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ABSTRACT 

Production and processing of petroleum can be significantly affected by 

flocculation, deposition, and plugging of asphaltenes, asphalts, bitumens, resins, 

diamondoids, and paraffin/wax inside transfer conduits, and refinery components. 

The economic implications of such heavy organics depositions are tremendous. 

One question of interest in the oil industry is "when" and "how much" heavy 
organics will flocculate out under certain conditions. Since a petroleum fluid 

generally consists of a mixture of hydrocarbons and heavy organics it may be 

necessary to look at this problem from a more fundamental point of view than it 
has been the practice in the past. 

In this paper the cause and effect mechanisms of such depositions are presented 

and the mathematical models for preventive measures in various cases of 
petroleum production, transportation, and processing are introduced. 
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ASPHALTENE, RESIN, AND WAX DEPOSITION FROM PETROLEUM FLUIDS: 

MECHANISMS AND MODELING 

INTRODUCTION 

Petroleum crude consists of a mixture of compounds which are usually characterized by the differences in their 
boiling points. Upon fractional distillation, they can be separated into a variety of commercially known fractions 
which start with the lighter fractions known as naphthas followed by gasoline, kerosene, and gas oils, and ending 
with residuum. The majority of the compounds present in these petroleum fractions consist of various families of 
hydrocarbons. However, also present in oil are, other compounds, mostly of higher molecular weights, including 
resins and asphaltenes, which end up in the residuum upon fractionation of the crude oil. High molecular weight 
hydrocarbons, known as wax, are also observed in the residuum of various petroleum crudes. 

It is widely known that heavy organics, which are concentrated in the heavy fraction (residuum) of crudes, are 
the most troublesome compounds for processing. One problem in this case is the possibility of untimely 
precipitation of heavy organics during the production, transportation, and refining/processing of crude oil. Many 
attempts are underway to upgrade the technology for dealing with the heavy organics present in crude oils and to 
determine the role of these compounds during petroleum processing. 

The need to understand the nature of heavy organics (asphaltenes, asphalts, bitumens, resins, diamondoids, and 
wax) present in petroleum and petroleum-derived fluids and their role in production, transportation, and processing 
of petroleum is well recognized around the world, because of the extensive economic damage which they may 
cause due to untimely precipitation in transfer lines and porous media, and in processing equipment [l-4).

It appears certain that the trend in the oil industry, worldwide, involves the exploration, drilling, production and 
processing of lower quality crude containing more of the heavy organics and will continue to do so. 

In this paper we introduce the mechanisms which are responsible for heavy organics separation in the form of a 
solid (and/or aggregate) phase from petroleum fluids due to various factors of temperature, pressure, composition, 
and flow variations. Then, using the principles of statistical mechanics, molecular theory of transport processes, 
macromolecular theory of polydisperse polymers and colloidal solutions, kinetics of aggregation and fractal 
growth, electrokinetic transport phenomena, and phase behavior of multicomponent mixtures, we present a 
comprehensive model that can predict the deposition of heavy organics from petroleum fluids. 

MECHANISMS OF DEPOSITION 

Understanding the mechani_�m of the heavy organic deposition would result in more economical, 
environmentally sounder, and speedier oil production, transportation, and processing technologies. The nature and 
amount of deposition of heavy organics from petroleum fluids vary depending on the hydrocarbons present in the 
oil and the relative amounts of each family of heavy organics [6-10). Four different effects (mechanisms) are 
recognized for such depositions. One or more of these mechanisms should describe the organic deposition that may 
occur during oil production, transportation, or processing. 

1. Polydispersivity EtTect

The degree of dispersion of heavy organics in oil depends upon the chemical composition of petroleum [ IO, 11].
The ratio of polar/non-polar and light/heavy molecules and particles in petroleum (Figure l) are the factors 
primarily responsible for maintaining the stability of the polydisperse oil mixture. Deposition of heavy organics 
can be explained by an upset in the polydisperse balance of oil composition. 

Any change in temperature, pressure, or composition, such as addition of a miscible solvent to oil as 
demonstrated by Figure 2, may destabilize the polydisperse oil. Then the heavy and/or polar fractions may separate 
from the oil mixture into another liquid phase or into a solid precipitate. 
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Segments of the separated fractions which may contain sulfur, nitrogen, oxygen and/or hydrogen bonds could 
start to flocculate and as a result to produce irreversible heavy organic deposits which may be insoluble in other 
solvents. 

2. Colloidal Effect

Some of the heavy organics (especially asphaltenes) will separate from the oil phase into an aggregate (large
particles) and then be kept suspended in oil by certain peptizing agents, like resins, which will be adsorbed on their 
surface and keep them afloat, as demonstrated by Figure 3. Stability of such steric colloids is considered to be a 
function of concentration of the peptizing agent in the solution, the fraction of heavy organic particle surface sites 
occupied by the peptizing agent, and the equilibrium conditions between the peptizing agent in solution and on the 
surface of heavy organic particles. The amount of peptizing agent adsorbed is primarily a function of its 
concentration in the oil [ 11-18]. 

3. Aggregation Effect

A concentration variation of a peptizing agent (such as a resin) in oil will cause its adsorbed amount on the
surface of the heavy organic particles to change. The concentration may drop to a point at which the adsorbed 
amount would not be high enough to cover the entire surface of the heavy organic particles, as shown by Figure 4. 
This may then permit the heavy organic particles to come together (irreversible aggregation), grow in size (see 
Figure 5), and flocculate. The nature and shape of the resulting aggregates will determine their effect on the 
behavior of the petroleum fluids [ 11, 19-22]. For example, irreversible aggregates of asphaltene are considered to 
follow an aggregation growth pattern [ 19] as shown by Figure 6. 

Figure 1. Microscopic Level Composition o
f 

a Petroleum 
Crude Containing Heavy Organics. Here _ and ,-._, 
represent the paraffinic molecules, O represents the 

aromatic molecules, • represents the resin molecules, 
and � , 'ff'-- � represents the asphaltene molecules. 
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Figure 2. Flocculation and Precipitation of the Heavy 
Components of a Petroleum Crude due to the 

Introduction of a Miscible Solvent ( Depicted by Dashed
Lines). 
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Figure 3. Steric Colloidal Phenomena. 

Figure 4. Migration of Peptizing Molecules (Shown by Black 
Arrows) from the Surface of Heavy Organic Particles due to 
the Change in their Chemical-Potential Balance Between the 

Bulk Oil f hase and the Surface Phase. This causes the 
potential for aggregation (white arrows) of heavy organic 
particles due to development of free active sites on their 

surfaces, and their eventual flocculation. 

Figure 5. Flocculation and Deposition (Arrow) of 
Very wrge and Heavy Organic Particles. 
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4. Electrokinetic Effect

When the oil is flowing in a conduit (porous media, pipe, etc.) there is an additional effect (electrokinetic effect)
to be considered in the deposition of its heavy organic constituents [18, 23, 24]. This is because of the development 
of an electrical potential difference along the length of the conduit, due to the motion of charged particles. 
This potential difference could then cause a change in the charged and colloidal particles further down the conduit, 
the ultimate result of which is their untimely deposition and plugging of the conduit, as shown by Figure 7. 
The factors influencing this effect are the electrical and thermal characteristics of the conduit, flow regime, flowing 
oil properties, characteristics of the polar heavy organics and colloidal particles, and blending of the oil. Depending 
on the nature of the operation and the kind of heavy organic present in oil one or more of the effects described 
above will cause heavy organic depositions [8, 18]. In what follows, a number of mathematical models will be 
presented to deal with heavy organic deposition from petroleum fluids. 

MODELING OF HEAVY ORGANIC DEPOSITION FROM PETROLEUM FLUIDS 

Resolution of the heavy organic deposition problem calls for detailed analyses of heavy-organic containing oils 
from the microscopic standpoint and development of molecular models which can describe the behavior of heavy 
organic in hydrocarbon mixtures. From the available laboratory, field, and refinery data, it is proven that the heavy 
organics which exist in petroleum generally consist of very many particles having molecular weights ranging from 
a few hundred to several hundred thousands [25-29]. Hence, distribution-function curves are used to report their 
molecular weight distribution. Most of the heavy organics present in the oil deposit due to first or second-order 
phase transitions from liquid to solid state. However, this is not generally the case for asphaltene particles. 
The high affinity of asphaltene particles for association with one another, their tendency to adsorb resins, and their 
extensively wide range of size distribution suggest that asphaltenes are partly dissolved and partly in the colloidal 
state (in suspension) in oil peptized (or stabilized) primarily by resin molecules that are adsorbed on the asphaltene 
surface [ 4, 8, 11 ]. Therefore, a realistic molecular model for the interaction of asphaltene and oil should take into 
account both the solubility in oil of one segment, and the suspension characteristic (due tp resins) of another 
segment of the molecular weight distribution curve of asphaltene. Four different stochastic models are proposed 
which are based on molecular-level interaction theories of particles (monomers, polymers, and colloids) dissolved 
or suspended in oil. A combination of these four models is in general enough to predict heavy organic deposition 
from oil, wherever it may occur during oil production, transportation, and processing. 

1. Solubility Model of Interaction of Heavy Organics and Oil

It is generally assumed that two factors are responsible for maintaining the mutual solubility of the compounds
in a complex mixture such as the petroleum crude: the ratio of polar to nonpolar; and the ratio of heavier to lighter 

Figure 6. A Possible Growth Pattern for Asphaltene Aggregates. 

0 

C)c:=, 
0 0 0 

0 

Figure 7. Electrokinetic Deposition in a Pipeline. 
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molecules in oil [8, 10, 11]. Of course, polar and nonpolar compounds are basically immiscible, and light and 
heavy molecules of the same kind are partially miscible, depending on the differences between their molecular 
weights. However, in the complex mixture of petroleum crude or coal liquids and the like, all these compounds are 
probably mutually soluble so long as a certain ratio of each kind of molecule is maintained in the mixture. By 
introduction of a solvent into the mixture this ratio is altered. Then the heavy and/or polar molecules separate from 
the mixture, either in the form of another liquid phase or to a solid precipitate. In order to formulate the necessary 
model for prediction of the onset of migration and the equilibrium amount of deposition of heavy organics one can 
take advantage of the theories of polymer solutions. Because heavy organic particles have a wide range of size, or 
molecular weight, distributions one may consider them as heterogeneous polydisperse polymers and assume their 
fractional properties to be dependent on their molecular weights. According to the heterogeneous polymer solution 
theory the chemical potential, mA

;, of the ith fraction of a heavy organic in a solvent (crude oil) is [3, 10]: 
(1) 

Subscripts A; and B refer to the ith fraction of heavy organic and solvent, respectively, and superscript O stands for a 
standard state. To perform phase equilibrium calculations one needs to equate the chemical potentials of each 
heavy organic fraction in the liquid phase, µ t, and the solid phase [30, 3 I], µ t; 

µt = µt; i = 1,2, ... . 
The molecular weight distribution function of heavy organics can be defined as [3, 10]: 

(2) 

(3) 

where M
A
; is the molecular weight of the ;

th fraction of heavy organic, dn
A
; is the differential of the number of 

moles of the ;
th fraction of heavy organic whose molecular weight is in the range of M

A
; to M Ai' + dM

A
;• and N

A 
is 

the total number of moles of heavy organic. Then the total volume fraction of heavy organic in the liquid phase, 
<I>�, in equilibrium with the solid phase can be derived in the following form [3, 10]. 

00 

<I>�= Jd<1>t = J [(MAi/(MA ))V;/{vL + vs exp(-mA;e)}]F(MA;)dMA;- (4) 

o 

V; is the total volume of heavy organic in the crude oil (v; = vc - q>�VL ). Using this equation the onset of 
heavy organic migration from a petroleum crude and the amount of heavy organic remaining in a liquid mixture in 
equilibrium with a non-aggregated solid phase can be estimated. 
2. Suspension Model of Interaction of Asphaltene and Oil

This model is based on the assumption that heavy organic in oil exist as particles suspended in oil. The causes of 
suspension vary with the kind of heavy organic particle [5, 8, 11-13, l 8]. For example, asphaltene suspension is 
assumed to be caused by resins which are adsorbed to the surface of asphaltenes and keeping them afloat because 
of the repulsive forces between resin molecules in the solution and the adsorbed resins on the asphaltene surface 
[18] (see Figure 3). Stability of such a suspension is considered to be a function of concentration of resins in the
solution, the fraction of asphaltene surface sites occupied by resin molecules, and the equilibrium conditions 
between the resins in solution and on the asphaltene surface. 

Utilization of this model requires the calculation of resin chemical potential and the resin adsorption on 
asphaltene particle surface and the related Langmuir constants. The resin content of an oil mixture at its critical 
point is given the name critical resin concentration, ( <I> R )crit • When the temperature of the reservoir is too high to 
permit the determination of the critical resin concentration in the oil with a given solvent, the following expression 
is used to extrapolate ( <I> R )crit 

to the reservoir temperature [ 18]. 
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(5) 

where a is a constant determined from the experimental data. The amount of resins adsorbed is primarily a 
function of their concentration in the liquid state (the oil). So, for a given system (i.e., fixing the type and amount 
of oil and asphaltenes) changing the concentration of resins in the oil will cause the amount of resins adsorbed on 
the surface to change accordingly. This means that one may drop the concentration of resins in the oil to a point at 
which the amount of resins adsorbed is not high enough to cover the entire surface of asphaltenes. This may then 
permit the asphaltene particles to come together (irreversible aggregation), grow in size, and flocculate. 

3. Kinetics of Aggregation of Heavy Organics

A fractal aggregation model is developed, which is capable of predicting the onset and amount of asphaltene
deposition from petroleum crudes under the influence of miscible solvents [21, 22]. This model is based on the fact 
that resins play a key role in the solubilization of asphaltenes because they reduce asphaltene aggregation. In other 
words, the degree of solubility of asphaltenes in the oil depends on the peptizing role of resins with respect to 
asphaltenes (i.e., the change of resin concentration in the oil due to the addition of a miscible solvent). By utilizing 
the kinetic theory of fractal aggregation into the theory of heterogeneous polymer solutions, it is possible to 
describe properly the growing mechanism of asphaltene aggregates, the growing size distributions of asphaltene, 
and the geometrical aspect of asphaltene aggregation in oil due to several factors [21, 22]. One may consider a 
system consisting of Ne clusters of N

0 
asphaltene particles (identical particles of radius R

0 
and unit mass m) which 

are suspended randomly in an oil and are stabilized by resin molecules adsorbed on the surfaces of asphaltene 
particles. The clusters of asphaltene particles act as Brownian particles which are suspended due to thermal 
motions of molecules of the dispersion medium. Introduction of a miscible solvent into this system may result in a 
new condition in which the asphaltene clusters would stick rigidly to each other. That is, a cluster A; of mass m;
colliding with a cluster A 

j 
of mass m

j 
would form a single new cluster of mass m; + j . This process is then repeated. 

The kinetics of such an aggregation is assumed to obey the following mechanism [21, 22]. 

A; + A
1
· ---➔ A; +

1
· 

K;i (6) 

where K
ij 

is a concentration-independent kinetic (or collision) kernel which describes the aggregation mechanism. 
The rate of aggregation, Rij , at which an i-cluster of a given mass m; and aj-cluster of a given mass m

j 
may come 

into contact with each other and form an (i + j) cluster is given by 

(7) 

where n; is the number of clusters of mass m; (containing i asphaltene particles of unit mass m). Since the 
population of the resulting cluster k (k = i + j) increases by all collisions between i- and j-clusters and decreases 
when a k-cluster combines with another cluster, then Ck

(t) will satisfy [21, 22]: 

ack (r) lk 
1--- = (1/2) K(k - x,x)C(x,t)C(k - x,t)dx - Ck (k,t) k(k,x)C(x,t)dx.

dt o o 
(8) 

A major advantage of this coagulation equation is that many analytic results can be obtained from it. The kinetic 
theory of fractal aggregation process can be utilized in order to describe properly the growing size distribution of 
clusters of asphaltene particles due to the influence of miscible solvents [ 19, 21, 22]. The analytic equation for the 
"reduced" size distribution of clusters of asphaltene molecules can be shown as [21, 22]. 

F(y;CR) = (I - 2w) I -Zw y-2
w exp[-(1- 2w)y]/r(I - 2w) (9) 

where y=ml(m) and w= w(CR). Utilization of the kinetic aggregation of diffusive clusters has enabled us to relate 
the concentration of resin in a mixture of oil and a miscible solvent with the growing size distribution of clusters of 
asphaltene particles [19, 21, 22, 32-34]. 
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4. Electrokinetic Deposition of Particles in the Well and Pipeline

This model deals with heavy organic flocculation caused by the streaming potential generated by the flow of oil

containing charged solid particles [8, 18]. It has been proven experimentally [13, 23] that charged suspended 

particles, such as asphaltene colloids, present in solutions will flocculate out when placed under the influence of an 

electric field. Furthermore, in general, if the streaming potential generated during flow of oil through reservoir 

pores or well tubings and pipes is large enough, it could assist in flocculating asphaltenes and other charged 

particles due to electrodeposition [8, 13, 18, 23]. 

As the oil enters the flow conduit (porous media or pipe) asphaltene particles begin to get attached to the wall 

where a phase separation occurs leaving, the two phase oppositely charged (e.g., the asphaltene phase positively 

and the oil phase negatively charged, for the case of Figure 8). As the oil continues to flow downstream more phase 

+ 

+ 

Charged 
heavy organic 

particles 

+ 

+ 

8 

R 

Flowing 
crude oil 

■ 

■ r 

+ 

i0 +
■ 

81 0 

i3 
+

•1

0· 
■ 

I I 

l+I 
I I 

+
Conduit

Figure 8. Schematic Representation of the Streaming Potential Generated by the Flow of Oil Containing Charged Particles. 
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separation occurs and the charge difference between the two phases grows. Hence, a potential field is set up 
between the wall and the bulk phase and also between the inlet and exit of the conduit. The transfer of charged 
asphaltene particles with the flow of oil is equivalent to a net current or a "streaming current" and therefore to a 
potential difference. This potential difference opposes the mechanical transfer of charge. For the system shown in 
Figure 8, where the particles are positively charged, the potential is set up as negative upstream and positive 
downstream, if it is to oppose the flow of the charged asphaltene particles. This potential difference causes the 
particles to tend to flow backwards or one may say it causes asphaltene particle upflow diffusion or back
conduction. The charge transfer due to back-conduction called "leak current". 

At equilibrium, when the asphaltene particles tend to remain stationary because of the two opposing forces, the 
potential difference is called streaming potential. For example, the streaming potential corresponding to the 
turbulent flow in a pipe is [18]. 

E = 4.95 X 10-3[
16 Er __!_][do .75Lpo .75

]u
1.
753 .., r; µo.1sk avg 

where µ is viscosity of the medium, s is the zeta potential of asphaltene particles, L is length of the pipe, E is
permittivity of oil, r

P 
is radius of the particle, and u is the electrophoretic velocity of the particle. By application of 

the streaming potential equation it is possible to determine the flow conditions under which charged heavy organic 
deposition and plugging of pipes and wells would occur. 

DISCUSSION AND CONDITION 

Depending on the kinds of heavy organics present in crude oil and the operations which the crude oil goes 
through in its production, transportation, and processing one or more of the models presented in this report could 
be used for deposition prediction. While paraffin deposition is mostly due to a fall in the temperature of the crude, 
asphaltene and resin depositions are due to a variety of causes, as mentioned above. However, since all the heavy 
organics and hydrocarbon families of the crude are polydisperse compounds, the phenomena of heavy organic 
precipitation will be more complex than in the case of precipitation of a monodisperse heavy organic. 

By utilizing the above mentioned mechanisms and models, a comprehensive package of computer programs and 
database, named ASPHRAC, has been developed by the author, which calculates various properties of petroleum 
fluids containing heavy organics. This package is based on the following principles: Statistical mechanical mixing 
rules and conformal solution equations of state; polydisperse polymer solution theories; polydisperse 
thermodynamics and various continuous mixture phase equilibrium algorithms; electrokinetic phenomena; 
molecular transport phenomena; colloidal solution theory; and FRACTAL kinetics of aggregation theories. This 
package is general enough to predict heavy organic-oil-wall interaction problems wherever they may occur during 
oil production, transportation, or processing. The emphasis of the package is on prediction of the behavior of 
asphaltenes, resins, and paraffin-waxes and their role in the production, transportation, and processing of natural 
and synthetic hydrocarbons. 

This package can be utilized for: 

(i) Reservoir and production engineering in oil recovery simulation studies and design of well completions and
surface facilities.

(ii) Research and process engineering in the design and performance evaluation of crude, bitumen, and heavy
oil related refining facilities and processes.

(iii) Petroleum engineering and refining processing in the design of cost-effective anti-foulants for heavy organic
fouling mitigation in various processes, estimation of wettability reversal [35] of surfaces due to asphaltene
deposition.
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This package is already tested "or the following cases with success: 

(i) 	 Prediction of the onset, amount, size distributions, and re-dissolving conditions of asphaltenes, resins, and 
other heavy organics due to: (a) Introduction of high pressure miscible gaseous or liquid solvents~ 
(b) Changes of composition, pressure, temperature, and well bore effects. 

(ii) 	Prediction of the onset and amount of heavy organic precipitation in pipeline transport when blended with 
miscible fluids (such as NGL) at different blending ratios, temperatures, and flow conditions. 

(iii) Design and selection of anti-foulants to improve heavy organic dispersivancy and, as a result, to prevent 
heavy organic fouling in processing equipment. 
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Figure 9. Molecular Weight Distributions ofAsphaltene Particles as Calculated by ASPHRAC in the Precipitate phase 
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The kind of input data which may be used in the package are: Bottom-hole (and/or stock-tank oil) sample(s) 

composition data; oil aromaticity; oil paraffin, resin, asphaltene, and diamondoid content; characterization data for 

C7• fraction of oil, onset of deposition and amount of heavy organic titration data; and chromatography 

(GS, HPLC, and GPC) data of oil fractions. In what follows, examples of the utility of this package are presented 

for various organic deposition studies. 

The biggest challenge of the ASPHRAC package has been the case of asphaltene and resin deposition. This is 
because of the irreversibility, complexity, and multi-effect nature of such depositions. Asphaltene particles are 
highly polydisperse as it is shown by the example of Figure 9. According to this figure, by addition of different 
amounts of n-pentane to a crude oil containing asphaltene different polydisperse kinds and amounts of asphaltenes 
will be deposited from the solution which are also different from the original asphaltene present in the oil (before 
adding n-pentane). 

One of the necessary factors for blending of different crudes, deasphalting processes used in refining of heavy 
crudes, or miscible solvent injection of an oil reservoir, is a knowledge of the PX phase diagram of the crude plus 
miscible injectant at various temperatures and pressures. Experimental measurement of such data in the absence of 
any solids deposition is rather routine, though expensive. However, simultaneous measurement of the vapor/liquid 
phase diagram and the onset boundary of heavy organic deposition (solid/liquid and solid/vapor phase equilibrium) 
would be a very costly undertaking. With the application of a comprehensive deposition computational package 
which incorporates all the effects discussed above it is possible to produce such a gas/liquid/solid phase diagram. 
As an example the predicted phase diagram of a crude oil plus carbon dioxide along with the experimental phase 
equilibrium data [36] are reported in Figure 10. 

Asphaltene deposition from petroleum fluids is partly due to solubility effect and partly due to colloidal 

phenomena. Asphaltene particles have the tendency to aggregate in an irreversible fashion, grow in size, and form 

new and larger particles. They have the affinity for adsorption of resins, and other charged species present in the 

3500 
II 

3000 

- 2500
en 

U) 

2000 
-

a> 

:I 1500 
U) 

I 
I 

� I 

I 

� I 

I 
I 

I 

� I 

� 
J., 
I 

� 
I 

I 

I 

l<l> 
,. 

3 cl) 
U) 
a> 

1000 
"" 

500 2cl) 

0 -'-�---� ..... ------.------'P""l----,....,.-""1"""'1

0 10 2 0  3 0  40 50 60 70 80 90 100 

CO2 Mole% 
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oil. They are also electrokinetically active, by causing electrostatic charge development and are affected by 
stronger electrostatic charges. 

Figures 11-13 demonstrate the effect of electrokinetics on asphaltene deposition, for a particular crude mixed 
with a miscible injectant (Ml) at various proportions, temperatures, and pressures. Each of these figures consist of 
two parts. 
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Part (a) of each figure is the vapor/liquid/solid (asphaltene) phase diagram showing the boundaries of each 

phase on a PX diagram and indicating the onset of deposition of asphaltene in a stationary state. 

Part (b) of each figure consists of the dynamic QIP phase diagram for various Ml/crude proportions at a certain 

length of the conduit. The function Q is defined as: 
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Figure 12. Static ( PX) and Dynamic ( PQ) Phase Diagrams of the Crude Oil of Figure 11 Mixed with the Same Miscible 
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whose variation versus pressure demonstrates the dynamic effect of average crude velocity, Uavg ' inside the 
conduit, the effect of conduit diameter, d, and the effect of crude conductivity, k, on the onset of deposition of 
asphaltene. On these figures the region above each curve of constant M I1crude proportion is the asphaltene 
deposition region, while the region under each figure is representative of the flow without deposition. To avoid 
deposition the flow condition must remain under the appropriate curves. In constructing these diagrams it has been 
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necessary to take advantage of the various models of heavy organic deposition presented in this paper. Similar 
calculations can be performed on every crude prone to heavy organic deposition. According to these figures with 
proper planning in the production scheme, and consideration of the characteristics of the producing petroleum, 
injection fluid, well casing, and the reservoir, it is possible to choose a formation-damage-free production scheme. 

It should be pointed out that most organic deposition problems, except for asphaltene, are reversible. This means 
that by changing the pressure, temperature, or composition in the crude system it is possible to re-dissolve the 
deposits back into the solution. Asphaltene deposition, on the other hand, is an irreversible phenomenon; 
asphaltene will not generally re-dissolve itself in the crude upon changes of condition inside the crude system. This 
is, of course, due to aggregation of asphaltene particles upon separation from petroleum crude. 
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