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Local models for Different Corrosion Process

m  Simple models: Bikkaris, Vellner, Godart,
Denison, Drum, Johnson, Martin, Mor,
Suterland, Tornes, Upham, Faradej,
Hejnik, Shvank and others.

m  More complex models with exponent :
Azis, Mitkalf, Tsikerman L.J., Champion,
and others.

m Math models with logarithm of an
independent variable: Vittaker, Demin
J.V., Bug N.P., Liddiard, Hok, TSihal, etc.

m  Algebraic multifactorial models:
Agniboti U.S., Dorofeev A.G., Kats A.S,,
Luchina M.A., Nalimov S.M., Nanda N.N.,,
Shrejber G.K.

m  Dynamic models of corrosion process:
Agafonov V.V., Berukshtis G.K., Buraja
M.V., Golubev A.l.,, Bug Y.M., Zhuravilev
N.P., Kadyrov M.H., Klark G.B,,
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Turkovskaja A.V., sikerman L.J,,
Shturman Y.P., Kerimov A.M. and others.

m Models of target variable y‘ speed:
Gorman LV., Kuper A.S., Lysaja A.l,
Sereda, Palmer I.D., Tsikerman L.J., etc.
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m Models of a target variable vy
acceleration : Tsikerman L.J., etc.
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mDiagnostic volumes and capital repairs impact on breakdown susceptibility
of pipelines (Gasprom)

[ Ha artane akcnnyatauuwu, npesbiwatrowem 30 net, Ans noaAaepXaHus yAenbHOW MNOBPeXAaeMOCTM Ha cpefHeM YpPOBHe
BblHYXXAEHbI CYLEeCTBEHHO NOBbIWaTh 06beMbl BT, 1 06beMbl pa3fiMyHOro TMna peMoHTOB.

m CTtaTuCcTUKa NPUYUH, NPUBOASALLMX K NMOBPEXAEHUI0, NoKasana, YTO KOPPO3MOHHbIe npoueccbl B MeTanne Tl cocTtaBnsiot
6onee 80 %.

m At an 30 years operation phase, for maintenance of breakdown susceptibility
on an average level they are compelled to raise essentially defectoscopy and

repairs volumes.

m The statistics of the reasons leading to failures showed that corrosion

processes of metal damage consist of more than 80 %.
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Mechanical Joint's defects Hydrogen-stress Pitting
damages cracking

The analysis* of a plenty cumulated datas for the operational period of
OrenburgGasprom from 1974 till 2005, allows to allocate corrosion process as a
determining type of pipeline damages. And pitting is the main component of this
process.

The basic problem is forecasting of actual condition for long-term exploited steel
pipelines and creation of schedules diagnostic and repairing for defective parts.

*Dr. G. Vladov
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Hypothesis

m Suppose occurrence and development of defects are
flows of random events for every pipeline.

m Let pittings classify by significant intervals (relative to
residual wall’s thickness) for every pipelines depends
from its corrosion state.

m Number of significant intervals for long-term exploited
pipelines is not more then 5. This define finite number of
damage types.

m Let intensities dependence from time. This allows to
forecast state probabilities for pipelines.

Ph.D Alla Vladova
avladova@ngs.ru



Ph.D Alla Vladova
avladova@ngs.ru



" A
The Math Model of Graph G(S,,...S,,)

System of differential equations

dp (t . .
/ pjt( )_ Doy +P4 Ok +Pc(Orgy =Py O (g g +2 4+ ); Analytical solution of system

dp, (t _ 2 3.
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Analytical expressions for coefficients of system of
differential equations

h.. t t2 t3
i
hoi | “(Aor+hoz + | @01(Ags2F 2hg Ago% AgiAgst |A0a(Roa®F Agp2(3hgy + 3hg3+2 gg) +(2hgq Kyg + Haghost 2hg3 Hag
+Xo3) Moo+ 2hgohgst Aos2+ + 3o 2+ 3hga?F Ayzhing® Haog) Aoz + Hyghos st Aos>+ Haghos
Ao1iot Agataet Agzhzg)  |Asgt 7b0132"'37”017%3 +2X43 Hag + 3hgeho3 + 2149A012+2 Hgghoqhgs
+ Aoz Hzp® * Hyg Ao Aqs)
hyi Aot a11(Ag1hag + Agrhgt Aorhas [A12(Agp*(og+3Agq + 3hos+2 pigg) +hoy*(Roy+3gp*3hgs+ 2414)
+ 7‘012 + Ao1hga + Agihos) "'7‘032(37‘01"' Mozt Bhgp +2p50) + Ag3(2hg4 pyg +2Ag 13y
"'67”017‘02"'”302"'2H3o7‘02+27°02“30+2”207”02 Fh39kizg + Asg H3p )
hy; Mo2 a21(AgaMo0 +7”02)"267 A5(Mg22(Mog¥2hgg + 2h93+2 Pogthg +hoy) Fhgohos(Rge+
Fhoohart Agrhog T Aga® | Aggthortiligtingthgs) + Agphos(Rogt Agsthgytiizg Hhgg) +
Mo2ro3) Mo2hag(Aos 210042007+ Lgo) FAhgoh o7 (Aartiizg) Fliaghg, (HagtAyr)
hg; g Ag3hsg Aga Mgahag (Hap T Aszg + Agg + Aoy + Agyt Ags + Agyq Hiigs)
hy; @91 Ag3hsg Qg2 Agzhag (Mg + Asg + Agg + Aoy + Agyt Ags + Agyq HLig;)
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Analog model of analytic solution obtained in
integrated system
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Determination of Damage types for Orenburg-Salavat

pipeline
Number 1 2 3 4 5 6 7 8 9 10
Intervals 3341 | 4149 | 4957 | 5765 | 6573738118189 ]|8997 ]| 97105 10,5 11,3
Class mark 3,7 4,5 53 6,1 6,9 7,7 8,5 9,3 10,1 10,9
Absolute 2 3 6 27 45 269 261 126 21 10
frequency
Relative 0,0026 | 0,0039 | 0,0078 | 0,0351 | 0,0584 | 0,3494 | 0,3389 | 0,1636 | 0,0273 0,013
frequency
Cumulative 0,0026 | 0,0065 | 0,0143 | 0,0727 | 0,1312 | 0,4805 | 0,8195 | 0,9831 | 0,9844 1
frequency
Damage type SO S1 S2 S3
0,35+ ﬂ
0,3+
0,25+
0,2+
0,1+
0,05
o 3,3 4,1 4,9 57 6,5 7,3 8,1.8,9 9,7 10,5
Ph.D Alla Vladova
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Numerical Determination of Graph Model Intensities for

Proper Intensities

pipeline

Transition absolute and relative intensities

Intensityof 1 Intensityof 2 Intensityof 1 Intensities of 2
202002abs 0,857 A02005abs 2,29 201 2002abs/otn | 2,107/0,022 | .01 2005abs/otn | 11,548/0,018
2020020tn 0,009 2020050tn 0,004 202 2002 abs/otn | 1,286/0,0135| .02 2005abs/otn| 4,742/0,007
21 2002 abs 1,25 21 2005abs 9,258 203 2002abs/otn | 1,0357/0,011 | 03 2005abs/otn| 5,032/0,0085
21 20020tn 0,013 21 20050tn 0,014 A14 2002abs/otn | 2,536/0,027 | A14 2005abs/otn 14/0,022
A15 2002abs/otn | 2,286/0,024 | A15 2005abs/otn| 14,29/0,022
A2 2002 abs 0,429 A2 2005abs 2,452
126 2002abs/otn | 1,463/0,015 | .26 2005abs/otn| 7,484/0,012
A2 20020tn 0,005 A2 20050tn 0,004 127 2002abs/otn | 2,536/0,027 | A27 2005abs/otn 14/0,022
A3 2002 abs 0,179 A3 2005abs 2,742 238 2002abs/otn | 2,286/0,024 | 138 2005abs/otn| 14,29/0,022
A3 20020tn 0,002 A3 20050tn 0,004 239 2002abs/otn | 1,464/0,015 | A39 2002abs/otn| 14,29/0,012
Ai10 2002abs/otn | 1,857/0,028 | 1i10 2005abs/otn| 16,742/0,026
Ph.D Alla Vladova
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Numerical solution for identification problem of
pipelines corrosion state

Graph model state probabilities for obtained transition intensities

3
() =—0.00003t 1+0.00135-t2 —0.047-t +1

3 2
p,(1)=0.00004t ~ ~0.00112:t+0.022:t

3 2
p,(1)=0.00002t ~ ~0.0007:t*+0.014t

3 2
p4(1)=0.00002t ~ ~0.00055:t~+0.011:t

BepositHocTu cocTosiHui Pi(t)

3
p,(1)=—0.00002 " +0.00207°

3 t
Pg (t)=—0.00001-t +O.000264-t2
2 5 —o—pO(t) —m—p1(t) —a—p2(t) 03() % pA(t) —e— p5(t)
pg(1)=0.00012:t7 py(1)=0.00019 —pe() P7() P8 (t) pa(t) p10(t)

pg(t)=0.00013% g (t)=0.00008°
Py (H=0
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Solution for forecasting problem of pipelines corrosion
state with 3 types of damages and linear approximation

A--=a- t-|-b - linear approximation
T T |
[P0 =00,t" +05,t+
pl(t)2912t2+gllt Coefficients
pz(t)=922t2+921t Uy, = —0.5.b01(0.5b01+ b02 1 b03 +O.5M10)—O.5(a01+a02 +a03)+
2
pg(t)=932t2+931t +0:5(Bg +Dgg)” +0:5(bgpko0 +Pp3H30)

) 020=70-500(bg1 D3 0 +Dog 027 +190)+0-520;
P5(1)=05,t 03,=—0.5D3(D1 Dy +Dg3+Dag +Dag+iigg)+0.58,

p,(1=0,,t°

pe(H=0g,t° 049=05Dy D1y O5y=0.5bb1c G, =05Dgobog G75=0.5by0b,-

p7 (=g t? 0gp=0.5Dp303g 9gp=0.5Dp3b3g 910p~0 9g1=—(Pg1+bgp+Pp3)

p8(t):g82t2 911=Po1 921=Po2 Y017Po3 94170-5bgsP14 951=0-5Dgeby5
g()=0 961=0->"P0aPag 971 =0-20po0p7 9g1 =0->Pg303g 9gy =0=-DygPsg
hDAIIa Iadova

\ P agpge 14



Model of Database and Class Diagram

Pa6ota c BJ]:AGCTpaKkTHbIM Knacc Const MHTEHCUMBHOCTH
-Mone BA : float -Maccus Yacrocten 1 BT,
-Pesynbrar : float -MaccuB yactocten 2 BT[]
+06paboTka nona BL() : float -Tun rpacda
. -Boixoa:Lambda,Mu + || Komeus3s
HKoreust , \KoweudS | pixon:Enter,Exit
T | Koreus2 +PacueT co6cte Lambda()
CTaT XapaKTepUCTUKM +Pacuyer B3aumHubix Lambda(). | .koneu3s
-Mone paHHbIX : float
-KonmuecTBo sHaueHwmi : int BpemeHHLIe MHTEHCUBHOCTH
-PeaynbraT:Mx,DX,s)X,4acTocTn -Maccus Yacrocren 1 BTA
+Pacuer Mx() -Maccus uactocten 2 BT[]
+Pacuer Dx() -Tun rpacda
+Pacuer sx() -Anana3oH BpeMeHM
+PacueT uacrocreu() -KoHew36 -flopanox nonuxoma
-Boixoa:Lambda,Mu
DedekTsi Tambaa Mio BepOSITHOCTHbIE_ypaBHEHMS BepoATHOCTH -Buixon:Enter,Exit
PK | Kon Dedekra PK |Kon_nsam6aa_m PK | Kon ypasuenus -Mone paHHbIX_B3aum Lambda +Pacuer B3aum Lambda 2 nopspxa()
FK1 | Koa_nHcnexum FK1 | Kon_mmonexnn NeseposTHOGTH -MopAAOK TOUHOCTU peleHus +Pacuer B3aum Lambda 3 nopspxa()
Tny6uxa Bx0A h1 -PeaynbraT:BepoaTHocTn PP P p——— ‘
H"I:'f::a BLIXOA n -Pesynbrar:NecocTosaHuim Kaneu® P
TonuwHa_CTeHKm nmoRa_const FK1 | Koa_tuna_rpacba +Pewenne cuctems AY 3 nopaaka() \ [1o71€ AaHHeIx_B3aum Lambda
OCT_TONLMHA_CTEHKM nAMGAa_Kood_0 i +Pewemnue cucremsl fIY 4 nopsaka() «\ ~Flops#A0K TOYMHOCTMU peleHus
+ nambaa_koad_1 i -Boixon:BepoaTHoCTH

nam6aa_koad_2 -Bboixoa:NecocToaHuM

NHcnekums FK2 | Kop_tuna_rpaca > Tun_rpaga
— / A_Tvna_rpad - +Pewenue CJIAY 3 nopspxa()
Kon_uHcnekunu Kop_tuna_rpaca
+Pewenue CJIAY 4 nopsapka()
FK1 | Koa_Tpy6bi BeposTHOCTH Tun_rpaca
v [oa_WHcnekuwn ¢ 'y
Tpy6onposoa 'y PK | Koa_BeposTHocTun f
PK | Kon_tpy6bi 3HaueHve hi BeposiTHOCTHbIE_ypaBHEHUA_BpeMeH
3HayeHune_h2 PK,FK3 | Kon_ypaBHenus
HasBanue 3HayeHue_h3
UHUTHas_Bep NeseposTHOCTH
NeseposTHoCTW 3HayeHve ho
Kop_tuna_rpacha 3HaveHve_h1
FK2 | Koa_uHcnekuun 3HaueHne_h2
3HavyeHune_h3
BeposTHOCT_BpeMeH FK1 Kop_tvna_rpada
FK2 Kop_s3HameHaTens

PK |Kon_sepostHoctu_spemen

FK1 | Koa_3HameHaTenb_BpeMeH
3HayeHue_h0

3HaveHve_h1

3HaveHne_h2
3HayeHue_h3
NeBeposiTHOCTU

FK2 | Kop_tuna_rpaca

FK3 | Koa_uHcnekuumn
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Hierarchical structure of main modules for client part
of software

TUserView

-Options[]
+SaveOptions() : boolean

I
TProject

-Settings : Hashtable
+CalcRegime : enum THelp
+SettingKeys : enum

+SaveProjectinFile(in f_name : string) : bool
+LoadProjectFromFile(in f_name : string) : bool
+PutSetting(in key : SettingKeys, in value : object) : bool
+PutSetting(in key :SettingKeys, in stages : int[]) : bool
+GetSetting(in key : SettingKeys) : object
-GetStagesSetting() : <unspecified>
-GetCalcRegimeSetting() : <unspecified>

+html() : boolean
+hlp() : boolean

1
TGrafT‘ype TLambda TConstP.robab-iIity

-chast[] : double Hlambda -gount__illl:.:itsut)rri\:g: int
v rmu TChastost -Lambda : double
:Llpﬁrafa 'km't- int DB : TDBC?“qution -FileName : string -max_dimension : int
.Dg '?%'Ecz;hrction -Kodinspekei : int -fWrite:XmITextWriter -Mu : double
—elen.1|] : double :Yteare: .dic::ble +Save_To_XML() : void -Pro.bability : dPuble
_Stat : TStatistics _g_{;nh T ouble +Read_From_XML() : void ::‘;;1:;; : TProject
-KolDeff] : double -ABSLambdl] : int biom
-S_ABS[] : int -OtnLambd[] : int e
+Barier : double s_ABS : int +g:|(::j;;(()) | d?)?xslaen
+read_from_db() : DataTable| [iread_from_dby() : DataTable +ParseT. oPis.()
+wrlte_|n_db(_) ;bootean *write_in_db() : boolean +read_from_db() : DataTable|
+calculate() : int +calculate() : int +write_in_db() : boolean

TGraph_parent TDBConnection
#Coord_x:array : int . :
#Coord:y:arraz sint TLog TGistogram TDBConverter TStatisti -DBCon : TDBConnection
A i SaveToFile : bool - -DBCon : TDBConnection — +ConnectTo() : String
#Lambda:array : float Savelorile - boolean -Probablity[] : double .temp_storage : decimal -+Statistics : double| +Disconnect()
marrny it FiloName  sting Axeat : double *convertation) : boolean et +GetTableField() : String
y e . - ~ - : + : stri +mean +SQLRequest() : strin
# formGraphics:Graphics +WriteLogs() : void +read_from_dby() : boolean +|(=:iI::|;eBD()B'()st::lgng dispersion() +TSbIes(‘;() : sging g
#Derevo(int n[], int m)() ] +AddLog() : void +calculate() : boolean +aetl N () : Object +stddev()
#Graph(Graphics formGraphics)() +'T'est() A boole‘al'l +covariance()
N +Show(Graphics formGraphics)() . +correction()
l | TGraph_4_type +sort()
[ * * I +norm()
TGraph_2_type TGraph_3 e * +getgistogram
ph_z_typ ph_3_typ: Grat 41() getgistogram()
+Show(Graphics formGraphics)()

+Graf_4() +graf_11()
+Show(Graphics formGraphics)() +Show(Graphics formGraphics)()
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Definition of Graph Type. Test example of software

calculation

®aitn  Mpoext PaboTacBl Hactpoiika OkHa  Cnpaeka
A E H ] E
I Tun Mpasa | Moot MHTeHoueHocT | MNocr Bepoamocm |

CunTaTe gaHHbE |
Pacumtats rpae |
Janumce B Sazy |
Hapucoeate |
Twn rpaga: 3
— Onuwm

OCT_TOMUWMHE_CT =

17,
17,
17,

-
q| | I*

[FE 0 Y ST Y %)

=10l |

2007 15:12:41) Oreprt npoekT: CACTyaeHTe Tpoe kT TProbablity TProbability CalculateCoefficient \bin.Debug New Project xml
2007 15:12:50) CumTaHa 0CTaTOYHER TOMWMHE CTEHHKA ANA ONPEAENEHMA TMNa aga.
2007 15:12:52) Pacumtad Tin paoa.

Tpyaa:
OPEHBYPT-CA.TA
BAT

lom:

1995

Tun rpaoa:
3
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Conclusions

The analysis of publications and datas of companies extracting and
transporting gas was conducted. This showed an insufficient efficiency of
pipelines functioning because of absence of scientifically proved
methodology of corrosion state forecasting.

The stated hypotheses are confirmed by results of research. In particular,
occurrence and development of defects in every pipeline are represented
by flows of casual events. This allows to use Markov processes and graph
models.

Processing of big box units of data for trunk pipeline established 10
ranges, 4 from them are significant on 5 % barrier with following borders:
6,5 7,3; 7,3 8,1; 8,1_8,9; 8,9 9,7. Its corrosion state is represented by graph
model with 3 types of damages.

Analytical decisions for 2, 3 and 4 types of pipeline damages are found.
They are polynoms of 3 and 4 order of accuracy. Their coefficients are
defined by transition intensities.

According to the developed techniques we define proper and transition
absolute and relative intensities. For trunk pipeline proper absolute
intensities belong [0,179; 1,25] for 1 diagnostic, and transition relative
intensities belong [0,012; 0,026] for 2 diagnostic.

The developed theoretical positions are used in created software

Ph.D Alla Vladova
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