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incidents, a multi-factor optimized Gaussian plume dispersion model was proposed, and the leakage source
parameters were inverted by combining it with a CAFA. Key environmental factors such as wind speed
distribution, surface resistance, and surface reflection were incorporated into the Gaussian plume model to
enhance its fitting capability under complex conditions through multi-factor calibration. Furthermore, a
chaotic mapping was introduced to improve the population diversity and global search ability of firefly
algorithm(FA ) , thereby achieving an effective balance between global optimization and local refinement
while reducing the risk of falling into local optima. The results indicate that, after optimization based on
wind speed distribution, surface resistance, and surface reflection, the error of the Gaussian plume model
is reduced by 16%. CAFA effectively can avoid falling into local optima, reducing the source strength

inversion error from 63. 56% to 0.22% , and the leak source coordinate inversion error from 1.5 m to 0. 2
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Table 2 Comparative analysis of source inversion results
Y ORI 4 FR WesAEL JER/ (kg - s7") X A45/m Y A FR/m Z 85/ m
2 L ST A S AR A 33 0.435 6 0.384 1 4,288 4 2.904 8
ES R (A Rl 31 0.442 6 0.526 1 4,485 5 3.076 1

TR 50 JFEFBES B T sz, IR
B A AUE BN E 3 PR,

3.2 CAFA REMRESH

35S FA AFA }2 CAFA 7TE2 I Z 04k m
RSP R I R YA 8 S T T AR 15 i A R

0.6 0.475 0.52
0.55 047 05
0.48
~ 05 o VA3 0.46
7 046 %
£00.45 & g 044
< <0455 < 042
S04 S 045 S04
035 ' 0.38
: 0.445 036
0.3 0.44 0.34
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
(a) FA JR5ROEAR (b) AFA JRIROEAR (c) CAFAJHBROIEAR
0.8 3
o6f 2
0.4 1
0.2 N i
£ 0 E i
=202 ER
04 .
0.6 -3
-0.8 -4 -3
1910 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90 100
(d) FA YRABARXIEAR (e) AFA JFARFRXIEAR (f) CAFA AR XIEAR
46 5.0
4.4 45
42
4.0 40
3.8 35
£ £
£ 36 £30
3.4 25
32 0
48 1 2.0
28 \ - 1.5
26 2 . :
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
(g) FA JEARARYIEAR (h) AFA JEARHR ViR (i) CAFA JRALFRYIEAR
32 3.5 4
3.1 _‘ 1| P S sy ————— [\
. 3 __________________________________
3.0 -t )5
29 : 2
28 2.0
£ £ 1
<27 5 15 £
2.6 10 "o
2.5 -1
. 0.5
23 0 2
220770 20 30 40 50 60 70 80 90100 >0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90 100
(j) FA YRR ZI8EAR (k) AFA JRARFRZ3%EAR (1) CAFA JRALFRZIEAR

3 FAAFA LB CAFA BEEREERER

Fig.3 Iterative process of source information inversion for FA, AFA and CAFA
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