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PREDICTIVE MAINTENANCE OF PIPELINES WITH DIFFERENT
TYPES OF DEFECTS

Abstract. The paper describes a tested and proven practical methodology of predictive
maintenance of pipelines with two types of defects—«loss of metal» and «pipe wall
lamination», detected by the ILI technology.

For the defects of the «pipe wall lamination» type the assessment of their level of danger is
conducted only after they are converted to surface «loss of metal» type defects. The paper
presents models on how to adequately convert the «pipe wall lamination» type of defects to
the «loss of metal» type defects.

A methodology is described on how to rank the defects according to their level of danger
(with respect to the rupture type of failure), and how to perform the probabilistic assessment
of the residual life of the inspected pipeline. The defects detected by the ILI are divided,
depending on their type, size, and the level of safety factor, into three following categories:
Dangerous, Potentially dangerous and Not dangerous defects.

In order to account for «leak» and «rupture» types of failure, a computer based express
assessment is developed of the level of severity of each defect. This defect assessment is
based on graphs, which restrict the permissible sizes of defects and allow making operative
decisions as to which maintenance measures should be taken, regarding each detected defect
and the pipeline segment as a whole. The pipeline defects are ranked according to their
potential danger, which depends on their location on the graphs. These graphs form five
zones, which define the level of the defects danger.

The probabilistic assessment of the residual pipeline life is performed taking into account the
stochastic nature of defect growth. In order to achieve this, the maximal y-percentile corrosion
rate is defined over all detected defects. The distribution of the n detected pipeline defects is
described by the two-parameter Weibull probability density function (PDF). As the main
decision parameter the gamma-percent operating time is chosen. It is characterized by 1) the
safe operating time, and 2) the percentile probability that during this time the pipeline limit
state will not be reached.

A detailed example of implementation of the described methodology to a real product pipeline
segment operating in a severe corrosion environment is given. The economical effect of the
implementation is outlined.
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INPOI'HO3HOE OBCJIYKUBAHUME TPYBOITPOBOJOB C
PA3JIMYHBIMU TUITAMU JEDPEKTOB

AHHoTauus. B cTarbe onncana mpoTecTUpOBaHHASL U MPOBEPEHHAsS MPAKTHUECKasi METOANKA
Ipe/ICcKa3aTeIbHOTO MEHTEeHaHca TPyOONPOBOAOB C JABYMS THUIAMU AE()EKTOB — «IOTEps
MeTajula» M «PaccilOoeHUE CTEHKH TpyObD», OOHApy>KEHHBIX B pe3yjbTaTe BHYTPUTPYOHOH
nuarHoctuku (BT/I).

Jns nedexkToB TUNA «pPacCIOCHUE CTEHKU TPYOBI» OLIEHKAa YPOBHS OMACHOCTH IPOBOJIUTCS
TOJIBKO I10CJIE TOTO, KaK OHM IIpeoOpa3yroTcs B Je(eKThl THMA «10Teps MeTaia». B cratbe
IpEeJCTaBICHbl MOJIEIH TOTO, KaK aJeKBaTHO MPeoOpa3oBhIBATH AE()EKTHI THUIIA «PACCIOCHHE
CTEHKH TPYObI» B 1e()EKThl TUIIA «IIOTEPS] METAILIIA.

OnwuceiBaeTcss METOHOJOTHS PAHXUPOBAaHHUS JEe(PEKTOB B 3aBUCHMOCTH OT HMX YPOBHS
OIAaCHOCTH (B OTHOIICHHUH THIIA Pa3pyLICHUS) © METOJ ONPEAEICHHUS BEPOITHOCTHON OI[CHKN
OCTaTOYHOTO pecypca MPOUHCIEKTHPOBAHHOTO TpyOompoBoaa. JledekTrl, oOHapyXEeHHBIE
npu BT/I, B 3aBUCUMOCTH OT UX THUIIA, pa3Mepa U YPOBHSI OMACHOCTH MOJIPA3ACIISIIOTCS HA TPU
CJICAYIOIINE KaTErOpUH: OMAaCHbBIEC, MOTEHIIMAILHO OMACHBIC U HE OMACHBIE.

YToOBI y4ecTb OTKa3 THIIA «T€Ub» M «Pa3pbiB», pa3paboTaHa HKCIpecc-OIeHKa Ha OCHOBE
YPOBHSI ONACHOCTH Kaxaoro naedexra. ODTa oreHKa ae(eKTOB OCHOBaHA Ha rpadukax,
KOTOpBIE OTrPAaHWYMBAIOT JIONYCTHMBIE pa3Mepbl Ne(eKTOB W TO3BOJSIOT TNPHHUMATH
OTIEpPAaTUBHBIC PEIICHUSI OTHOCUTEIHHO TOTO, KAKHE MEphl IO TEXHUYECKOMY O0CITYKMBAHUIO
clieflyeT NpPUHMMAaTh B OTHOIIEHWHM KaXI0ro OOHapyKeHHOro paedekrta M CerMeHTa
TpyOonpoBoga B 1eioM. JledekTsl TpyOOmpoBOJa OIEHMBAIOTCS B COOTBETCTBHUU C HX
HNOTEHIMAILHON OMacHOCTBIO, KOTOPAask 3aBUCHT OT MX MECTONOJIOKEHHs Ha rpadukax. OTu
rpaduky 00pas3yroT MATh 30H, KOTOPbIE ONPEACISIOT YPOBEHb OMIACHOCTH J1e()EKTOB.

BeposTHOCTHas OIlEHKa OCTaTOYHOro pecypca TpyOONpOBOJA BBINOJIHAETCA C YYETOM
CTOXAaCTUYECKOM Mpupoabl pocta aedekToB. s 3Toro mo BceM oOHapyKEHHBIM JedeKTam
OlpesieNsIeTcss MaKCUMallbHas Y-NIPOLEHTHas CKOpOCTh Koppo3uH. Pacmpenenenue n
OoOHapy>KEeHHBIX Je(PEeKTOB TpyOOINpPOBO/IA OIMHUCHIBACTCS IBYXIapaMETPUUECKOr (yHKIHen
MI0THOCTH BeposTHocTu BeliOymna (PDF). B kadecTBe OCHOBHOTO mapameTpa BBIOMpACTCs
OCTaTOYHBIM ramMma-poleHTHbIH pecypc. OH XapakTtepusyercsi 1) Ge30macHbIM BpeMEeHEM
paboTel W 2) BEPOATHOCTHIO (TIPOILIEHTUIIB), YTO 3a 3TO BpeMs MPEAETbHOE COCTOSHUE
TpyOomnpoBoa He OyIeT TOCTUTHYTO.

JlaeTcst mompoOHBIN MpUMep peaau3aii OMUCAHHON METOOJIOTHH JJIsl pEaTbHOTO CEerMEHTa
TpyOomnpoBoa, paboTaIONIero B yCIOBHAX KOoppo3uu. OnucaH SKOHOMUYECKUH IPQPEKT OT
peanu3arum.

KuaroueBbie cioBa: TpyoOompoBoasl, Jledekts, Texuuueckoe oOcmyxuBanue, ['amma-
MPOLEHTHBIA OCTATOYHBIN PECYpC.

1. Introduction

All the defects detected by the ILI are divided, depending on their type,
size, and the level of safety factor, into three following categories: dangerous;
potentially dangerous and not dangerous defects.

Dangerous defects require immediate or ASAP repair. Dangerous defects
are the local surface defects which depth is greater than 60% of pipe wall
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thickness for pipelines transporting corrosive products, and 80% of pipe wall
thickness for pipelines transporting non corrosive products.

Potentially dangerous defects with sizes larger than the ultimate
permissible sizes, as prescribed by international codes (I1C), but smaller than the
sizes of dangerous defects. These defects require DA and should be repaired
according to the IMP.

Not dangerous defects do not decrease the bearing capacity of the
pipeline, and don’t imply DA or repair. These defects include surface anomalies
of pipe metal, permitted by the requirements of IC, as well as internal
metallurgical defects.

2. Ranking of defects on the level of danger with respect to the rupture
type of failure

The strength safety factor of a defective section of a pipeline with respect
to the rupture type of failure is defined as:

N, =P /P,

where P, is the failure pressure estimated by some code, e.g. B31G [1],

modified B31G (B31Gmod) [2], DNV [3], PCORRC (Battelle) [4] or Shell92
[5]; P, is the operating pressure.

The potential danger of the defective section of a pipeline is estimated
with the strength safety factor using the following conditions [6, 7]:
— for dangerous defects: N; < k;-N, + ky;
— for potentially dangerous defects:

kiN2+ ko < N1 <N (1)
— for not dangerous defects: N; > N,
Where coefficients k; = 0.7, k, = 0.3 for pipelines transporting non-

corrosive products; k; = 0.6, k, = 0.4 for pipelines transporting corrosive
products (such as gas containing sulfur hydrogen); N, is the allowed safety

factor, determined by formula:
N,=o,/[c]. [o]=SMYS/n,

Where SMYS is the specified minimum yield stress; n, is safety factor for
allowed stresses; o, is the flow stress which is calculated depending on the used

code. For example, B31G [1], B31Gmod [2], Shell92 [5] and DNV [3] codes for
assessing the residual strength of defective cross sections with longitudinally
oriented defects are based on the equation of plastic fracture criterion, which has
the form [8]:

o o A=A

=0 (Ab—AM_l) (2)

where o is the hoop stress at failure of the defective cross section of a pipeline;

A, is the initial area of the longitudinal cross section of the defective site of a
pipeline, A, =1-wt, where | is the maximum defect length along the pipe axis,
3



wt is the pipe wall thickness; A is the defect area in the longitudinal direction of
a defective section of a pipeline, A=k, -1-d, where d is the maximum defect

depth, Kk, is the coefficient of the defect shape (e.g. for B31Gmod k, =0.85); M

Is the Folias factor.
Thus, according to the B31G code [1], o, =1.1SMYS, for B31Gmod [2]

o, = SMYS +68.95MPa (10ksi) .

Note, that the level of danger of a defect, defined by conditions (1),
considers only the rupture type scenario of pipeline failure.

Maximum allowable operating pressure (MAOP) of the defective cross-
section of a pipeline can be calculated using the safety factor, by formula:

P,=P /N, 3)

3. Express assessment of the level of danger of the pipeline defective
cross-sections

In order to account for both «leak» and «rupture» types of failure, graphs
should be constructed, which restrict the permissible sizes of defects and allow
making operative decisions as to which maintenance and operational measures
should be taken, as well as allow ranking of defects according to the level of
danger they present, depending on their location on the graphs (see Figure 1).

Line | is the boundary for Zone | which is comprised of pipeline design
operational conditions, and allowance for corrosion (10% or 20% wit).

Line 1l is produced by step-by-step calculations of MAOP using formula
(3) up to the value of OP (as designed or planned) for a pipeline by changing the
length and depth of the defect in formula (2), respectively, in 1 mm and 0.05
mm increments. In this case, the pipeline operating pressure is allowed with a
design safety factor of N; = N,, as related to failure pressure.
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Figure 1. Graphical representation of zones of the parameters of defects with varying levels of
their potential danger (for pipeline with wt =9 mm)

Line Il is produced by step-by-step calculations of MAOP for the
defective section of the pipeline, up to a value at which the failure pressure is N;
= [0,8:N, + 0,2] times more than the OP of a pipeline, by incrementally
changing, correspondingly, the length and depth of the defect in formula (2).

Line IV is produced by step-by-step calculations of MAOP, up to the
value of OP, by changing the length and depth of the defect in formula (2), and
utilizing the safety factor N;, which restricts the limit sizes of the potentially
dangerous defects.

Line V is produced by step-by-step calculations of the failure pressure P,
up to the value of OP, while changing the length and depth of the defect in
formula (2); i.e., determine the defect size which can cause pipeline failure at
the OP and N; = 1.

The horizontal zones, which restrict the limit depth of defects, are
produced by carrying over the point from Line IV (correspond to 60 % or 80 %
of pipe wall thickness) to the Lines Il and I11.

Depending on the location of ILI data on the graphs, the conditions of
further pipeline operation or repair of defective cross sections are determined:

— Zone # 1 contains the corrosion allowance and the design permitted
conditions of the pipeline;

— Zone # 2 contains permissible size of defects for the case when pipeline is
operated under “normal” conditions, which provide for effective
electrochemical and inhibitor protection;

— Zone # 3 contains potentially dangerous defects. Defect should be repaired
according to the integrity maintenance plan (IMP), if the defect is below
the yellow Line Ill, and during the calendar year, if the defect is above the
yellow Line IlI;

— Zone # 4 contains dangerous defects, which should be repaired
immediately or ASAP;

— Zone #5 is the conditional failure area depending on the used design code
(pipeline limit state).

— Unlike the assessment of the level of danger of defects defined in
conditions (1), this express assessment of residual strength of the defective
cross section accounts for the «leak» as well as for the «rupture» type of
failure.

4. Models of converting the «pipe wall lamination» type defects to the
surface «loss of metal» type defects

The laminations are caused by the steel production and pipe
manufacturing technology, and may also appear during pipeline operation.
According to [6, 7] the laminations can be further classified as metallurgical
laminations, hydrogen induced cracking (HIC), non-metallic inclusions, roll-ins,
and such.

Models of converting [6, 7] of the laminations to the surface «loss of
metal» type defects, and calculating the thickness of the converted defect layer
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of pipe metal, for the not-so-long laminations, when the defect length is less or
equal to the 0.2 pipe diameter (I < 0.2D), are shown in Fig. 2, where d is the
thickness of detected lamination, d* is the thickness of the converted defect
(further it is used as actual defect depth), | is the length of lamination along the
pipe longitudinal axis, wt is the pipe wall thickness, wt, is the residual pipe wall

thickness.

According to Fig. 2, for all cases, except one (see last case of Fig. 2), the
converted thickness of lamination is equal to the detected lamination, which
means that in this case conversion is not required.

For long laminations (I > 0.2D), which are not exiting to the surface of the
pipe wall, the depth of converted defect layer is equal to the greatest thickness of
lamination in the circumferential direction of the pipe, plus half the thickness of
lamination along the pipe longitudinal axis:

d”=d, +0.5d, (4)

where d, is the thickness of lamination along the longitudinal pipe axis; d, is the

thickness of lamination in the circumferential direction of the pipe.
For long laminations (I > 0.2D) which exit on the inner surface of the pipe
wall, the exit being of sizel, along the pipe longitudinal axis (and the product

being pumped penetrates the pipe wall), the failure pressure is calculated based
on the thickness of the lamination along the pipe longitudinal axis, and its length
in the pipe circumferential direction. The metal of the inner surface of the pipe,
and the defect-free metal layer are carrying the pressure load. The smaller the
lamination length around the pipe circle, the more pressure is carried by the
inner layer of the pipe wall metal. Upon reaching by the lamination the size of
pipeline diameter along pipe circumference, significant bending moments are
created in the inner layer of pipe wall metal, and its capacity to hold the pressure
is significantly reduced. For long laminations the depth of converted defect layer
is calculated by formula:

. |
d"=d, +d, —o.5da(1—'Taj(1—Tw], |,<D

d"=d +d,, I,>D

where I, is the length of lamination along the pipe circumference.
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Figure 2. Location of the laminations and models of its converting to the surface «loss of
metal» type defects

If a long lamination (I > 0.2D) is exiting to the outer surface of the pipe
wall thickness on length |, along the pipe longitudinal axis (and the product
does not penetrate the pipe wall), the failure pressure is calculated based only on
the thickness (depth) of the lamination. Metal of the outer surface of the pipe
wall is carrying a part of the pressure load, together with the defect-free metal
layer. In this case, the depth of the converted defect layer is calculated by the
formula:

d"=d, +da—0-5da(1—lfj (5)

For pipelines transporting non-corrosive products, the lamination length I,
and depth d, over the pipe circumference, which exits to the inner surface of the

pipe wall, are limited by following inequalities:
d, <0.4wt

6
0.4wt < d, <0.6wt ©

In the first case of formula (6) the length 1 should not exceed 1/3 of pipe

circumference length; in the second case the |, should not exceed 1/6 of pipe
circumference length.

For pipelines transporting corrosive products (containing sulphur
hydrogen), the lamination length 1, and thickness d, along the pipe



circumference, which exit to the surface of the pipe wall, are limited by
following inequalities:

d, <0.2wt

.
0.2wt < d, <0.4wt "

In the first case of formula (7) the length 1 should not exceed 1/6 of pipe

circumference length; in the second case |, should not exceed 1/12 of pipe
circumference length.

If there is a defect with signs of HIC, the probability of its opening on the
inner surface of the pipe, and damaging a metal layer by a crack up to 1 / 3 of
the lamination length, must be accounted for. But even with this, the metal from
the inner surface of the pipe and a defect-free metal layer are jointly carrying a
part of the pressure load. The smaller the length of lamination along pipe
circumference, the more load is imposed on the inner layer of metal of pipe wall.
When the length of a lamination along pipe circumference becomes half the
pipeline diameter, significant bending moments in the inner layer of metal are
created, and the pipe bearing capacity is significantly reduced. In this case, the
depth of the converted defect layer is calculated by the formula:

. I
d =d +(Wt—wtr—d)[0.3+1.4ij,l <DI/2
D 4

d=d+wt,| >D/2

rm o

The defects of «pipe wall lamination» type, after being converted to the
«wall thinning» type defects, are treated as “loss of metal” type defects, when
assessing the level of their danger.

Example. Consider two defects of the «pipe wall lamination» type, which
parameters are listed in Table 1.

Convert the defects of «pipe wall lamination» type to the surface «loss of
metal» type defects. Both defects are long (as their length along the pipe axis is
being greater than 0.2D = 65mm).

For the first defect, which does not exit to the surface of the pipe,
calculate the converted depth using formula (4), and assuming that the
maximum thickness of the damage along the pipe axis is equal to the thickness
of the damage along the pipe circumference:

d" =d, +0.5d, =2.25+0.50-2.25=3.38mm
For the second defect use the formula (5):

d"=d, +d, —o.5da(1—'Ta) =1.80+1.80—

2 99.00

Thus, after converting defects of the «pipe wall lamination» type they are
considered as surface defects of the «loss of metal» type.

1.80 (1_ 22.00) 490,



Table 1
Parameters of the «pipe wall lamination» type defects

Length | of o _
‘ dof Lamination Ia:mlnat!on ILarr;rl]ni':\tlon exit
# Type of defect thicknessd. , mm along pipe ength I, on pipe
a longitudinal surface, mm
axis, mm
1 Lamination 2.25 224.00 -
5 Lammatlon exiting to 1.80 99.00 29
the pipe wall surface

5. Assessing the conditional maximum growth rate of defects with given
probability

In real life corrosion rates (CRs) are random variables (RVs). Realizing
this fact, some pipeline operators utilize the following method of forecasting the
future state of the pipeline, based on predicting the maximal possible CR. When
assessing the maximal possible rate of defect growth it is assumed that the
probability density function (PDF) of the depths of the n defects, which are
actually present in the pipeline transporting oil or gas condensate substances, is,
as a rule, described by the Weibull law. The two-parameter Weibull IDF has the
form:

F(d)=1-e @’

where d is the defect depth, o and b are the IDF parameters.

The maximal defect depth, which is possessed or exceeded by the (1- y)
portion of the total number of defects found during the ILI, is defined according
to following formula (expression for the Weibull PDF quantile):

dmaxy:a'(_ln(l_y))% 8)

In the case when the distribution of the defect set is normal or
approximately normal, the depth of the defect with probability y is assessed
using the formula for the quantile of the normal distribution:

d =CI)(7/)0'd +d (9)

max y

where CD(y/) is the inverse of the standard normal CDF, d is the sample average
of the defects depth, o, is the sample standard deviation of the defects depth, n

IS the number of defects present in the pipeline.
If results of two sequential ILIs are available, the maximal CR, with
probability of v, is defined by formula:

d —d
maxyz max yL max y P (10)
t, —t,
Here d . ps0ye . are the maximal depths of the defects as defined by

formula (8) or (9), for the previous (P) and the last (L) ILI correspondingly.
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If results of only one ILI are available, then the maximal, with
probability ¥, CR is defined according formula:

d

max y

maxy (11)
Ty

a

where 7, is the net time of pipeline operation before the time of conducting the

ILI (years).
The Weibull PDF parameters can be assessed by numerical solution of the
following system of equations [9]:

1
nd.bb

n

Zd Ind,
Zlnd = —
i=1 Zdlb

i=1

where d. is the depth of i-th defect, n is the total number of defects.
For other methods of assessment CRs see [10].

6. Assessing the pipeline residual life time

n

The pipeline longevity indicators are calculated for a given confidential
probability y, using the non-failure criterion. This criterion holds true until the
defect reaches the maximum allowable depth d,;, , as defined by the Line 11l of
Zone #3 (see Figure 1). According to this approach, the residual life of the i-th
defective cross section of a pipeline is defined by the formula:

| di“I . d

7] = Li1=1,..,n 12
a (12)

max y

where d;” the maximum allowable depth of the i-th is defectd;; a, is the

maximal CR with probability , as defined by formula (10) or (11); n is the total
number of defects.

Note that the calculation of the residual life by formula (12) is made for
the current length of the defect. Thus, its growth in time is not taken into
account.

Then, on the basis of the weakest link principle, the residual life of
pipeline is calculated by the formula:

7y =min{z"}

The residual gamma-percent life time, from the last inspection to the time
when the most dangerous defect reaches the limit state, is calculated as:
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z-rl;/ =Ty (1_U %J

where U is the quantile of the normal distribution, depending on the
confidence level y. V, is the sample coefficient of variation of the defects.

The date of next ILI should not be greater than the gamma-percent life
(tny), Minus one year.

7. Some results of analysis

The analysis was performed for a pipeline section 11 km long with
following parameters: outside diameter (D) is 325 mm; pipe wall thickness (wt)
is 9 mm; SMYS is 245 MPa; Maximal Operating Pressure (Pop) is 6.4 MPa.

IL1 was carried out in 2005, which resulted in finding 3384 defects of the
«loss of metal» type and 11 defects of the «pipe wall lamination» type. A small
part of the defects was verified.

In the first stage of analysis, using the methodology described in [11, 12]
estimates of the true sizes of the depths of the verified and non verified defects
were calculated and used in further analysis.

The model comprehensive and consistent methodology described in
papers [11, 12] allows for constructing consistent and unbiased assessments of
the true immeasurable sizes of defect parameters and their variances for the case
when the needed information about the ILI/DA tool and the verification
instrument VI are obtained from the field and lab measurements. The presented
in these papers method permits assessing the “in the field”” statistical properties
of the measurement errors of ILI/DA technology and of the verification tools
(for the case "one measurement by each tool”). Also a method for calibrating the
inspection tool is presented, which allows assessment of the true values of defect
parameters.

In the second stage of analysis, the defects of «pipe wall lamination» type
were converted to the surface defects of the «loss of metal» type by the method
described above.

The failure pressure is estimated using the B31Gmod code with the
different coefficients of defect shape k;, (= 0.67 for external defects and =1.0 for
internal defects).

In the third stage of analysis, the express assessment of the level of
danger of the defects was performed, results of which are presented in Figures 3-
5.
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Figure 3. Express assessment of the level of

danger of internal defects of the «loss of metal»
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Figure 4. Express assessment of the level of
danger of external defects of the «loss of metal»

type
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Figure 5. Express assessment of the level of danger of defects of the «pipe wall lamination»

type

According to Figs. 3 and 4, three defects of the «loss of metal» type must
be repaired within one year after ILI, as these defects are located between Lines
I11 and 1V; and four defects located between Lines Il and 11l should be repaired

according to the IMP.

According to Fig. 5, six defects of the «pipe wall lamination» type should
be repaired ASAP; four defects must be repaired within one year after ILI, as
these defects are located between Lines Il and IV; and one defect, which is
located between the Lines Il and 111, should be repaired according to the IMP.

In the fourth stage, the rates of growth of the length and depth of defects
of the «loss of metal» type were found, as they are needed to predict the future
sizes of defects parameters and to assess residual life using the method described



above. The calculation was performed using probability y = 0.95. The pipeline
operation time z, prior to the last ILI is 26 years. According to the conducted

analysis, the most appropriate distribution of assessments of the true sizes of
defects depths and lengths is normal. The most appropriate distribution of
defects parameters can be identified using various goodness-of-fit tests, for
example, the chi-square and Kolmogorov-Smirnov tests. Hence, the maximal
defect depth and length, which is possessed or exceeded by the (1- y)-th portion
of the total number of defects found during the ILI, and the maximal CR with
the probability y = 0.95, are equal to the values given in Table 2.

Table 2
Maximal defect depth and length and the maximal CR, with probability y = 0.95

Defect Parameters

Maximal CR for defect
parameters, mm/year

Maximal size of defect
parameters, mm

Depth

0.11

2.72

Length

2.34

60.96

In the fifth stage, the residual life of each defect was calculated using
formula (12) based on the assessments of CR of defects parameters. The
calculation results are presented in Table 3 and Fig. 6. According to the obtained
results, the residual life of nine defects is less than 10 years. In Table 3, the
defects ##1-3 should be repaired ASAP, defects ## 4-7 - within one year after
ILI, and defects ## 8 and 9 - according to the IMP.

Table 3
Residual life of the defective cross sections of the pipeline (assessments of true sizes
of defects depths were used)

Assessment of true
Defect # |size of defect depth ,|Length, mm| Type of defect
mm

Residual life, years

4 4.33 42 external 1.9
5 4.23 11 internal 5.3
6 412 40 internal 6.3
7 3.79 38 external 7

8 2.56 202 internal 8.7
9 3.48 24 external 10

In the sixth stage the forecasting express assessment was carried out of the
level of danger of the defects, which remaining life time is less than 10 years
(Table 3),. The calculation is performed for ten future moments of time t =1, 2,
.., 10 years. The results are shown in Figs. 7 and 8.

13
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Figure 6. Residual life of the defective cross sections of the pipeline (assessments of true sizes
of defects depths were used)
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Figure 7. Forecasting express assessment of the Figure 8. Forecasting express assessment of the
level of danger of internal defects of the «loss of level of danger of external defects of the «loss of
metal» type metal» type

According to the obtained results one defect will require immediate repair
after two years since the last ILI; one defect — after four years; one defect — after
six years and one defect — after nine years. These defects will be dangerous in
terms of loss of pipeline integrity by the “leak” type failure, because their
depths, growing, outcross the horizontal red Line IV (60% wt).

Excluding from Table 3 all the defects which are subject to immediate
repair, and repair within one year after the ILI, the residual life time and the
gamma-percent residual life of the repaired pipeline obtain values as shown in
Table 4.
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Table 4
Residual life of the pipeline

Measurements used in Pipeline residual life, years _
the calculus of defects’ Time to next ILI, years
depths 47 Thy
Assessments of true 8.70 8.67 7 67
values
Raw IL1 tool 10.00 9.88 8.88
measurements
Measurements of the
ILI tool+ tolerance 1 7.05 6.05

According to the Table 4 it is recommended to execute the next ILI after 6
years (in 2011) since the last ILI.
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