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Abstract The pipeline serves as a vital link connecting the upstream and downstream segments of the oil and gas industry chain,
playing a crucial role in modern energy systems and comprehensive transportation systems. Amidst the deepening institutional
reforms within the oil and gas sector and the strategic goal of "carbon peak and carbon neutrality", oil and gas pipelines are
evolving towards large scales, networking and diversification, which brings both new opportunities and challenges to the
operation management of extensive and intricate pipeline networks. Leveraging insights from the current development status
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of China's oil and gas pipeline networks, this paper analyzed the trends and difficulties in the research of oil and gas pipeline
network operation across four pivotal domains: system analysis, simulation and optimization, operation monitoring, and new
pipeline transportation. Relevant research included reliability and resilience evaluation technology for pipeline network system,
operation simulation and transportation optimization technology for pipeline networks, pipeline body monitoring and repair
technology, as well as pipeline transportation technology for hydrogen, methanol, liquid ammonia, and LNG. In light of the new
era of "one network nationwide" and the emerging trend of "multi-energy complementarity", forward-looking technological
research directions have been proposed, such as digital twin, intelligent scheduling and control, intelligent early warning, and
multi-network integration, aiming to drive the safe, efficient, and green development transformation of China's oil and gas
pipeline networks. Finally, this paper put forward the prospect: at this stage, it is necessary to capitalize on China's energy and
resource endowments, accelerate the adaptation to the operation mode of pipeline networks amidst the new landscape, and play
the role of oil and gas pipeline networks as an energy artery in the new stage of "one network nationwide". In the future, it is
necessary to progressively advance the flexible transportation capabilities of pipeline networks across multiple media, and tap the

development potential of oil and gas pipeline networks within comprehensive transportation systems and integrated energy systems.
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Fig.2 Key technologies for the operation of oil and gas pipeline networks in China



216

fmRREER 2024 4E4 A 9B 2 W

AL, JFARICER SR AR T A R O L RO G &
K Z AR GRS, DR BE vk 075 2K %) JR 3 1
Ak st Ak, IRA MR B AW
SR AU AT TR e . R A2 I 285 A58 A, 4n
1 2 14 22 ) 2% (Recurrent Neural Network, RNN) Al
JEIC 2 M %% (Long Short—Term Memory, LSTM), 1]
DU oo A P 5B AR LM C R, S kS
i A i V1L P 7 BV R S PR = o | S R 0
VR PR O ASE SR, ST T R T A SR A
W, Ay s AR T 4R S 7 PR AR K
IR T RS AR B R 5, ARFEX A TN
RIRS ki 7 g s s, SEE 1 b/ ek & H RARS AR
faf (-G A0 B, AR AR TF R IR AR T2 N,
{EAT TG —LE PR, BN, 7F XA 22 k. 4b
PR A VEIE SR A B T, R B0 AR 15 B hn &2
Ao [AIERE, JEIBIFRO 52 ) & Fh PR B R R 520, SR
B A0 Sh AR AILYE , S 3055 SR I P Bl AE R A AR
PE. 78 “2E—KMNT FRT, AP 2R
S S TR A PRI X, XA I R A AT R E MR R TR
MmO 0 T o 5t A PR APk, BRI T S
FRERPERE. AN, BrighLE . BECR SR R, W
fEXHHXT WARTEERR T, AT S S R
Wz, ANRERZEMEZEOCR H 52 2%, FIRexhm
A SRR T A B R FE A . ] i XX S5 )
BNCA AR SRe e S AR XA
212 EW AL EHAHETEREA
EMRGEEBITIRTME T 22 mE 6, 4
FEHETT OCR M B E RN E M . IR NASH IS 2=k
RGBT TR A M DL R R G 0 AR RIS
MW ARG Z BRI, Anfe] CR B A N AR E AR
MR —BUORE S, W R 2498 M RS ahm)
i o7 AR A2 fiE ) BA FE ) TR R LY, R
HEE A 1973 FEERGIAEYRGLK, B R4S
TR R, R —FhEs B A R GE, &
W 2 45 (Al ] Lz P AR B e T b 45 M
RGN PINE FEWT IS B RGNS AR e A A
DIVPAGZESZ 21305 B N R G PERe ik . Flarie )
PR TR . LR A b VR Rh 148 I AT S A58
VT R GRS W AT R T T RN R Y A
W R S8 ) PP AL S 2 R A | RS N RIS
RUR ARSI, TEFRbR i, FEEMRIE ARG
L EAIhRE, DAEEE . W T RN S AR IR
MR R . T M A I R
TR B A PR Bl (An A As Ak . B H &) RSB 1

PoBh (IR A IE L risdesh . BIEAREREESE) A1
Ulo RIS, K DT E . BEREE RS
BT, AT B R A AT SR A, AT
FREARLE A PR AR 1 RS U T R G RITEDT I
P34k F o0 B, A il AR R A BR2Y =] (]
Frep ) P E A T A RS 7 (AR P
L) FER S A R RSB E AR T RS
M, SrERmE ARSI ERIERIKERET . &
T, BEAE A RN H 4R S 2, RGEW MR
JRgbl, W17, EARE T R, IR EET,
SRR, P 5 R R Rrgk B sh Pk At
WIE SN, BN T RER I, MR
JE R ROR B S SR AR I T S R 20K, Rk, W
FEA R A JZ i T X W R Ge e ik s . il an,
RETAMER . PE A5 ELEOAR , LA B 24 1
RGUK IR R 00T s MR S A . B
Rz PR A 5 S A s e, IR
MR 2 M2 BIE AR A BRSO IR ERITE R 5
SRR 2% B8 i PR AR A AR A (R

22 EMEBITHESRUERER

EWEATHEHK A
Ffi % SCADA(Supervisory Control And Data
Acquisition) F 4t T fE 19 A Wi o€ 35, S N TR 8L
PR AR | S I A R R R A T T 1 B D A5 DA 4
Th, HESh T A s T B Rk e, B
A IS W5 B B A T IR A L K
ORI R RGP B AT R R g% T R
il . IR . ISR 2 Res ., B
A, PipelineStudio( ¥ [¥ ESIZY ). SPS(f# [&§ GL 2y
H)). GREEG(Z [E GREEGZ 7). ATMOS SIM(#
| ATMOS 2\ 5 ) 55 R b 8R4 o 95 1 K8 43 0 i 4 40y
A ENEHITHLSWZE B B TR,
PNS( P8 2 £ 1 K 2%) . PES( P g A1 i k24 ) %5, {HTl
Gt KA SRAXT A BR . Bt 8 W4 F A5 44 2875 1T &
Ba%, HRGBITSEMEDEER, Mg 2ESM]
BRI S A EWT A BT, TEAb PR 2% T O Y
SRAFNE BE ORI R AR M, WA T2 = KR (3%
SLVET R Rem O RE. BT R ) B A ME T
EURRAIR A%, — R RIS 43 B R BR 2 3k ik
Ty RRAR AR . SR, A N R GE Vs B & 119 A%
FoTF, &0y AR R I R, B ALK fiff B 75 2
PEAT R B A 4 B iz S s, TR R e
e 1O AR, — S iE T AE N R Gy P

2.2.1



AU s T R MR

217

IR, Gz B AEN E
L IFAT I A B 5 . GPU(Graphics Processing
Unit) FATTHE R SR AT A & B S N R 5
PR AR T 2 AT Re . A AN TR RR A
AW AR, TR B Sl AR R S A I 7 L2 1 52 3|
KN HA, FEA 2 MU O RIS
ik, R BRSO RE, E ) E WE T T AL
P, ESTE AR Z B R, @ L= KR
Ay, A ERE A SR A B IR SR, B IR
FECHE SR B 72X, T A R Re A B2 T A s
AT AR AR BB Be LB A R BRSSP e o i
RIER W ZE . FEE R EPRIERE 5T, R
ISR A AR, 48 = )2 BT A R
R R BB R gt , 2 TR ERM A ATl (Y
HEAW HbR. PR K. =iHE . AT 6
SRR R R, Al A R R UOR R SE )
BRI T R AR,
222 FRAEZRMATEA

G B AR TE R B ] B N, S 2 R
WA R, XTRUE (ARG . PEAERE T ) #H T A B
SRyt BRI BIRE iR, W MEFERE. K
AR . KBILIE, SR ik T2 i i v

WFFE LB BN, 5% Colonial 4 H %l 1% A4 il il
2RI B AR, SRAE/ SrREEANM M T, B
TE 4 A BRI, RERSTER TSI SR AL
T AR R DL I 2RI ] 45 s 1T 2
B i s A A SR B T BUE SR T
G SRR DR RO oK i . AR,
TN FE A AR TR, A R T A
X IS Bt IH A R AR R, IR A T AR
P THIIE AR AT, U B30 2 )\ 53 = ot e A T
Pz T A g i SRR B SR A AL, U
RZSH BN e, BRSO ERE ET . [
W, NIRRT SR E MR R, S A ™
sk TR . HAT, U M s
AL EZRE TR AP HRRES . BFSEETE0
TI RS KA | HIEEAR | fERTHE
A A REFEOR S, SRR A U R SRES
WA HIBTT, JF AR XA FRK . T
BB, RN E A A, SRS
TEAE RIS WHh, EMERTNE A7 e
RS, WBCR, WK PRREE, #E— PR T8z
ACBOR B 2022 4F, EZAEMERED T “H

BRI IUH, AT A — 5 I s A 2 &5 il
PR AR o BT R A T A ) i
RERBYILARES , LB A M s LA B R A9 48
—fb. L E I E . RIS MRS T
%, B m R AR, s O AR R Y i
FSR MRS TR A ZOR . —J5ihn, & 2 AR
SEESL B BEAN B 5 35 48 5t 7 ik R oK s 55—,
BT EARBBAEAZ I AL A7 > ST AR BEDR iy
Bert i g, DA 2 SEBLm U I AS) 5 Bl B2 AL i
JE HAR P

2.3 ENRGENSEBERAR

EHARE BN B A
BEE I MR R | BT H 4R 2 2%,
BRI S, S iz kiR
Bedlc, HPTREMERCIHMENESS R Pk, B A A
AR BB, TR W R TUE, X R
B 100 22 am A7 FA H 2R SO A AR M ) = 2
A 222 ARG I B e ARG AR L 8 25 b A2 &
i, 18 S TR SR 1 i A Ak B R M A T AR R 2
SR ARSI EOR T AR AR . B
O A8 M A ok M DB AR o ARSI B AR RS N A
A A R 2 R P AR I, T AR A SR A
My, A EmELAFERE, WA SN
AN P A 00 R0 T A ARG A5 ) A P ARG
JrTr, B T A R R AR AT A A I 2
AR ARG A, IFAE P RAR R AR IR . PRI
UREBIERS = 2 S E BT 5| AR E AR IR 4RTLTE S S
AR AR B AR N ) AR AR A . BlR AR 2%
IR 73 W1~ 5 552 BUAE, T A (DR 285 552 P R 3000 1 190
ZEARC LR T AR, TR T R A0 AT
JCEHEM R AL TH AR M B, IRk 1000 4 i3
SE R TZ I T AR S e A e,
TR AP i L A BEJRAESAL, FE I
SME PRI . B R I T, T FE AR A I A A
BT 2 s T —E R, HFHAFZ R
PR AT PR, BIINIRRATE R R A A . A BRI
ol A IS5 o i A1 ek ) 3 0 B AR PR AP A
BB R S AR SC B RO AT AL TR BB H
BT, [ A8 P A AR R 2328 W BT T 6 B AR DR 4 o
i R G S R M AT R, REAS It e BLR
AR B B S 1 DU R XUBS, o Bt A8 RIS
Wiy KA R AL, A 1E U FAFRIE S 5
ZRNZPTINRRW, SF sk B, it

2.3.1



218

fmRREER 2024 4E4 A 9B 2 W

Hb, FREAR 5 il 25 5 25 45 T8 i 1 52 R i 23 T AL
il A5 X LAAE R f AT 05 8. RIEE, RNk an 2 4
EHFL AR AT Rt iy, DL B R R I R 75
U . AR R 26 BT R RALr . FHLAE TNk
FARTERAAGIN , B2 0 S A R, IR R AT
T AR B R R £ 1) 2 IR B R AR R R . 38
1R AT AE T SR (R B 23 AL, AT 4 1 R
FER R 2R E AL, ST ARG LAY, S AEE
T/ NI RS VARG T 55 8RR, B 1 i — 2D i A T
N S e o N
232 FHARBEHA

Bl E TEAE BB AT [ A3, 247 TR T R 3 A
WHRFERZR S, A EARRES K& AB otJs
PR S AR, X R E T M i T R B O
B8 O T T 2R R A B A, I AR AR
BEHAR FLEAFFEEERME S MEMERHOR . 3
AL E G MEHE R R UL R 34 B R
AN, A — L HAAE R HOR i an s b s A 24 EL
RUGRPE R 520, EAME BB E AR R R
M TE AT, Gn3&E Clock Spring VA ERIR S
o, CRIREEE TR R ErE, TR T Z2RME
ZHi AR, Clock Spring 28 H) & B9 HEL AL 9% 5 1) £F 4 5
EBYERE A MEHCTE 60 27 [E S X 2 %¢ T 10
HE, KPR, SERRTAA . Bk
ZR IR A P, FNEEBEEEARN LG T E
MR, SW B R E Sk, Hay, X
ROY EZPGIEEEEMN . X N 2% 2
e AHCEORC BN FRAR AR A 2 . Peatidek
T RFAEE, EE BB RS2 K7
IR T HEAEH . IR EZ B SRR . IRBE
e Fmitg K ppph SER A2, B S AR & 2% 5
FISCHEMERE R = . o T SE B IR E A RE R, &
SR INE EMEMEE R . R BORRES AR 1 S EE
WA 2, AR I BA B I ROR, 2 B AR A
N AT AISNHIRBE B AR Z — . ZHR T 2015 415
YO TR N R U B BRI B, IR EZ
SIS AR RN A VR 5L E S PP
IR ROL, 1 T 22 BIME 0 WU PP
PIX R, AR5 R G A BHE 2 AR il Bl A7
PEATRNGR B IR A7 ) 7R 2 B ) A2 T RS A T 1
T, AR R B & 48T, SRimT, BT
EIERIEAN TR ZRE0E L BRI 225 7 DU I 1
o T BRI, A HORAE R FH AT
T — L PR AN, 7w S+ X T S R i

T, AIRE BB LR A . (RIR AN AR SR,
EENZRXMB L BASE TR EK

24 FEEEEWERR

AR FHEMER A
FHmAEE S A SR TEIEBEA 2
oy, Hur, R, fMEE, EE. oneEk, ERH
FEFREERRES MR SRR, CERaE
FEZ) 6000 km, Fr 3¢ FE AR K2 5 1 43%. 1
T P A E R TR B, © Y 4l
SRR 115 km, T8 T4 TS5k
B, Hh, BER—RIGWEAEER SRR, SRR
295 42 kmB, FEABET R AHESD T, —se ARk
RIKIEE “PEEAR” FETH, Wb EahERRN
O gL R, BB R A Z TR
C Wl A FRETR S T 2023 4E 3 HER R (AR
SRR E sk IR E R ), G RERK
P B A AT R R B BT E] 2030 4F,
I E 4 &8 E S AR R 3000 km, 36 T
AR BHES, ERXEERE TEMEAEEE
o ST s ASUE I B BT A R ] R AR P AR
N AN EFE U IE Y RAR A B Ak AR . H
H, BB E R IS M Y, X PR 3
FETBA L Z B R G ML H 2y, i
M. REPLETT TOL ., R EEAR . MR E R
PE DL R R e e SE I R Y, B, 95 E Hy Deploy
ARVEIE T AR R AR W B A 20% 11 &
s FRE CRIPH AT A AR IR SURTET H A — BT
27 M BT —LRBERUTHE” MBALYN 5%,
TERNTRRAIBAEENBA LT B LA
24%), ASRBIRISIE RS — A KR8, XRS5
REE ML R XEE, BARRIEIHEH®R
ol W SR EB IR, ERSIRA SRR
MEBEA T ZHTERMWBIREY, 2023 4, HRE
W £E P SN S0 T 9.45 MPa @ RSPl 4 Jm A 1 4l 00
R0 A4 RSB SR SR ARG 18 3 A1 255 ) i O A 0 X
B, SRR | IS A g A s AR T
B AR A
242 HE/RAFEHEREZAK

FARARE RS AR O LR, (HE M5
A ) ARG BN 2 e ), B /A
AL SR EREIR B AR IR AL R, HEEAIR
AAEA RN - A BEAR B K, 8, X
S T TATE, TR AR, KiE

2.4.1



AU s T R MR

219

Bai o RIFATRE, FEUE P AME I B kA E R
AR, AR N, INERH A EE
P A B PR i i, b — 2% oy Dl 3
Mk, 2Kk 1146 km; I3 — 450 B v Ak A i < i
MOEETT R, 4Kk 3000 kmB7, [ PN 26 B A5 A
I F A 10 kmo ELF] 2021 4, SRR Z 0
REUE Ak T A7 B2 B/ i R s et H ) L4 1 A
ier=, BRI 52 km, #&ITESHN 2.5 MPa, 5 HIE
EHEAML, CERAEERETZ, BREERK, H
T, I AR 3 A T B A oA 9 [ MR B
SRR K F) T 4800 km AT 2400 kmPY, [ P9
B B3N E 200 km, LA 10 km 2547 S0 HE B 45 1H
hE, FERS AT, a2 ek
FAALAE . T = A AT A AT, R
MBI AR RS, 7R S i A 1 AH DGR TS
FEat [, SREGE BT . B4 T i S 1 it
R T B T 4. FEGad i T8 M B 34 4k
TSIV UE (A A, RS A T Y/ e Y R
VSR S B T ) O RS i 2 A O X, TR
AR o A T R AR 3R B R BT Sk T2,
TP — R . TS A T 2 R A A
AT TR 1 2 R R DA R AT 70 I 3 1 R B 45 D3 4h,
WA B SRR B | BV Do SR A, TR
it AR, WS EO AR XTI ) K T AT R
PR A 2SR, R I W T R R 4
il S, AR 1k & A AR AR G R ARH L Ak AN R B
G Aok, WY R A A P P B e et L
it P ORI A6 ) Rt 75 AR 3 2 50 T
243 LNG#HE#H#EHA

TE “BRIRIE ., BRPRT R BARIHES T, KRR
S R IR T T R R AR R ) LR . B
FHE KRR BT ORI K, WZ R KRR R
(Liquefied Natural Gas, LNG)E i by £ B = 5% fig I %2
S EEFRBE, BN SC I RETREL RN 5 TR BETR
ST, Hk R R BRI K A k. H,
T Y LNG 38 5 e 1 e ) 5K i ql, 4R
Je 3l i KB B R AR R I 1B i B B R T, R
MM, Xy X BR R P A S PR BE 1 A RS, ok
7840 A LNG I 26 & 0 s 2 2 BE . Aok,
]V A i B A A BR A ) (T PR b B ) . A
AT A A A 3 ST R R R AR R M
M, BTSSR RReRm . IRRR R &8
B, B LNG ¥ Re A FHATSSRAR AN /2 B2, AH L oAt
773, LNGE B A RRRESE R . Mk AEKE

P, AE—5E R AT LSRR Y K8 iz
B, I RERAREAT Y R ALV RE ST I AT IR AV BETT R
Mo PRI, AJELLILNG H iz AR 255 ik
20 TS BRI R AR Uz S v RE R 8 M T BAT
HEE N RKIETFFITVE LNG Bl s MR 4
Dot TAE, 53 LNG & 1B I H A8 7% iR,
€ LNG & iz i 25T ik i es | itk a,
it LNG 8 18 A T REXS PRI A MR 2 . EiHIE 7
T, V& RES RIR BT 2 HE L T #94E Rz AR
e S UL IIME A o kT PV R R RS S B ] A
2= PEAR A L R H N B BRI, LS 22 5 2
PRI, s i DR ) O B ) AU i i P RO P LNG 4 1
EVREMIZE . RIRMILG, LEA [ o o] s o] ROBE |
BV RERR IR T BER S, IR LNG IR hE
AU LNGHEIE SR REM LS . RIXM L Z [l f¢
TEREZIRMG KRR, W RBIAFBIHAL . 7
YL, Xt Z RETRE G 2 G RORT B RADUR 22 2 P I 42
feth T HOARMER, ZERBOX — B, SCHEAE THE /R X
SeAZ IR R GE IR M EAE TR Z ML, IHESh 22 [ R 48
NI YIS

3 v EARE R LS S BT
31 KREWE

(1) “ZfE—k R KRB

Crtrb e T E [ R A5 it 2 & s+ a4
TAF AR — O = AR 5t HARRY ) W45 i,
o EAESERE VR i fiy, S REMU LR IR R, iR
PRI &, bR U f i e, s
TEIMAUEERR. 7E P i, RIEMmAE
RSP A 7/ N TR € /A o1 {1 ot
O A ) = S R BT LR /BN R (i)
T ask i R s, R d Al A A
AW Al BEEE MBEE AL T, U ks
AL IZ W o) 1 o) T S SRR, A A Tt — 0
BAILRES), WE 2T B AHIZ IS5, s
MU Z R Zoufek . R, <4t
TIERARZ . ARz IHSREEh B, R IR
T RREREIRZAL ., XM ARG, B
PRAE A 0 Bl 2k 16 RE 7845 S IR ME, MELASEBLGE
S B IR

(2) “ZREIEAN KEH B

CrRR I A ML) CRFR CRLIT) H AR,
AU 7 il AR R LR IO R . AR — Bt



220

fmRREER 2024 4E4 A 9B 2 W

e REIEATS 2T FE RE VR AT 9 4K, I U2 RETR HLHK
PR EAE BRI Y B R R EE S S
PRI, e P U5 EHK 19 S s 17 i R A A RE R 5 ] 144
REVRAVRLE, MR ZREE AN, Hhm L fLBe e I RE
Pl e SRR 0, L) Sy i i U R R
S AR T I3 1A, g U - R P R A i
RER I IO 28 B0 FL I B A il A AT ML 5 BT 4 Y
HE RS, WRHES R A A I E TR AR, i
EM ARG S AR M S22 5, KD REHARSE
RN FIz EATARR S, SRR A IR, e R
Gere Ve A ARE S ARSE DS Ak, I RS R
fBREIR R G Z MR RE IR AR )™ . TH B 1R BB W ALK
AT F TR AS REIR AR L Z IR A BE 22, PRI OIC A6 22 Fh BE DR
iy, WoRALRER T PRI, SCIRETR
FIH, R R TR EER

32 WXAE

(DI PR E R

RO 2R A PR U N e RE AL s B G
i et A e PR L A T KT AR AR, XA 4 A A
BRI k. bR, JFBEAT R REIL IR,
SEBU AU B R G AP . o, 2SR
3 IS I 20 25 SR A R 2 R S A AR A R B A%
WR. FZAEMERSLE, Si— IR 4 < E M
TR, IS TR RREE DA E B IR E,
B 2R e FOR SR AL T B SRR A T AR IR SR,
FE TN P H AP 2E B2 (A R I, R R B T
B TR A AT T i R B AT SR A A T A
BerZe b FRXT T ICEF . SG S ARSI T 8 5E iy
PRI SE AR, T 24 B A i A i B S B 3
X G 5 BT R 2 0] Y S SR R B S A B A,
TEM S 18 2248 20 1 RURE ) A8 1 7 2R A A T Ay
fesun s AU R 3737 3 S K ST T d T B e
M, RS B2 RO & BT o AR
Bk, DR AT URE ) 4.

() PR REREBOR

BB PO UE MR BE iz E ARG,
o0 o T SR ERA T | A RS B K RO 5 B A M as AT
AFZ ARG THOOHT R4 . B S pL i LR B
RAF B L AR R, AT PR B I S5 ) Kt
MUBLE AR ORFEAR, SEIRIR AR . wAF R AT
IR IAMELICIR . Dyfok Eabst, w2
FIABIEINH, PR AF RN, DU R
AT e B IR . EIE B LR B RIR S

AR AR S BRSO, 2 R BT R 7 LA
kT INXE. BEEE AR . AR Z oot
AR I By 22784k, A RO BT F AR R I, AR SEnd
SR DT EETCHE W I T AR XS SRR 2R . Kok,
WFFE o ih Z 05 Bk . A& N0 BAE AL IF ATt
BT LA e SO A figp R RIS = 0 £ BT 5 3
ASCEE N XF T Mt =, RIHUTT R S
TSRS AT E A, R AZ H
PREATT A . AT E PEOL AT 155 R 4 AL AL A A
RE . TR, 8 s A7 pIop o T e 2 LA SR fige
AOMERS, 5 2T ARSI TT ik . BRI sl 3L 4%,
BRI 2 2, DITERORDR AR 18] 5 fe o1k =22 1] -
ROV

Q) TVE B REME LA

A RE B BRI T M 2 A fbiz 5 1 Tk
Wi, HAZOTE THZH8 8 W S s A B i, LAt
BRI AR 2 ARG L SR A i 127 0. 18
WAz T, K e B 25 B 2 U A
WS W HER R . DU, g 2 Ak BHORSCHG e £ e
P BROAE . (LA I B A T A — ok
ke RA, T Bt — PR IE R A I e AN AL B
PoRo XKL FEARLENEMARLE, fE
FEo RAFAL AT AR (1 B, THRHLE
SRR R AR . 8 RS A LA B3 5 PR
B, REME AR A B R AT AR, R A — e
JE b A PR A D, R R 1Y A R BN
FI AR A RE T BT, DINIRRIRE 7~ 1
RGBT MGG, DB e n) i |-
AL BRAE T o

(4) TV 0 5 HAd i i P 4 i 5 P AR

T BRI A R AL ) EORAEE fiAT
SRR T2, MR AR RS R R
AL ity , Rk R2 ks, A=
P BT T BB FAR, T BRI SR 45 Az
W25 Bl a BORBETE I JE M . O T S Bz i kg 2%
fife, fegitukZ Rz %20k, ETME—RizH
O (G RXFREGIRSE, g B A R,
SR PR IE Tr RA. SRT, TR B
T ZEMEMGHZIEME RS, 50
AT R E 2R — A5 BRI B T8, o
EERRAE 2 AR A S AR i RO i
by, FIZRE 2SR TR IR R GEny i e PERE . Rt
AR BT ROCE LN NS0 H 5L, A s g
FEARXIF N 2 BTG LR, T TR



AU s T R MR

221

fiirs UK, T ZARAR A [R) 0 2% 2 8] ) O SRR 2R
fiE, JFAn] LB 28 R G i o A ALk,
TS NS ey &

(5) A -5 AL RE DR 45 il 5 BER

“Wh— TR Z R RO Tl ™
FAZEGREIR R B RHE, ZORMME M5 T,
N AR 2 B AN SRS, PRI Z FhREIR
fth, HESROLREM R IENE. HIHABBEIRRZERL, h
AU 1O 0 LA R T Y 19 245 1 45 A S I L Bl Y
ARFFIE, Haz 777 2RI -5 HARRE TR N 25 A1 LAY 41
SR e i o BRI, U A A% -5 9 230
W HAT BRI A, L5 A BRI ) 26 7 [7] — i
] RO AT RE R S O0M . NI, 75 BELR G5 &M
R 0 -5 Al R D5 0 4 A T A A i R e e SRR
SCHUA TR ) 2 () RO A B R AE 0 RIS, fEZR 4
RERAGE Y T, WARIBO™ . RAR L U
5, ZRIES AR, NMEGERIh RGBT
i, SR R LA R U P,
— I RO R — R RRE B SCE T,
RARRZ U8 Ws IR R AL LA

RPN

4 HPRin

T R [ SRR IR ORIk, AR I BT R
T VRIBC AN 22 A B A 24T 55 . FEs—Fe i Uk
1 i 1 i /9w N 7/ SR T S R TN D A
e FEI BE VR4 F) T T I PR 20 28 4, BRI U s A1)
Hrel, WS s uB R R T M
BRI SCBRAE TP A P S s AT BoR e . B
Brie, 5 Ear T E AR IR IR BN, bR TR 3
TR M IE B, RS R R
K ST BUT BBEIR RS BRAEHT; Aok, w2 iab i
PEZ IS B A ) R TG%, $248 I U MAELR G AL
WAL MZE G RER RS PR R T, i Bk A
b, @ ERE s . SRR RN T A e 2
FHOUR AR B LTIk, REM A VE BT A:
BREVAE . B RE UE B LR A A5 A 12 i
2% BRIRPIZKRL SR . R SCHEHOR I ST EAREE
FHE BT A2 RS ST, R IR AR 2 AR SR Tl B¢
AR AT, LABIHT AR (e 2 RE A T M A g Il R A

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

FRE A2 BRI BE . 2060 AEHE LR FEIREJREEE [R]. 2021. [Economics & Technology Research Institute, CNPC. World and
China energy outlook 2060 [R]. 2021.]

WRIER . Bl T8 5T 48 ™ 2 A0 5t R TR 2 5 fe Ak s 20R) FH kR fms JE 2% (0], TS, 2023, 42(7): 721-730. [CHEN P
C. Strategic thinking on pipeline network development for flexible multi-media transport and intelligent efficient utilization under dual
carbon vision [J]. Oil & Gas Storage and Transportation, 2023, 42(07): 721-730.]

g ye, ZAE R REWMAERMES =1 B U R (I Ak, 2021, 32(1): 1-4+66. [HAN T K, LI
Y T. Review of oil and gas pipeline network in the 13th five-year plan and prospect in the 14th five-year plan in China [J]. Petroleum
Planning & Engineering, 2021, 32(1): 1-4+66.]

B, BEME, ARk, AR BEVR ELIBE DR o A DR AR AU A M LA AT R (3], I AUE , 2022, 41(6): 702-711. [GONG J,
YIN X, LI W J, et al. Exploration on the function and operation mode of natural gas pipeline networks in energy internet [J]. Oil & Gas
Storage and Transportation, 2022, 41(6): 702—711.]

IR, AR, SRST I, 25 . TSR] 51 SR HE TR %)t 0 2 1 PR T B9 (0], T, 2022, 41(9): 1095—-1102. [ZHAO
Z X, SHI'Y X, ZHANG L F, et al. Exploration on the function and operation mode of natural gas pipeline networks in energy internet
[J]. Oil & Gas Storage and Transportation, 2022, 41(9): 1095—-1102.]

DU J, ZHENG J Q, LIANG Y T, et al. A knowledge-enhanced graph-based temporal-spatial network for natural gas consumption
prediction [J]. Energy, 2023, 263: 125976.

R, FRURER, BRI IR], 45 HE TRt o A il 2 A O ATE Y. (7], B9 Sk 5AIR, 2021, 51(15): 94-101. [DU J, ZHENG J
Q, LIANG Y T, et al. Research on prediction of oil depot output based on data analysis [J]. Mathematics in Practice and Theory, 2021,
51(15): 94-101.]

W PH . BT IR EE 2 2 1) KRS A S for B0 7 e 09F 5 45 W HH [D]. 2023. [YANG Y. Research and application of natural gas load
forecasting method based on deep learning[D]. 2023.]

Tkl 2R, Sk, S5 . ORRINHR R R A SR TR BB LT o8 B (7). IS BrREi, 2023, 35(2): 95—111. [ZHANG J, L1
Y C, ZHANG X, et al. Progress of the research on natural gas demand prediction model under varied time scales [J]. Petroleum and New
Energy, 2023, 35(2): 95-111]



222

fmRREER 2024 4E4 A 9B 2 W

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

FEAER, Kt , ZRIHEE . T ENAES T A R D R R R (7). W BEIE , 2019, 38(1): 1-11. [HUANG W H, ZHENG H L, LIM
F. Development history and prospect of oil & gas storage and transportation industry in China [J]. Oil & Gas Storage and Transportation,
2019, 38(1): 1-11.]

TRENAE, IR, S . RIR G PR AL AL R ISR R 2R [J]. A4, 2020, 41(12): 1665-1678. [ZHANG J J, SU H, GAO
P. Resilience-based supply assurance of natural gas pipeline networks and its research prospects [J]. Acta Petrolei Sinica, 2020, 41(12):
1665-1678.]

Ik, i, TR, & RIRVE M ARG IITERT SRR S5 0 R (0], ShA#E , 2023, 42(9): 1024—-1041. [YANG Z M, XIANG
Q, SU H, et al. Review and application prospect of natural gas pipeline network system resilience research [J]. Oil & Gas Storage and
Transportation, 2023, 42(9): 1024—1041.]

Ry, Tk, W, %5 FH RS 8 = 07 ELACE CloudLPS (91 [7]. il A4I5 , 2023, 42(12): 14191434, [WANG J
F, YU B, LI Y P, et al. Application of domestic cloud simulation software CloudLPS for liquid pipelines [J]. Oil & Gas Storage and
Transportation, 2023, 42(12): 1419—-1434.]

SRXTLL, % . KA 2 ARSI B 2 0 AR [ P ARt 2 S8 (0], 9 SUBHE L 2023, 42(9): 1064—1072+1080. [ZHANG D H,
YANG Y. Development and application of localized offline simulation software for large complex natural gas pipeline networks [J]. Oil
& Gas Storage and Transportation, 2023, 42(9): 1064—1072+1080.]

GUO Q, XIE W H, NIE Z H, et al. New method for the transient simulation of natural gas pipeline networks based on the fracture-di—
mension-reduction algorithm [J]. Natural Gas Industry B, 2023, 10(5): 490—-501.

BRI, P, W, A% KO RAR A KArE E RA 2 (VAL (38 H I /0T [J]. iRz, 2020, 5(1): 101-113. [YIN X, WEN
K, XIE P, et al. Applicability analysis of the state space model for large diameter long distance natural gas pipelines [J]. Petroleum
Science Bulletin, 2020, 5(1): 101-113.]

HE L, WEN K, WU C C, et al. Hybrid method based on particle filter and NARX for real-time flow rate estimation in multi-product
pipelines [J]. Journal of Process Control, 2020, 88: 19-31.

TR, X5 2E, B . 312 BRI S s 1 8 N B2 WS [J]. Th LR TR, 2023, 34(23): 2832-2841. [YU X, LIU
Z S, ZHAO C. Dynamics simulation data driven domain adaptive intelligent fault diagnosis [J]. China Mechanical Engineering, 2023,
34(23): 2832-2841.]

WA, BT, X, 45 B IEIAT T TARPERY BRI AT TER B D7 (3], ARl AR , 2022, 7(3): 447-456. [TU R F, XU N, LIU J,
et al. A scheduling method for products pipeline considering operation stability [J]. Petroleum Science Bulletin, 2022, 7(3): 447—-456.]
BEAT, WA, IRT, A T IS T R R A VR R Y IR R 0] IS e TR, 2023, 42(5): 90-97. [LIAO Q, TU
R F, XU N, et al. Research status and discussion on intelligent batch scheduling of product oil pipelines [J]. Oil-Gas Field Surface
Engineering, 2023, 42(5): 90-97.]

ENEA, EANE, PR, A BT RS T A TE R AR A ST SR AR (1], IAABIE |, 2020, 39(5): 549-557. [YAN Y M, DONG L W,
REN Z, et al. Model establishment and solution of general product pipeline scheduling [J]. Oil & Gas Storage and Transportation, 2020,
39(5): 549-557.]

BiEA, 2N, 250 A PR RRSICIE IR B T (0] KRR Talk, 2022, 42(3): 120—128. [LUO Z W, ZUO G, LI
B. Dispatching operation mode of natural gas shippers under the system of transportation and marketing separation [J]. Natural Gas
Industry, 2022, 42(3): 120—128.]

LI Z B, LIANG Y T, LIAO Q, et al. A review of multiproduct pipeline scheduling: From bibliometric analysis to research framework
and future research directions [J]. Journal of Pipeline Science and Engineering, 2021, 1(4): 395—-406.

BEYEA, e, ARG . H AR S BT B R R SRR (0] U TR TR AR 4 SRR, 2019, 21(1): 1-6. [HUANG
W H, SHEN X, HAO Y P. Prospects of China’s oil and gas pipeline network and energy Internet development [J]. Journal of Beijing
Institute of Technology(Social Sciences Edition), 2019, 21(1): 1-6.]

UKz , AR, B, 45 . 2T DCONN RS I Tl N A TN PR EE BRI B BET2RIE (9], I UEIZ , 2023, 42(5): 532-541. [GENG
LY, DONG S H, QIAN W C, et al. DCNN-based intelligent classification method of girth weld defects in MFL inline inspection [J]. Oil
& Gas Storage and Transportation, 2023, 42(5): 532—541.]

AR . A 22 AR S W I % S R e b 2 5 B3 2 R [, /<, 2023, 42(9): 998—1008. [CHENG P C. Construction and
innovative development of oil and gas pipeline network safety monitoring sensor system [J]. Oil & Gas Storage and Transportation,
2023, 42(9): 998—1008.]

URESC, W30%, &2, 4 B IR 52 N AR AL AR RO (8 PR REXS LU [9]. U2, 2022, 41(4): 397-403. [SHA S W, FENG
W X, ZHAN Y W, et al. Service performance comparison of vibrating wire strain sensors for pipeline [J]. Oil & Gas Storage and
Transportation, 2022, 41(4): 397—403.]

AR, SR, IR VRZ R XU AT I R B R (] WARARHZ , 2020, 39(11): 1310-1315. [LI X F, ZHANG Y, FEN B.
Damage and repair of subsea pipeline in shallow gas area [J]. Oil & Gas Storage and Transportation, 2020, 39(11): 1310—1315.]



AU s T R MR 223

[29]

[30]

(31]

[32]

[33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(45]

e, FEZ . It i A B I 0 S i o B SRR AE B 0], AR 514, 2017, (6): 41-43. [YANG N, KANG Y. Corrosion
analysis and defect repair of long distance oil pipeline [J]. Pipeline Technique and Equipment. 2017, (6): 41—43.]

&, RaE, XV, &5 ICAEE AR B ORI TRER (0], IR)2 58, 2023, 44(11): 1-5+10. [JIANG R, XING J
M, LIU Y, et al. Progress in application of anticorrosive repair technology of submarine pipeline composite materials [J]. Coating and
Protection, 2023, 44(11): 1-5+10.]

Fi, EWAR, 250 & UK IR M AR PRI SR 3], JES1Z5 8%, 2021, 38(2): 80—86. [YANG J, WANG X L, LI Z Z, et
al. Present status and discussion of long-distance pipeline hydrogen transportation technology [J]. Pressure Vessel Technology, 2021,
38(2): 80—86.]

IRER, B4y, BT, 45 KIEE Qs R Z 500 [0]. A ahRk#ER , 2023, 8(1): 112—124. [ZHU Z, LIAO Q, QIU R, et
al. Technical and economic analysis on long-distance hydrogen pipeline transportation [J]. Petroleum Science Bulletin, 2023, §(1): 112—
124.]

= AR LR R A A R AR AU I 1B S 14 T S IR 5 43 BT 9] AR Ak 2% 5 4k T2,2024,49(03):118—128.[GAO Y, ZHU H J,
TANG T, et al. Research status and analysis of hydrogen-blended natural gas transportation in natural gas pipelines [J]. LOW-CARBON
CHEMISTRY AND CHEMICAL ENGINEERING,2024,49(03):118—128.]

XHR), S5, PNV . A AR R (3] KBHRE~AH , 2023, 44(1): 451-458. [LIU C G, MA G Y, SUN D X. Research
progress for technology of hydrogen transportation by pipeline [J]. Acta Energiae Solaris Sinica, 2023, 44(1): 451—458.]

i, 2Ry, T RA, 4F . SREIGIE G AR T HE IE K R R BRT] (7). WA #EE, 2023, 42(8): 856—871. [LIJ F, LIJ L,
WANG Y S, et al. Research progress and development trends of key technologies for hydrogen energy storage and transportation [J]. Oil
& Gas Storage and Transportation, 2023, 42(8): 856—871.]

I, RO, T, 4 AR RS IR G A TP A IBIREEY [J]. RV Tk, 2023, 43(3): 113-122. [SUY, LIJ F, YU B, et
al. Simulation study on the mixing of hydrogen and natural gas in static mixers [J]. Natural Gas Industry, 2023, 43(3): 113—122.]

WA, AR, B, AR WA/ T/ St W R B AR S R SR [J]. TS, 2023, 42(12): 1337-1351. [HUANG X, TENG
L, NIE C F, et al. Research progress on batch transportation technology of liquid ammonia/methanol/product oil [J]. Oil & Gas Storage
and Transportation, 2023, 42(12): 1337—1351.]

JEFR, TG, Sl K, AF. A SOREIREKA SRS BRI IERE [7]. il 2022, 41(10): 1115-1129. [TENG L,
YIN P B, NIE CF, et al. Research progress on “ammonia-hydrogen” green energy roadmap and storage & transportation technology of
liquid ammonia [J]. Oil & Gas Storage and Transportation, 2022, 41(10): 1115-1129.]

AR B, BRI BT SR M I RS R R SR (1], T/UAIE | 2023, 42(9): 978-987+1008. [LIANG
Y T, LIAO Q, QIU R, et al. Key operation technologies and prospects to product oil pipeline network under market-oriented reform [J].
Oil & Gas Storage and Transportation, 2023, 42(9): 978—987+1008.]

Rea RS, A, O TR P A—EE s R 52T 0], SRR, 2022, 34(5): 27-33. [WU Q, SHEN
J X, YU L, et al. Analysis on the hydrogen-ammonia storage and transportation technology and economical efficiency against the
“Dual-Carbon” background [J]. Petroleum and New Energy, 2022, 34(5): 27—33.]

FEYET, TRE, XU, A5 KPR HE LNG U@ e AT A PR WEse (9], IHZRFB T, 2022, 51(17): 160—162+165. [JIANG Y
Y, ZHANG Y, LIU Z H, et al. Feasibility analysis and research on cold energy utilization at Tianjin Nangang LNG receiving station [J].
Shandong Chemical Industry, 2022, 51(17): 160—162+165.]

HE T B, CHONG Z R, ZHENG ] J, et al. LNG cold energy utilization: Prospects and challenges [J]. Energy, 2019, 170: 557—-568.
5L R Z, FRERIER . TP A BRI [R], 2017. [National Development and Reform Commission, National Energy
Administration. Medium-and long-term oil and gas pipeline network planning [R]. 2017.]

AN . B Ze A B AR AT ATV B [9]. B AR S TR, 2022, 52(5): 44—49. [CHEN G. Application of digital twin technology
in petrochemical industry [J]. Petroleum Refinery Engineering, 2022, 52(5): 44—49.]

BADAKHSHAN S, HAJIBANDEH N, SHAFIE-KHAH M, et al. Impact of solar energy on the integrated operation of electricity-gas
grids [J]. Energy, 2019, 183: 844—853.

(FiE%% M %HHE LHE)



