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Abstract

During accident process equipment, storage area and associated accessories can release hazardous material very quickly and
insignificant quantity to spread out in dangerous cloud throughout the plant site and local communities. Areal location of
Hazardous Atmosphere (ALOHA) is a software design specially in responding to hazardous material releases. Aloha models
assess key hazards such as toxicity, flammability, thermal radiation and explosion over pressure related to chemical releases in
the event of either fire or explosion. This paper covers actual damage distances due to flammable liquids and gases of oil refinery
stored in finished product section in different pressure vessels. Catastrophic rupture of the individual product has been described
in imaging worst scenario and damage distances for heat loads has been calculated. The output of ALOHA Tool provide the worst
case scenario consequences results on plant and nearby local community and summarizes the useful fact for onsite emergency
plan of oil refinery.
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1. INTRODUCTION
A few examples are rapture of process vessel by runway Conemmirotins Ars tha Sgms oe wn Tares fuclsces
reaction, rupture of pipeline containing hazardous material
at high pressure and rupture of tank containing hazardous .'
material stored above its boiling point. Toxic release and o
dispersion model are an important part of consequence
modeling and three steps in consequence assessment are Pt theves Buwnwing and BT
observed essential as given below: by winlag i Fresh d
1. Identifying the release incident —
2. Developing the source model to describe how material
is release and the rate of release. Figure 1.2 Puff formed by near instantaneous release of
3. Estimating the downwind concentration of the material.
hazardous material for the impact assessment on
hazardous characteristics such as flammability, toxicity 2 HAZARDS EVALUATION MODEL
and reactivity Areal location of Hazardous Atmosphere (ALOHA) is a
software design specially in responding to hazardous
TN material releases. Aloha models assess key hazards such as
toxicity, flammability, thermal radiation and explosion over
"‘-\ pressure related to chemical releases in the event of either
\ fire or explosion. Aloha chemical library content
information on physical and chemical properties of
AN /"‘ approximately 1000 common hazardous chemicals. Its
= computation represents a balance between accuracy and
speed.
2.1 INPUT DATA FOR ALOHA MODEL
Figure 1.1 Characteristic plume formed by a continuous 2.1.1 Describe the location and time o
release of material The following steps are needed to incorporate for describing

time and place of the scenario:
1. Start aloha
2. Select location from the site menu data
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3. If the plant is single stories surrounding mostly by open

. . . - Tarkc Sae ase Orientation
fields then select single stories building and unsheathes
surrounding as shown in figure. S e -
4. Select date and time from the site data menu as shown ok PRES)
in figure below: P~ { \
. . i Pt
2.1.2 Hazardous Material Information: () \ Wil
. . . v/ - ) —
As we built the scenario we need to specify the hazardous ~ - P

material that is being release. The simple steps for the = Etor o of W vl
selection of chemical is shown in figure 2.1 dametes [ Clet & mewns

volume 4,188,799 & liters  C cumeters

Akmospheric g o ] Cancel | Help

Source k
M ALOHA 543 - [Tt Sumenary]
Calculation Options. ., B Fila Edit  SiteData - Settp Display Sharing - Helg
| Chermicat State and Tempersture
Chemical Infermation
Py — Enter state of the chemical: Help
-
View: e Lhemicals & Tank contalns liquid
® Sl " Tank contains gas anly
CARBON TETRAFLUORIDE - k; ~ Unknown
CARBONYL FLUORIDE Cancel
CARBONYL SULFIDE
CHLORAMIME ) |
CHLORINE Add Enter the temperature within the tank:
CHLORINE DIOXIDE Q il
CHLORINE PENTAFLUORIDE & Chemical stored at ambient temperature
CHLORINE TRIFLUQRIDE Modity
CHLOROACETONE ¢ Chemical stored at |4 degrees CF ¢
CHLOROACETOMNITRILE Del
CHLOROACETYL CHLORIDE elete |
CHLOROBENZENE
P-CHLOROBENZOTRIFLUORIDE ki
Help SERTS—
Q 0K I Cancel

Figure 2.1 Menu bar for site data and Chemical =
ALOHA S A - [Tt Swrmenan|

Information. 23 0be Tt Snobets Suthy Dippley Sharirg Holp

SITE DATA:
Location: SORL, BING, N.F, INDIR, IMOIG
Duilding &ir fxchanges Per Hour: 804 (swmhieltered single storied)
Time: Augest B, 2015  223% hours DST (wser specified)

2.1.3 Describe weather information:

RS
We need to enter the weather information in aloha for e Sl PO
accuracy in assessment. The following information one has The moss In the task Is;  SIL) * teno[2.000 Bs)
to provide for weather consideration € Miograms
H OH
1' Wlnd speEd Enter liguid level OR velume = Hons
2. The exact ground roughness the measure of unevenness —~— -] Theliquid i ot
M N .. R wvolume is: [4.0971. 781 Cubic feet
of the terrain over which hazardous material is passing. . — & fhtars
3. Cloud cover: select cloud cover, partial cloudy or clear | | 6} cuhie maless
as.dlalog box. ) . . . ) { P77 5l by vetame
4. Air Temperature: specify the air temperature in the air S -
temperature block. o | Cancel Help
5. Based on above information on wind speed, cloud cover

and Humidity aloha automatically select atmospheric
stability class used in dispersion modeling.

2.1.4 Describing the release :

We need to set the source for specific scenario and the
important information need to provide are given below:

1. If source is observed in storage tank a tank size and
orientation dialogue box appears.

2. If hazardous material stored in horizontal tank or in a
vertical tank or in a sphere the dimension need to provide in
aloha as shown in figure 2.2
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W ALOHAS £ [Ten Summaery]
9 Fie Edn SeeDae Setip  Daptey  Shenmy et
SITE DATA:

Location: HOHL , BINA, WP, TMOIA, INDEA

Bullding Alr Exchanges Per Mowr: 088 (unsheltered <imgle storiea)
Tirw: Augusl B, Z@1% 2000 howes 05T (uner wpecified)

Type of Vark Famure

Boenatio:
Tank containing & presswrizod lammabio Bquid,

Type of Tank Fallure:

7 Leaking tank. chemical |3 burming as a jet bre

Trom tank:

Downwind toxic aMocts

Vopur cluad Nash lire

# Leaking tank, chemical is 0ot hamming as it eocagos inte the stmasphor

T OLEVT, tank sxplades and chnmical humes in s Brehall

Potentinl hazarde fram Hammuble chemical which iz nal Burning ss it lesks

Overprencurn fhlast borce] om vapar cosd sxplasien

HITL DATAZ

ox | Cancel | alp
ﬂ" ALOHA 543 - [Text Summary]
2 File  Edit  SiteData  Setlp  Display  Sharing  Help

Location: BORL, BIMA, M.P, IHDIA, IHDIA
Building Air Exchanges Peyr Hour: B8.84 {(unsheltered =sing
Time: August #, 2015 2338 hours DET (user cpecified)

FEP

[Ares and Type of Leak
Heleot the shape that best represents the shape of
the apening through which the pollutant ia exiting
i . = Tangth £
R
& Circular opening ©° Rectangular opening
 inches
Ii L (15
Opening diameter: 152.4 _
* contimoters
 muoters
I leak theaugh a hole or shor pipepalee?
= Hole ©° Hhort pipefvalve
TP T T P T i T P A T T X T P I I e T

#® ALOHA 543 - [Tt Summery]
Sl Fle Edit Stelate Setllp Display Sharing  Help
SITE D&TR:

Lecation: BORL, BIMA, W.P, IHDIA, TMDIA

Building Adr Exchanges Per Bour: B.8% (wnsheltered simgle storied)
Time: August 8, 25 2338 hours DST (user specified)

Height uf the Tank Opening
_AligJevel- d The bottam of the leak is:
r ™,
_".—','I. N |]5| Cim CH Cem #m
|:. | above the bottom of the tank

OR

o

e | |30 % of the way o the fop of

the tank

Help

Figure 2.2 Input information on sources strength of butane

gas.

3. Hazardous chemical state and stored temperature need to

provide in tank content liquid option.

4. The volume of the chemical need to specify in liquid

5. The area and type of leak need to provide in Aloha as

shown in figure 2.2

6. The liquid level play an important role during release of
hazardous material and shall be provide in height of the

tank opening dialog box

2.2 OUTPUT DATA OF THE ALOHA MODEL

2.2.1 Display menu: The display menu will provide the
information on source strength for the particular scenario as
shown in figure 2.3

L BRI e

pEdnnle
E= IR
1|
m |

L |

i

I n 1 X ]
ORIES

Figure 2.3 Menu bar for Source Strength (Release Rate)

2.2.2 Text summary: The text summary provides the text
information on site data, chemical data, atmospheric data
and source strength on a single click. The information use to
estimate the threat zone of the plant site and local
communities

SIIE BATes
Locat ien: STOEK FALLS, SOUTH DMOTA
Buitaing niv Exansnges Por Wours #0430 (unsheltered singls steriea)
Thwe: Jone 2%, 200 1430 heurs GOT (user specisisg)

CREICAL DAYS:
Clhvmlcal Mo : W ORIM Mdscular Wight: 78,91 §imel
PECA-1(68 alni: 0.5 ppe  NECL-2(60 mim): 2 ppon  AECL-3(60 win): 20 ppn
[OLN: 1D pane
Carclmgenic rivk - sew CAED
Ankient Boklieg Palnt: -31,2° F
Vapor Prossure ot Arelent Tesperatere! greater Than 1 Jta
Ankiont Saturatlies Cencentratios: 1,800,000 pon or 102,02

ATROIPFNERIC JATA: (WAL IHFOT OF DATA)
Wind: 5 miles/Maw fres 5 at 10 mters

Groand Noughmess. opew tauntry Clead Cover: 3 Lwaths
Air Tergurature: 22° F Stebility Claws: ¥
Mo Teuersion Beipgnt Relative Maniding: Sox

SOURIE STREMITH:
Lush From shert pipe o walwe §n avicental oplingrical tam
Mo flesmedle chenical is wscaping frem ¢

Tasn Dianeter: 2.5 feet Task Lonytn: &.% fest

Tush Uelume. 250 guliens

Task conteiny ligetd tnternal Tenperasture: 727 f
Chemioal Mass in Fank: 1 tons Task s 463 Full

Circuler pening Jiemete-: 0.5 Snches
Gpening 1s 4.2% [set froa tank Rottam
Aplease Duration: 33 wintes
ar Average Setained Nelvese Rate: VU7 poands/min
(averaged suer A mnuts o Bere)
TOEAl Senint Relrased: K27 paunds
ote: The chemicel wacaped ax & nixturs of gas and sevoszl (twm phese flow)

Figure 2.4 Menu bar for Text Summary

2.2.3 Checking the Calculation and display Options
settings

1. Select the calculation options from the calculation options
as from setup menu.

2.Select the display option from the display menu and
choose threat zone from display menu. Provide acute
exposure guideline level (AEGL) for toxic level 1, level 2
and level 3 in toxic level of concern dialog box as shown in
figure
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Display

Threat Zone. .. Ctrl+F

[hreat &t Point., Erl+R

Text Summary Crl+K
Source Strength  Ctr+G

Tile Windows
Stack Windows

Display Options... Ckri+Y

Toxic Lewel of Cancern

Select Toxic Level of Concern:

Red Threat Zone

Loc: ILl

Orange Threat Zone
LOC: |AEGL-2(E0 min): 2ppm =)

Yellow Threat Zone
Loc: |AEGL-1(50 min): 0.5 ppm =

Show canfidence lines:

* anly for longest threat zone
" Aor each threal zone

0K I Cancel | Help

Figure 2.5 Menu bar for Display & Toxic Level of Concern.

3. In the show confidence line check only for the longest
threat zone option and obtain toxic threat zone as shown in
figure 2.6.

M Toxic Threat Zone

wiles

18
~L U -

™
o
'
-
™

mile=
= Z0 ppm = ANGL-360 xinm)
#= I ppm = KEGL-Z|60 min)
>= 0.8 pEpm = AECL-10(50 nim)
Confidence Line=

| OC1

Figure 2.6 Menu bar for Toxic Threat Zone.

4. The red AEGL 3 threat zone observed greatest exposure
level and the orange AEGL threat zone predicted medium
exposure level. The yellow AEGL threat zone predicted low
exposure level of the hazardous material.

2.2.4.Determine the threat levels at specific location :

The ALOHA software is useful to determine the hazardous
material concentration at any location in local community
form the source of release. The following steps need to

incorporate in software.

1. Choose threat at point form the display menu.

2. Click relative coordinates to indicate the specific location
in teams of its downwind and cross wind distance from the
release point.

3.ALOHA then display the graph of predicted concentration
at specific location during the hour after the release begin as
shown in figure 2.7

1 Conceniration 4f Poiat £ Eﬁ

6w

L2 S ST

TR LR s

terdaz Gecewzeim
Tndiec Coscersianien

LR S Doswmind U100 yords 004 Desmeslion § pucds

Figure 2.7 Menu bar for Concentration of Point

3. WORST SCENARIO DESCRIPTION

This section covers actual damage distances due to
flammable liquids and gases of oil refinery stored in finished
product section in different pressure vessels. Catastrophic
rupture of the individual product has been described in
imaging worst scenario and damage distances for heat loads
has been calculated. The damage distances for heat load are
divided into following four categories threat zone based on
ALOHA software output.
1. Flammable gas dispersion LEL & UEL distances.
2. Radiation distances due to jet fire.
3. Radiation distances due to pool fire.
4. Blast wave pressure impact on plant and local
community.
3.1 A storage tank containing naphtha having dimensions as
40meter in diameter and 14meter in height has been undergo
a serious damage due to excessive pressure build up with in
the tank. A rectangular rupture of dimensions 1.5 x 5.5 m2
at a height of 2meter from the ground level was observed
due to malfunction of breather valve. The details on the
input and output in ALOHA software performance and
results has been summarized in section-4.
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M ALOHA 543
File Edit SiteData  SetUp Display  Shaging  Help

| . -
') [al Thermal Radiation Threat Zone o[-0 e |
kilometers |
f 1
/’d_ _\N-‘\
1 / ™.
0.8 / . \\ =
0.4 \\ / i
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Yy 0.5 0 0.5 1 1.8 %
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[ ] greater than 5.0 MW/ (eq w) (Snd degres burms within 60 wea)
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I
i

. —— -
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ne,m
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100, 903

0,0

nirctes

Figure 3.1 Thermal radiation threat zone & burning rate of
naphtha tank as ALOHA tool output.

3.2 A sphere containing Liquid Petroleum Gas (Butane)
having dimensions as 20 meters in diameter has been
undergo a serious leakage due to malfunction of drain valve
at height of 15 meter above the bottom of the tank. A
considerable amount of butane starts leaking from a circular
opening of size 152.4 cm. diameters. A huge flammable
vapor cloud of butane has been observed at storage area.
The consequences parameter such as thermal radiation threat
zone, pressure wave generation and vapor cloud area has
been calculated with the help of ALOHA software.

| 4t e Ous etp Cwpley Smg ey

kilometers
9
) /Z;Q
0 — }
2 )
N—

Pl

4 2 0 2 4 6 8 10
kilometers

D greater than 16000 ppm (LEL)

[ greater than 9600 ppm (60% LEL = Flame Pockets)
[} greater than 1600 ppm (10% LEL)

w—— Confidence Lines

Figure 3.2 Flammable threat zones of LPG sphere.

|
0 2 4 € 8 10 12
ki1loneters
greater than B.0 pal
than 3.5 pal
than 1.0 psi
Confldence Linas

(destruction of bulldings)

Graster (aerioua injury fikely)

greater (ahatters glass)

Figure 3.3 Over pressure threat zones of LPG sphere

3.3 A underground horizontal Cylindrical Tank containing
propane having dimension 7x81 m2 observed a leak from
hole at 3.0 meter from the bottom of tank. The detail on
consequences and impact of hazard has been calculated with
the help of ALHOA software. The leakage size in the form
of rectangular opening 152 x 12.7 cm2 and propane gas
escape in the form of jet fire from the leak.

o Py = :
lloseters
e =
J/ = A\
0.5 :‘.
ki / WA ‘
o = 1
]T l‘ ‘\
'|_ ’:' J
» 0.5 4 -
" " '/jv
| o] =¥
1 0.5 0 0.% | 1.5 2
Elloseters

Greater than 10.0 N/ {mg m| [potextialiy iethal within 6
greates than 2.0 KW (ag =) (Ind degres burny witkin 4D »
D greater than 2,0 K/ (sg =) (pain within 60 seo)

Figure 3.4 Tile windows for burning rate, thermal radiation zones and thermal radiation at specific location.
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Figure 3.5 The radiation threat zone of propane BLEVE.

3.4 A vertical cylindrical tank having 4.2 meter diameter
and 8.6 meter in height containing Kerosene KR flammable
liquid get rupture with a rectangular opening having
dimension 6x243 cm?. The location of leak is observed 2
meter from the bottom of the tank. Tank containing
unpressurized liquid and it burn and forms pool fire at the
storage area. The detail on thermal radiation concern and
zones are performed by ALOHA software.
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4. RESULT SUMMARY

This section covers the worst case scenario consequences
results on plant and nearby local community and
summarizes the useful fact for onsite emergency plan of oil
refinery. The details on the same are given in Table no.4.1
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Table 4.1 Result Summary of Hazard Evaluation

Leak size Leak Threat Zone
Hazardous Location T f Red Orange | Yellow
Scenario Material form the _3|/_pe ° Threat Modeled
ank
Involved bottom of
the tank
Unpressurized Naphtha 152x548 6 meter Vertical Flammability of | 475 meter 625 970
flammable 17593 m* cm? Cylindrical pool fire meter meter
liquid leaking | (Petroleum) | Rectangular tank
from the tank
Pressurized Butane 152.4 cm 15 meter Sphere Thermal radiation 2.3km 2.8 5.5
liquefied 4188 m* Circular of jet fire km km.
petroleum gas
Pressurized Butane 152.4 cm 15 meter Sphere Vapour cloud 2.3 km 2.8 55
liquefied 4188 m* Circular explosion km km.
petroleum gas | 4188790 It. overpressure by
detonation
Pressurized Propane 152x12.7 3 meter Horizontal Flammability 1.4 km. 2.0 3.1
liquefied 3117245 1t cm? cylindrical km. km.
petroleum gas Rectangular tank
Pressurized Propane 152x12.7 3 meter Horizontal | BLEVE thermal 1.4 km. 2.0 3.1
liquefied 3117245 It. cm? cylindrical radiation km. km.
petroleum gas Rectangular tank
Unpressurized | Kerosene 243x6 cm” 2 meter Vertical Flammability of | 106 meter 117 142
flammable KR Rectangular Cylindrical pool fire meter meter
liquid leaking tank
from the tank

5. CONCLUSIONS

We provide the hazard associated with the hazardous
material inventories at the storage area of oil refineries. The
hazard evaluation done by the computerize tool ALOHA for
easy, fast and accurate calculation of heat load distances in
the worst scenarios. The worst case scenario are define
based on J.M.Tseng et al. (2012) and prepare the suitable
configuration of the release of flammable material from the
source. The atmospheric condition and stability classes are
taken based on pasquill Gifford dispersion model of
hazardous substances in to the atmosphere. The threat zones
flammability concern of hazardous substances are based
pool and jet fire occurrences in the storage area however the
over pressure blast force zones of concern are calculated
based on vapour cloud explosion by the detonation at the
site of storage. The ALOHA simulation graph of heat flux
and over pressure concern are prepared with consideration
of wind speed, atmospheric stability level and relative
humidity for actual dispersion of hazardous substance.
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