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Abstract: This research paper concerns the oil and gas well’s fires and the modern extinguishing process. We will introduce
the fire thermal, chemical, and physical mechanisms on which our quenching mathematical model will be constructed based on
the fire thermal parameters. The new technique involves the whole thermal sphere not only the fire visible core. Then the
solution of the program was enhanced with the help of the international MATLAB program and was based on the available
international fire data. Later the obtained solution shows very interesting results using the economic quenching matter and the
process enhancement in optimum time. Practically we test the technique by building our own system and test it on three type of
hydrocarbon fuels these are: 1- Kerosene, 2- Diesel, and 3- Benzene, the obtained results by adding clay to the sea water were
very encouraging.
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Oxides of nitrogen

. Carbon dioxide

0.Radon the extreme heat and carbon monoxide causes
immediate death. The rest of the list causes chronic
problems over a period of time.

1. Introduction

In general, the fires or flames [1-5, 7-11] will be very
dangerous if gone out of control (Figure 1), and required four
conditions to initiate: 1- Fuel, 2- Air or Oxygen, 3- Ignition
source, and 4- Critical thermal balance. Anywhere you can
find the first two matter but the third one could be not visible,
like electrical short-circuit, friction and static electricity
charge or thermal source, while the condition number four is
also important. Hot gases from nearby Diesel engines were
also competent ignition sources [12]. Also Fire can be simply
ignited by sparks from a non-explosion proof like electric
motor on a portable fan or light switch [2]. Similarly, the Oil
well’s fires as shown on Figure 1, is one of the major
catastrophic disasters facing the oil site and the industries
around the world, while the cause could be either natural,
engineering faults, or due to a sabotage acts. Due to any of
the above reasons the fire will damage our energy sources,
contaminated the universe (Figure 2), and risk the human life
and health, as from the “Desk Study on the Environment in
Iraq” they list the following contaminates [2, 3].

1. Extreme heat

2. Carbon monoxide

3. Unburned hydrocarbons

4. Poly aromatic hydrocarbons (PAHs)
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Figure 1. Huge Oil Well Fire.
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Figure 2. Well s Fire of heavy pollution Products.
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Figure 3. General structure of the oil wells fire.

The petroleum fires were well known since the oil
discovery, causing a lot of damage and suffering for our life
and people specially for the ones who working in or around
the oil area. Then the specialists without deep understanding
to the fire behave they learned how to overcome such fire by
the available technique the water or/and the sand [3]. Later
more studies and investigations led to discover many
techniques to extinguished the small oil fires by a number of
chemical formulas. But for the larger well’s fires the most
popular ones are that: Flame zones separations (Figure 3),
This can be achieved by one of the following technique:
explosion forces, thermal sink, electric forces, well plugging,
or flow diversion.

There are a number of major factors decided the choice of
the fire extinguishing technique [4]. These are:

Fire fuels

Flow Reynolds’s number

Land structure, location and direction
The available technique

Time factor

Wind velocity and direction4

AN

7. Cost

Today the expertise established the major rule for such
disasters, that they need the easy and fast approach to access
the fires zone, so they started by spraying a curtain of water
at the blaze, and then send in the heavy machinery to cut
away any obstructions. Then they removing the fence which
might take half an hour, and removing the burning well head,
after that the metal structure that houses the series of valves
used to control the flow of oil, which might require days.
Ideally, once the obstructions are removed, the oil will shoot
straight up like a geyser. That gives firefighters access to the
flames from all angles, who they also prevent oil from
pooling on the ground near the well head, which might allow
the blaze to spread along the ground. Firefighters attack
flames with high amount of extinguishers like spraying dry
potassium bicarbonate powder (known as Purple K) at a rate
of 200 pounds per second. Then, using steady streams of
water in conjunction with the dry chemical extinguishers,
they put out the flames. If oil has pooled on the ground,
firefighters may spray it with foam that breaks the oil down
at the molecular level. Once the fire is out, firefighters spray
the surrounding area with water, carefully avoiding the still-
flowing oil geyser; they don't want to knock the oil down to
hot spots on the ground and re-ignite the blaze. Once the
surrounding area is cool, firefighters cap the well to shut off
the flow [4].

2. Oil Specifications

Any organic compound composed solely of the elements
hydrogen and carbon [5]. The hydrocarbons differ both in the
total number of carbon and hydrogen atoms in their molecules
and in the proportion of hydrogen to carbon. The hydrocarbons
can be divided into various homologous series. Each member
of such a series shows a definite relationship in its structural
formula to the members preceding and following it, and there
is generally some regularity in changes in physical properties
of successive members of a series. The Alkanes are a
homologous series of saturated aliphatic hydrocarbons such as
CH,;, C,Hy, and C;Hg. Alkanes have the general formula
C,Hyui2 (Where n is an integer greater than or equal to unit.
Generally, hydrocarbons of low molecular weight, e.g.,
methane, ethane, and propane, are gases; those of intermediate
molecular weight, e.g., hexane, Heptane, and octane, are
liquids; and those of high molecular weight, e.g., Eicosane
(CyHy,) and polyethylene, are solids. Paraffin is a mixture of
high-molecular-weight Alkanes; which is sometimes called the
paraffin series. Other homologous series of hydrocarbons
include the Alkenes and the Alkynes.

In the present research we assumed that most of the oil fire
generate the heat from the following exothermic reaction:

C,H,, + X(0.210,40.76N,) Ay yCO, + 2FL,0 +0.76xN, (1)

3. Mathematical Model

Extinguish a well fire of structure shown on Figure 3,
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found a very complicated process due to the reasons
mentioned above. It’s unlikely experience not theoretical
work and if so it will be a model not a real. From most of the
previous studies most of the companies treating the well fire
using heavy ‘muddy’ sea water [6] of high density to quench
the flame in short time thermally blow the off limits. Then
cool down the surrounding and diverting the heat away from
the well region. The present extinguish work based on the
following assumptions:

The oil flow velocity can be estimated from the well-
known mass flow rate relation:

Vol =mol | pol x Aw )

While the fire length can be evaluated from:
fl=Vol/2g ?3)

The maximum heat generation within the oil fire will be at
the maximum flame temperature level as shown on Figure 3.
This level will be just above the reaction zone at which the
cooling process must take place. So the total heat generated
at this level will be:

qf =mf xCpg xATf 4)

While at the ignition temperature the amount of the heat in
the petroleum mixture will be;

qo =mf xCpg xATo )

Theoretically the fire quenching process will be successful
if the following condition achieved:

qf <qo

Experiment the above condition can be achieved by
covering the whole volume of the fire sphere i.e.:

qft/ qot <A 0<A<I1.0 (6)
By another means:
If —Too/To—Tw<A @)
Based on this theory the required amount of mudgy or sea
water for the whole flame sphere of diameter can be
evaluated from:
wd =(qf —qo)*xQ/ Cpw*x(Tm — T ) Q>1.0 (8)

4. Computer Program

The present program was constructed within the MATLAB
one and all the supplied data was from the international
available values as the shown on the flow Figure 4.

Program Name:

Nil Well Fire

mol,Data:.

mol, wp, dw erc

Flow Velocity Equation:

Vol = mol /(dol x 47 % (dw/! 4)*

AndFlame equation:

Other auxiliary equations

Required water Mass:

wdl = ((¢gft = gor)x =) » (L)) (m=1n)
cpw

AndExtinguishtime required:

Results & Drawing

End

Figure 4. Computer flow chart.

The basic data used to test the program were:

mol=0:20:500 Oil mass flow rate Kg/s
wp=40 Water flow rate Kg/s
dw=0.2 Oil well diameter m
dol=951.6 Crude oil density Kg/m’
z=1.2 Fire extinguish safety factor
ti=298.15 Ambient temperature °K
to=0.5 x (tf+ti) Ignition temperature °K
1=1950.15 Flame temperature °K

vis=1390 x 107
Cpol=2.85x 10°
Cpw=4.1865 x 9.539 x 102

Oil viscosity Kg/m s
Oil Specific Heat J/Kg °K
Water specific heat cal/Kg °K

5. Results and Discussion

The obtained results from the present program are shown
on Figures 5 to 9. The first Figure 5, appears the relation
between the oil flow rate and its vertical velocity for the
same oil well diameter which we chose 0.2 m. While the
second Figure 6, introduces the results of the heat
accumulation within the flame sphere at the flame and
ignition temperatures. Further on the third Figure 7, the
results of the required sea water flow rate to cool and
extinguish such fire is shown. More of the present results are
appeared on Figure 8, where the three dimension parameters
introduce these are: the oil flow rate, the flow Reynolds’s
number and the required sea water flow rate. Last Figure 9,
shows the relation between the oil flow rate and the time
required to extinguish the fire.
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Figure 6. Oil flow rate vs heat of accumulation.
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Figure 7. Oil flow rate vs. water flow rate.
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Figure 8. Relation between oil flow, flow Reynolds number vs. required water. flow rate 'dw=0.2 m, Tf=1950.15 K.
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Figure 9. Oil flow rate & fire extinguish time.

Practically the present system shown on Figure 10, used to  results based on the following measurement conditions:
investigate the distinguish process on three hydrocarbon fuels Fuel sample 2.5%107 liter Water plus 10% or 20% clay
these are: Gasoline, Diesel, and Kerosene [7]. The obtained = powder Fire pool ¢p50h50 mm
experiment results are shown on Figures 11 to 13. Those

Fire
Water Jet

Thermal Sensor

Figure 10. Fire extinguish test system.

From Figure 11, it’s clear that increasing the water flow  Figure 13, shows the relation between various percentage of
rate will reduce the extinguishing time. While On Figure 12,  used clay [8, 11] in the sea water with the fire extinguish time
the relation between the volumetric fuel burning velocity  for the three type of fuels and it’s clear that more clay
ml/sec and used clay percentage in water appear and its clear  reduces the extinguish time and for all type of fuels.
more clay required for higher burning flow rate. More on
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o
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Water extinguish flow rate l/sec

Figure 11. Comparison between the required clay percentage in water required to extinguish the fire in optimum time for various hydrocarbon fuels.
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Figure 12. Required water flow rate required to extinguish the flame of various hydrocarbon fuels.
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Figure 13. Comparison between various percentage of water-clay with the fire extinguish time for various hydrocarbon fuels.

More for efficient fire extinguish adding clay to the sea water
will be more effective since it will increase the mixture
viscosity by about 400 cp rather than 8.90x107 ¢p for water
alone, and the clay ions will be able to capture the fire
electrons as explain on Figure 14, [13]. Also the wind effect
on the fire axis must be taken in account because it will
divert the fire sphere as shown on Figure 15, [14, 15].

6. Conclusions

From the present research one can be achieved the
following important conclusion:

Fire
lons & Water-Clay
Electrons
Jet
lons &
Electrons

Wind
Effects

Figure 14. The physical effect of the clay particles on the fires ions and
electrons.

The amount of the required sea water depended strongly
on the fire condition and can be estimated based on the oil Figure 15. The fire diversion due to the wind velocity.
flow rate, and extinguish any of those fires are requiring to
cool the whole flame sphere surrounding the fire which can
be calculated from the flame length as a sphere diameter.
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Nomenclature
Symboles  Définition Unit
Aw Well Cross-section area m?
Cpg Oil specific heat J/Kg. K°
Cpw Muddy water specific heat J/Kg. K°
S Flame length or Diameter m
g Gravity constant m/s?
mol Oil mass flow rate Kg/s
af Heat accumulated at Tf J
qo Heat accumulated at T J
Tm Mean Flame — Ignition K
temperature
If Flame temperature K
To Ignition temperature K
T Ambient temperature K
Vol Oil flow velocity m/s
Wd Required water for extinguish the Kg
fire
ATf Tf-TO K
ATo To- TO K
pol il density Kg/m?
A Safety factor
Q Extinguish safety factor-
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