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Currently, in view of financial, resource and organizational and technical constraints, as well as
due to such objective factors as high depreciation of fixed assets, its age and technological
heterogeneity, operation of pipelines under over-standard load regimes, there is problem of
optimizing the costs of technical maintenance and repair (TM&R) based on a risk-oriented
approach under ensuring the requirements of industrial safety.

Such approach fully reflects latest changes in legislation regarding industrial safety,
environmental protection and other legislative acts of Republic of Kazakhstan.

In order to resolve the tasks set, “Kazakhstan-China Pipeline” LLP is implementing the
pipeline integrity control system (PICS) based on ROAIMS software developed by ROSEN
company and adapted to requirements of Republic of Kazakhstan legislation which allows to
evaluate technical state of assets and risk during the operation of the assets — life prediction of
pipes with defects, possible types and consequences of functional failures and breakdowns
caused by them.

This information serves as a basis for planning preventive measures which, if executed
on time, will allow to reduce the amount of emergency and unplanned repair works, increase
industrial safety, minimize consequences of negative environmental impact, insurance costs
and other risks.
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MAIN TASKS OF IMPLEMENTING PICS

0 Combined geo-informational space integrated into the corporate
environment with data collection, storage and processing system

O Transparent decision-making mechanism regarding control over
technical state and integrity of pipeline based on uniform methodology
base

O Risk-oriented approach to TM&R planning based on actual state of
pipelines, operation conditions, environment, production plans and
constraints



_? from 2015 the Partnership has realized a set of measures under
o implementation of PICS

Aerospace survey of MP facilities and surroundings has been carried out
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Aerospace survey of MP facilities and environment was carried out, resulting
updated information about facilities and a higher resolution of data

Fragments of space images of MP route based on materials of open sources (Google Earth, etc.) - low resolution and irrelevant

information
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The geospatial base of MP based on materials of aerospace survey has been
created

Nep obbekToB # cucTembl MH Aracy - A y (0-965,1 km)

Ha yqactke YNOY Ne 7-YNMNOY Ne 8 (0- 130 km)
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Lo Kpa kamepei sanycka /Valve | ocncay ooze | saoa3tza00 | 71,612546 | 48652061
of the pig trap station No7,0m

= 741 KWN / CPT, 708 m 250570,5649 5393918,787 71,613333 48,648497
r 1755 KUMN / CPT Nel, 1004 m 251323,5964 5393239,402 71,623947 48,642696
2749 KWN/ CPT Ne2, 1998 m 252047,2356 5392557,281 71,634161 48,636857
3750 KW/ CPT Ne3, 2999 m 252777,8884 5391871,406 71,644471 48,630987
— 4751 KWM / CPT Ne4, 4000 m 253506,6777 5391186,193 71,654752 48,62512
- 9752 KW/ CPT Ne5, 5001 m 254236, 7982 5390500,897 71,665049 48,619253

Monesan aopora / Field road,
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Collection and integration of MP input data have been carried out

ROAIMS DB templates
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PJSC "Kbartsyzsk Tube Works"

yiI. .XapUEIcK 9, Paton str. Khartsyzsk
Jonenxoii o6, 8 AUHA Donetsk Reg. 86703 The UKRAINE.
1898
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i CEPTHDRUAROBANE O oTam
E TOO "T ., 466030,F b ofload 07.08.2005 : Srstom s Corrd
= Kaszaxcran,r.Kyancapu,yn.TIpomsona cr. JKAHA-APKA / K3X m the Standards
3 ®a 3axa-napap N ACTY IS0 9001:2001;
[ Order Ne AP| Spec Q1-Seventh Edition.
14001:1996;
B Korpart Ne 05/07-166 ot 18001:1989.
Contract Ne 08.07.2005r. cranpapty
Twon oNe 65885626 Purchase s cerfied i aceordancs Wi e
Waggon
51:2000.
CEPTUOUKAT KAYECTBA Ne 7277 Crpannuag Crpanni o 28:2001
P: P
CERTIFICATE OF QUALITY age ages. o Accorting EN 10204 3.2
HanmeHosaHue ToBapa “HA nokpeuA TPyG
Denomination of product Standard for coating Standiid for pipes
TpyBsl cTansHLIe aNEKTPOCBapHLE KCPP-01-E-PL-SP-0003 APl SPEC 5L 42NIB EDITION, PSL 2,
npAMowOBHE KCPP-01-E-HL-SP-0002
Longitudinal seam SAW steel pipes Ava- Howep | Homep |CTakaal Bec Bec TpyGei
meTp [nuna NapTH | napTHm | TMAPOW TPYO, | ¢ noxpuiTHem,
~lapka crann Howep ('] "y NPOACNLHOMD| NOKP. Aasn (4 4
Steel grade  |Homep TpyGbi nnaBkK Dia- Length caapHon Lot | Standard Weight of
(nacc NpouKoCTH | Pipe number | o' er meter mm number Weight of pipes
Strength factor mm Longitudinal |  of test pipes, ‘with coating,
‘weld joint lot | coating | pressure, kg kg
number MPa
©X60  H47515 4119 813 11780 475 10.9 2772 289807
X80 H47801 4119 813 11440 47, 78 10.9 2689 2811.3
X680 H47623 4139 813 11780 876 10.9 2772 2898.07
A0 H47544 4119 813 1" 475 876 109 2734 2858.34
X H47629 4139 813 476 876 109 2769 289493
X60 H47504 4119 813 550 475 876 109 2715 2838.48
X80 H47535 4119 813 11700 475 876 108 2751 2876.12
X60 147602 4139 8 11640 476 878 109 2736 2860.43
X60 R 7546 4119 11560 475 876 109 2718 2841.62
X60 H41005 4138 813 1720 476 876 10.9 2755 2880.3
G H A | R K L M e e P Q |
1 STATIONING_START |STATIONING_END| OUTSIDE_DIAMETER_CL| NOMINAL WALL THICKNESS GCL | DATE_ MANUFACTURED | DATE INSTALLED | MILL TEST_PRESSURE | PIPELINE_CATEGORY_CL | PIPE_GRADE_GCL COMMENTS MANUFACTURER_CL
2 130193,48 130218,56 813 11,9 2005 01.07.2006 10,9 | X860 KCPAO1-AB-PTS08-PS-DW-0002 XT3
3 130235,31 130326,42 813 11,9 2005 01.07.2006 10,9 | X860 KCPAO1-AB-PL-DW-0038 XT3
4 130326,42 130329,42 813 9.5 2005 01.07.2006 8,7 11} Xe60 KCPADI-AB-PL-DW-0038 XT3
5 130329,42 132398,48 813 8,7 2005 01.07.2006 8 11} X860 KCPAO1-AB-PL-DW-0038 XT3
6 132398,48 132422,33 813 9,5 2005 01.07.2006 8,7 [T X60 KCPAO1-AB-PL-DW-0038 XT3
4 4 » ¥ | Pipe_Segment - External Coating ~ Valve  Casing Launcher_Receiver Pipe_Bend ~ Flange ~Tap -~ Tee . Marker  Sleeve River_Weight Rectifier —~ Test_Lead Ground_Bed  Anode PI Rectifier Rea
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Data entered into ROAIMS software
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Kizht of Way onoco omeods Linear WzmepeHHa napameTpos Y3 (Y13 8 OCMA
MamMepeHHa napareTpos 263 6 OCMA
Cathodic T8 3%3) HHTEHCHEHEIE H3MEPEHHA NApaMeTpoE 2X3 B CCMA
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Data entered into ROAIMS software including results of in-line
inspection in different years have been combined
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cese Assessment of degree of danger of corrosion defects for the
current and forecast periods in accordance with the
international standards ASME has been carried out
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Assessment of degree of danger of corrosion defects for the
current and forecast periods in accordance with the international

standards ASME has been carried out
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Complex analysis of the results of measurements of the
protective "pipe-ground" potential of the MP has been

carried out
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Distribution of a failure probability along the MP route
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The calculation of an accident probability at the MP has
been carried out in accordance with APl 1160 standard
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Calculation of expected damage by 4 MP breakdown scenarios
has been carried out

Determination of the impact area of damaging factors
Estimation of expected amount of damaged environmental objects

Damage calculation . ;
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More than 20 000 natural objects located in area of exposure
have been identified in ROAIMS software by aerospace survey
materials
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More than 2500 technogenic objects located in area of
exposure have been identified in ROAIMS software by
aerospace survey materials
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Calculation of expected damage by 4 MP breakdown scenarios
has been carried out
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Technogenic risk at MP has been calculated

Technogenicrisk (R)
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G

Critical areas in accordance with APl 1160 standard
been identified and loaded into ROAIMS software

U Critical area (potentially dangerous section): pipeline section where loss of pipeline
integrity may negatively affect very sensitive areas, highly populated and other populated

regions and navigable waterways. [API 1160 “Integrity control of pipelines transporting
liquid hazardous substances’, item 3.1]
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Ao Critical areas have been identified at MP section

Critical area
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developed

Program includes 13 measures,
which:

O Address

most significant
threats for integrity including
“Influence of 3 persons”»;

Mainly dedicated for preventing
failures (mitigating possibility of
occurence);

Split by risk indicators

(criticality) considering location
of critical areas;

Ensures mitigation of risk of
failure at MP by 60%.

CoF

PoF
5. YacTeii OTKas 4, BepoATHEINA OTKas 3. BosMOMHBIA OTKAS 2. Pegxmil oTkas

Recommendations on mitigating risk of failures at MP have been

1. MpakTi4ecEmn
HEBEPOATHEI OTKES

Prior to realization
of measures

InternzlCorrosion: 807 .
ExternalCorrosion: 785 E|

ThirdParnDamao=: 835~

PoF
w - “ " 1. MpakKTH4eckn
5. Yacmel oTkas 4, BepoATHBIA OTKAS 3. BosMOMHEIA OTKES 2. Penkni oTras P -
HEBEPOATHLIN OTKAs

After realization of
measures

InternalCorrosion: 807 .
ExternalCorrosion: 801
5CC: 76

Equipma
Manufacturing: 753
WeldingAndConstruction:
ThirdPartvDamane: 831




FURTHER PLANS OF “KAZAKHSTAN-CHINA PIPELINE” LLLP ON
DEVELOPMENT AND IMPROVEMENT OF PICS

Expansion of software functionality:

« Configuration of risk model parameters| == *""
considering the accumulated experience=—.
of MP operation

« Expansion of “Defect evaluation” mode
functional regarding evaluation of
geometry defects

« Expansion of functional regarding
automatic consolidation of data on
repaired defects




Evaluation of influence of natural processes on sustainable
functioning of MP

STUDY AND ANALYSIS

STUDY

Installation and
geodetic
connection of
ground markers

In-line inspection
using IMU (inertial
measuring unit)

S

INTERPRE
TATION

Interpretation of
geometry and
metal loss data

Final report

-

MULTILEVEL APPROACH TO EVALUATION

LEVEL 1
MONITORING

Remote
monitoring

Determining flood
sections of MP

-

LEVEL 2
ANALYSIS

Analysis of pipeline
displacements due to
natural processes

Analysis of geospatial
information to
determine reasons

Containment of
sections with negative
influence of natural
processes

LEVEL 3

EVALUATION

Determining critical
values of bending
stress

Finite element method
modelling, strength
and stability
calculations

Plan of measures
considering
peculiarities of certain
section
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((2‘. Evaluation of influence of natural processes on sustainable
- functioning of MP

Level 1 — Operational satellite monitoring of
flood situation along the MP route in order to
determine character and scale of natural processes

LN




Level 2 — Containment of
sections subject to natural
influences according to in-line
inspection data (with navigation
module) and space-time analysis
of aerospace survey
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3t Evaluation of influence of natural processes on sustainable
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(( _%" Evaluation of influence of natural processes on sustainable
e functioning of MP

Level 3 — Detailed analysis of certain sections (evaluation of load and
influence permissibility)

' 300
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| 0.0E0

Non-projected placement
I stresses



((zf'..r Implementation of informational-analytical ROAIMS Management
e Dashboard

ROAIMS informational board provides
management with operational access 10 we - wem

. . . u E BHEEF = [ [ e
generalized information on technical | =

state of MP obtained from ROAIMS i,

P e i

software modules e

P ) P i P

Informational board is an interactive j:—-_: :
display launched at workstation, ——
smartphone or tablet -

Includes 3 components:

« window of key indicators e
« window of pipeline parameters S —
» GIS for detailed study of pipeline OI O! ’ M»’ ||!
section o —
J' o' 0’ O OI

Py — 1

o' o' o' o' o
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