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Area risk level classification for hazardous gas release in petroleum
refining installations

ZHANG Bo, WANG Lei, WANG Zhigang

(College of Mechanical and Electrical Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract : The prediction results obtained from simulation of typical release scenarios for petroleum refining installations have
difficulties in reflecting the real risk of hazardous gas release. In order to solve this problem, a new method of area risk level
classification for hazardous gas release was proposed. It combines wind filed set and release source set to build the release
scenario set and predicts the probability of each release scenario. Computational fluid dynamics ( CFD) method was used to
predict the concentration field of gas leakage diffusion. Based on the leakage probability and consequences, the risk matrix of
hazardous gas leakage area could be achieved. The research results indicate that the release scenario set for hazardous gas
could predict the probability of each scenario quantitatively and the CFD model of hazardous gas leakage in a petroleum refi-
ning installation could predict its consequence. The risk matrix of hazardous gas leakage area would provide useful reference
for classifying the area risk level in petroleum refining installations.

Keywords : area risk level; CFD; release scenario set; optimization of placement; petroleum refining installation

AR AR 2 P E AL R (H,S) VRUU(H,) AR H R B B D7 (SO B = 3 O
SLMAESR A ESARINRY B R EETFE . HAT Siddiqui 557 ] CFD B
Gk KRR R 07 X, LR AR AR T E IR RO, A A SR R
R 060 440 PR AR 8 T L 3 R, B T AT, RO AR O L

Y Fs HH5:2014-12-28

EL&TE . ILEE A ABEHEAI H (ZR2012EEQ026) ; H 9t B AL LA BRI 45 246 1 (13CX02079A ) ;2012 4F22 42 A 7 B K S i By i %
B ARBHE I H (2012-487) 5 INARA LA = BHE R R THRII H (LAK2012-6)

TEE AT . T (1980-) , W, B , i WF5e 7 1a i R & TR &4 TRE B EAR ZeE T, E-mail:zhangbo@ upc. edu. cn,



%3948 Hs5M #

W R A T ARER RIS F AN S - 145 -

CFD BHUIGTE T %07 B M IE# P, Khan % A 44
AT I XU 23 B 7 ¥ ORA (optimal risk
analysis ) , Foor WA PR T AT B RSP AL AR T
AT, HHTA AU T XU 5 2
I B — i/ it R i O 37 5% A M U 5 4L )
Br, H s 58K 22 2 2% T T2 A B 1) BE it ik
TR AR RS AR AR g ieELIR R
SR AR o 2 LASE BRAE 7 rh S A AR
PR AT 2 AR e D5 T 000 A B, i ) R
RE A F UM 54 . RS MRk B LR
THE 5 XI5 70 A A 3215 2 i e 37 S R 42
JE454 CFD BUUITHEE, G i 20 B il ke o A 3 Ui
T DA RURS: 0] 3 A7 5 AR it D A ] XU 46 4% X
S, A T R AR I S A A A | X
BN PR A 2 U PR IR A Sy

1 REXEERSHESIHS TSR

AR T DX S XU, 25 K R A R SR R
T 7 e AE S il LA B CFD BRI 00 b 38 5
o3 A7 T AR DX S T I R IR
U < R A A T 3 5 B X
itk s 17 S5 S AT AU IR CFD AL, X6
kG 7 5 BEA T I A AR 5, BRIBOA [R] 3 e 4 53¢
A B AR 3 O AR > B i B AT <
PG 2R 5 B T S ARt e J 2R 15 B R A4S
Yy 5o AT AU T A [] DI IXURS: 22 80, %o 4% 37 ¢
DRSS ZR BRI, 4] 53 i 2 DX IR S50

2 XEXEERX S EE

R AT AR IR T BSOS A 32 M U
Wi, 52 KI5, il i O 95 0 X7 B AL A
T AT A R 3 R R e AN TR XU T i
T 5 A i s 1) 2% A R 3R A5 ik T 37 55 9 AR A
=,
2.1 RupsktgE

JR\375 = 2 52 X ) R e G v XL 2 i
T SRR 2Ty 1), XU e kT SR A9 7
HRRE A A SR R R BB AT e R ] R
A b A AR X 4R

e HE IR 1) R0 XU L0 A6 DG S, o R 1) R 53y
a DI A3 1 ~ a o 5 024 BT 7R H i 4R
] 5 K XU B AEAE R max (v) EFR, LA Aa B X [H]
K B0 ~ max(v) 7320 b AFIX] B AS R AU
58 NG X R AT S I 5 KR

F=\{f, [1<0<a,l<v<b]|. (1)
o, F R of, Fm A S o KGR v (X
9.,

A 2 I Ml D AR RGBS T 45345 K37
SRR, HBCE R R BRI P, ],

2.2 REREEHE
2.2.1 A TaimiLiashik ey iR &

HEAT B0 R M AR A, 20 e B MR
B A TR R R, BRI A O
T AL RO R Sf S AT Hi IR . B dy, R it
LA, w1 R /NFL R (small) ;1 mm<d,;, <10 mm;
HRALIE)E ( medium ) : 10 mm<d,,, <50 mm; K FL il Jw
(large) :50 mm<d,, <150 mm; 5 XfE PE Y 24 ( cata-
strophic) d,,>150 mm PUFHIEIE 735 HECF 1 ~ 4
FRUITO L s AN A ) O 1 R BB A0
JEEAANBE A R AR TR A TS D0, DUt e Y4 7T 267 Dy

L=1{l,|1<es<h,l<d<4}. (2)
AL IR IREE 51, s e IFLARZRRL d KB
T ) 90 2 A T R A T TR TR
2.2.2 MRRMRMESN

RO Tt P 5 AR rh A 35 R AR SR DU R A i
T IR, ARSI BT Pt A A B A A T 2 e
B R R T R e A A R i AR
N
P =ex [Wlnu-q)un(aq)] (3)
A, TR LR RSF mm; g 2 4300 h
LR X AN e R AL R ST, mm; P, S it e FL A2
9 o BT IR IR AL R P, (P, S o ALAR RN
q = T FLAR BEA MR 3 5 TR AR r 3R B B
PR, AR A T RAA T4
2.3 ETFRFEMtRREENHRKHSE

R A ity 2 i s 05 R X3 () AR B ST e A
HR(1) (2) ATt R
N={N,,, |1<0<a,1<v<b,l<e<h,lI<d<4].

(4)
{p N Foriltle s HorR MO IR IR 5
WIZEE A H G B

w37 5 5 % 7 R AR

P(N,,..)=P(f,) « P(L,)=P(f,) * P, (5)
X, P(N,,.,) BTSN, AR,

2.4 BHESGRXIERKEE R 5

E RS PEAT (QRA ) — A% 18 13 45 4 ik

AL, 7RSO SR b B B XM S B At



- 146 - W E %k

FI (B ARAFER)

2015 410 A

IRAERIER T TN, (30 CFD BUDZE it
3555 PR R W 3 5 SR U4, 2
R SR TR, i B4R
BRAL TR A0 S OB RO M 2R T
5 I 0 R e L 2% 8, 0
SRR AL 55 4 S BT, 057 10 5 A
S DR S50

LR A7 U L TR, 7 LS 4
e TGRSR 0 T Y, 66— 2 0
BUHEH 2 e 2605, LA W
. (BB BT ST O AT m AT n 51, U
7 e A O AR5 O P 2 A
SYMCREIE A FEAE 45 50 3R ) 5 5 A
SRR R U

C,=[a,] (6)
o, C, FoRIRY b o B BCE I R
ST R L T B M I e, % 0 A1
WABU

T 6 R I 59 T SR B RO
ik 2 1 Bk 2 A 5 0 A 0, A
SIS G B AN R T 20
e RO o, M B 40 1t 49
JrIEHEATARERT B C, TP B A B RO
6 5 K W A B4 max (a) , 75 RS
FUHRE C,.

ST 5 e S B R PR 2 5 T 7
M AT R DA M, 27

R=2&=2Pwmwig&j (7)
SR Oy S A A DU M R,
SR R o 19D BRIR B R, A T % 5 T
HRAHE B0 AR R KU /D, L0
FECURMR 57 5 % A P A UK
e X R A € TR I B
TR

T B S P(N,,,,) SRS,
LR HoH B e 5 B X TR K
5 R B0 — FC A TR A T 5 DKL 4 2
RISHEE

3 M A

3.1 tRFARE
DAL Z0RT % B H, S (H, kI oy Xk Gt
17 XRS5 30 o, IAERE K 215 m, FE 60 m,

AP LT 12900 m?, EEAULFE g e iiER SR
AP

HA AR AR SR IR R i B
17 Al e R B AL R (H,S) VA (H,) Hik I A%
o BB 4 A& HL,S H, R AT REME A R Y
WA AR it IR, i 2 L & RIS OK HE
66.29% H,S) L, ik E KSR R4 (& 62. 82%
H,S.37.18% H,) L, ¥ & 40 B & (& 56. 1%
H,S) L, TE A SR HLE I 1A 4k (5 56. 1%
H,S.78.65% H,) .

ASCHe Fedd e siting sog, TRITFR
SR AR 2 B P TR T T 7 Sk R o A A L
WA AT {5 B AR ik 5, A b el A% 16 A
TR e . M R AN . DUk T A M
R G4 AU T ARG 3 m/s A A
RWIAEE . AR IZ 2 T A b 3 A5 0 £
Gt iz X 4 FhOXUm AR JEXC.0. 063 8/a; B AL
0.1892/a; Z 0. 038 6/a; i Jx;0. 069 8/a,

M T8 LA RAMEPERE 2L (d,, >150 mm) A fE
PEE /N, HAEAR TR e SR T, T RO, B
A7 s [R] PRy ot s A, ) 2B 4 b AT SRR B 4y
O, 25 AR B0, O BORFL IR (50 mm<d,,
<150 mm) # iR B A& M IRAETE . A48 IR U 42
A G AL £, FLAE A 50 ~ 100 mm Ay FE A
TRHER K 5x107/a, = (3) AT . L, & 757K
% 100 mm FLARTHR AOMER N 1. 28%107/a; 1,
JHAR AL E IR S R A & A 80 mm FLAZ ik U AG HE R
M 1.52x107/a; Ly ¥ 43 25 4 & A 80 mm fLAR
MR AIMESE N 1.52%107/a; L, TR SR HLA )
WO LA 70 mm FLAR M M HER Ry 1. 75 x
10°/a,

H12C(5) AT A5 A &AM R & st e 4R ROR
H
I:P(Naved) ] :[P_/MLFM : [le,dLm:

[P/a,‘]lrxzt' [P, ] (8)
3.2 Mm=3EE CFD ittimEi
3.2.1 REABEE MR 45

SRR TR DX B SRR S 5 e
THAE XK 306 m, & 110 m /& 30 m, 365 AL ]
TAHEEG BT XN A SRR S 2
ON R TR ARKE KAk N SR s e AR
Pk BT ARHEAT 7 4k 5 1 ke g AR R ]
I3 WA I A R B B RS



%3948 Hs5M #

WOF R E B F AR KBRS F B S - 147 -

3.2.2  MABIRMER IR — BT

DR A A S o A T AE E THE0KS B S A
ZIAVARAG e A A i 3 e O AR MRS 2 40 B, R R
UETT 0K FE A T4 T A& FiE KR D, i edl 1)
5. 14x10° P& Z 1. 32x10°, RIAR G & 1 Tz .

&4
SE

: _'g-p?“

1 SEilmmEsE MEEE

Fig.1 Grid model of diesel-hydrogenated unit

W7 — B A3 BT PRI T3 O DX sl R 7 152
TEJL N, LA RAT & U st G 26 1 T it
U, PRAET RS AR PR 20 X T Y R A
B FEH b b R ESOE 3 AAKGE I 2 e i R
A0 L XU s D B e B, KGR AE b b R TR
— 2, AT BRSSO A, rTT R
TR
3.2.3 B AR E

AT EAS ) s 7 5 T 2 A% XK H,S H, i
I B AR, AUttt T A [ B PR I

7.98x107°  7.43x107° 2.65x107 2.87x107°
9.06x107> 8.56x107 5.58x107% 5.52x107
Rst:
1.89x107° 1.74x107? 9.16x107° 1.04x107
1.06x107> 1.05x107° 1.83x1072 1.09x107
2.81x107° 2.64x107° 9.96x10™* 1.09x10°°
3.31x107°  3.11x107° 2.56x107° 2.42x10°°
Ry, = : : : ;
1.30x107° 1.31x107° 1.79x107> 1.81x107
1.16x107 1.19x107? 2.56x107% 2.11x107

X Ry o R Ry ABUH— AL AL BR S | LA - 1 A
P S A B I 2z ) H,S (H, % DX RURS: 55 2843 A
SFEZEIE W 3 (a HPHEE b e WASTIE, ¢ N
b, d HUEE I, £ AR BT KFTE T
b R A o o AR R S T N SR T B AR H,S
I H, D3R X JXUBS: 66 9 , e BB PTG T 75, % 7 {1 43
B RZ SN S B R RS H,S H, I A X
WA, 3 0 RERRIZIXEEEAARZ H,S,
H, M5 B 0, b 22 40 X3l 1 3R AR KUK
e, FLREE GO R T e, DXCIOXUBS: B 2 38K

T [ e B 14 W S T 45 B AR A 5
R A AL T TR AR ARSI 5 TR
Y XA F AR A B AR, AT kR,
AYHIAE 0.5 m EREEAN 2.3 m BB, L S mx5 m
(AT B 45 15— 2 W o5, 32 433 A, it 866 4,

/ 1 VA5 1A 7
3C sk HyS H, 7 HUARFR 4, Wil g F- Th A
— . NIy o
K 2 fs B as A s & sl b .
90
P R e e o +
B0t ++++++++++++++++t++++++++ +4++++1 +
+ L 4+ +
70} ++ W A 444+ + + ++ +4+
+ 3 ++++t+  + + t + Tt +++++
= 601 +=itJEIE SRS TR RS e RS I L I I B
= eSS Iy ot 4
> 50| ++tttrrrritttttrtrrttttirtre tHtrrrrrtttt o
ottt bbb ! 4+
40 b +4+++++ A 4+ + 4t +++
+++++rt+ +++t+++rrtttttttre ++++++ +++
30 +++++ + ++++ b+ ++++++ 4+ d 4 o
20 bttt A e A 4+ +++
50 100 150 200 250

B2 BU=HE

Fig.2 Layout of monitoring points

4 HEERREESH

WU A 0L % FH Intel Core (TM) 17 -2600 @ 3. 40
Ghz AN 4 AT, B RIE N 0.5 s,
BEETHEFERT 25 10 min, HRIEC ISR 16 Fh T 0L,
Hm H,S \H, HitE 600 s 54, B H,S H, Wi bk
UM, = (7) AT H,S  H, X s % KU 4
Wi, o ek A G B R

HITE 3 AT UL, H,S (H, it e XU DX ety 32 224
HA A SRS R B ST A ¢ XN f IXC, I 4 2 X 3
H,S H, Za A &R0, T H, BN I HR
Bom AR AR S LR H, A% bl D) 2%
A7 I R H, AR AS BOR R AR 7 3
I A 63 Ttk s Y5 A T DX, X JHG A DXl T A /)
H,S % R T2 s Besz /R H,S %
PRIBTEML R H,S FEMRY W2 S BOL I s
Wi DX IAER, T BRI a K b e i I8, HiX
A XAt 359 SRy N % 3 R A DX PO A X



. 148 -

T E LK FFR(ARHFR)

2015 410 A

B — e RE A H,S B

5

80 T
=0
60
s =
40
—
20
50
80 _
a
60
=]
N
wh
O° o [N, @83
20
50 100

B3 H,SMH KERESREESE

Fig.3 Area risk level contour maps for H,S and H,

% it

(1) PASEBRAE ™ s i A7 35 Ut D ™ 1A X

G AR I T 00 Sy S | ) A A A T
st AR neng s BB S R AR ST R
EAESMMRRG A CFD AR 5 0 700 4 % <Ak
iR TE7B YRR

(2) PRI FRAEAS 757 A T A T DX IO

(19 DX 3o DXL R 2 T I A LI 7 B PO T 2
A F M DR 5 4%

SE Lk

(1]

(2]

(3]

e, THE. A A H A UARMR R CFD £UEALL]
(1) MRS 5K [)]. AT 24, 2007,58(3)
745-749.

SHEN Yantao, YU Jianguo. Numerical simulation of haz-
ardous gas release with CFD model (1) :establishment and
verification of model [ J]. Journal of Chemical Industry
and Engineering, 2007 ,58(3) .745-749.

SIDDIQUI M, JAYANTI S, SWAMINATHAN T. CFD a-
nalysis of dense gas dispersion in indoor environment for
risk assessment and risk mitigation[ J]. Journal of Hazard-
ous Materials, 2012,209(6) :177-185.

LEGG S W, BENAVIDES-Serrano A J, SITIROLA J D, et
al. A stochastic programming approach for gas detector
placement using CFD-based dispersion simulations [ J ].

Computers & Chemical Engineering, 2012,47(12) :194-

[4]

(5]

(6]

(7]

(8]

201.

PONTIGGIA M, DERUDI M, ALBA M, et al. Hazard-
ous gas releases in urban areas: assessment of conse-
quences through CFD[J]. Journal of Hazardous Materi-
als, 2010,176 (7) :589-596.

HANNA S R, HANSEN O R, ICHARD M, et al. CFD
model simulation of dispersion from chlorine railcar relea-
ses in industrial and urban areas [ J]. Atmospheric Envi-
ronment, 2009 ,43(2) :262-270.

AP, B2, kAL, LT Fluent AFE K P W] 4
SRR RO D5 7 L) ] IS T2 4, 2008,29
(3) :4041.

SHI Tiezhong, LUO Xingbo, ZHANG Jianli. The con-
centration field simulation of volatile combustible gas
based on Fluent[ J]. Journal of Sichuan Weaponry Indus-
try, 2008,29(3) :4041.

ZHnta, OB, £5, 4 ORIEHE T XA 7 UK
MR IREEAB AT (1], SRR EER, 2012,32(3)
537-544.

LI Qinyi, CAI Xuhui, WANG Xue, et al. The environ-
mental risk analysis of toxic gas leakage in Taiyuan coal
chemistry industrial zone[ J]. Acta Scientiae Circumstan-
tiae, 2012,32(3) ;537-544.

WA, S, Teug, 25 BRC et U 2 i 41
HRE RSO [)]. P E %A R R,
2013,9(8) :33-39.

LING Xiaodong, DANG Wenyi, YU Anfeng, et al. Re-

search on simulation of cyclohexane leakage accidents and



%3948 Hs5M #

WE HWEEAEAARRERRBRRNEFEX 5

. 149 -

(9]

[10]

[11]

[12]

[13]

[14]

[15]

development of risk control measures[ J]. Journal of Safe-
ty Science and Technology, 2013,9(8) :33-39.
SUFRRS, W], WA, AF. NG MR & HOS LT
FELI]. RIS AM, 2011,29(4) :1-5,91.
YUAN Weimin, YUAN Zongming, BI Jianwei, et al.
Study on LNG leakage and diffusion simulation [ J]. Nat-
ural Gas And Oil, 2011,29(4) .1-5,91.
THE, XU, XA, R R T R TSR
PR fmArsE ()], b2 2R Eg40, 2011,
21(2) :171-176.
YU Hui, LIU Mao, LIUFU Yanhua. Research on facili-
ty layout of factories under toxic release based on Monte-
Carlo simulation [ J ]. China Safety Science Journal,
2011,21(2) :171-176.
WER, RR, 255, QORISR LSRR
& CFD BBl [ J]. fb T 244, 2013,64(9) :3088-
3095.
KE Daoyou, BI Jingliang, LI Xuefang. Integral model
and CFD simulations for hudrogen leaks[ J]. Journal of
Chemical Industry and Engineering, 2013,64(9) :3088-
3095.
KHAN F I, ABBASI S A. Risk analysis of a typical
chemical industry using ORA procedure[ J]. Journal of
Loss Prevention in the Process Industries, 2001, 14
(1) .43-59.
TALIL, 234 AR, & = KT b s
BEA I E T [T, R e R oR
2007,3(6) :27-30.
YU Lijian, DUO Yingquan, SHI Lichen, et al. Method
for determining probabilities of leaks in quantitative risk
assessment[ J]. Journal of Safety Science and Technolo-
gy, 2007,3(6) ;27-30.
TubE, R, Tk, AF E S E R U
WY BB T ], E A . AR
2£0R, 2008,32(2) :119-123.
YU Hongxi, LI Zhenlin, ZHANG Jian, et al. Numerical
simulation of leakage and dispersion of acid gas in gath-
ering pipeline[ J]. Journal of China University of Petro-
leum( Edition of Natural Science), 2008,32(2):119-
123.
SRR, B AR A e I b P T v
HIWFFELI]. KE, 2008,23(2) :106-111.

[16]

[17]

[18]

[19]

[20]

[21]

CHENG Songbai, CHEN Guohua. Study on the applica-
tion of petrochemical equipment leakage prediction
method[ J]. Journal of Catastrophology, 2008,23(2) .
106-111.
T, BRiESE, A7 e Bt 5 K AL 7
BN WEFE )], Al fe T %, 2009,38(1)
79-84.
WANG Lei, CHEN Guohua, JIANG Lijun. Research
and application of leak susceptibility assessment method
in petrochemical plant[ J]. Petro-chemical Equipment,
2009,38(1) :79-84.
A G B bR it —JC R N ATk RS T
SHIRERFS (=) (1] dEatgit, 2000(3)
34-35.
MA Liping. Statistical data standardization ; infinitude no
dimension method ; learning and using of modern statisti-
cal analysis method (II1) [J]. Beijing Statistics, 2000
(3):34-35.
TOMINAGA Y, AKASHI M, RYUICHIRO Y, et al.
AlJ guidelines for practical applications of CFD to pe-
destrian wind environmt[ J]. Journal of Wind Engineer-
ing and Industrial Aerodynamics, 2008 (96 ) : 1749-
1761.
B, BRE]. SRS E CFD A USRS BT[]
BHE 4, 2011,29(13) :57-61.
ZHANG Bo, CHEN Guoming. Stnsitivity analysis on
computational fluid dynamics modeling of gas dispersion
[J]. Science & Technology Review, 2011,29(13) :57-
61.
ZHANG Bo, CHEN Guoming. Quantitative risk analysis
of toxic gas release caused poisoning: a CFD and dose-
response model combined approach[J]. Process Safety
and Environmental Protection, 2010,88(4) :253-262.
i, BRI Al TR A S xR i e R
WA CFD AL (I, Al T 45 2 A4l , 2009,
22(4) .72-76.
ZHANG Bo, CHEN Guoming. CFD assessment of im-
pact caused by hydrogen sulfide leakages from petro-
chemical installations on nearby residents[ J]. Journal
of Petrochemical Universities,2009,22(4) ;72-76.
(3 Ek)



