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Technical condition parameters affecting the
period of safe operation of technological
pipelines

Petr Kulakov'"", Aleksey Rubtsov', Vitaly Afanasenko', and Veronica Gracheva!
'FSBEI of Higher Education "Ufa State Petroleum Technological University", Russia

Abstract. The task is to estimate the period of technological pipelines
safe operation depending on the total influence of oil refining equipment
technical parameters. 9 feature properties of technological pipelines were
singled out, and the estimation was made with the help of such indicator as
the residual life of pipelines. The authors constructed a mathematical
model, calculated the diagnostic coefficients and informative character of
the characteristic for each period accepted by the expert. A mechanism for
estimating the safe operational lifetime of pipeline systems is proposed.
Conclusions were drawn about the advisability of applying the proposed
method for solving this class of problems.

Technological pipelines transporting flammable gases, highly-flammable and combustible
liquids, as well as toxic substances, belong to technical devices operating at a hazardous
production facility. Under the influence of workloads and environments, as well as other
operational factors, corrosion and erosion of pipeline components occur, which can lead to
a loss of strength. Therefore, after expiration of the time established by the current regula-
tory and technical documentation, an industrial safety inspection is carried out, and the
most important stage is to evaluate the period for further safe operation.

Nowadays, a probabilistic estimate of the residual life is the priority method for extend-
ing the period for further safety of pipeline systems.

The method of forecasting the residual life is based on the use of a priori and current
statistical information. The latter is acquired when measuring the parameters of the tech-
nical condition of the pipeline during inspections and repairs. The task is to extrapolate the
ability of the pipeline to perform its functions for a period equal to the residual life.

Basically, the mathematical methods used in expert calculations allow us to estimate the
upper limit of the residual life (tab 1). Sometimes this border is overstated with respect to
the actual value[1].

Large data sets allow analysis of possible outcomes of future examinations, build a
model that most fully characterizes this type of equipment [1, 2, 10-14].

Technical parameters of pipeline systems provide an opportunity to judge about their
condition, as well as about changing parameters in time, involving a variety of trajectories
and forms of wear and probable destruction scenarios [6-9].
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At present, the influence of technical parameters of pipeline systems and the process it-
self is highly evaluated [2, 4], the residual life is modeled by computer technology [2, 3],
mathematics [4, 5, 6], neural networks [11- 14]. However, even such an extensive arsenal
does not always give the required accuracy of outcomes and the ease of complex equations

applicability .
Table 1. Estimated residual life accepted by the expert.
Residual life Residual life
Num | commissioning by Num | commissioning by
ber date, year by caleu- | oo ber date, year by caleu- | oo
lations ings lations ings
1 1963 7.9 5 28 1955 11.5 6
2 1972 7 4 29 1976 5.4 5
3 1955 14.5 6 30 1977 52 5
4 1955 7.15 4 31 1976 6.5 6
5 1955 5.8 4 32 1976 6.2 6
6 1955 11.7 4 33 1985 9.9 8
7 1955 10.3 6 34 1990 30.4 8
8 1955 16.2 9 35 1990 7.1 6
9 1955 12.5 9 36 1965 6.2 4
10 1955 14.7 10 37 1965 6.1 4
11 1955 8.4 6 38 1965 6.3 4
12 1977 5.8 5 39 1955 8.2 5
13 1955 8.6 5 40 1955 8.6 6
14 1963 5 5 41 1976 8.6 6
15 1955 8.1 5 42 1977 6.2 6
16 1990 5.5 5 43 1955 11.5 5
17 1976 8 8 44 1964 6.8 6
18 1972 6.1 6 45 1955 7.4 4
19 1955 6 6 46 1990 11.7 8
20 1990 6.7 6 47 1955 8.7 6
21 1955 12.6 10 48 1977 5.6 5
22 1955 13.2 10 49 1978 5.7 5
23 1955 7.9 6 50 1976 6.8 6
24 1995 17.6 10 51 1964 6.8 6
25 1955 16.3 10 52 1955 7.6 5
26 1955 11.7 10 53 1955 11.0 6
27 1955 17.4 10 54 1972 5.9 5

We have 9 features that affect the residual life of the pipeline systems: commissioning
date (71), service life (z2), pressure (P), temperature (7), environment (), hazard class (k),
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pipe diameter (d), thickness according to certificate (/1), measured thickness (/42), relative
residual thickness (&).

We have data on 43 expert opinions on technological pipelines with an expert conclu-
sion of 4 to 10 years (tab 2). The sample does not contain data on pipelines for which ex-
pertise would give a negative conclusion.

The influence of the above parameters (z1, 72, P, T, a, k, d, h1, h2, €) on the residual life
of pipelines can be determined by calculating their informativeness [1].

The evaluation of informativeness is carried out using Kullback's measure [1]. Since the
Kullback's measures make it possible to evaluate the informativeness of the discrepancy
between two classes, there are difficulties if we take three classes. Therefore, we will eval-
uate for several iterations: at the first iteration, we divide the pipelines into two groups -
having a residual life of 5 years and not having such a residual life, at the second iteration
we will divide them by residual life of 6 years, at the third - 8 years and at the 4th iteration -
10 years.

There are nine features (z1, 72, P, T, a, k, d, h1, h», €), and also a result - the residual life
for the first iteration - 5 years, or its absence. We divide the pipelines into two groups: "A"
- having a residual life of 5 years or more; "B" - not having a residual life.

Table 2. Data on pipelines and features that affect the residual life.

Co.m- Ser Tem- Pipe | Thickness Meas- R;la— Re?s1dua1
mis- vic Pres- era- Haz diame- | accordin ured tive life of
Ne | sionin sure, p Environment ard ME | thick- | thick- | the pipe-
e ture, ter, | to certifi- .
gdate,| ... |MPa| ", class ness, | ness, line,
life C mm | cate, mm o
year mm % years
1| 1963 | 42| 0.6 | 40 |highly-flammable| 1, 5, 8.5 5.4 63 5
liquid
21972 [33]0.1| 30 | flammable liquid | 4 | 114 4.5 35 77 4
311955 (48| 0.2 | 160 | flammable gas 4 | 219 8 6.3 78 6
4| 1955 | 55|03 | 30 | flammablegas, |, oo 8 5.7 71 4
flammable liquid
5| 1955 |48 | 2.5 | 15 |Mighly-flammable) =\ ) oo 10 5.6 56 4
liquid
6| 1955 | 55| 3 | 6o |Mighly-flammable) =\ 5 5 3.4 68 4
liquid
71 1955 | 47| 2.5 | -10 |highly-flammable |, 0 6 32 53 6
liquid
8 | 1955 | 47| 3 | 6o |highly-flammable| 1 oo 5 32 64 9
liquid
9| 1955 | 47| 05 | -15 |Mighly-flammable ), ) gy 4.5 33 73 9
liquid
10| 1955 [ 47| 0.1 | 150 ﬁrereslllsiffmhq' 4 | 168 8 61 | 76 10
11] 1955 | 47| 2.5 | -15 | highly-flammable |, co 10 5.6 56 6
liquid
12| 1977 | 27| 0.6 | 50 flammable gas 2 57 5 3.2 64 5
13] 1955 | 55| 1.4 | 130 | flammable gas 4 57 5 2.6 52 5
14| 1963 | 42 | 0.6 | 4o |Mighly-flammable ), =\ g 7 5.4 77 5
liquid
15| 1955 [ 55|1.45| 130 | flammable gas | 4 | 219 8 7 87 5
16| 1990 [ 20 | 2.5 | 150 | flammable liquid | 4 | 108 6 42 70 5
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Com- | g Tem- Pipe | Thickness Meas- | Rela- | Residual
mis- | Pres- era Haz diame- | accordin ured tive | life of
Ne | sionin | ¥ sure, P81 B vironment ard ) €| thick- | thick- |the pipe-
e ture, ter, | to certifi- .
gdate,| ... |MPa| ", class ness, | ness, line,
life C mm | cate, mm o
year mm % years
17| 1976 [ 28 [0.09| 100 | flammablegas | 2 | 57 35 2.9 82 8
18] 1972 (33| 0.1 | 30 | flammable liquid | 4 | 114 45 3.5 77 6
19| 1955 |48 | 3 | 6o |highly-flammable] o 5 32 | 64 6
liquid
20| 1990 [ 20| 2.5 | 100 |Pighly-flammable |5 o9 6 3.1 51 6
liquid
21| 1955 (47| 1 | 150 |Pighly-flammable |, ) g 8 43 53 10
liquid
22| 1955 (47| 2 | 70 |Mighly-flammable) ) o, 45 35 | 77 10
liquid
23| 1955 | 47 | 2.5 | 100 | flammable liquid | 4 | 168 10 5.8 58 6
24| 1995 | 7 | 0.4 | 9o | Nighly toxicsub- 1,1 5, 10 65 | 65 10
stances
25| 1955 | 47 | 0.3 | -30 | Dighly toxicsub- 1\ 1 55 10 6 60 10
stances
26| 1955 [ 47| 1.4 | 130 | highlytoxicsub- ) g9 5 4.1 82 10
stances
27| 1955 [47] 02 | 150 |Mighly-flammable |\ 5, 10 67 | 67 10
liquid
28| 1955 |48 | 1 | -15 |highly-flammable} ;i o 5 37 | 74 6
liquid
29| 1955 | 55| 2.5 | 100 | flammable gas 4 159 8 3.8 48 4
30| 1976 |27 ] 2.9 | 140 | flammablegas | 4 | 325 10 7.8 78 5
highly-flammable
31| 1977 [ 26 ]0.05| 50 liquid 2 | 325 10 7 70 5
highly-flammable
32| 1976 |27 [0.17] 120 liquid 2 | 273 9 7.8 87 6
33| 1976 | 27 [0.17| 140 | flammable liquid | 2 | 273 8 55 69 6
highly-flammable
34| 1985 [25| 2 | 130 liquid 4 | 114 8 3.1 39 8
highly-flammable
351990 | 20| 1.2 | 100 liquid 4 | 57 5 29 | 58 8
36| 1990 [ 20| 0.5 | 40 | flammable liquid | 4 | 57 5 3.5 70 6
non-combustible
37| 1965 | 45| 1.8 | 40 substance 4 | 108 4.5 34 | 76
38| 1965 [ 45| 0.4 | 45 | flammable liquid | 2 | 159 6 59 | 98 4
39| 1965 [ 45| 1.5 | 40 | flammable liquid | 2 | 76 4.5 3.3 73
highly-flammable
40| 1955 [ 48 | 2.5 | 100 liquid 4 | 168 10 5.8 58 5
41]1955 |48 | 1 | 150 | flammablegas | 4 | 114 6 1.8 30 6
4211976 | 27 [0.25| 50 flammable gas 2 57 4 3 75 6
highly-flammable
4311977 | 26 [0.17] 140 liquid 2 | 530 9 84 | 93 6
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We find the informativeness of each of the nine features.

As an example, the calculation of informativeness for the feature "Temperature", indi-
cated as 7.

The temperature is in the range from -30 to 160 °C. The range was divided into equal
intervals: -30 to 10 °C; from 10 to 35 °C; from 35 to 60 °C; from 60 to 85 °C; from 85 to
110 °C; from 110 to 135 °C; higher than 135 °C. We got 7 intervals. Further, the hitting
frequency of the pipelines into one of the groups ("A" or "B") was determined. The burst
pressure interval from -30 to 10 © C has 5 pipelines in the group "A" and 2 pipelines in the
group "B", and, for example, the interval from 85 to 110% has 6 pipelines in the group "A"
and 1 pipeline in the group "B".

We determine the relative frequency of hitting into this or that group within the interval:
if the group "A" got 5 pipelines from 35 pipelines of the group "A", then for the first inter-

val the relative frequency of hitting into group "A" equals ¥, = 14,2% (tab. 3).

Table 3. Determination of the informativeness of the feature "Temperature".

The amount of pipe- | Relative fre- Smoothed ~
. o 0 .
Interval i\;;;:u;rl/go lines in the group quency, 5 f’rjquency; % # DC Ji

A B Ya Vs Va | Vg | VB
1 up to 10 5 2 14.29 25 8 16.25 1 0.492|-3.07 |0.12
2 35 1 1 2.8 12.5 8.28 | 18.75 | 0.442|-3.54|0.18
3 60 6 3 17.1 375 | 12.28 | 23.75 | 0.517 | -2.86 | 0.16
4 85 3 1 8.5 12.5 12 16.25 1 0.738 | -1.31 [ 0.02
5 110 6 1 17.1 125 | 1571 | 11.25 | 1.397 | 1.45 | 0.03
6 135 5 0 14.2 0 15.14 | 3.75 |4.038| 6.06 |0.34
7 m"rf;tshan 9 0 257 | 0 | 1486 1.25 |11.88]10.750.73
Sum 35 8 100 | 100 - - - - |16l

The weighted smoothed frequency is determined for levelling the influence of the dis-
tribution on the intervals. The frequency of the characteristic in the two preceding and in
the two subsequent intervals is taken into account. Two intervals preceding the interval No.
1, - zero and minus one, have a zero frequency.

The weighted smoothed frequency is calculated by the formula [1]:

S D422 44 y3+2-y4+5) 1
y= T (1)

where Y, ...Ys - frequencies in the intervals.
For the group "A" in the first interval, the weighted smoothed frequency:
-~ (042:0+4-1429+2-2.8+17.1)

yal 10 0 ()

For the group "B" in the first interval, the weighted smoothed frequency:
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(0+2-0+4-25+2-12.5+37.5)

= =16.25%
YBl1 10 0
For the group "B" in the third interval, the weighted smoothness:
~ 25+2-12.5+4-37.5+2-12.5+12.
y33=( 5+2125+44-375+2:125+125) .,

10

€)

“4)

Next, we find the ratio of the smoothed frequencies of the groups "A" and "B" for each
interval. For the first interval:

)

(6)

Ja_ 8 40
VB1 16.25
Next, we determine the diagnostic coefficient (DC) for the i-th interval by the formula
[7]:
DC; =10-1g 242
YBi

For the first interval, the diagnostic coefficient is:

D(C; =10-1g0.492 = -3.08

(7

According to the Kullback's formula, the coefficient of informativeness of the feature in

the i-th interval [7]:
J; =0,5-JIK; - (¥ 4; — ¥3;)/100
For the first interval, the informativeness coefficient is J i

J1 =0.5-(-3.08)-(8-16.25)/100 = 0.127

®)

©)

The sum of the informativeness coefficients for all intervals will determine the feature

informativeness.

Table 4. Results of determining the diagnostic coefficient and feature informativeness

Parameter Commissioning date, year Sum
Range before 1964 1964-1974. 1974-1984. after 1984
DC -0.481 -1.951 0.928 3.252
J 0.008 0.106 0.017 0.091 0.222
Parameter Service life, years
Range up to 10 10-20. 20-30. 30-40. 40-50. more than 50
DC 0 8.214 4.442 0.154 -0.621 -3.1
J 0 0.289 0.297 0.001 0.012 0.208 0.807
Parameter Pressure, MPa
Range | upto0.5 | 0.5-1. |1-1.5.|1.5-2.|2-2.5.]2.5-3.|3-3.5.|3.5-4.| 4-4.5. | more than 4
DC 0.92 2.19 [2.29 |-1.63|-1.03|-1.63|-1.63[-2.01| -3.39 0
J 0.01 0.07 |0.07 [0.032]0.012]0.039]0.026]0.019| 0.012 0 0.299
Parameter Temperature
Range 10 35 60 85 110 135 179769
DC -3.078 -3.547 -2.863  |-1.317| 1.451 6.062 10.75
J 0.127 0.186 0.164 0.028 0.032 0.345 0.731 1.613
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Parameter Environment
Range highly-flammable liquid flammable gas/gas
DC 0 0
J 0 0 0
Parameter Hazard class
Range 2 4
DC -0.177 0.122
J 0.001 0.001 0.002
Parameter Pipeline diameter
Range up to 100 100-150. 150-200. 200-300. more than 300
DC 0.776 -1.427 -2.396 -0.3 2.621
J 0.012 0.05 0.159 0.001 0.068 0.29
Parameter Thickness according to certificate
Range up to 3 3-5. 5-7. 7-9. more than 9
DC -2.016 -1.802 0.045 0.371 1.915
J 0.037 0.069 0 0.004 0.066 0.176
Parameter Measured thickness
Range uptol.5 1.5-3. 3-4.5. 4.5-6. 6-7.5. more than 7.5
DC 0.218 -0.389 | -1.164 |-1.083 1.03 3.871
J 0 0.003 0.044 0.033 0.019 0.104 0.203
Parameter Relative thickness
Range up to 48 [48-55.| 55-62. | 62-69. | 69-76. | 76-83. |83-90.| more than 90
DC 2.041 0.702| 0.492 0.159 | -0.247 | -0.467 0 -1.887
J 0.023 0.005| 0.004 0 0.001 0.004 0 0.025 0.062

The results of the informativeness determining of all nine features are given in Table 4.

The feature "Temperature" has the greatest informativeness (J = 1.63), and the "Envi-
ronment" has the lowest informativeness value (J = 0).

Further, the sum of the diagnostic coefficients for all features for each borehole was

found (Table 5).
Table 5. Diagnostic coefficients for all features for each processing pipeline and their sum
Com- Tem- | En- Pipe | Thickness [Meas| Rela- | Residual
mis- | Ser- | Pres- . | Haz- | . . . .
L . pera- | vi- diame-| according |ured | tive |life ofthe| DC
Ne |sioning | vice | sure, ard . . . o
. ture, | ron ter, | to certifi- |thick| thick- | pipeline, | Sum
date, | life | MPa . class
C |ment mm cate ness | ness | 5 years
year
1] -048 |-0.62| 2.19 | -286| 0 | 0.12 | -2.40 0.37 |-1.08]| 0.16 Has -4.60
21-195 015|093 |-355| 0 | 0.12 | -1.43 -1.80 |-1.16| -0.47 No -9.15
3] -048 |-0.62| 093 |10.75| 0 | 0.12 | -0.30 0.37 1.03 | -0.47 Has 11.33
4| -048 |-3.10| 0.93 | -3.08 | O | 0.12 | -2.40 037 |-1.08| -0.25 No -8.96
51-048 |-062|-1.64|-3.08| 0 | 0.12 | -2.40 1.92 |-1.08| 0.49 No -6.77
6| -048 |-3.10| -1.64 | -1.32 | 0 | 0.12 | -2.40 0.05 |-1.16] 0.16 No -9.77
71 -048 |-062|-1.64|-3.08| 0 | 0.12 | -1.43 0.05 |-1.16] 0.70 Has -7.54
81 -048 |-0.62|-1.64 |-132| 0 | 0.12 | 0.78 0.05 |-1.16] 0.16 Has -4.12
9 -048 |-0.62| 2.19 | -3.08| 0 | 0.12 | 0.78 -1.80 |-1.16| -0.25 Has -4.30
10| -0.48 |-0.62| 093 | 10.75| 0 | 0.12 | -2.40 0.37 1.03| -0.47 Has 9.24
11] -0.48 |-0.62| -1.64 | -3.08 | 0 | 0.12 | -2.40 1.92 |-1.08| 0.49 Has -6.77
12| 093 (444|219 |28 | 0 |-0.18] 0.78 0.05 |-1.16] 0.16 Has 4.34
13| -0.48 [-3.10| 2.30 | 6.06 | 0 | 0.12 | 0.78 0.05 |-0.39| 0.70 Has 6.04
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Co.m Tem- | En- Pipe | Thickness [Meas| Rela- | Residual
mis- | Ser- | Pres- . | Haz- | ,. . . .
S . pera- | vi- diame-| according | ured | tive |life ofthe| DC
No | sioning | vice | sure, ard . . . .
date. | life | MPa ture, | ron class ter, | to certifi- |thick| thick- | pipeline, | Sum
? °C  |ment mm cate ness | ness | 5 years

year
14| -0.48 [-0.62| 2.19 | -2.86
15| -0.48 [-3.10| 2.30 | 6.06
16| 3.25 | 444 | -1.64 | 10.75
17| 093 |4.44 | 093 | 145
18] -1.95 [ 0.15| 0.93 | -3.55
19| -0.48 [-0.62| -1.64 | -1.32
20| 3.25 | 444 |-1.64| 145
21| -0.48 [-0.62| 2.30 | 10.75
22| -0.48 [-0.62|-1.04 | -1.32
23| -0.48 |-0.62|-1.64 | 1.45
24| -0.48 | 0.00 | 093 | 1.45
25| -0.48 [-0.62| 0.93 | -3.08
26| -0.48 |-0.62| 2.30 | 6.06
27| -0.48 [-0.62| 0.93 | 10.75
28| -0.48 [-0.62| 2.30 | -3.08
29| -0.48 |-3.10| -1.64 | 1.45
300 093 |4.44|-1.64|10.75
31| 093 | 444 | 093 | -2.86
32| 093 | 444 | 093 | 6.06
331 093 |4.44| 0.93 |10.75
34| 325 |4.44|-1.04 | 6.06
35| 3.25 |4.44 | 230 | 145
36| 3.25 [ 444 2.19 | -2.86
37| -1.95 [-0.62 | -1.64 | -2.86
381 -1.95 [-0.62| 0.93 | -2.86
391 -1.95 [-0.62| -1.64 | -2.86
40| -0.48 |-0.62| -1.64 | 1.45
41| -0.48 [-0.62| 2.30 | 10.75
42| 093 | 444 | 093 | -2.86
431 093 | 444 | 093 |10.75

(e

0.12 | -2.40 037 |-1.08| -0.47 Has -5.22
0.12 | -0.30 0.37 1.03| 0.00 Has 6.00

0.12 | -1.43 0.05 |-1.16| -0.25 Has 14.14
-0.18 | 0.78 -1.80  {-0.39| 0.00 Has 6.16

0.12 | -1.43 -1.80 |-1.16| -0.47 Has -9.15
0.12 | 0.78 0.05 |-1.16] 0.16 Has -4.12
0.12 | 0.78 0.05 |-1.16] 0.70 Has 7.99

0.12 | -0.30 0.37 |-1.16| 0.70 Has 11.68
0.12 | 0.78 -1.80 |-1.16| -0.47 Has -5.99
0.12 | -2.40 1.92  |-1.08| 0.49 Has -2.24
0.12 | 2.62 1.92 1.03| 0.16 Has 7.75

0.12 | 2.62 1.92 1.03| 0.49 Has 2.93

0.12 | 0.78 0.05 |-1.16| -0.47 Has 6.57

0.12 | 2.62 1.92 1.03| 0.16 Has 16.42
0.12 | 0.78 0.05 |-1.16| -0.25 Has -2.35
0.12 | -2.40 037 |-1.16] 0.70 No -6.13
0.12 | 2.62 1.92 3.87| -0.47 Has 22.54
-0.18 | 2.62 1.92 1.03 | -0.25 Has 8.58

-0.18 | -0.30 1.92 3.87| 0.00 Has 17.67
-0.18 | -0.30 037 |-1.08| -0.25 Has 15.61
0.12 | -1.43 037 |-1.16| 2.04 Has 12.66
0.12 | 0.78 0.05 |-0.39| 0.49 Has 12.49
0.12 | 0.78 0.05 |-1.16| -0.25 Has 6.56

0.12 | -1.43 -1.80 |-1.16| -0.47 No -11.81
-0.18 | -2.40 0.05 |-1.08| -1.89 No -10.01
-0.18 | 0.78 -1.80 |-1.16| -0.25 No -9.69
0.12 | -2.40 1.92 |-1.08| 0.49 Has -2.24
0.12 | -1.43 0.05 [-0.39| 2.04 Has 12.34
-0.18 | 0.78 -1.80 [-1.16| -0.25 Has 0.82

-0.18 | 2.62 1.92 3.87| -1.89 Has 23.39

(=} Nl ol fol ol Jol Eo k=l =] R=j F=h F=j =l =l =) el el Jel Jol o}l Jo jl R 2 =2 k=] R=) Nl N N N}

The distribution of the sums of diagnostic features for pipelines that have and do not
have a residual life of 5 years is shown in Figure 1.

We use the obtained results to estimate the residual life for 12 pipelines having the same
parameters as the boreholes studied above.

We can see in the figure that a residual life is less than 5 years for a sum of diagnostic
coefficients of less than -9; a residual life is more than 5 years with a sum of diagnostic
coefficients of more than -6; indeterminacy is in the interval [-9, -6].
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@ Residual life 5 years and
more

O Residual life less than 5 years

Residual life 5 years and a Residual life less than 5 years
3,5 more (control) (control)
1.5

1
0
| 15 13 11 9 -7 5 -1 1 3 7 9 11 13 15

Fig. 1. Distribution of pipelines by the sum of diagnostic coefficients for the residual life of 5 years

3 17 19 21 23 25

Further, we apply this algorithm to estimate the possible pipeline residual life equal to 6
years, 8 years and 10 years. The results are shown in Figures 2, 3 and 4.

O pesidual lifeg @ Residuallife  Olgesidual life 6 years and  D/Residual life

years and more less than 6 years  more (control) less than 6 years
4.5 (control)
) . _ _
3 e
3 1
2,5
2 . _ )
18
1
05
0 L L ] . L] : ] . L] L L L]
8 i { 1 3 2 1 (1] 1 2 3 1 [

Fig. 2. Distribution of pipelines by the sum of diagnostic coefficients for the residual life of 6 years
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O Residual life 8 years O Residual life less than 8 years

a and more o

16 Residual life 8 years
and more (control)

Residual life less than 8 years
{control)

10

b bl o D0 bl b

-5 1 3 2 -1 0 1 2 3 4 5 6 7 8
Fig. 3. Distribution of pipelines by the sum of diagnostic coefficients for the residual life of 8 years
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Fig. 4. Distribution of pipelines by the sum of diagnostic coefficients for the residual life of 10 years
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Table 6. Evaluation of the method effectiveness.

. . Residual life | Residual life | Residual life | Residual life
Ne RCS.I due'll life of the of 5 years of 6 years of 8 years of 10 years
pipeline, years . . . .
evaluation evaluation evaluation evaluation
1 5 Agreement Agreement Agreement Agreement
2 4 Agreement Agreement Agreement Agreement
3 6 Agreement Agreement Wrong Wrong
4 4 Agreement Agreement Agreement Agreement
5 4 Not defined Agreement Agreement Agreement
6 4 Agreement Agreement Agreement Agreement
7 6 Not defined Agreement Agreement Agreement
8 9 Agreement Agreement Not defined Agreement
9 9 Agreement Agreement Not defined Agreement
10 10 Agreement Agreement Agreement Agreement
11 6 Not defined Wrong Agreement Agreement
12 5 Agreement Agreement Agreement Agreement
13 5 Agreement Wrong Wrong Agreement
14 5 Agreement Agreement Agreement Agreement
15 5 Agreement Agreement Agreement Wrong
16 5 Agreement Wrong Agreement Agreement
17 8 Agreement Agreement Agreement Agreement
18 6 Agreement Agreement Agreement Agreement
19 6 Agreement Agreement Not defined Agreement
20 6 Agreement Agreement Agreement Agreement
21 10 Agreement Agreement Agreement Agreement
22 10 Not defined Agreement Agreement Agreement
23 6 Agreement Wrong Agreement Agreement
24 10 Agreement Agreement Agreement Agreement
25 10 Agreement Agreement Agreement Agreement
26 10 Agreement Agreement Agreement Not defined
27 10 Agreement Agreement Agreement Agreement
28 6 Agreement Agreement Not defined Agreement
29 4 Not defined Agreement Agreement Agreement
30 5 Agreement Wrong Agreement Agreement
31 5 Agreement Agreement Agreement Agreement
32 6 Agreement Agreement Agreement Agreement
33 6 Agreement Agreement Agreement Agreement
34 8 Agreement Agreement Agreement Agreement
35 8 Agreement Agreement Agreement Agreement
36 6 Agreement Agreement Agreement Agreement
37 4 Agreement Agreement Agreement Agreement
38 4 Agreement Agreement Agreement Agreement
39 4 Agreement Agreement Agreement Agreement
40 5 Agreement Agreement Agreement Agreement
41 6 Agreement Agreement Wrong Agreement
42 6 Agreement Agreement Agreement Agreement
43 6 Agreement Agreement Agreement Not defined
44 5 Not defined Wrong Wrong Agreement
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. . Residual life | Residual life | Residual life | Residual life
Ne RCS.I due'll life of the of 5 years of 6 years of 8 years of 10 years
pipeline, years . . . .
evaluation evaluation evaluation evaluation
45 6 Not defined Agreement Agreement Agreement
46 4 Not defined Agreement Agreement Agreement
47 8 Agreement Agreement Wrong Agreement
48 6 Agreement Agreement Wrong Agreement
49 5 Agreement Wrong Agreement Agreement
50 5 Agreement Agreement Agreement Agreement
51 6 Wrong Agreement Agreement Agreement
52 6 Not defined Wrong Agreement Agreement
53 5 Agreement Agreement Agreement Agreement
54 6 Agreement Agreement Wrong Wrong
55 5 Agreement Wrong Agreement Agreement

Comparing the results of the simulation with the expert conclusion, we see that there are
8 pipelines (grayed) out of 55, showing erroneous results. The third pipeline, according to
technical characteristics, can have a residual life up to 10 years. Pipelines 16, 30 and 49
require more detailed analysis in the direction of increasing the residual life, and pipelines
11, 44, 52, 54 - do not fit the model.

A greater number of pipelines (from 100 and more) in the model should improve the ac-
curacy of the forecast, enabling a more detailed analysis of the indeterminacy interval. On
the other hand, such factors as expert assessments, normative documentation as well as
previous expert conclusions, have a great influence. In addition, a number of parameters,
such as, for example, environment transported through a pipeline, is difficultly converted
into numerical values.

Conclusions

The method for predicting the residual life of technological pipelines, given in this article,
can be used in those cases when there is a large error in the initial information necessary for
the expert evaluation. The advantage of the above method is the possibility of developing a
mathematical model of operating with technical parameters that affect the numerical value
of the residual life and determine the influence of each of the parameters on the entire pipe-
line system as a whole. This method allows to estimate the residual life with the utmost
probability with the approximation of obtained results to results of the expert evaluation,
rather than the calculation by standard methods given in the industrial safety regulatory
documents.
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	Smoothed frequency,%
	Relative frequency, 5
	The amount of pipelines in the group
	Measuring range T, %
	DC
	Interval
	B
	A
	0.12
	-3.07
	0.492
	16.25
	8
	25
	14.29
	2
	5
	up to 10
	1
	0.18
	-3.54
	0.442
	18.75
	8.28
	12.5
	2.8
	1
	1
	35
	2
	0.16
	-2.86
	0.517
	23.75
	12.28
	37.5
	17.1
	3
	6
	60
	3
	0.02
	-1.31
	0.738
	16.25
	12
	12.5
	8.5
	1
	3
	85
	4
	0.03
	1.45
	1.397
	11.25
	15.71
	12.5
	17.1
	1
	6
	110
	5
	0.34
	6.06
	4.038
	3.75
	15.14
	0
	14.2
	0
	5
	135
	6
	more than 135
	0.73
	10.75
	11.88
	1.25
	14.86
	0
	25.7
	0
	9
	7
	1.61
	-
	-
	-
	-
	100
	100
	8
	35
	Sum

