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Technical and Economic Analysis of Urban Gas Pipeline Aging Networ
k Replacement and Renovation
Liu Dongmet, Li Xiaolin (Shandong Portgas Gas Group Co., Ltd., Jinan Shandong 250000)

Abstract: In response to the prominent safety hazards of aging urban gas pipelines in China and the issues of
extensive traditional renovation models, a three-dimensional renewal and renovation system— “Risk Grading-Technology
Adaptation-Economic Quantification”  —was established based on risk classification theory and the whole life cycle
concept. By categorizing pipelines into high, medium, and low-risk groups, differentiated technologies such as in-situ pipe
replacement, lining repair, and localized reinforcement were matched. The economic feasibility of renovations was analyzed
from a whole life cycle perspective, and the system’ s viability was validated through a case study of an aging pipeline
renovation project in a provincial capital city. The results demonstrate that this system can significantly reduce renovation
costs and accident rates, achieving synergistic improvements in safety and economic benefits. It provides a scientific

decision-making basis for the renovation of aging urban gas pipelines and holds important practical engineering value.
Keywords: Urban gas pipelines; Aging pipeline network renovation and upgrading; Tiered adaptation technology; Full

life cycle; Economic analysis; Safe operation and maintenance

FIEIR TR A C IR AR LB B, Kzl
AEBREZ I R T b A | M e it T 25 2 4 B
AR T % s A TR N R . ik — R,
[l & L IBORHESh 2 M R, BIH2K
BSOS RO | A B A
1 Wi IRRSEMIPR S BUER <
1.1 ZIHEMZOHHIE

OB B a5k s ISR M 2R AR A
PR . BERENATSEM L, DUBTRRE S . WIMEE,
Sy B R bttt e s 4 BT s, RIS
WEERE I, PPN, QB TR
7% ZRCEIHE MO TR O X e IR, J4ik
WL RS, T AR F
PRIRAST & LM, S5 T4, HuBTICRER
M, IR R . OERE BB . R TR
EHASEE, FREREGER . MR, MRS
BB, STy it T TSR INXE, B n
T AR AN E
1.2 RERERAER

OFARERE H . RETEE PSR AP 2L

FAR, RHRRRS A 1o R I FZ 300 , d d%EIR
By XF s WSS A R FJRIE &, SOHE ARG U
brét b, QA% &R . (O T B E
B, 2. s4E, BRESRSEHR TR,
WA R 5 I O R . RBRE Y A5 s
FHATHITEM AL, O TN A5ITHZ
it T 7 =X KA R i i, ANE R TR, i
SRS TS R H AN, Wtk S e, 5l
FAEARANH o
2 DLEREHE AT RE
2.1 XU 5 Rm s T

FHTEM A SR (BT, BATAR L RS )
S (NS, mEIah . it TR
B IHE MR o R = 2R S5, I 2 A Pl 1R
TN

KU W SRR 58k . BN SRk
MR, s rAERR LT 25 4F HAFE R i ik | S e dgk
FAPEGRIG, Z5ABOCH BEIR I PYAG I A5 A A
T KU > 50%. [RIE, 45 W3 55 X8 AF A DL R AE—4%
- OFFAFARANOEE > 1.5 T AR A 2

-106-

2026 £ 02 A hELIES



WAL QW BNt . fb 1) 555 88 5 ks
1% 500m LA ; QFEith FHIESSHE . S G
B2 SLIX Ik, A L R R, Te AR
BEE S OE TR, SR AR 2B R s R T e T
Lio

PR . = B PE BN S E, BT
AERR 15-25 4, JRiAEE RGBS i sl 2 1 8 e I
T XU PEAS (B AE 20%-50% 2 18], J& i s 4 5 3%
HERIX, 22 FE T N LmE X, il TR
T MHZ AT Tl B A LT, EBCRA
3-5 AR EhMGE T, A HEENAEE . R
A SER AR BRI A .

ARG U457 I+ R FH g 780 T 8 ek b o (a3 e
PE100) , iBfT4FR < 15 45, S8 BENIN RGN
BIPIRS R, MR < 20%. 48 /5040 T Tl
Pel X ANEE . AR as A as i X 4, HL& 78 R it 145
B X A W ST shAS W + Ty P ge L, i
RS . BRI R K
GRS, TR ARG S L2

DRSS S0 0 R T A = PP AR . G A
SERE N L ESNT A 2 Tae A D IR € TR A =2
Jin GIS HuHEfE B A GhniE RN ST | fER IR/ ;
TR Rl 5 RE AR B SE SR AE B R 1 8l . R
Fistr 24 R, SIARRIFF LG, R a5t
BT 2R G, IR R R AR 22 5 S .
2.2 ERUFEARERSR
2.2.1 BXEEM: RAKRE + S aeism

g Al AR R i ey AU ST I, R i o7 46 7
FARWMEIHE RS . 25 BRI Dt T AR, Lot
YERAETHIZ 0 MEHAR, WD BT TFZ ;. RS
TEGE I FIPEG L A, BRK R 4is
170 [FIAFEE 228 s W . W 252 e i 4%
SERF YRS RIS TR, PERT SR R AU
2.2.2 RNEEN: NAHEE + FHEEL

X FEERFEAGEUS | AAEAE S0 g o kg 2% i) f
X E R, SR NAHMERHOR, WA Bk
BHAHA NS, B “IHE + R A 454,
PRAFEMPUE SPERE . oHR KRmARIFZE, T )H
W, XSRS /N RIBS XA E , A Sk A
TSI A TR G SR AL TR, i — A AR TR XU
2.2.3 RMEEM : FHERATE + FRH LR

MHEFPIRZS RAF RS ™, Jois KPR
{SEEXT SRR b ol 3 B IRAL R R AfAbog . 2% 8
WG SRR B s [RIRE ST H A ATy 1 A 4
ML, A RS TR . WEEAE, S B &R BIAb

Freight Transportation | % & # %

PRI, SERAE f H A5 1,
2.3 FARBFAE

P AT, KT BIM (S B ) 5
GIS (M5B RS ) B, MEAE M A B
ARAEROR T AEEA T TR IR AT R A S
A, LA PRI (ILL) AR JE b Sl $hs 5 — 4
WOCHH RS, BEES IR RIS M R 5.
FIAIZRGEPAETHAZEE | RS AR R SGER AR
B TR, M HZIREE . S 2% Rl e AR il
B, A AN [EAE AR A AR 2 i 2k

TEAB I FE T, 38 FH G A% I P 2% S SR 4R
BB TS, Wi YA R . W i
GEZHRIL BRI, SCEUR IS IS 1 )3
ZH., FlnfE R IH X g m H e, B AR
FeARSERT R PRV &b 3 AbvEe vhoe s, gk
i TH PS5 T A8, i THCRIETE 25%, R T%
A 40% . [RIBS, R 20 AR ARG eAcas S 48 D)
AT IAMERE TN, M5 Ss 4E S PR IR s = 9

St THLSEA . QIR Bk srBoiti T
+ FE B B, LIRSS KRR T 5 58
AW e, shAMRIAEH 6:00-9:00, 17:00-20:00
AR bt TR B, [RI2Eis A bem . (KM s it T
MEFs P GI7E 55 A DULAR . 5l AR BERIPY RS, £l
Wbk . PO P SR DI RE, il AT B A Bhi
P A bR XS S S mepkcke &, i T PM2.5
FEFEHIAE 75 pog/m® AN o

HEST IR IHA B ISR B 2R, X HRBR I 5 245 it
TVl EVE R, D4 Jm AR R Rk 95%; I & i
T HAFIHEAR, K288 A B o T o E K%
BEIEIEORL E P AR A . AR TR, BEA Tl IR
Al 5 AL B X PR A A AR RS, SEILR S TR
EFI R 100%, B0 TR HERC R B E 5 T2 T
38% . [RA, i aek DX BRAE 7 A AR HERA 10 A 7 | i
i At PR gE A TR A T, RS L R e, A
AR50 A it XS]k T A 2 e 7 TSR
3 & mEHIL M THESR
3.1 BRAMRZOHEE

A BN 2R 5 o3 A e 7 T D G T
M T, a4, BB, ARG T A, &
AW B A KA BB AH B OB A LR, W RS
GraEAAl

BOTBEL: 2 BORE MBGE I3, A B
M2 H AR g . AT S IO R IA . bk
GRS, KT LR | S SR A T — A,
AL AR 40% ;5 J7 BT RS SR

e R

FELIES 2026 5 02 A

-107-



& 49 % | Freight Transportation

Tt A, WK I RS S . B, B
A BIM AR AT LR R AR, ABEE TSR s B
AN X Dy s Rk AR X3k, 75 AN T2 IR sCR FH AR
THEGENEA, MRt BdE e s . SRNSTHEA
ATt TR B 15%-20% B3R T AR .

i TR B : AE RGBT, AFBER S
A2 5738 30%-50% &SR WA 7T, B Y T IS f 3R
i (PE) B BALG GG HRAE M5 20%-30%, (HAf
HFFAT IR 15 i TR 5, JEFHZE Mg
£ H B 5% AR 29 8000-12000 T, M B4 T- A9 AL
WAL G AR 2 4000-6000 JT; AT 2% 5 e 35%,
ST T2 FH 32t T X S SSE i ., B
BEHH B S AT K 2000-5000 JG.

BYERY B M R A N iE R A S B S B
AREEARHH . R BRI + P I R e n s
W, WA LB ARG TN 15%, {H o S T
TR W, AT N TR ATIR 40% , 85 & S
HEAB AR 30%; 5 B0 ARG 2% AR R A £ AR A []
CUNTRERSIN R P PG ), BN BLRASTE 3000~
8000 JTZ ] 0 By 14 2 1 5 W vi] 444455 T g i 3 PR A1
50%, WEPRFLTE

IRFE B 48 MR A Bk 200, (HA BEAL R
AR RS PRBR AR, ARREIRERERE R B
PAM AL B B 10%-15%, {H AT {4 58350 2 45 b %
18 S E E T AR T Y P e P A6 & il S
PEAbPE, HERE TG Y X A A AR AT 3k A ST 7oK 2000~
5000 JC; FERTABE I BEUEIBAE O ARTEM S
B, AEPRR AR T 30%, BB M BE s A AR
25%,

3.2 Wik A

OB S AR RTINS, B R e S
FEogs . OBEBIES: s b KRR AL,
FEARE YR A ; e PRI 5 & A S5 St e, gy
WA g A . QRS . ERBUNEIHE M
P TR 5 DD TN A L R AR TG R
FEARAE S A s SETE TR MR o] e, AR R AR
HaFkE,

3.3 ZFMIFEM %O B

O el T RATFERE, TeiAH m ARSIk
5 BRIy Qv BUE . Ay e I H A A R 4
PR35 5 A B 2508, B Iol H SR 2 A M DR
[ACHE - PP A o] A 45 B8 A s ], R % 4 e HEHR
B2, @REEA . X H RS 5 A, FIk
T H 28355 PR

Tt BRI A 220 0A, EAE TR R

BT A, R R A R RS R
SEUF ARSI
4 TIERBISLERIIE
4.1 ZHIER
B SYTTAEE R E IR S, Wasm . .
TRASTRIRUBS: 354, ARGl R 408k PR A)
FRiho ARFBGERCR, %I H R A ST E R 3%
AL R, EE RS AU A5 I e B 2 Ak B, S
GEHETE.
4.2 BUEKHEZFE
OB 5> : Wit A S ERD, B
L IRXUR A S L, P S e XU X Sl s @
FORGERL: 5 XU A R FHAE FHZ A R, A XU
B B A, AU A5 I I JR Sy i 5 44
Qi g 18 AP AR T %, R
ES QL 1= W/ W S = AL IR T PN e R
4.3 MIELHEMR
OZ 2R B0 5 W e B R iR >, 3+
WEAEREE TR, BRAKLSMG260RE; @
SRR MGG “— 1Y) HAER, S gaEin
HUOEREAR T SRR RAS, [R5 s 4R A
B R g, Okt aias: AEIFE . BT
J7 2D T RS S, i T R a3
ZEfie, ARIRE RS EURBIAAT
FHERY, FYEERCAECER R TS A &
U b =EAER PRI, B R A SRR
5 L5ip
AR SCRGEE XU 732 — BEARIEE - 2 3F i fb”
YRR, TR R geaE B R, 25 S
AR LR 52 m RS S 5, ST 2R
A M MGE RO . TRRGIE TR R 5 nT
11, PR RREAREGE AS . T2 20K, i
PRI IHAS W TR s PRt T R .
Sk
(1] RE, 2R RAFE NS LERAEELBE R K
e A ()] P BT ERIAR, 2022,4):65-68.
2] K%, HE, WL RTRAELBE R BEEHR
RIKE L& [l A5 # A, 2021,41(8):1-5.
B] 2k, Kz, MG . RAFEEFIESELERG R
F 5 5 AT (] TR AL, 2022,(7):28-33.
4 £, FRA, HFAF. BRARATEZERET R
5% W E M B []]. &AL, 2020,48(9):101-107
(5] FRA) 2w, 3RAR, B0 R AE B E W g 4
& G B R AT (] &2 5 R F IR ,2021,2103):
1023-1029.

-108~

2026 £ 02 A hELIES



