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Research on Gas Pipeline Leakage Early Warning System Based on Optical Fiber

Sensing Technology

Wang Duo, Zhou Xiu (Xi’ an Qinhua Gas Group Co., LTD., Xi’ an Shaanxi 710075, China)

Abstract: With the continuous expansion of the urban gas supply network, gas leakage accidents caused by factors
such as pipeline aging, geological settlement and human damage have become major public safety hazards. Traditional
detection methods have significant limitations in terms of real-time performance, monitoring range and anti-interference
ability, and are difficult to meet the urgent needs of full-domain monitoring of modern urban pipe networks. Optical fiber
sensing technology, with its unique advantages such as intrinsic safety, long-distance monitoring and anti-electromagnetic
interference, provides an innovative solution for establishing an all-weather and intelligent safety early warning system for
gas pipeline networks. Based on optical fiber sensing technology, this paper explores its application advantages in the gas
pipeline leakage eatly warning system, and then discusses its practical application, with the expectation of promoting the
transformation and upgrading of urban gas safety management towards digitalization and intelligence.

Key words: Optical Fiber Sensing technology Gas pipeline network Leakage early warning Distributed monitoring

Sl M R RO BE TR R Bk, 224
BT HAE R R RAE R S A S 224, T4k, W
e 5 | K AR L P RE St = UAHE R A, %%
e HH A G0 i R I B AT B2 2 A IO PR3 v 00 O ke
Bro UL Rl PE G . B NE T SR B A A Y
B, WA BRMELL S A A . SRR
LR o JCLF AL B A R G A o5 ) B
ZERITREERLG, ISR GE AL e 1 25 8] 7
BRI, A A W Al R BN LT, A
TS S B S AT, SO R RS E
AR BRI R TTRE TOBTAERE , S5 i
Tl A - This 4k r R 3
1 AR RS ARRL

CEAEBEARIE DL YN 5 B8k, A
MCW AL L AR b 2 Sh AR (IR . s IR
A ) PG RS HOLA, S B R R
WK . FERR T MR b, e S |k 4 I
PR3 AR RO B S R SRR, AT X s T AR
AEATOCE P RO RS A s, i R A A AR
I BTt ah (52, Bl eAe e < ) 2 e o7
AR A

2 ETAAERBEARHRSEN M RINERGH
R
2.1 9N ST AN EE

I 41 A5 I ARG i AR Y £F B AT S B K R

(>50km ) | FIZEEIPHER (< Im) ML, 5

1 1 ARG i AL T 5 R A e i R R . S T
HUBAL R S ( ©-OTDR ) 195317 2P P A5
AR, TSR 2 th R 5 | 2 O PRENE S, JF
M — 28 AR5 SRR AE A 0 e s, =S e
PERZE/NT & 5me [AIINF, 1375 B 7oA 2tk E 1 TR
] [e) A M I T R R e v e, TR RS - i
JEXU B DR R , 225 BT s -4
PR
2.2 SRYPESHTHEHE

JCLF AR IR AR SR E TR BN F -5 AR I R AU RT3k
ARG AR, AU R 0.1MPa LR it e 5 | % Y
EIERERE) . HRADEMAE AR Bk, RLA&H
HUBE T BRI pdke i, 3 T i AL L
T XAE I R LGP T AR R e, sl
P 7 Mg P A i B AU BOR AT AT R X 23t
Wfe o S TARSh . Sl EAE T, LB

FELIES 2025 £ 8 A

-133-



# & 24 | Storage and Transportation Safety

Lt >20dB Ay e m] Sk
2.3 ZBEMAILEEED

Aol AR, WE . WA E LY CAL
TR, A A TR PR 2 ) 4% ) s R A AR R R
B, 254 DAS IR sh RS AR AE (0.1-1kHz 45 B BE
HRA) 5 DTS RERE R ( AT>0.5°C /10m) ,
S R R 2 S B EBA R, B IRICRIELE
0.1 K/ TAH « KU [, Seer Y ereslnr i A
RS A, S W AE T8 N A v DX R A B A
Al (KERE =1 e ), At AU PEAG R4 2tk
S5, B - - 7 ZUEEEREIS WA R
3 AARBREARERSEN MR/INE RSN A
3.1 AR FE R AR EEIRMRSEAT E AL

Wit IR T M R D B YRR N, S =
D7 TR . A A sl RS | 2 3t s XURS:
FM SIS I 2 A RGO R L, 5 G841 30 W - B TR
RIS A AL . PUTERE S 555 B ba, MELAH
SRR B AT LR IR ah S W TR R . 43 =X AL I
FERIETFICLF s, B A R sk iy
AR ST, il SR A SE R B S RS i e
PR T AR IR P,

DAS Z 45 K FA A S8R et 3l iz S S5 B, 3
WO e SRR LT AL RE IS = A 1 i R IS 5 A
ARk, TR TR IR SR 2 R . TR
Berp, GBI CET IR A LR R A Bl S WA R [
BAAHUARIR S5 5 1 R A & o Y88 18 kA AR
F, R &5 K B SR sh i i A BE AL i A
HLF, 5IHEICER R X R N AR e . R GEREA
RO . EEOGHIETAR | IE AR S R A
FERRM AR AL, 45 AT B & L BUE 5 R Shb
PR R

TR S AL B2 T8, R /N A A A I R
SRR T 22 R 08T, SRS MR AE DS L A A5is
REt Ao eAh, 38 I TR B 3 FE b 25 I 2% A58 |
RGeS A RORBIRAR S Y 5 sl fr . AL
TR MR (R 22 5, IR TR 2R e PE . B
Je, AR IR B A B AT b B AL R S5 A (]
FEIR , ZEA LIS S RG AR, e R T
25 [R] AL AR I B A A AL
3.2 NMESHEHMENHNERELIRA

TE IR L R s [ sE b, RS M NS T
F4)- FR SR ) T I BT TIOR3 . BRBE TP A% Ok
0o P WU oA R A% SR AR 3 Ao A 7 A TR
FEGshASARA, S0 T XS | A 0 SR iR i Ty 2 S
B AR S5 AT, R A 4 4 W R A T R AR

RO, DTS RS0 TR B T B X RS
AT BT RO R sa e b sty , Ws
2R A BERR T MR SE oy T4 T RO T IR, B S E
I & Suxalndy

ARG R ARG Ok b e B A2 BOker, 8
2 I ST v 0 5 WG e I e R B L, A
A A HERR Im B SR IRE T . 2 FF b SR N
LB, A3 KRN S S50 s 8 R R B
£ 0.5-2m PRI X, HRBEERREE VT 0.3-1.2°C /m,
835 XA T H AR L I A IR A . B R
Gp S el MR O TR L RGE TE G TR B
PURSHEAEERS  BOCHK L BOCL h Lt , &
GNFDISHE] P A X 0.1m 25 [B] 20 HER )5 ) $7 2w
LA IR G, BB FAORL O P
SCBLPROE TG Sk . I S K AR S
(IR | R GEH A I8 Y SR IRk, SR M
W R I

A, IR AT R R S BE i ik, BT
Fohtd OFRUEZEE L, RGTHEANAE 10m X[H] N AYIR
FEBSERE, MIESE AR O bR iE 22 S (AT
VOEBIE, fil & BeRUIIRHE . Xt Bt in i,
5K S I E2 W0 25 X6 105 st [) 51 0B 4 5 AR A R B
I YR Priltie g s AR 4R, AR R RAIHRREE 10
SEhLLE . IRFEIRE > 02CiBini Y. 5, &
SR EI R SR Y O, ST BRS
5 SR, i A FROT s B I TR A
B MRS, TR SR DX B B 4 A
HARK Ay 10 5UAY B2 —50G. 2400 Hough 78
PG 5L R S (R LT HRAE , 554 IS ARbRMLET S 3
WARGENREE
3.3 KAAMBEFIRIEE R S5 I

Bt 5 30 T R SRS DRSS BRI 7 A T 28 [|) FF &
Hes %4, & 1E BRI . AU fr oo T3 sh5 |
VR R B v T B R A T o s A o Pk R . G2
SRS A i E R . A U AR R T,
AR T A I R WA &R, AR TR
e R B AR R H AR ANME

TEEARERE T, JELF MG Bas DL filfb B2 T
CHABAE BN E SEREZ ], WS L m A
B P 10-20m 5B WE Y 5, T Rl 2 1 2 [R] 8RR
Gl o FAMEIER CE WK R, TSR A
R 0.5-2w & EYHMAHNI AR, HRGEAM
T WIS BAR KA 2 — TR . it Tt
i, FR A GCR ARG T 2 s SR
FFEA, BIARAE —40°C & 120 CEFREL IR T A REfR T

134~

2025 £ 8 A FELKIRES



TR BN AT ROR

SEBRIZFT I R G AN AN =2 F P T
E N Rk S b G P L & 1 o0 ]| I RE QTR (BB VA R g =
HILTE R IR S WAL B, HRuF 5 NS AL 2R 2
VR AT AR A3 AT R . YR B A BN ) R
BF, RGEALREE SN S s RSB o & (iR
2% £0.5m) , 0TI AR EE 3BT W SR I
BN X 532 NI ST S B R ey, IS Bk
R ESIRT RULS S W a SO B A B8 U P N A S VA=)
BT B RAKYE . MR TR S UR R, Ot
L1 S 371 10 328 2 W R P AT R o TR X A,
By OB 50 AN S SR ER R, AT og Ak A
BN S i8R, FepliE A Fa sk, ek, GBS
I SRR I ) = 4 SRS TEA
3. 4 BIRNAIERRMEHENIS S tRER TS

LT AL S I 2 30 o S M AT SRR B s i 5 5 Y
REDIR A L, MEHRS) - i - AR Z S b2 W
KR, RENA LI 35 R 0 R AT 5 AU 4
G b ibfl . ZRGR B EE R G20, R2E
JENZ oA 2 P AR IEOLET | BB R ELF KO GLF
SEM RSN, A A A ] . BRI S OCREE pAn
Beo A3 Am A P AL BOG£F L) 200Hz K FE R A 35 0.1-
SkHz PRI, DTS YE4F4F 10s B &L 01,
ST K A eI 51 LA 100HzZ 551 55 Wi 80 A Fiil 158
D7 BTN AR AR AL o AL m A iy 1 Py R,
VSRR RS B ST s, BRI RS R
< lms, ﬁﬁ{%gfﬁﬁﬁﬂgﬁd‘f—éwfﬁo

TERGM T, WATEE RN . A RHE T &
AR B 1A S0 = Y R A, SERH I AR AL T
B PAT YR G D . YA B iRShae R . IR
R 5 1y A SR AR R AP M a1 A ), ik £
ZEEA W, KRNG5 S/NE AR 50~
800Hz FFHEA B et E, T YR RS s i 1 A 22
U R BRI S B X, AR B e 3 Ao o
T PR S i . — 3 A28 SRR TR A A R R
W2, FETE MM R R T i — I R R AR,
HH I A R A B P,
3.5 WMmERMETHI TN RS TE

FERR AR 2 R A W i o, R g sp gk
BE R AT LR 7 i s 250 10 22 RUOBE SCIRERIE . £
PR T A% SR 265 3 1ot ) A s 25 SR A e TR R i 5 D SR
WeHRS 15, RRAS S BN 5 1 1 B RS D[R] 2 5 X
B LA, HESNAS e A PN B i)
BEIRIR” BRI AR RS F E LU AR s
EE A 2 AL BRI IR S R . = R A iR

Storage and Transportation Safety | 4% & 4~

BERERE A3 A . SCET e i AR AL 2k =2 54
B, Ra L 12 8K 28 Fioe &, il Bl
NGRTR LR LR N R & A o R =TE A [ Bl 5] B =V
ik R AE 5 A 5 A B AR SC R, filan, R B
DAS {557 200-400Hz B RE R 21, A IRl 254G
F R iE 3m Ab DTS R FEBL B I8 0.8°C /m, HAH4P FBG
I RS A ) 0 A R A 200 &, i LA
P - WY HC FHEERE
PRI SR 2 | Rk B 28 DU 28 284, o =)=
AT IR AL LS . PR RS S RS R R
B, HREIRSNEALRE A SIRESY HOE R HdE)2
3 1 B P 0 SRR VE L AL B S, RS RS
PRIRARRE (HR3h — RS TH] ) 5 PO 2 M it s
GRARIHERERT, A SECE E R sl AR A IR R
SLI ) S AR RFRHEHOR i MRS L. e,
ARG E MG g Ry (5 =8B, =X
), #HBARIBHLE R G 2 HAR SR AL B AR FEIE
TEANL S ARRE AR P LR TR R 1
4 ZERIE
AL BB A E 1 AT X e A IR T
Ko o7 3 B v W 45 2 i BRI B, M TR N
R PUE R Re LB AR R . HmREUE .. STk s
G, BERT T RN AR U R
S5eEMREE, AT 2RI T 2 RME . R
F NI ORI . Bl B 2R 5N TR RE R R (R FE il
G, ARG R R GOR 200 A i XURS: Ak A5
Y, HESRAE N L 48 B m) T PR ZE D 5 E AE N e
W I, A T S A i AP S AT
e,
S
METFTT RTERAEFENBTERL LR E SN
L xR FE & HALIAFELSR
% ,2025,45(04):73-75.
2] F A%, B, FEAT, F. RARBEREI R
RAERT R AE W% ALBAT P68 R []]. 185
R ,2025,15(02):52-54.
(3] FBER . AT PKS A9 A BLE ML 2IEAT A
%A% [J1. B LR A ,2025,66(02):265-267.

4 TRE, Z4&, FBE, F . ORTROENELS
HARTFAEREA [J]. AL # A ,2024,44(12):42-46.
(5] & A%, FiEbe, AW, F . RAUE R LR
Ak 8 AR [J]. #5F BRI ,2021(13):63-65.

EEE:
24 (1994-) , B, ik, AR FEKRA, KFRH,
B IALIR, MR @ BMATH,

FELIES 2025 £ 8 A

—-135-



