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Research on construction and operation methodology for intelligent oil and gas
pipeline network systems

FENG Qingshan
China Oil and Gas Pipeline Network Corporation

Abstract: [Objective] With the advancement of industrial technologies, oil and gas pipeline systems have progressively enhanced their
automation levels, moving towards unmanned and intelligent systems. These developments showcase improvements in specific areas,
including one-key start/stop functionality for key equipment, one-key pipeline startup, optical fiber vibration sensing for warnings, unmanned
station construction, and a substantial accumulation of technical accomplishments and experience. These pioneering techniques have been
trialed and applied in real-world engineering scenarios, such as the China—Russia East-route Natural Gas Pipeline. However, the continued
evolution of intelligent pipeline networks encounters challenges, as evidenced by various key technologies and management philosophies
requiring ongoing systematic enhancements and breakthroughs. [Metheds] Through an analysis delving into the developmental trajectory,
future demands, and trends in pipeline technologies, this paper introduces the definition, and key logical criteria, as well as the construction
and operation methodology of intelligent pipeline networks. It pinpoints key challenges like construction requirements and operational
modes of intelligent pipeline systems. The paper embraces significant theoretical and practical aspects in the evolution of intelligent
pipelines and aligns with international advancements and practices, with the aim of establishing theoretical and practical systems. [Results]
This paper introduces the three developmental stages of intelligent pipeline networks along with their distinct characteristics, logical

architectures encompassing various elements, and system architectures in five dimensions of the construction and operation of intelligent
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pipeline networks, namely fundamental theories, new forms, as well as technological, industrial, and organizational innovations. Discussions

further extend to construction objectives and various research areas, outlining segments like the operation of intelligent controls, physical

assurances for intelligent functions, intelligent emergency response and protection, and IT support for intelligent systems, all in conjunction

with practical engineering applications. [Conclusion] The research findings offer guidance on enhancing the industry’s understanding of

intelligent pipeline networks and current construction endeavors. Future progress toward heightened intelligence, automation, and efficiency

in intelligent pipeline network construction requires a systematic approach to research, construction, and operation, paired with a concurrent

exploration of fundamental fields and artificial intelligence. Furthermore, an emphasis should be placed on strengthening cybersecurity

measures and responses using a worst-case scenario thinking approach, with the aim of consistently meeting the strategic demands of

developing intelligent pipeline networks. (12 Figures, 33 References)

Key words: oil and gas pipeline network, pipeline, intelligent pipeline network, methodology, operation method, production operation and

maintenance

REUR 2 24 4 Tl AR IR R J it 5 2 5
THUE AR G R SRR 3 B s Uy 2 RO
B R4 5 R R AN HT B AR I B R B0 S =K
PR H PR N FHE T R I A i, 0 PR el 2t o T R IR A
7GR A 22 4 BE 0 B, R OR REVR T U B
P N i 2 4 7 A R B [ R REIRR T 2023 4
S HES I U WA B BoE S B T O T
I, FERE R e TE R B Al U e, SR U R
i 22 4 T OB AT KT Rl R e 1T tEdE L
FET R REAL T AR TS SR T, I SRR T B
THAVE B AT R, B REE I, SRTHIAE M %
SV AT EENE L AR, DUE R ROR [ A S R
(RIHT Ra oR AN 2 B U A AT M A AR R ) AL

JE R RE A A0 H AR e TR R R
FRIERT R, B ARG 2 YL RN RE T B e
B O R N T ELIR O 5 JR SRR PR A SR R RE VR K
b AA 5 L SEDLREIR ELHR , 396 A2 “ Y-l T3 K AT
o 0B R R A LR e AR, X T e i S
BEEY I G S R R ) 55 [T g 1 A SRR AT, 1H
AR RIEHITR GG — 5%, SEEFHME LI IE
2] KM Snam 5 T8 24 W] 5 [ b2 7 AE R REE M
REVCT T T R R TAR, (B35 J5 PR B 4% Bt )
REAL I &5 FiUEE L X RO S B 2 Bt 5 B
BAGET MINRR 5, AR RS IR B ™
iex. vk, 98 A s ey AR R Kol 5%
R R IR T S T 5 e AR A B, T IEROR
KT 5%, Xhs [H BRAGEE KT 545, 8 1B B
B R E SC R IR R AE N e S i AT T iR R, DA
T4 A2 2 R BE T I I R R

842 yqcy-paperonce.org

L1 AP BIR

[ [ 20 tHE22 70 FEARTT IR R B K H <
EIE, SZ AR A IR, R E S, TF ORI T &S
BN G PR FEAREE N T T35 AE, B H K 5
R . 20 tHhaD 80 AFARH I, FEBR KRR AR s AT 2
A T8 e 51 HE SCADA R48, R T IR E 3h
W BCEIRTT, JHAN 1 A [EUEE SCADA RGN IS
1, 5 5814 S, SCADA A48 BARE
TAEEAT S B, (BRI IR, B TR
SCADA %%t PCS(Process Control System) #4425 T4
REFE b 08 3L 28 [ A AT, 78 18 500 R AR S
B AR R A R (R E S W ERBD A g e
AWM. HAEr, 2 448 SCADA RS0 IEAKERH LI
ENERTE S G2 T S N B S R R N
FAL B R AR D e KRS e, 4 9 P [ 5K
TAE M4 SRR mRE AT RIS I E EER .

TSNS B SO B AT VP VE R, [\
217 7 MHEE N T8 Rl AEAEZ 0 KR B EE 5 3)
AV D Aor I EAE R I AR, A BRASE S el AR Dy
TR BN E A T AR T LA A = 0 T e B
EU L WA RIS B S A B S R R AT
WA et B B AR BE By S R AL S P i e )k
558, % N PR P AR, B BEASE 3 AR AR FE N I
HEE D O IR AN IR 3, R S AR T
EIBATRE S A, BORBED 5 BLSGHE BUR R 2
BRI, T A0 o5 b R G0 H S 5B BEAL S TR,
ST AE AT IR B 5 AR R 2 1

https://www.cnki.net



r [ %71 Y

TR R UVE M R R S IE TN BRI

Frontier & Overview | BB 54Rid

HAUE ARG T 8K, RN EIE B
i EE R g 3 AN T O AR MY 5 50
R — SR B R — R L — 5K FEAE B R (B 1D
WO REE M, I R ST G E 2. B
W FR 0 R LR W) 2 G Y B S A B RO 9G4k

YEEE

P = MR —= S

TR o e g e e RETERN,

—5KK

SR X IRIE 4 P e R R RS

1 KHmSEE"

PR EEE, (A & 1 AT, I AN 20 T ZE AT R R
1 5E 3L X T REA B 2 BAR G 0) R 4¢» AKFEZ AN 42
i (K B A A BV AT 2 25K 11 22 B T ) R 4
BRI IFE N L2 5B s 2 8 S
K A

e N T
Bz

EIRGH,

ToirE) L&tk

Bl S

=KW R B R RE

Fig.1 Three networks of long-distance oil and gas pipelines and related business relationships
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Fig.2 Schematic diagram of automation control for intelligent
pipeline networks
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Fig.3 Schematic diagram of multi-dimensional perceptions
and interactions for intelligent pipeline networks
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Fig.4 Schematic diagram of autonomous optimization and
judgment for intelligent pipeline networks
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Fig.5 Schematic diagram of construction logic for intelligent pipeline networks
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Fig. 6 Schematic diagram of differences between full-time and
full-space automatic monitoring mode and manual patrol mode
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Fig. 7 Business development approach based on the “dual-wheel drive” of productivity and productive relations
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Fig. 9 Digital management in pipeline operation and maintenance, and patrol inspection modes
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