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Cause Analysis of VOCs Hazards in Related Areas Based on Object Function
Petri Net

Abstract

Abstract: The multi-resolution formal description based on discrete event system specification (DEVS)
has the ability of hierarchical and structured description, but the description of the intelligent behavior
inside the module is relatively lacking, while Agent-based modeling can describe the characteristics of
individual perception, behavior, communication, cooperation, learning and evolution. Under the framework
of multi-resolution modeling, DEVS and Agent model descriptions are combined to provide the description
capabilities for events, behaviors, mechanismes, etc. Based on the description of multi-resolution DEVS
models, a formal model description method with coupling closure is proposed, which includes the
description of the multi-resolution entity-level atomic model and the description of the multi-resolution
system-level coupling model. According to the characteristics of the framework, the modeling process is
standardized and realistic modeling cases are used to verify the effectiveness of the description
framework.
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Cause Analysis of VOCs Hazards in Related Areas Based on Object Function Petri Net
Huang Guangqiu, Wu Tiantian®

(Management College, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: In order to find out the source of VOCs(volatile organic compounds) emission and diffusion to
the target area, and prevent the target area from further pollution, this paper propose an analytical method
of VOCs hazard causes in related areas based on object function Petri net. The net structure describes the
relationship between the potential pollution sources and the target area, and the operation of the net
system reflects the change of VOCs hazard degree in the target area, and the calculation of hazard degree
is integrated into the operation of the Petri net system. Through the actual case study, the analytical
results show that the Petri net model is suitable for modeling and calculation of VOCs hazard analysis in
related areas.

Keywords: related region; degree of harm; cause analysis; object function Petri net; volatile organic
compounds(VOCs); rate of contribution

5= I, RS BUX I VOCs f FF2 B ™ 5 1) i &
o . . KEE, GA TR AN A5 .
1% & Y& H Pl ¥ (volatile organic compounds, TR 2 e e BT VOCs HEAT T 1

VOCs) 2Rk y) e RA R, Hae kATt R BURNT IR G . TE2E 755595 T IR AR B X
BL JUGRIONEE H R, VOCS BRI gy e e IR, x4 ATBETFIR TR 5L
IR VTR, PERMEESTNY. K o w00 voCs Bl A T

oy VOCs R BAEMBUEIER, I 13T = oo s g o7 B A HERGRIS T S S bk
AR BRSNS, ERANRE B yocs wmopem, bW aRIL S0%, S KT

ke H W 2020-10-20 &E HY: 2021-01-31

FHETH: Hx BRI EEE(71874134); BEIYE BARVRHAIERRAT FTHRI- 5 SO0 H (2019JZ-30);  BRPEE 12 %} 5£4:(2018549)
HAEE: HOLER(1964-), T3, WL, BdR, WF5U5 o Lkis sl S ¥ . E-mail: huangnan93@163.com

BUEE: REEN1996-), &, LA, W5 Tkis RedE il 58 . E-mail: 2515811107@qq.com

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

34553
2022 %3 H

BRI HUGRIEANRRME A, sl ik 20%, X
REAA B B BRI DTk . S S I 2R
X HEAT RG2S VOCs 15 B4 il 5 K 4, BN
VOCs 75 3% A N IR s A B RE i Al
JAA SRR o R IX ST SRR H2 98 H I X
ST G B (A R T Ui

] A AMIF 98 5 R ] 22 b 7 9008 AN [] IX 48
VOCs 1 PM, s V5 G 13EAT R A AT FHIE LE 5 X AR AT
BN SE i Y IE i R R 23 1T (positive matrix
factorization, PMF)AE Y i@ AT 7 M1 T [X 2016 5 7
HRAVOCs KSR AL : Al 5 4L E R
IG5 Imdis g, YA B R, ot
Bk 5> R 29.79%,  26.61%, 24.86%, 9.91%,
8.84%. Xufeng Zhang 5571z A PMF B8 5% fi F-
] 1 g S P 2R T Pk 7 AR AT VOCs U AR T
FHWhE 15N, RlRE R RS T
A= L P R A AR R, TTER R 2 )
35.32%, 28.29%, 15.65%, 11.20% #119.54%. 5
TRCHE SR K 2 o P48 32 A ST e At 7 T
RAEEH PM, FIRIE F 24 4. M

A WS ERA. UGRIREE . YRR, X
MHIRER . WBRAE . BRHAMRE. B34, b

AT . H Guo 58 H] H PCA/APCS(principal
component analysis/absolute principal component
scores) S AR Y e 5 78 A ] 5 s 1 XA [ AR 2
Ff L X6 VOCs #E4T 1 W5, 15 21 32 235 g
U T fa#AE T BRI ik WA TTHR R A
IR L RCE I 73 BTk 3 RS 1 2 1L T B e 400 ]
PM, [ FEIBAEYR X . 45K Kl R &L
PG BRI PRALES. T R AR AR AT T
(] 52000 5 1L T PML IR P ) BB AR X . £ 50 R
SIS FVEAE Y O R R 0 ik MR LA R e 7y
Fride 73 AL, 1 AL BT B FE 3 18] PM, 5 () T 5 AE
PIX . SRR, SN E PP, FraEREr. W
G Rl N i N o S R N = D | 3
PM, it B IR BEDTRR 72 I #E 0.7, 200 pg/m’ LA |, %
B T et [X 5 B 1 (I 5 PM, | ) B B FE YR

TFOBER, 5 FT X R R %L Petri 9 (1 SCIKIX 5 VOCs &35 B A AT

Vol. 34 No. 3
Mar. 2022

X352 By o™ B — DA AR, X e
TiEAR BRI R X 3852 B)i5 G e B d /8, A
REIHATHE— P I RSk R /AT

BEE BIRTE R TVE AR, A SCHE H REAS E
17 RBKIX 38 VOCs f6 T 1l DR A AT ) 6 R BR 4 Petri
POREAY IR AT a0 N g

(1) A5 FH 6 52 65 85 Petri (9 BE 75 BT H0 2 30 HH 35 e
JEHEBVOCs 35 H b X 48y 44 7™ 5 1) 3% 48 R A3
KFR, EERITHVOCs faERETTIRE, WA
DX 335 e 7™ 5 1) R

(2) X G R 3 Petri W 1R FH A R T % 0T 5
2 T 1) i ek B B TR) B 28 A ) AR

(3) AT H T 2 MRS G IR HET VOCs
FEH bR DX G E ) B R R G AR AN T B

1 KRERX IR VOCs f& F i B g A 1
A SR

1.1 VOCs f&E BRI 7R

R FEAN X I 5Z ] VOCs = Eig 4, HA T %
XA BARX A 9 1 Bk H bR Xz 25—
55y, /B AR IR B VOCs 2IZ XI5
e, MRS % 6175 445 VOCs I HF

HRHE VOCs IR FE I 3 AT REAE, 7] LA € VOCs
TR Bz Xk, AR 2R A, w]
DL 252 M () DX 381 3 T R BR X 3. AESRHKIX
BN, SRS RERK MR ME& XIS [T
FEAIYH, AT I e X 385 Gy E . ORIBE X
VOCs f& 3 A it & 5 £ 453 H B AR X 3 VOCs fia
FERRRE RN b, RIS M SRS A o H
PR DA™ A5 G R A VAT G, AR AR TS 4%
R AL TR RATHA € 15 A B RBR X, I E A T
FEVS Y H bR X 48 VOCs f& EFEE TR, i
PETHEAT I TTRREE R/, AR 7T s il H A IX
B VOCs 15 4L FE B2 7™ B (1) 4 5 G4l o

N1 AT VOCs f& 55 1 R i B (1) 3 st 4t iR
%32 M6 £ (0 B AR X d 4, QL HiE, HS5HEERS

http: // www.china-simulation.com

« 471 -

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5
DOI: 10.16182/j.issn1004731x.joss.20-0802



Huang and Wu: Cause Analysis of VOCs Hazards in Related Areas Based on Object F

34455 3
2022 %3 H

YUY BT AE X S35 (PR R 7E 5 X 380) A X FE VOCs i #
T AR RS2 T AR T G T Gl I IV X 3 B G
KX RS, S,y - S, ARERXIRA 1 M
ANTELETS YR, TEAETS LR 2 (R A FR A R R,
ARG IR “07 Rox, RXAHFREA
B PR S Hbs X2 IR . HREAESR
PR 35 DA K 2 22 i ik 8] 3% AN el R 3 ROAE T R
VOCs 23 18 I TET5 Gelli 7 A Ja AT i Al
Hrr, X VOCs iIT# My 8HOa (22 7E FH iR &=
NREERE, Bl T RS VOCs [
Wi, R “@7” F£ox; % VOCs I My H
HREFCNBEIS R 2, Blanm . mmssE, A <A
Fono B TR T O X 4H i R 1 A
KL LN & BRI A, BRI LIR . A
T YR AT AE X 3R (1, 2, 3) 2B A5 JedRis YL it ik
X34, 5, 6, 7, 8) LA R A TR R R ARG R 2

TN |
| BEETS e
FEKH @

2yt 5 Y
FHEX S [
A

5 it
A e
(|

K1

SRR DX IR ZH L 3R 70 A
Distribution map of constituent elements in
related area

Fig. 1

1.2 BRI RIRS B AR IR R B AL

TEHff 58 T E 15 F U P B0 A b 22 A7 B (1 i Al
b, S EABESYIES,, S, e, S, MET T EhiE
BRI, KBRS JIR R BT S BB
INAE &G (R 3k DR 2 F g R 2 1 B o ZE(R R
RIERT, VOCs HiLfgEasghn, fERGH=R
FFER T, VOCsiTR &2l . sk pilsd
WA R R RIS R R H RN, B NHEER
R —IK, DX BB EITY, SAEES

RGN

Journal of System Simulation

Vol. 34 No. 3
Mar. 2022

L5 1E 4 26 B H AR XN B84, A5 SR NAL
X, AEMRINIERE T 17, AR5 Gl haih
U R IR 20 VOCs iER & H bR IX IR K55 %
B AR RN R, WD S A AN B AR S GRS,

Sy s Sy HIRXIBANERR R, WE 2R,
-
N N

| 5
@ T o woETroT—EL NS
s, A A A A

B2 SRIKDXIR A BB AT S G H AR DR 5 R 1
Fig.2 Relationship between each potential pollution source
and the target area in the related area

1.3 RELX I VOCs f& E R E T K5 B

VOCs WBTETS YRS, S, - S, HEHE, 7
- SEVVIG: E e 2 U St arS e i PN N (S
WG 2 kA RIA HARX I8 A, T I HARIX
355 A S T RIS Y R 1) R R A AT 72

(1) WEAETS G5 I e

M5 H A5 X35 4, 1 16 F R E RN Do FER
R IX 35 A BR IX 3 4, EAT 5 T U SRR o T,
SE S M 2% DX ) SR BT (4 7 ) R0 25 ) 6 B 43 A o
W AR B2 INEEHE L) Sor- A KE
VOCs FETETS Y b, #ise irf 15 e
HUVOCs 21| H AR X I3 A, T 75 GL it ) Hi = A Hh 21
R, BB AMNEBEEGIECNS,, Sy - Sye

(2) WEAETT RIE 5 H AR DX IR R 1 g AL

WS 12 R 2 IR, ST R X IR %
AMNEETGRIE S BAR X MR R, N
JE B THRARE 2%

http: // www.china-simulation.com

<472 -

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

234 555 3
2022 %3 H

(3) HFRIX 5k VOCs & 3 J K 1 5

ST S AN A TS YR 1 e SRR A D
Hk, WRIEE2 PR, WE BT QLR E) H Ax
X B Ae, fE—ENEKN, #iE VOCs T X
B 2R ESENBIEGRIES, Sy 5 Sy
REIERY B BAr X k4, N e FREE R, &
EUEBIR G —OER . R E — TR
BB AETS G0 H bR X A i fe 35 R A B A H
B X A, W 6 F A, #EAT IR A4S &
TELETT T B AR X I8 A, e FREE I DTk,
TR B TR R AT R, STBR R BRI T
TEAETS GUR R AR XA G 35 10 ]

2 VOCs f& E R fEMNT Petri PR

B 5T H A5 X 38 VOCs f& 55 5l R g AT 1) = 22 H
AE T2 48 5 B H Fr X 35 VOCs 15 44 ™ 5 [1] 12 45
ISR DG &R, AT HH 75 4™ (1 K] o 1T Petri
4 REAG 22 4 2 DR SR b AN AEAE OBV 1R T AT I
MR AW EMERIEEERRE S, JF H Ak Rgik
4R AR B T 35 A 3 3 7 H R0 BRI A SR
X G eREL Petri W HEAT A ANTH

2.1 VOCs f& & R T i) e X

TE X s BT BRI Petri 9 1) VOCs f5 3 i%
fit 7 A5 4 (analytic model of VOCs hazards based
on object function Petri net, OFPNM)E X AH—4~/\
JC4, OFPNM=(S, T, F, M, G, h, 4, w), 3+,

(1) N=(S, T, F)JN OFPNM A5 %Y ) 3L A K
Hrh, |S=r>0, |T=m>0.

(2) FE T 4R S AT R 73 AR HERAS AR S, B ASAR
BES, S=SUS,, SNS=0, H, RIREES,
BT MAES%, EERSESOFEEL. 7
WM&, X TAEE seS, s={4, B}, A NXI G p,
Mg tEsE, HEESBEIEEAMNEE L 4,H
o BIE A={x, X, s x )} ERERN RIEFTHIES
fiE, anHBEAE R, X5 P A o (fE HE B A
DY — ORI N 58 A= X0 Xpr

FORER, 85 BT R EREL Petri P DGR X 38 VOCs f& 3 B AT

Vol. 34 No. 3
Mar. 2022

x, ) il R G BT A 32 AT I AR R s A R A JE
e E R E . AUd=4, ANA=D: B={b,,,
biyr *++ by REBVER —EHERLE, HTX
A BT ER .

B) T={t;» t,, =+ t,} NER T m AT 4R
, FATIERRFHVOCs KAETHHELNE,
WA RN R PRI F o R & 2 A5
iR,

(4) M: S—1{0,1}, X T1EE seS, M(s)H 2
RE, M s RRMIEE T H A& VOCs i 7 1) 26 1R
M(sy=1, =0, M(s)=0.

(5) GRANE EEFTI G FRREEAKT, S TAEEM
seS, G,(s)=k FoRPEFT s TE h i 2 1) fes AR BEE N ko

(6) h N RGN B, T3R8 RGAAVIRE,
M =08, R THILERE .

(7) 2=42ys Ays ***s A} 7R VOCs IE AL 2 M1
B£E, 5T XM, & VOCsikH#ZEXf R
e~ 2705 T 1, PRI

®) =1ty ptyy s g, ) T XAEARTAE EHIP
BB REES, LB N B =,
ot (K="t )RR BT ¢ FITx LRI 3 & 263 NS~ 3)
BAGRE, BB AR AT S S &
fEERREREE, &— 8.

2.2 OFPNM A IH B AR

(1) OFPNM H & 3k B A2 11 o

il A 4R 5 15 R A R AR Y ) O . B AE
T Y IR RE SR 5 P VOCs, TER R F R IE
F R )izt R B S AT H, AR {8 FH HY SPLIT4.0
1B B% B TE V5 QeI R I VOCs IE B i, 4%
HYSPLIT 5 2 AT 7] £ 328 58 2K B8 2 5 VOCs fis
R R A AT Petri WY AR 3R B 450, A V5
1 IR X 3
(2) OFPNM H J2 fir I ff 5
H SR I DX P R AN T AE T G U 0 I [ e 5
RSB EA R RMESHERE L,

PAVBRAE TS Qe T AE 7 RGN A, DA € 73 3

I
=

xR

http: // www.china-simulation.com

<473

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5
DOI: 10.16182/j.issn1004731x.joss.20-0802



Huang and Wu: Cause Analysis of VOCs Hazards in Related Areas Based on Object F

B34 55 3 M
2022 %3 H

TEAR R A EAWHE R M T R g, BERREH
PRIX AR, HERBWIA T RG0S L TR
MR . B, T )G AN RET
(3) OFPNM H1 81T 2% & [ 52
ME]— AR L2 T R 5
[ G RIS, EMHE AR IN—ANAIE, JF o
J2E It B AR AN AR I 3] 2 BT I 4 29I

ARG H AR

Journal of System Simulation

Vol. 34 No. 3
Mar. 2022

(4) OFPNM YT 1

B X VOCs IE 42 3™ BiE Bl X 3875 e 1) 7]
S5 AT SC 4 AT BB ) Petri W E 3L, K
e ERZBS RN T ARG BN REN, T RS
ZIE IR AR NALE, LA AT YR R H
PR XIS B PR 45

IR R A R 1 3 BT

xf 526 B AR X IRIEAT )5 R PR SRS, W e T TR TS G
B A0 ) o 1

y

/

HY SPLITAR 2T [ 9328 5 2 3 A 2 15 G HEIU VO CsiT 7% e

OB BLTH LA
@R BAFEAR IR

3 E — AR AL EEL l = W R 7 [ FR AU |
| (I AT VS Y > D >+ > T, FECEARAT BT

Pl JFHAIRIX = RIE S S
1 A i
; l 56U RTINS | |
: SOYE SPREL JFHEARE| |
i FUNARE, SERAE| |
] TR :

-

B R BUEERE T EB NERTN %, KB 52T IEfA S,
¥4 i OFPNMAE 7Y

K3 OFPNM AL 7 iz
Fig. 3 Flow chart of OFPNM model construction method

2.3 VOCsIKEHHE

S HEAT VOCs fi % R AR (3 B o, 7679
1 B3 95 SR VO 75 % 5 % FFAL 16
W RE A R B R OFPNM AR | T
S R AT B B SR
g )

4nx(o,0.)" ©
(1)

e O NTEAETS ISR TSR p WK
i ITTIRR X, y, 220 BIXT R TR IS
QEIRMIER s u P RGE; 0, 0. Ay, 2

ZZ

Clx.y,z,0)=p, o

ey
Xl 4x(cf}, "

Y HREL HBUES RS RGEA KM,
2.4 VOCsiTBRRLTHHE

24.1 BEEETHE
H bR X 38 /) G 5 B 2 A OFPNM #:84 | f 5

X REFRIGEERRE, TZR Q)T

C

D= @)

. CHVOCsIKEAE, HARX R VOCs K JE
B AT AR o [ PR B U I S AT AR, S S
BT I AR T 4% (D) EAT T € VOCs 1k
FEBRAE, PR R B 5K sl [H FRBAT b vt . BT H ik

http: // www.china-simulation.com

. 474 -

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

234 555 3
2022 %3 H

AT SR PR 5E o
2.4.2 Petri IEITEEF A RITE

M AE ¥5 e PR HE UK VOCs 83T 8 Ay i
i, BXREREHERESRKE —RIIA
0, DRI 5 T & P L T e S R A T B
Jiik. EEREE X1, VOCs TR F2 (1) Petri X I
FikwmE4FTR.

tﬂ_

pﬂ
:: u, U
K4 VOCsiEFEIT RN Petri K TR IR

Fig. 4 Graphical representation of VOCs migration
process using Petri net

W pEety pet (=1, 2, =, n), L, NtV
BISiim Z, w N PR REE S, Gup)»
G(p) MK po p, I fEFHREEE, KB~
G A=0, 1, 2, -

(1) InALE

1 p, G ER AR — A IAUE, M &%A2IT
WK, Gt HEFIEAN

@%FZ%MMm) 3)

(2) RRUE
EHpMEEREEE -PRPME, BXRIT
Bk, Gp)Hit5REX N

(h@Q=GMdAJ+§¥mKh@0 )
(3) k4

B EIE VOCs & FH R LA i Hr e, 4%
P feERREEA S HIAE, KL ZEX G, @,)
BN R A, R

_ G, (p,) Gi(py)>0
G,(py)= 0 G,(p,)<0 (5)

TFOBER, 5 FT X R R %L Petri 9 (1 SCIKIX 5 VOCs &35 B A AT

Vol. 34 No. 3
Mar. 2022

2.5 BFRX TG 4™ B R i E D IR

I FH 6t 52 oR1 B0 Petri I 11 55— 5 B[] /57 471 Y 4%
TEAE 5 Je R0 H AR X 3 VOCs f& 252 B 51 ik K
WA

(D) BE B REFHER(D PRI SE,
OFPNM BAL 3 50f REEFTH) VOCs A, A4k H
FRIXIRH VOCSIEEE,  FFfiE VOCs I FEIRE Cro

(2) W4 Q) THE H bR X3 & F 72 FEAH D,
BT AE S GLUR I e 35 R FEAE D AN &% R B 18]
G fEERERE . B X B BT f SRR B T A
Tk, WMESH A, w WECRIERIRECH NS
[ BAL, A M HTEAIREL h=0,

(3) B IER KB h=h+1, 454 VOCs fEFHEFEE
FS PR AAATT Petri X P A8 i AE M R e 3 2 PEE L 1Y)
THEITEIBAT Petri W, BT KA, MHEAOG)~
ST AT G R P fa H R, EEREAEAT
PAR A HIARIE .

(4) £ h<N, WL T Y1 S IETErS JEx H AR
XA m) fa E R A, REIPIRQ2), 4k2tis
17 Petri (s 45 h=N, NEREEH, FFCTT 40]
BV AETT LIRS B bR DK™ AR 1) e TR R T A

(5) ARHE LR 15 20 ) BV FE TS Gt H AR X 35
P AR [ £ T R R Y AN E b X S T R A
TR TR RS 30 AN AR TS G R H bR X S
FREM TR, JRRE NS TTMEEAT I
BRI, DTRRZ ORI A T I E T Bl B 2 36 R
H A5 X35k VOCs 175 %YM 5 (1) il A o

3 SEBlar

3.1 VOCs & T Petri PIBLEY 1 #4 &

AR SR ok v 22 AR 9 H AR X, 2018 4F 11
H, P22 R 4 G e ™ S X, DR
FiAZ I BV 22 7 V5 B I R R A R
DA IH 565 HF 155 20 A v B mTAT R o B ) Ry
2018 4F 11 A W28 2 &, 781X AN B B R
HYSPLIT4.0 % 6 22 1 10 £1(34°23'N,  108°93'E)

http: // www.china-simulation.com

<475

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5
DOI: 10.16182/j.issn1004731x.joss.20-0802



Huang and Wu: Cause Analysis of VOCs Hazards in Related Areas Based on Object F

34455 3
2022 %3 H

RGN

Journal of System Simulation

Vol. 34 No. 3
Mar. 2022

BEAT 5 MR 2 A, K P 22 T S R A R
BOoRESINT T Tk 8 e 75 Ye i K8 m
PEHIARCGIS o 193] A & 5 LolkfE. BAER .
CHIZj) . DAL T AFME T A R S MBS YL
Pso 2 AR S AN LR T L IR AR | ) B 4 AT

T BT 22 T ) SRR L A

9 T 2 i VOCs izt B2 ik B A% b 25 (2 1 A
PHAS PR 2= BRI AR B2, 4 BB AE TS LUl R SRk
=415 RSB ARCGIS H, HIE 5 fis. HLAE
15 LR B X H VOCs f6 535 5 R AT 1) Petri A5

R BIE P R AR, /RS /MEAGR M, RE6fin.

107°30'0"E 108°0'0"E 108°30'0"E 109°0'0"E

% " ‘L'a I Afr & TolLEE :ﬁ-"’\muo(_ﬂ ii
2L " =
= ; : :
> &
Z &
o {o
2 2
< <
o en
21 z
& o
2T 1o
I A
en cn
I3} e
& z
=" 1o
= =)
cn en
I3} o

(2R Y ,
107°30'0"E 108°0'0"E 108°30'0"E 109°0'0"E

K5 B+ HYSPLIT BAL [y R 2k ]
Fig. 5 Cluster trajectory based on HY SPLIT model

P tl7 P tlﬁ Py P t P 12 Py t
L D

9 8 7
( \‘ D'ﬁ%#/‘\\ﬁﬂ*ﬂ 7 D {/ )
o/ ol N I % Py

s
Ly t Pis 13 pj§
T b5 05

T
P X
}&/ —\_/ ®)p,
p17
p
tZ‘) t3 t]
Ay g
pZS
p7 p()

@ AR IR A R

Ly B, P (/T B R B0
% I/ T (LA L2 1)

[I ARTE (B P T AR IE 3R AR

Px s Lis
v (Bl FBBIRIR 4 it 25 4L
" Yo Gi— A BB F )
Ds lys Py

K6 PG VOCs f& E Rl A il b Petri (X 45524

Fig. 6 Petri net model for cause analysis of VOCs hazard in Xi'an

http: // www.china-simulation.com

. 476 -

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

234 555 3 Vol. 34 No. 3
202243 A TOGER, S FE TN 5 R B Petri W 1 S B X 45, VOCs 16 35 B A AT Mar. 2022

TE T % T VOCs 163 A R BT Petri ALY A,
t~t X 49 NFIE B RN AR R EZH RFIER X —
O, IR R EFTE S E L, . A

F£1 VOCs 1&ZE R RN Petri [N HH 8 6k 528 BT I E 41145

Table 1 Detailed information of each object place in Petri net for VOCs hazard cause analysis

W, Bk, T X 6MER. % Petri N p,~
Dol 49NN R FE P VEANAE SR 1 B

TBAETS G RS BRETTIREY% AR IR R B (DA=S PR 5
0 At Tkl 34.64N,108.93E )2
1 36 VOEEAT 34.63N,108.94E P
AL TV E%ﬁmﬁﬁﬁif 34.63N,108.96E P
R 34.62N, 108.99E Ds
TR 34.60N, 109.03E Dy
MR 34.58N,109.10E Do
0 BACKE 34.47N,108.74E D
1 18 AU ETI 7 7 ML b 34.48N,108.76E Pu
e 34.48N,108.81E Do
B L ?éffﬁ]ik 34.48N,108.85E Pis
SEOCHR 34.51N, 108.94E D
4 18 A 34.45N,108.76E Pis
XDl b 34.42N,108.81E Do
T EAS 34.40N, 108.82F P
0 CHilzg)~ 32.59N,107.98E P,
4 36 2=t 32.97N,107.90E Dis
CHz frﬁfbiﬂ 33.07N,107.87E Pio
kA 33.18N,107.85E P
[iER] 33.48N,107.80E Doy
I 33.56N,107.79E D
0 DT 33.08N,108.22F P
1 50 THE 33.31N,108.30E Das
fg 33.36N,108.30E Do
Wi 33.65N,108.28E Das
DALT /A 2 14 frﬁjﬁéﬁ 33.35N,108.10E Do
MR 33.47N, 108.07E Dy
4 18 TR 33.17N,108.15E Das
PR 33.28N,108.10E Do
KAE 33.55N,108.02E Do
AR 33.64N, 108.00E P
0 E R 33.63N, 108.65E Ps
1 50 VRS 33.67N,108.64E P
/NYT5 YRR 33.70N, 108.63E D
FALE 33.76N,108.61E D
2 36 Ay oy 33.73N, 108.64E Dss
GiIRT| 33.81N, 108.64E P
EH T A 3 9 EENURAE R 33.71N,108.67E Dar
I 33.76N,108.72E D
ZaU& 1Lk 33.78N,108.75E Do
4 5 ZLe) 33.65N,108.76E Do
BT (1) 33.7IN, 108.67E Py
VEVE AT (32 1) 33.7IN, 108.68E Dis
MAlEE (B2 50) 33.76N,108.61E Py
VL 22 11 VL 2211 34.23N,108.93E Par

http: // www.china-simulation.com

<477+

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5

DOI: 10.16182/j.issn1004731x.joss.20-0802



Huang and Wu: Cause Analysis of VOCs Hazards in Related Areas Based on Object F

B34 55 3 M
2022 %3 H

ARG H AR

Journal of System Simulation

Vol. 34 No. 3
Mar. 2022

R 5% V8 75 15 GV T 5011 7S 4 I [ 1 b 257
B, i HXGEFIR ACIR GG, AR SCER[13 14 &
y, z AT R . SRRET (Tl Kk
PEA P HE S S AR ) (DB12 524-2014)%) %47

A VOCs HE# 22 FRAE IR E W8 5 N5 Gl
S fA RN 30 m i VOCs UHERGE 2, VOCs HEX
FRAEZS IR (RS /A HRAE) (GB16297-
1996), THHE R IFE2,

F2 BRI BERQOISHE 11 H 8 H) KX RIEFT Y1 faH R
Table 2 Model geographic information data (November 8, 2018) and initial hazard degree of object repository

Xt % Wl T Elpry wE/ VafEH | W5 Wl R ESlPry wE/ VI fa
m o A m = X
JE I ME/M (mgrm™) 30 m TR JEE AT IA/h (mg'm™) 30m pindics
)22 425 i) 0.0 34772 0.043 5 Ds 410 EZiy 0.0 5.8194 0.0727
Ds 420 i 1.2 1.607 2 0.020 1 P 930 i 5.4 2.8563 0.0357
p, 422 W 21 1.3912 00174 | p, 1231 W 69 22162 0.0277
Dy 413 i 3.7 0.956 9 0.0120 Das 1593 i) 12.7 0.420 8 0.005 3
Do 402 i) 5.4 04107 0.005 1 DPas 749 i) 7.3 0.980 5 0.0123
Do 379 i 7.3 0.0157 0.000 2 Dar 938 i) 9.8 0.103 7 0.001 3
D 497 i 0.0 3.7232 0.046 5 P 633 EZS 3.1 1.147 8 0.0143
Pu 492 i 1.4 1.483 5 0.018 5 P 576 EAN 5.5 0.2579 0.003 2
P 466 i 3.6 1.013 6 0.0127 Pio 148 8 i) 11.3 0.0573 0.000 7
Pis 450 i 4.8 0.793 5 0.009 9 P31 1452 i 13.5 0.041 8 0.000 5
P 388 W77 0.1916 00024 | p. 751 W 00 3.066 3 0.038 3
ps 477 W 18 1.257 3 00157 | p, 1170 FE 23 1.485 8 0.018 6
P 464 BE 3.1 0.907 4 00113 | p, 1601 HE 3.1 1.1553 0.014 4
p., 415 i 4.5 0.4376 0.0055 | p, 1370 HE 4.7 0.605 2 0.007 6
py 1391 £ZE 00 5.0259 00628 | p. 1369 & 40 1.145 5 0.014 3
pe 1076 B 9l 1.901 7 00238 | p, 1671 H 57 0.5149 0.006 4
. 455 B 107 1.3816 00173 | p, 1234 W 34 0.340 7 0.004 3
P 599 WE 125 0.7315 00091 | py 1195 B 5.1 0.178 9 0.002 2
P 849 i 17.2 0.053 4 0.000 7 Pso 1559 i 6.0 0.038 6 0.000 5
p, 1769 K 184 0.045 9 00006 | p, 1287 W5 32 0.133 8 0.001 7
MR LR TH S RS X SR EREE, DA ®3 AnEER
NI " N SN Table 3 Transition rate
RN (] LA, AL S ANV LR 15 G B A7 A . - - -
- - . AL R | AT ERA | AIE R | BIE
R - N s N Hﬁ
VI‘% };J W%/ﬁﬁ/ﬁ%ﬁﬁ@ﬁFﬁVOCS ﬁi%‘%ﬂi ‘] 0.833 ‘, 0.222 1y 0.102 Lo 0.159
PRIz E DL, XS EE 5 AN TR ¥ YRR 43 )6 T f, 0476 | 1, 0175 | n, 0069 | #, 0294
GGG IE R R R A S 2, FERRAR DT 0270 | ¢, 0110 | 5, 0323 | 7, 0.19
R, DL RE R . RS 6 0185 | 4 008 [ 018214 0167
T FA I S B AT R, s & 0BT n 0080 0088 40049
. N , . t 0.128 t 0.058 t 0.074 3 0.313
N, WRIEITBERAE E&NRERYER, #E-F ‘ . N ”
b . - t, 0714 | ¢, 0.054 | &, 0.067 | 7, 0.154
SYPEIN A
AZURBHIBE, AR 4. f 0278 | 1, 0049 | 1, 0435 1, 0130
3.2 BB 5THE t, 0208 | 1, 0185 | £, 0323 ) 7, 0.111
ty 0128 | ¢, 0145 ] &, 0213 | 45  0.102
S 78 3 Ve YUE (1l AL A2 Bk 4A
ﬁ:‘i‘ﬁ‘%’ ﬂﬁﬁ%ﬁ%&ﬁﬁ%ﬂﬁﬁﬁ%m%ﬁ 7 0.112 » 0.079 ts, 0.169
X P 22 T S 5 AR P IR DR K/ BB % T AR S Y t, 0556 | 1, 0066 | £, 0250
X} 8 22 s AR B I A DT RS O, R AT ER AT H 7 % ty 0323 | 1, 0137 ] &, 0175

V55 E AR, Qi 7 .

http: // www.china-simulation.com

. 478 -

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

234 G5 3 W Vol. 34 No. 3

2022 4E3 A FOEER, & BT R R B Petri [ [ O BE X 35, VOCs f& 2 1% R iR by Mar. 2022

Ra PR

Table 4 Coefficient of mean variation

FI A R B (] R R 8 ARG R fH AN FR {21
I, 1 g 2.93 Moy 1.45 My 0.38
1y 2.32 Hs 1.3 Mg 1.75 ) 1
Hs 1.48 Hye 1 Hog 1 Hap 1.73
Iy 1.78 Hyq 0.53 Hso 1.99 Has 1.41
Us 1.73 g 0.47 s, 1.63 Hay 0.35
Mg 1.43 Mg 1.92 Hs, 1.41 Has 1
e 1 Hag 0.55 Mz 1.55 Hag 1.92
Uy 2.93 Ly, 2.03 sy 1 Ly 1.73
My 1.72 Mo 1 Hss 1.61 Hag 1.83
Lo 2.58 o 0.72 e 1.81 o 0.44
Uy 1.63 Lo 2.15 sy 0.44
Hyz 1 Hos 1.32 Hsg 1
Hiz 1.38 Hos 1 ) 1.83
0.16; , 2.0E-04
0.14F _._E§1él(p6p7p8p9plo) r 020} +E%/fél(p11p12p13p14) 1.8E-04l _-_E%/féé"(plspmplopzlpZZ)
0.12L ‘ E%ﬁﬂ(plaplopw) Va ’
i 0.15 / 1.6E-04}
|
2 008 5 E1L4E-04)
#10.06} //// 3 10] i 1-2E-04} ‘///
jual o
& 0.04f s | 2 1.0E-04} o
0.02} o i 8.0E-05| —
oF =— oL = e
o - e0E-0St T
e 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
o TN TN
(a) AT Tl el 6 47 5 75 5 o ik (MB%HF%%@E%EPWW (c) CHillZ] St faEREE TTmk
0.401
7.0E-03} E@ﬁ:l(Pﬂ Dy Dss) +E§ji1(p32p33 Psy) 0354 Tgﬂ%';i}j;ik. »
60-03} * E#1E2(pypy) A ool APy ol - CilZE)
; < BARA(D,g Dyo D3 P3y) BEAE3( s, Pag) o30r TCWEY ;
 S-0E-03 ﬁom_vﬂﬁﬂ@m%mmm ﬁo%-.E%%ga /
1 4.0E-03} it TRl
i 2 Foof 4 i 3
b5 3.0E-03} /‘ w0 T . @015t o
2By o e 0.017 T oaof 7 ///{//i
1.OE-03f e e 0.051 2
® A L L—;’i’;,fk—/”"'” e — — v
00E+0OF op = e e e —
1 2 3 4 5 6 7 1 2 3 4 5 6 17 1 2 3 4 5 6 7
lIFN iR PN

() DWW T AR S HAEHERLIHR (o) BRTARIFMABAHFRLZIIR () SMNEETGRITVOCSSa HFE AL vk
Bl7 S S AR fa R DT R R A L

Fig. 7 Contribution rate of hazard degree of each potential pollution source

HETAUES, SMEEGTIRMSFE REEIEPLTRRESRERRZ, 3%
ﬁﬁﬁﬁﬁ%ﬁ%ﬁf THR UL RS IR JLUR R VOCs I HIU B, A Hons v 22 77 fe 35 i ook
STTHR BRI A 2 G HOIRES, HEG AR BN T BAEEN 4 VOCs 3 HUEI 7 22 T 1Y
PREG VG 22 T, XU E R ST N . IR, PRI S F R R TR A K
IR CHIZG) Mfe FREEREBOR, (H2HAE LT E IR TG FER N 1.066 7, K%

http: // www.china-simulation.com

« 479 -

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5
DOI: 10.16182/j.issn1004731x.joss.20-0802

10



Huang and Wu: Cause Analysis of VOCs Hazards in Related Areas Based on Object F

B34 55 3 M
2022 %3 H

RGN

Journal of System Simulation

Vol. 34 No. 3
Mar. 2022

TERAE 15 YL YR 5 P4 %2 T VOCs f6 35 F8 FE 11 5T ik 2 15
BN AR T ) TTRREE Y 13.78%, B IEEH
J7 BT RR RN 32.62%, C il 25 ]/ BT Rk R
0.017%, DA TAR KT 1.60%, EHFA
A [ DTRR 3N 9.23%, 1] LA H X 75 2 1T V5 Y 5
Wi TR R R/ NHER A BAERH >A & TolkE>E
BT AF>DIL T AF>CHIZY) . WA H Tk
RHF RT3 MR B AEE . AR Tl
PRI E AR, BIIX 3 ANETETS YLl & P 22 1 78
I BT (8] 32 31 VOCs 15 % ™ H (W R, it DLEE By
1P 22T PR A T P TG e, R BRI 4%
X 345 Bl VOCs IIHEG  FE0T LURRSE TS G I8
TEAL B I Fe VOCs i 4% I 4% 3 7 1 B B8 [X 3ok
PG G 9 HL

4 R

(1) ASCK#5 T AE TS5 G574 1 VOCs i 7
P AR 1 REAR AE IR 3 GO X G BT AR IT, #e) 2
T ORBEIX 3 N VOCs f& 35 J ] A BT 11 %) 5 iR 4L
Petri AL, JF 25 tH O I DX 5k P -9 £ 15 e 50t
H A5 X 48 VOCs f& T R B2 DTk F 1 5%, AR
Z A H AR X 3 VOCs fi& 35 R 5 7™ 2 (1 J5 [

(2) LAVE 2T N BAR RG], Gl B IE AT %
TERAE 15 YR HE I VOCs RS9 BRI 74 22 17 1 ik
R EM LRI K, R T XIS Y ™
R E AL T — M 5k, TR T R
i Petri X (19 FH 453k

(3) A H Tl € KU VOCs 75 446 BT %
DASE IR S5 A0 N AR e R $R 06 2%, ] Bk
7 B 42 DX 45 (14 22 37 DA R AT L (R B)7 47 AV 42 i 3
WA .

S 3R -

[1] V0¥, Rivedt, 4-S0R, &5, F A SMER A I HERbR
XS LURIEFE[I]. A RHE 224, 2020, 5(2): 209-218.
Zhu Tao, Zhu Xiaojing, Niu Wenfeng, et al. Comparative
Study on Emission Standards of Volatile Organic
Compounds at Home and Abroad[J]. Journal of Mining

Science, 2020, 5(2): 209-218.

[2] #AMAHE, SR, X3, 45, VOCs B T fE & S Aab PR
HERR[I) 4 &, 2018(10): 125-127.

Hu Tongbo, Zhang Changping, Liu Hao, et al. Hazards of
VOCs and Progress of Treatment Technology[J].
Chemical Industry Management, 2018(10): 125-127.

[3] Xinmin Zhang, Zhigang Xue, Hong Li, et al. Ambient
Volatile Organic Compounds Pollution in China[J].
Journal of Environmental Sciences (S1001-0742), 2017,
55(5): 69-75.

[4] KT, BivoE, 75, 55, JRIE AR I HFO31S YAl

FOCHEVOCs WG M R AT [J]. B2 1@ 4, 2018, 63(12):
1130-1141.
Jiang Meiqing, Lu Keding, Su Rong, et al. Causes of
Ozone Pollution and Analysis of Key VOCs Activity in
Typical Urban Agglomerations in China [J]. Science
Bulletin, 2018, 63(12): 1130-1141.

[5] SRR IR X A 2 VOCs TS Yt il 5 IR 7y
Hr[D]. K3 KHEHL T k2, 2018.

Bi Ruyi. Monitoring and Cause Analysis of VOCs
Pollution in Liaodong Bay New Area[D]. Dalian: Dalian
University of Technology, 2018.

(6] RN, BL/NTT, Mllik, &, )N T RV [X 20164 [ 2=

R AL WL 5 e iR AE B R IR AT [0]. 34 SRR} 2,
2018, 39(6): 2528-2537.
Gu Yinggang, Yu Xiaofang, Yang Wenda, et al. Pollution
Characteristics and Source Apportionment of Volatile
Organic Compounds in Rainy Season of 2016 in Tianhe
District, Guangzhou[J]. Environmental Science, 2018, 39
(6): 2528-2537.

[7] Xufeng Zhang, Yuanyuan Yin, Jianhui Wen, et al.
Characteristics, Reactivity and Source Apportionment of
Ambient Volatile Organic Compounds (VOCs) in a
Typical Tourist City[J]. Atmospheric Environment
(S1352-2310), 2019, 215:116898.1-116898.13.

[8] SEAGHE, AT HE, 1R¥, 5. B A0 0BT A Y i A

P 7 KA PM, (SR VR [T]. A E SRS 5, 2016, 32(4):
7-14.
Dou Xiaoyan, Zhao Xueyan, Xu Xun, et al. Application
of Chemical Mass Balance Model to the Source Analysis
of PM,; in Xining[J]. Chinese Journal of Environmental
Monitoring, 2016, 32(4): 7-14.

[9] H Guo, K L So, I J Simpson, et al. C1-C8 Volatile
Organic Compounds in the Atmosphere of Hong Kong:
Overview of Atmospheric Processing and Source
Apportionment[J]. Atmospheric Environment (S1352-
2310), 2007, 41(7): 1456-1472.

[10] Je e, WRZEHE, B e, 4. OR (L 2016 4F 2 ki)
5 R R S ik B A SR EYR X [J]. MR R 22 AT AT

http: // www.china-simulation.com

- 480 -

Published by Journal of System Simulation, 2022

1



Journal of System Simulation, Vol. 34 [2022], Iss. 3, Art. 5

234 555 3 W Vol. 34 No. 3

2022 %3 H

2019, 32(2): 263-272.

Long Qichao, Chen Junhui, Liao Tingting, et al. Heavy
Pollution Process, Transport Path and Potential Source
Area of Particulate Matter in Winter of 2016 in Leshan
City[J]. Environmental Science Research, 2019, 32(2):
263-272.

[11] EFE, E4RE, BR%E. L& E5Jea R

PM, ;75 YL I A1 4 34 1% 45 S 98 AR IR DX (0], o L 24 B
2%, 2016, 36(7): 1931-1937.

Wang Guochen, Wang Donggqi, Chen Zhenlou. Pollution
Characteristics, Transport Pathways and Potential Source
Areas of PM, ; during Severe Pollution Process in Winter

in Beijing[J]. Chinese Journal of Environmental Science,

FOEER, & BT R R B Petri [ [ O BE X 35, VOCs f& 2 1% R iR by Mar. 2022

2016, 36 (7): 1931-1937.

[12] 5% 52 . Petri™ JR 2 5 B A [M]. A6 5T B F Tk H i

£k, 2005.

Yuan Chongyi. Principle and Application of Petri Nets
[M]. Beijing: Publishing House of Electronics Industry,
2005.

[13] a7 7%, REZZ, M. — P st (A 35 AR s st

RUBRE R T FL D). N 2Rl 5 TRE R 22 224, 2010, 18
(4): 571-580.

He Ning, Wu Zongzhi, Zheng Wei. An Improved
Gaussian Model Algorithm for Toxic Gas Diffusion and
its Simulation[J]. Journal of Applied Foundation and
Engineering Science, 2010, 18(4): 571-580.

http: // www.china-simulation.com

. 48]

https://dc-china-simulation.researchcommons.org/journal/vol34/iss3/5
DOI: 10.16182/j.issn1004731x.joss.20-0802

12



	Cause Analysis of VOCs Hazards in Related Areas Based on Object Function Petri Net
	Cause Analysis of VOCs Hazards in Related Areas Based on Object Function Petri Net
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/VII2CABK1m/tmp.1689154215.pdf.pPxNj

