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The Development and Evaluation of Leakage Source Localization Model in
Natural Gas Stations Based on TDLAS Methane Detector

CHEN Xuezhong”"
Gas Transmission & Management Department, Southwest Oil & Gas Field Company, PetroChina, Chengdu, Sichuan 610000, China

Abstract: In the operation of natural gas stations, emergency response to sudden gas leakage accidents highly depends on
the accurate acquisition of critical information such as leakage location and volume. Currently, most natural gas stations are
equipped with TDLAS methane detectors capable of sensing minor leaks. However, due to the absence of integrated gas plume
tracking and search algorithms, autonomous leakage source identification remains unachievable. To address this issue, this
study established a global source model based on real-time concentration (GSRC) and a spherical source model based on real-
time concentration (SSRC), with their effectiveness and advantages evaluated through numerical simulations and field tests.
The results demonstrate that the GSRC and SSRC models, based on real-time gas plume concentration and search algorithms,
enable cloud-based laser methane detectors to autonomously search and locate leaks. Furthermore, key model parameters
were determined through in-depth analysis of influencing factors. Meanwhile, a full-scale CFD leakage dispersion model was
developed for a natural gas station in western China, and the simulation found that the SSRC model has the smallest search
path length and average search time, and the highest search efficiency. Field tests conducted after embedding the SSRC model
into the detector’s industrial control platform revealed that 86 % of leakage incidents (within 10~60 m3/h leakage rates) could
be located within 4 min, with positioning errors <2 m in 44 % of cases and < 4 m in 72 % of cases. The developed leakage
source search models significantly enhance localization accuracy, providing critical technical support for emergency response
and recovery operations.

Keywords: natural gas station; leakage source localization; computational fluid dynamics; global leak source release concen-
tration model; spherical source release concentration model
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Fig.1 Pan-tilt laser methane detector and its operation modes

A, IF KT 4R U IR 48 &K (Global Leak
Source Release Concentration, GSRC)# #l F1 £k JE
1t U 5 4% X (Spherical Source Release Concentration
model, SSRC)BERY, Jf: LAV F5E K SR S ki 1 o 19 4t

ST A RO iR YT #0542 (Computational
Fluid Dynamics, CFD) 884, 38 523 Mg 4201 T 37 5 vk
JRE BRI B A R A A A, Xof L G e 4 R A
TENIHE RE LA, S — 2D R DL R AR R P 22



%3 gk A TF=

& XOHOE PR M ALEY KK SR R AR TR L iR 4% 147

THEFAT 5 LA B, AP e e E S
ZEPE R RO SR EERRCR

1 BB 57HE

it = B OGS AN A it R D 4
5, ARIAS 7] Bof 220 A [ itk s DX 3k A vl 32, 38 A%
AR TR R e . TR T 63K
O F e A UASL %) ki o S A AR A 20 T — > KT
PEIRA: - RO 0 v 7 YU A R A A DAL ) JER A
FEL AP, X T ER T ' 6 2 2l o R S 380 6
A2 GEE <100 m) A8 e M s JCIE e . BT
IO IS T [ U RO AR T R AR %
R S ) 2 H AR AR A B0 R B B B R L,
Z A IASC AT B TR ECA em’/m® IR R
o MR, = &5 2RO H e AR
ASCI A AR AR B BAAN — R M em® - m/m3 .

) P it VA FR AR AR 5 IR S A U A
P51 GSRC F1 SSRC A
1.1 EFEAHREHIERN GSRC 3

3 Pk BRI, R T e YR RS R
RO & 5 RFEPEIR R T —Ash VA, SR
A R BB AR A R 242 AR ISR
G ARG QAR AR PN iR S TE L) g N X = R S 1]
a4 eyl Dy W A, RFEOE = SRR L A2
FH DA PR o7 3] v v B X, 7R ek R
0 T R I 20 25 WA AR AL, X ik S B i
JETFELES S 34T, LAAR H MR B die ey ) o IR Ik
JEE i 30 1) Ttk Y Tt R I S s R e AT e A T A 7
B GSRC BRI (1)~ K (3), IR 5 n Jyid
S, R ST AE R DTS T XA m A W o5,
A7, TF-HREE B T I e 1, ERE RIS A R R 2
8 C, TN Cp, FTAEAHR BB B AL AR R AR BE A
E—20 M, RS DL RO R A T — A, TR
WA, HEIRNER | ot 8z TR
WD ST R — 2R e R A%, AR ULIE 2,

Dyistn ) = \/ (X0 = )" + (Yn — y1)° (1)

D' isny = min {Dgisupy}, k=1,2,---,m (2)

C = max {C,, C}} (3)

T Disupy — WA n AN A & AOFEES, m;

D'dis(n,,)f}]'ﬁfﬂl)ﬁ n *ﬂﬁ’iiﬁlﬁ‘]%()ﬂﬂ)ﬁ t E/‘JEE%»

X, y— A AEFR, m;

m— I S, s

C— W A AR R EE , em® m/m?

min—REEG TG KA PR AR

max— KRG H I e/ IMA RS

TR, k— W

(HASERIR , R 5 T SR B B s i Al v
B BOF AR R R F 5 —af 2], R T — A
A1) b Ak BE R P 91 o AR T B — B 20 B,
FEAIEEEEE ERNEE, e it eI R
AL HER RS . TESIR =T, XA g R
R E L, PUH AT 2l 7 XU XU A
AL N R AR BRI 8, Rl RIfasZ
AT, SR S AR 20 Sk A
I, LA R b, s 16 A a2 (N a] 25
0.5 ) MUK B B AR L Wil 57 VR BE AL, L3N 58 A%
FIrA AR EEPE . Bl XS A 16 R EEER
PE AT RUE LA, A5 2k B e RAB DL SOZAE T e 1
T RS AL, FE B2 s el B A b B A 50 R 9 S B
bjLin/ TR/

| wamsones |
|

A PR B
ARV 1 H 5

BEE ATV

Rz B E A R

o

AT I A M A

B 2 GSRC HZEEZLRIEE

Fig.2 GSRC search algorithm flowchart
1.2 BT LHHREHHER SSRC =2
BRI A R iR fE 2 e as o), AR 45
JE G SURREAR, 38R AEX AR SOk T E 7Y 5
FOEEE, HBEARFI AN 3 iRl Horp, & 3a J&



148 B A K F PR RAFR)

2025 F

N T HAERN I R AR R, e, a6 RE)
GRERC, W5 SRR ER L, SE I A BRIE AR 1Y 5 B
WE 3b Jizn. SSRC AL A5 GSRC 7Y
A, ME— AN [F] [ J2: SSRC R TE S48 S IX 358 = B
F— B IR (4) ], FEi XN AR v S S
B/ N, IR R

b TR R

3 HEBEEX

Fig.3 Spherical model algorithm
Distnjy <1 (4)
K r—HRIKEHYFEZ, m,
MoE R RIG , e IR Tk B
R & AR, WS, LAz s b, JpeE H B
DR, PR P8 S AR B . I m, M S
W B e K S W 2 T RO BB, R iZ S B X
RS = SN A EL B St
fERsE 2 3 AR It i v b A T S i LA
SR, DI R 1 AR R AR LR AL L1
BIARER Ly , PEIURRE I B B0 M VG
i IR 1 AR I A A M S R R A i
Fe )y, iz USSR 3 Bk 1 AT A
R IRAE , DILL i, TRl Dt e,
Vil B I A, AHCETELR I, A 16 SR EE
B AR ], X X SRR, IO B e AR A M

MR 2 AR 2 AR, HEAT T — U R, R
M OFIR . MEIREAC, AR EIER 3 Bk 4.5k 5
BT A o i D BT A M D A5t e i 4R 30 ke
JEEARL e T B0 MR D A5 5 A I, U0 o A 0
5 g 2B T BEAE R OR A0 e, EL D U LR
Z MR R . R R R, AR
PR R ERAR IR, BRI 18] 5 35 A, R4
I R IR)— IR AN PRI [0, 5 28 1 A B 5 B
P IRZ I BT BRI 5. SSRC BRI e
e 4 s .

R
l
| e | | wmwotms | | s |

T E RV

I 3R PR
TS

i RE e L A

o

SIETN

B 4 SSRC#&HEREE
Fig. 4 SSRC model search algorithm flowchart

2 S5t

h T BGAE b AR s (AR R A e, 1 e
Bl CFD B SRS i S i i 5t , S it <A
W B A B IR 48 AR AR i — 2N
TR A2 (14 22 AR P ik 2 2 £ 2R e Tl O 0 R 42
() T, TR MR 7 B3 B St 2500
FRIBKCRHDRG JEE
2.1 RISt HY# CFD =

MR VP RAR S A B T8 L IR TS5 R



%34

MR R BT 54 X TR ml SLEG KR SRR T AZEER T & 5 14 149

SHRI B AR R, R AR DT 8 4 RUBE KRS 70
MR HU CFD 54U .

T S AT AN Sb B, FER R
R, B T A A S X, R
I HE TR SR SRR A , AR BT &
15 T A6 2 4 L 4,35 Mesh A% G018 5¢ Firs ., BT

P 11 L] 4SS 780 5 B 3 5 3 A Jm N RCSH AR TRD, 5
Tl as 45 /N R 48 T i e 37 BOR AR /N, R

ZWER/NT 50 mm BB LA S, TXK%
MKR'?”& 86 m, % 120 m, ¥ NI = A 8.2 m,
J TR NRNIG TS KR, B CFD 3 X h
270 mx300 mx 25 m.

a RIS A0 =

b L A

A 3 PR AR A

B 5 RASHAESHEEHEERNLARE

Fig. 5 Geometric model of natural gas distribution stations and numerical modeling
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