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Introduction 
Asphaltene are components found in crude oil and defined 

as insoluble in n-alkanes and soluble in benzene and toluene 
[1]. According to their chemical structure, they are enriched in 
rings groups and they additional to carbon and hydrogen contain 
sulfur, oxygen, nitrogen atoms. Asphaltene is an undesirable and 
destructive product of petroleum production because of many 
problems related to its deposition. The tendency of Asphaltene to 
aggregate and precipitate onto surfaces depends on changing at 
reservoir conditions such as the oil composition, reservoir pressure 
and ambient temperature [2-4] and its deposition can cause 
obstructions in flow within the production systems, reducing of the 
hydrocarbon effective mobility ( ⁄ ) by 

a)	 pore throat blockage 

b)	 And absorbing on to the rock and altering wet ability of 
formation 

c)	 increasing the reservoir fluid viscosity and also can 
have effect on the petro physical properties of porosity and 
permeability [5-8] during several processes mainly drilling 
,coring , well completion , production , work over and injection 
of water or chemical for enhanced recovery [9-14].

Deposition of Asphaltene could happen anywhere in the  
production system, however the most damaging zone is in  

 
the vicinity of well-bore, and also the most dominant damage 
mechanism is blockage of effective pore bodies, in order to 
determine the degree of permeability reduction, prediction the 
onset of Asphaltene precipitation is necessary. Several authors have 
studied different models for Asphaltene deposition in core tests. Ali 
and Islam [15] injected crude oils with 3 wt.% of Asphaltene content 
into carbonate cores at four different rates 0.5,1,2 and 3 ⁄ and 
calculated the permeability reduction by measuring the pressure 
drops across the core. Kamath et al. [8] investigated the effect of 
Asphaltene deposition on water flooding for both consolidated and 
unconsolidated sand packs. The cores which they used had porosity 
of 27.86 to 32.67% and permeability of 236 to 2380 md.

They presented that Asphaltene deposition has effect on 
reservoir rock permeability. Garrouch and Al-Ruhaimani [16] 
proposed a model to evaluate the variation of permeability due 
to Asphaltene deposition for homogenous and heterogeneous 
formations. Civan et al. [17] derived the equation of reduced 
permeability as a function of porosity and after that Liu and Civan 
[18] and Chang and Civan [19] modified the reduced permeability 
as a function of porosity by using the permeability modification 
coefficient. In this work, the impact of Asphaltene precipitation 
on pressure drop and initial permeability around a well-bore 
is investigated. As shown in Figure 1, it is attempted to find a 
relationship between the Asphaltene precipitation and the gas 
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coning under different flow rates. Yet, due to lack of knowledge 
about the Asphaltene properties and their complex chemical 
structures we are unable to achieve a clear picture of the nature 

of Asphaltene. Therefore, developing analytical and experimental 
methods for further understanding, preventing and monitoring 
formation damage in oil reservoirs is necessary.

Figure 1: Procedure of numerical solution for the mathematical model.

Asphaltene Deposition Theory and Problems Statement
Problems rising during the oil production could dramatically 

increase the production costs. Among these, Asphaltene deposition 
in reservoirs and the production facilities is the predominant 
problem. Typically, at initial reservoir condition Asphaltene 
exist in crude oils are stabilized by associated resin molecules 
[20,21] but during production of a well where the pressure starts 
simultaneously declining below the onset of Asphaltene aggregation 
at which Asphaltene starts to precipitate. Referring to Figure 2, 
the destabilized Asphaltene cause plugging of the formation and 
production surface facilities thus reducing the rock permeability 
and porosity and diffusivity reduction in this damaged region. A 
schematic of the deterioration of pressure at different production 
times (t5> t4> t3> t2> t1) in the vicinity of well-bore afflicted by 
Asphaltene deposition is shown in Figure 3. When the pressure falls 
near the wellbore, it may result in Asphaltene precipitation then 
increases in skin and, consequently greater pressure drop; this 
would result in the reduction of oil flow rates. Therefore to make 
further advancements in understanding Asphaltene impairment 
as a cause of pressure decline Darcy’s equation is used to calculate 
damaged pressure drop:
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The skin factor, which reduces the capacity of the production, 
is defined as additional resistance to flow and it is denoted by the 
symbol S and defined as follows:
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Once the additional pressure drop due to skin is calculated by 
Eq. (4) and the skin factor can be estimated by Eq. (5). The positive 
skin indicates that the effective permeability around well-bore 
has been reduced. Outer radius of the altered zone and Bo is oil 
formation volume factor.

Figure 2: Well production with asphaltene deposition.
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Figure 3: Reservoir rock pressure profile at different 
production times.

Coning Phenomenon
The concept of gas coning has been one of the major concerns 

of reservoir engineers as it significantly reduces oil production, 
increases the cost of production operations, reduces the efficiency 
of the depletion mechanism and leads to early well shut down. 
Generally, there is a balance between the gravitational forces, due 
to fluid density differences, and the viscous forces, related to the 
pressure drawdown which causes fluids to flow in the reservoir 
at any point on and away from the completion interval. When the 
viscous forces exceed that of the gravitational forces the gas cone 
forms around. Thus gas is produced along with the oil as shown in 
Figure 4. When the gas reaches the production well, the pressure 
drawdown near the well-bore causes the gas which is the more 
mobile phase to produce faster than oil, thereby gas flow becomes 
more dominant than the oil flow. As mentioned previously, skin 
accelerates the gas coning because there is a direct link between 
the production rate of a well and both the pressure drawdown and 
the reservoir permeability. As a result, gas coning is easier to occur 
in a low permeability reservoirs. Pressure losses at different flow 
regimes may be described by various equations, basically known 
as Darcy flow equation, Pre-Darcy flow equation and Non-Darcy or 
turbulent flow equation.

Figure 4: Cross-section view of gas coning in a vertical 
well.
The simplest model of pressure drop for incompressible 

Newtonian liquid is obtained from Darcy’s law as shown below:

                                       P Q∆ = Α                                                     (6)

Where Q is reservoir flow rate and parameter A expresses the 
linear proportionality between the rate and pressure drop, which 
itself is governed by:
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Where PI is the well productivity index, re is well-bore drainage 
radius, S is skin factor. However, near the well-bore when the velocity 
is high especially with gas production, the turbulent flow may occur 
and Darcy’s law is replaced by a non-linear Forchheimer’s equation 
which is described as:

                                      2P Q+BQ∆ = Α                                             (8)

Parameter B represents the non- linear relationship between 
the rate and pressure drop and is calculated as follows:
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Where ρo the oil density and β is the flow resistance, often called 
the velocity coefficient or turbulence factor, Firozabad and Katz 
[22] found that the inertial coefficient β decreased with increasing 
permeability and porosity accordingly to the following expression:
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Where ∅ and K represent the porosity and permeability of 
formation, respectively. Both A and B are constants that depend on 
flow geometry and the physical properties of rock and fluids. Birks 
[23] later defined gas coning heights for high flow rates at which 
the pressure drop around the well-bore increases dramatically and 
a turbulence pressure drop is developed as:
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Go and Gg are the respective oil and gas gradients, respectively.

Results and Discussion
We have previously proved that the gas coning height thus the 

decline in production rate is linked to formation damage due to 
Asphaltene deposition. The mathematical model was carried out to 
estimate the gas coning height was based on a couple of publications 
developed by Leontarakis [24] and Wang and Civan [25].

Effect of Pressure Drop
Assuming that the flow rate is kept constant and the bottom hole 

flowing pressure decreases below the Asphaltene onset pressure, 
but reservoir pressure is more than the onset of Asphaltene 
pressure. By using the Eq. (8) the pressure drop is calculated then 
the amount of the gas coning height can be obtained from Eq. 
(11) by using Eq. (8) that is evident in Figure 5. The profiles are 
evaluated for production time 48, 96, 192, 348 and 1000 hours 
at constant production rate. The results show that at the well-
bore the gas coning height is significantly increases because the 
formation damage caused by Asphaltene deposition over time is 
severe near the well-bore but in the region r>18ft as long as the 
flow rate remains constant porosity, permeability, and pressure 
profiles remain unchanged with time then gas-oil contact (GOC) 
advancement is kept constant.
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Figure 5: Gas coning height profile at different production 
times

Effect Of Production Rate Decline

Figure 6: Gas coning height profile at different production 
times.

In this paper is assumed that the production rate declines 
rapidly from about 4000 to 100 Bbl/day because of Asphaltene 
deposition. The gas coning height as function of movable gas-oil 
contact is illustrated in Figure 6 with the Eq. (11) for production 
times 100, 200, 400, 600and 1000 days to study the effect of 
different flow rate on gas coning. as mention before, when pressure 
in the whole reservoir decreases then GOC advances due to the 
compressibility of gas reservoir but more Asphaltene deposition 
leads to the additional pressure drop and eventually increased 
tendency to gas coning in the near well-bore region unless as 
seen in the Figure 6 the production rate of the well is decreased 
to extravagantly low values, then gas coning height will reduce but 
this is not favor of reservoir engineers.

Conclusion
According to this analysis the following conclusions can be 

drawn:

Formation damage is not completely understood or predictable 
and it is not necessarily reversible. Therefore, it is better to 
prevent and or control damage than restore the rock permeability. 
Formation damage due to Asphaltene can occur during primary, 
secondary and tertiary production and lead to reduce available 
pore diameter for oil flow, increases Pressure drop around the well-
bore, excesses coning phenomena, decreases well performance and 
consequently leads to early shut down of the wells. Results from 
the evaluation indicate that formation damage takes place at the 
wellbore and deep part of the reservoir is not affected and also 
there is a higher chance that gas coning takes place in the vicinity 
of the well-bore than that in the rest of the reservoir. Gas coning 
depends sharply on flow rate; hence any change in flow rate affects 
the gas coning height. Therefore, Analysis of the data from the high 
rate and subsequent low rate production periods indicated that 
with the decreasing in the production rate, the gas coning height 
is significantly reduced but for economic reasons, the desired 
production rate is often greater than the critical rate.

Nomenclature

a)	 PI Well productivity index, cm3/ sec /atm

b)	 Linear proportionality between the rate and pressure 
drop, atm / cm3/ sec

c)	 Non-linear relationship between the rate and pressure 
drop, atm / (cm3/sec)2

d)	 Q Flow rate, cm3/ sec

e)	 P Pressure, atm

f)	 Pw Bottom-hole pressure, atm

g)	 𝜇 Viscosity, cp

h)	 K Permeability, md

i)	 Kin Initial permeability, md

j)	 ks Damaged permeability, md

k)	 h Net thickness of the formation, cm

l)	 hg Gas coning height, cm

m)	 rw Well-bore radius, cm

n)	 rs Outer radius of the altered zone, cm

o)	 re Well-bore drainage radius, cm

p)	 S Skin factor

q)	 B0 Oil formation volume factor

r)	 ρo Oil density, g /cm3

s)	 ∅ Porosity of the formation, fraction
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t)	 β Flow resistance, 1/cm

u)	 GO Oil gradient, atm/cm

v)	 Gg Gas gradient, atm/cm

Subscripts
o = oil g= gas
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