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Consequence modeling of explosion at Azad-Shahr CNG refueling
station

Mehdi Parvini’, Ali Kordrostami

School of Chemicel Engineering Petroleum and Gas, Semnan University, Semnan, Iran

ARTICLE INFO ABSTRACT

Article history: Safety of people has been the most important concern since the onset of commercial use of Compressed
Received 25 july 2013 Natural Gas' as a novel type of vehicle fuel. Provided a car vessel bursts, irreversible consequences will
Received in revised form surface, The most important hazard threatening people and their properties in (NG distribution stations
:’ctz:i:dz?;‘.\p il 2014 is pressurized natural gas in station storage vessels and car vessels, Storage vessels are far from people;

however, they may damage other properties such as pipes, valves, electrical equipment, and etc. Owing
to the distance between storage vessels and the hive, the risk is not considered a big concern; on the
contrary, car storage vessel is very close to the passengers sitting in the car and those standing around
the rar The nmyimity heichtens the nck as rhe rnmseanences ransed hv vessel hurst ran he more
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Analyzing effective factors on leakage-induced hydrogen fires @mek

Javad Mousavi, Mehdi Parvini’
Faculty of Chemical Engineering, Petroleum and Gas, Semnan University, Semnan, Iran

ARETEHECEE INFPO

ABSTRACT

Article history:

Received 26 March 2015

Received in revised form

3 December 2015

Accepted 6 December 2015
Available online 12 December 2015

Currently, novel energy resources are receiving increasing attention as a response to the limitation in
fossil fuels as well as their adverse effects on human health. Hydrogen, one of the most abundant ele-
ments on the earth, can be regarded as a new energy source to replace fossil fuels. Therefore, safety
assessment of the relating processes is very crucial by increasing use of hydrogen as a fuel source. In this
regard, consequence analysis for risk assessment and power reduction is very important. The present
study aims at modeling hydrogen dispersion along with consequence analyses for such events as jet fire

Keywords:

and flash fire. The model was validated by using the data derived from a study on hydrogen leakage in

ennnhy ninalinae in tha lashararmnmes af rha [Tnarcine af Dica Madaling racalre rauvasl thar amhianr can

www.MehdiParvini.com ,
https://t.me/Drmehdiparvini



935S 43 ese 4 ke s ey S

Journal of Loss Prevention in the Process Industries 37 (2015) 1118
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Consequence modeling of a real rupture of toluene storage tank

Hamidreza Haghnazarloo, Mehdi Parvini’, Mohammad Nader Lotfollahi

FRaculty of Chemical Engineering Gas and Petroleurn, Semnan University, Semnan, Iran

ARTICLEINFO ABSTRACT
Article history: Chemicals used in paint industry are generally comprised of toxic and inflammable substances; they may
Received 14 December 2014 cause serious problems for humans and environment if safety conditions are neglected. In 2012, rupture

Received in revised form
26 May 2015
Accepted 21 June 2015

of a toluene tank in a paint factory in Iran claimed lives of two workers near the tank. The present study
is formulated in order to model the incident. The results showed the area prone to flash fire occurrence

Available online 27 june 2015 and extension. Furthermore, radiation was measured in terms of distance to the tank. A bund wall is also
assumed around the vessel in order to determine its influence on evaporation in flash fire area, radiation,

pro—— and maxirptm ooncentralfion of vapor cloud. The results provided i!npa'laqt hints on minimum and

Consequence modeling required distance of electrical equipment or electrical enclosure (PLC) installation from vessels as well as

Rupture suitable distance between the vessels. Finally, preventive recommendations were proposed to reduce the

Toluene storage tank risk of potential accidents.

Flash fire © 2015 Elsevier Ltd. All nghts reserved.
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Gas leakage consequence modeling for buried gas pipelines @CmM "

Mehdi Parvini’, Elmira Gharagouzlou
Faculty of Chemical Engineering Gas and Petroleum Semnan University, Semnan, Iran

ARTICLE INFO

ABSTRACT

Article history:

Received 22 February 2015
Received in revised form

21 june 2015

Accepted 8 July 2015
Available online 11 July 2015

Keywords:
Consequence modeling
Buried gas pipelines
Hydrogen

Dispersion

Natural gas

One of conservation transfer methods for such widely-used gases as natural gas and hydrogen is buried
pipelines. Safety of these pipelines is of great importance due to potential risks posed by inefficiencies of
the pipelines. Therefore, an accurate understanding of release and movement characteristics of the
leaked gas, ie. distribution and speed within soil, the release to the ground surface, the movement of
hydrogen gas through the ground, gas underground diffusion, gas dispersion in atmosphere, and
following consequences, are very important in order to determine underground dispersion risks. In the
present study, consequences of gas leakage within soil were evaluated in two sub-models, Le. near-field
and far-field, and a comprehensive model was proposed in order to ensure safety of buried gas supply
pipelines. Near-field model which is related to soil and ground and its output is the gas released at
different points and times from ground surface and it was adopted as input of far-field sub-model which
is dispersion model in atmosphere or an open space under the surface. Validation of near-field sub-
model was performed by the experimental data obtained by Okamoto et al. (2014 ) on full-scale hydrogen
leakage and then, possible scenarios for far-field sub-model were determined.
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Scenanio-02

Jet Fire

Weather-0

Radiation
— 30 m @45 Kwms
250 m @ 12,5 Kw'm2

T 2T m (@ 37.5 Kwime

o

-“I -n__-—.—-

L _ I
|

Distance Crosswing (m)

Distance Dowrwind (m)

www.MehdiParvini.com ,
https://t.me/Drmehdiparvini




G Flash Fire

e W




www.MehdiParvini.com , https://t.me/Drmehdiparvini



Fo M55 )8 ama s aida T 50 Cela s 2l Y8 A b i
358 e 08,5 Sy oS L8 ey 5l (galdad disl> e 53 S sl
L3 g wdige Dllas <=L>.=.3\ J=

L 65y o & S 5 e 5y S Sy s ainls aalsl (g
4 b Sl peal s bl e Cns 5 S 585 4 3l 4
S gl o A BT AL ey S sl
g 5153 e ST plad a sl adlate OF 3 5 S5 gd 4 il
Sl gy 5 dial> tjsjdméﬂ,gﬁaﬁ&u?éuwxw\ Oldals
vl S TS

Eoh el e e el ey
SS9 Sladed Jladl Cel a5 54 (gl 4 il Sy dB 5 Lt g il
A Lt

www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini



www.MehdiParvini.com , https://t.me/Drmehdiparvini






www.MehdiParvini.com,
https://t.me/Drmehdiparvini



www.MehdiParvini.com ,
https://t.me/Drmehdiparvini



bl clon > aS claseSas cdd g dgng e & 0ad piite 3 x e Gl 51 g5 as ol
’ A 7'_-—'2 Y . _ .

JLETHIEIE TS

2l sl L6 5 @

bl 4zl dgag Jlsl LB 5 5 B poed
235L (UEL s LEL ) sy Jlesl odgamme 43 0 piiie 58 clale U

Aol aiily dgng ol yisw I clale » SeSeal sbxl Jelse a




o leislo g Olgas g9, p bl Ol 56

| by ] i)l
ilasle © o5 ol s Vol S
Oleitlu oz Swocaw! glp alivl > Y-y
OB g Ol Saocaw] f-v
b lasle Jol5 coz #-0
s Sy (55535 v
Jo5 e 5 VS e

www.MehdiParvini.com ,
https://t.me/Drmehdiparvini



b i
b
=)

47 +1.37 In (P) Pressure in psig units
1

1
5.

3+ 1.37 In (P) Pressure in barg units

= peak overpressure (barg) 1% fatality
50% fatality
95% fatality
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(Equation 4a)
(Equation 4b)

0.17 barg (2.4 psig)
0.90 barg (13.1 psig)
3.00 barg (43.5 psig)



Scenario-To
Explosion

Weather-07

Max Radius
— 80 @ 0.02 bar
50 m @013 bar

47 m @ 0.20 bar

Distance Crosswind (m)

Distance Downwind (m)
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Threshold Limit Values ® from ACGIH ® 2008 TLVs and BEIs

Chemical Substance TWA (8-hour Average) STEL (15-Minute Average)
Ammonia 25 ppm 35 ppm
Eenzeze 0.5 ppm 2.5 ppm
Carbon Dioxide 5,000 ppm 30,000 ppm
Carbon Monoxide 25 ppm
Chlorine 0.5 ppm 1 ppm
Diesel Fumes 15 ppm ——-
Gasoline 300 ppm 500 ppm
Hydrogen Sulfide 10 ppm 15 ppm
Nitrogen Simple Asphyxiant
Nitrous Oxide 50 ppm
Nitrogen Dioxide 3 ppm 5 ppm
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Model : 45 ton Chlorine Storage
Rupture

Weather : Winter-High Wind
Material : Chlorine

Height : 0 m

Maximum Distance Downwind
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Weather : Winter-High Wind
Material : Chlorine
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Maximum Distance Downwind
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Emergency Response Planning Guideline (ERPGQG)
Threshold Limit Value (TLV)

Immediately Dangerous to Life and Health (IDLH)
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Flare tower
Designed to burn off

gas, but a connecting
pipe had been removed
il Vent gas scrubber for maintenance.

| Leaking gas could
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(Overpressure) x| &

Pressure, bar (psig) Damage
0.0014 (0.02) Annoying noise (137 dB). if of low frequency (10 to 15 cps).
0.0028 (0.04) Typical pressure for glass failure.
0.02 (0.3) Limited minor structural damage.
0.069 to 0.138 (1 to 2) Steel frames of clad building slightly distorted.
0.090 (1.3) Partial collapse of walls and roofs of houses.
0.138 t0 0.207 (2 to 3) Concrete or cinder block walls, not reinforced. shattered.
0.207 (3) ilding distorted and pulled away from foundations.
0.207 to 0.276 (3 to 4) mefﬁf‘ﬁm::mwd‘”g i hed.
0.276 (4) Cladding of light industrial buildings ruptured.
0345t0 0483 (510 7) Nearly complete destruction of houses.
0483 (1) Loaded train wagons overtumed.
0.689 (10) Probable total destruction buildings.

Heavy (7000 Ib) machine tools moved and badly damaged.

20.68 (300) Limit of crater lip.

www.MehdiParvini.com
https://t.me/Drmehdiparvini




Overpressure Effects on Various Building Types

Building Type Peak Side-on Overpressure (psi) Consequences
Wood-frame trailer or shack 1.0 Isolated buildings overtum. Roofs and walls collapse
20 Complete collapse
5.0 Total destruction
Steel-frame/metal siding pre-engincered 1.5 Sheeting ripped off and internal walls damaged. Danger from fallng objects
building 25 Building frame stands, but cladding and internal walls are destroyed as frame distorns
50 Total destruction
Unreinforced masonry bearing wall 1.0 Pantial collapse of walls that have no breakable windows
building 1.25 Walls and roof partially collapse
1.5 Complete collapse
30 Total destruction
Steel or concrete frame wiunreinforced 1.5 ms.lﬁ*c:l
masoanry mfill or cladding 20 apses
25 Complete frame collapse
50 Total destruction
Reinforced concrete or masonry shear 40 Roof and wall deflect under loading. Intermal walls damaged
wall building 6.0 Building has major damage and collapses
120 Total destruction
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Overpressure= 0.3 bar
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Overpressure Effects on Various Building Types

I Building Type Peak Side-on Overpressure (psi) Consequences
Wood-frame trasler or shack 1.0 Isolated buildings overtum. Roofs and walls collapse
2.0 Complete collapse
5.0 Total destruction
Steel-frame/metal siding pre-enginecred 1.5 Sheeting ripped off and internal walls damaged. Danger from fallng objects
building 2.5 Building frame stands, but cladding and internal walls are destroyed as frame distorts
50 Total destruction
Unreinforced masonry bearing wall 1.0 Paitial collapse of walls that lave no bicakable windows
building 1.25 Walls and roof partially collapse
1.5 Complete collapse
30 Total destruction
Steel or concrete frame wiunreinforced 1.5 Walls blow in
masonry mfill or cladding 20 Roof slab collapses
25 Complete frame collapse
50 Total destruction
Reinforced concrete or masonry shear 40 Roof and wall deflect under loading. Intermal walls damaged
wall building 6.0 Building has mwmmnm

120

Total destruction




Overpressure Effects on Various Building Types

Peak Side-on Overpressure (psi) Consequences

1.0 Isolated buildings overtum. Roofs and walls collapse

20 Complete collapse
50 Total destruction

1.5 Sheeting ripped off and internal walls damaged. Danger from falling objects
2.5 Building frame stands, but cladding and internal walls are destroyed as frame distorts
50 Total destruction

1.0 Wwdlmﬂwdhﬁubwmhukﬁhwm
1.25
1.5
30

1.5
20
25
50
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et —————Baker Strehlow T\EZ) del

R d
A )/ Sl 38 50 5l alol od
. Sl BB 5B o o 39290 (55, E
AP.= %;F-) (bar) ous Jol> ,lxisl zse :AP

(bar) < sl ,Laé P
) 0

oy bl g s pdy STy Gliee @515 e elal 2 (e sae) 5 Lzl cee

N - T Congestion
Flame Expansion Reactivity Tow Nedium High
High 0.39 DDT DDT
2D Medmum 0.47 0.66 1.6
Low 0.079 0.47 0.66
High 0.47 DDT DDT
23D Medum 0.20 0.55 1.0
Low 0.033 0.35 0.5
High 0.36 DDT DDT
iD Medium 0.11 0.44 0.30
wwilM&hdiParvini.com , 0.026 0.23 0.34
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—— —Baker Strehlow Model

)w‘houpf‘f ubmu.u.su

Ohbstacle blockage

Pitch for

Type ratio per plane obstacle lavers Geometry
One or two layers
- 0 -7
Low Less than 10% of obstacles
Medium Between 10% Two or three lavers
B and 40% of obstacles
Three or more fairly
High Greater than 40% closely spaced

ohstacle lavers
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~—— Baker Strehlow Model

Dunensionless side-on peak overpressure, Ap,
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- - = Multi-energy mode!
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T=25 ¢
P=60 psi ®
Dieak= 25mm e

www.MehdiParvini.com ,
https://t.me/Drmehdiparvini



www.MehdiParvini.com ,
https://t.me/Drmehdiparvini




www.MehdiParvini.com , https://t.me/Drmehdiparvini




Ufﬂ Probit = Vsl

L]
ol S 56 o a5 60l ,8l o yo 40,9l Cands jelaie 4 45T Jolaie slog,
Al oo Probit ol 4y (6 o 5l eolainl 05,5 o )18 s

Probit .« :Y

Y =k, +k,.Ln(V) 75 <ol polis i ky 5k
aol> £g5 4y aunly pxio :V

=.. - l}- . 45 &:A.’lj 2 . 5 T . R I
3yl (S dol> g9i 4 L lade s 0 Vagif e ol Sl eias U

e v e

Wool.n&.‘a’l{:: C
ﬁabj‘wom(_gﬂg&)’:t

www.MehdiParvini.com ,
https://t.me/Drmehdiparvini



Type of injury or damage

Fire'
Burn deaths from flash fire

Burn deaths from pool burning

Explosion’

Decaths from lung hemorrhage

Eardrum ruptures
Deaths from impact
Injuries from impact

Injuries from flying fragments

Structural damage
Gilass breakage

Toxic release?
Ammonia deaths
Carbon monoxide deaths
Chlorine deaths
Ethylene oxide deaths®
Hydrogen chloride deaths
Nitrogen dioxide deaths
Phosgene deaths
Propylene oxide deaths
Sulfur dioxide deaths
Toluene

10,7110
not

[]

R SNSNSNT T

s T
2CT
T
2C'T
YT
zCHT
TC'T
3 CMIT
E CI.DT
2 CHT

~149
-149

=771
=156
—46.1
=391
—-27.1
—238
~18.1

-359
=37.98
—8.29
—6.19
~16.85
-13.79
—19.27
—7.42
—15.67
-6.79

2.56
2.56

6.91
1.93
4.82
4.45
4.26
292
2.79

1.85
3.7
0.92
1.0
2.0
1.4
3.69
051
1.0
0.41

1, = effective time duration (s)

1, = effective radiation intensity (W/m?’)
¢ = time duration of pool burning (s)
1 = radiation intensity from pool burning (W/m?)

p" = peak overpressure (N/m’)
J = impulse (N s/m’)
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“Loss Prevention in Process Industries”, Lees, 2™ Ed, 1996. O

“Hazard Evaluation Procedures, with Worked Examples”, CCPS, 3™ Ed, 2003. 4
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Frequency

2 3

S debs 9 62010 Gal 4 S Oy w0 g, pl yo
dalol 40 0,8 o Blai o b 4T LY 5l goue ol

yekie & gy cpl 50,5 s abbgype Jga g ISCS

.

Consequience ..)9.,.,.: . e .
Number Category Description
I Unacceptable Should be mitigated with high priority by engineering and/or administrative controls to a risk ranking of 111
11 Undesirable Should be mitigated with engineering and/or administrative controls to a risk ranking of III
III Acceptable with controls Should be verified that procedures or controls are in place
v Acceptable as is No mitigation required
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(Risk index) K, 5l

(Social risk) zes Sy,

(Individual risk) (¢3,6 Ss,U
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“Loss Prevention in Process Industries”, Lees, 2™ Ed, 1996. 1

, Molak, 1997.“Fundamentals of Risk Analysis and Risk Management” U

“Guidelines for Risk Based Process Safety”, CCPS, 2007. 1

“QRA Training Course ”, DNV. U
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