Af) is deter-
mined in advance during testing or operation.

As aresult of measurements, a number of non-
decreasing values of the resource parameter ¢(7)
are obtained for certain moments of operating
time (which grow):

o (1),
o (1) =0t + Ab);
(I)(tn) = ¢ (tn—l + At)v
O(t,.1) =9 (1, + A

Note 3. To ensure sufficient accuracy in
estimating the rate of change of the determining
parameter, it is desirable to have at least
ten increments (measurements) n(values).
Further reasoning assumes that the values
of the determining parameter increase with time.

In the general case, according to
the measurement data, the average determining
parameter rate changeis calculated by
the formula:

LS _o)] - ——
a=— ;[4)(@-“) 0] = ;Aq)i_@)

Approximately the rate of change of the
determining parameter can also be determined
by two measurement points — from the
beginning of operation #,=0 and the moment
of the first measurement of the determining
parameter t,, wherein At,=t, —t,, Ad, = o(¢,) — d(t,)
and n=1.

As a theoretical model of reliability, we
accept the DM-distribution of time to failure
[2], since the destruction of this type of product
is irreversible.

The parametric form of the DM-distribution
entry is as follows:

at +11, —1I1,

F(ty=DM (t;a;v)= @ , (9)
© ( ) vyfat (1, -11,)
where a — the average rate of change

of the determining parameter (increase in

a0

the depth of corrosion, thinning of the pipe
wall);

I1, — initial measured value of the determining
parameter (corrosion depth);

II, - the maximum measured value
of the determining parameter;

v — coefficient of variation of the corrosion
depth growth process.

The variation coefficient value of the change
in the determining parameter can be chosen
taking into account the recommendations [1]
Table 2.

Table 2. Values of coefficients of variation
for various types of corrosion processes

The coefficient

Type of degradation process of variation

Corrosive wear:

— with a small unevenness 0,1-0,20
of destruction
— with a significant uneven 0,3-0,6

destruction

If the defining parameter of the product
changes monotonously and irreversible changes
are observed, that is, all A¢(z,) have a plus sign,
then the average residual life is calculated by
the formula:

7= (Hlim_Hl)(1+%j’ (6)

a

where II,,, — limit value of the determining
parameter  (validity  criterion.) ~ Gamma
percentage residual resource is calculated by
the formula:

2772
. =—(H"‘“a Hl)[nvzuf/z—vuy 1+va } ()
where U, — quantile of the normalized normal
distribution of the level y.

As mentioned above, for the considered
example, the corrosion depth is taken as
the determining parameter.

We calculate the average corrosion depth
growth rate depth from the results of one
measurement

1 n
-—— N'A
Aeow Aty 7 ; ¢1,
where At,=t, =23 year,
0(f,) =0 mm;
¢(tl) = Suom_Sl = 28_24 = 4 mim;
n=1;
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v=0,25;
Ad(t)=0(t) T (t)=4-0=4 mm,

A,
a == = .
VS Nn 2341 0,173 mm/year;

We calculate the value of the residual resource
of the pipeline section:

_ 2
7’:[ — (Hlim Hl) (1 + V_j —
a 2

8,5—4 0,25°
= |1+
0,173 2

where IT;, = S,,,—S,=28-19,5=8,5 mm;
I,=S, —S,=28-24=4 mm,
Full resource of the pipeline section, taking

into account the time of preliminary operation
R, = At+7t=23+23,7=49,7 year

] = 23,7 year,

Conclusions.

Calculation-experimental method

At, — residual service life without taking
into account technological tolerances for
the thickness of pipelines; At, =27,2 year;

At, — residual service life, taking into account
technological tolerances for the thickness
of pipelines; At,=10,8 year;

Probabilistic-physical method

© — residual service life without taking
into account technological tolerances for
the thickness of pipelines; T=23,7 year.

The excess of At Ar, has a natural
justification and does not require additional
explanations. The remaining resource T is
less than At, due to the random probabilistic
nature of the degradation process with
the coefficient of variation 0,25. Pessimistic
assessment 7 indicator for nuclear power plants
is more preferable in terms of the overall safety
of the facility.

As a development of the probabilistic-
physical method, one should consider a rather
complicated problem statement — the study
corrosion products mosaic deposits effect
(thickening of the pipe walls in a number
of places) on the value of the residual life
of the pipeline as a whole.
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IMPOIrHO3YBAHH 3AININTKOBOIO PECYPCY TPYBOIIPOBOIB AEC
HA OCHOBI BUMIPIOBAHHS EPO3IIMHO-KOPO3IMTHOTO 3HOIIIYBAHHS

Anomauyis. Cmamms npucesuena UpiueH1o NUMans, n06 s3anux i3 nposedentsm OuiHKu ma npo-
2HO3YBAHHAM 3a1UK06020 pecypcy mpybonposodie AEC 3 ypaxysanmuam weuoxocmi eposiino-xo-
posiiinozo snowyeanus (EK3). Y cmammi docrioxceno meopemuuni numanisi, wo euHUKaomy nio
yac nposeders UMOBIPHICHUX PO3PAXYHKIE NPU NPOZHOIYBAHHI 3ATUUKOBOZ0 Pecypcy mpyoonpo-
600i6 JcuUILHOT Mepedci. B pobomi npuiimaemocs donyuwenns, wo npozHo3Yeanus 3alUUK08020
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pecypcy 6asyemvpcs Ha BUSHAUEHHT PO3PAXYHKOBUM ULLAXOM 11020 Minimanvhoi oyinku. [Ipoeo-
OUMbCst NOPIGHAHHA MIHIMATOHOT OUIHKU 3 6CMAHOBIEHUM QONYCIUMUM PiBHeM 3HOCY mpybonpo-
600ie xcusenenns. B poéomz NPUUMaemsbCst 60nyu4@HHﬂ U0 MPOZHO3YBAHHS 3ANUUKOBO20 PECYPCY
basyemocs na usHaAYeHHi PDO3PAXYHKOBUM ULLAXOM U020 MIHIMATHOL OUIHKU. Aemopamu 3abopo-
HOBAHO OISl BUKOHAHHS OUIHKU 00 €KMUBHO20 MEXHIUHO20 CMAHY MA BUKOHAHHS NPOZHOIYEAHHS
3ATUWKOB020 PECYPCY BKAIAHUX KOHCPYKULL, 3 BI0CYMHOCTMI 3HAUHOT CIMAMUCTUKU 8I0MOB BUKO-
PUCTOBYEMBCS UMOBIPHICHO-Di3uunutl nidxid. B pamkax ypozo nidxody, wo 0o ouinku 006206iuHo-
cmi, Jedcumn UmMosipHicna modenn, wo sacmocosye DM-posnodin éidmos. Illapamempu modeni, wo
BUKOPUCTMOBYEMBCS. MAIOMb 8 CB0LU 0CHOBT (hisuuny inmepnpemayito. OCHOBHUMU NaApamempamu,
SKL BPAXOBYIOMBCS. € CePeOns WEUOKICMb 3MIHU GUSHAUATILHOZ0 NAPAMEMPA Ma Koeiyicm eapi-
ayii Y3azaavHenozo npouecy (3ezpa8az¢ii Ax susnauanvnuii napamemp npuﬁﬂﬂma 3aIUWKOBA MOG-
wuna cminKu mpy60np0608y i nepe%auaembc;z wo npu eusnauenni maxoi dinsku mpyoéonpo-
600y € MOXNCIUBICID 1 suMiposanns. Y cmammi npueedeni kpumepii OUiHKU 3aIUUKOB020 Pecypcy
Q0CIONCYBANUX 3PA3KIE cmanesux mpybonposois, BUKOPUCTIAHHS SKUX 00360JUMb SHUSUMU €KC-
NAYaAmayiiini eumpamu 3a paxynox 30iuviuenns mixcpemonmuux inmepeanie. Haesedeno nopie-
HANHS 080X NPUKIAIB POIPAXYHKIB POIPAXYHKOBO-EKCNEPUMEHMATLHUM MA UMOGIPHICHO-Di3uu-
HUM MemoO0amit, BCMAHOBIEHO 3ANUWUKOBULL MA 3a2ATbHULL PECYpPC CYHCOU.

Kntowoei caosa: timogipnicno-izuunuii nioxio, 3saauwkoeuii pecypc mpyoonposody,
UMOBIPHICHO-(Pi3uuna modenv Haoditinocmi.
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