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Abstract: 
 
Dehydration of heavy crude oils presents unique challenges due to high 
viscosity, the presence of suspended solids and semi-soluble components, and 
the limited differential density for driving the sedimentation-based separation.  
Desalting these oils adds the complexities of mixing requirements that can 
produce stable dispersions and the use of fresh wash water that greatly reduces 
the available differential density. 
 
Venezuelan producers have recently begun exploitation of the very heavy crude 
oils of the Orinoco Tar Belt.  This paper examines experiences in dehydration 
and desalting of these oils at four different sites incorporating sixteen units.  
Lessons learned regarding overall process requirements, suitable controls, 
desalter/dehydrator configurations, and operating conditions are discussed. 
 
 
 
Introduction: 
 
Although exploitation of heavy oil deposits has been carried out for many years, 
the methods of production and processing of these crude oils generally limited 
their commercial development to shallow deposits in areas geologically favorable 
to thermally enhanced production methods.  One of the largest deposits of heavy 
oil in the world lies in a belt north of the Orinoco River in Venezuela. (Figure 1)  
Estimates of original oil-in-place are in the range of 1.2 trillion barrels; however, 
only in recent years have methods been developed to render production of these 
deposits practical.   
 
The oil of the Orinoco Belt is extremely heavy with API gravities ranging from 4 to 
9ºAPI, with a range of 7 to 9ºAPI in the zones presently being commercialized.  
Viscosities of the dead oil range from 20,000 to 100,000 cSt at ambient 
conditions.  It is interesting to note that 10,000 cSt was once proposed as the 
dividing line between heavy oil and tar. 
 
Four projects are in various stages of development at present with others in 
conceptual development.  All of them involve production and dilution of the heavy 
oil to a blend of approximately 17ºAPI with some treatment 



(dehydration/desalting) at the field level followed by pipeline transportation to the 
Jose Petrochemical Complex.  Each project entails individual up-grading facilities 
at the Jose Complex, where the blends are desalted and further dehydrated prior 
to the up-grading process. 
 
Present Production: 
 
A variety of processing schemes have been chosen for the current projects.  
Field facilities and the up-graders were handled as separate projects, often with 
different consultants, resulting in the selection of differing processing schemes in 
the upstream and downstream sides of the same project.   
 
Company “A” chose to use two trains of two-stage desalting at the field facility 
with further desalting at the up-grader.  The dehydrator/desalters are Dual 
Polarity combination AC/DC electrostatic units.  The desalters operate at 250 to 
290ºF with heating by shell-and-tube heat exchangers upstream and firetubes in 
the desalters.  De-gassing is accomplished in a three-phase separator operating 
at 90ºF and 2 psi. Design capacity is 158,000 BOPD. The up-grader associated 
with this project is not yet in operation. 
 
Company “B” chose to use four parallel single-stage dehydrators at the field 
facility with desalting in four parallel single-stage desalters at the up-grader.  All 
of the dehydrators and desalters are Dual Polarity combination AC/DC 
electrostatic units operating at 290ºF.  Heating is by plate-and-frame heat 
exchangers. De-gassing is accomplished in the field installation through a two-
phase separator operating at 140ºF and 150 psi.  Design capacity is 170,000 
BOPD.  Both facilities are currently operating. 
 
Company “C” chose to use four parallel single-stage dehydrators at the field 
facility with desalting at the up-grader.  The dehydrators are of Trivolt deep-field 
AC design operating at 284ºF.  Heating is by a direct-fired heater.  De-gassing is 
accomplished by a two-phase separator operating at 284ºF and 61 psi.  Although 
not intended for desalting, there is provision for water injection prior to the 
dehydrators.  Design capacity is 286,000 BOPD.  The up-grader associated with 
this project is not yet in operation. 
 
Challenges Associated with Desalting Heavy Oils: 
 
Viscosity – In order to achieve practical sedimentation rates, it is necessary to 
reduce the crude oil viscosity by operating at an elevated temperature.  This in 
turn results in several adverse factors. 
 
Solubility of Water in the Crude Oil – Water exhibits solubility in crude oil that 
increases with temperature. (Figure 2)  As a rule-of-thumb, this solubility 
approaches 0.4% by volume at 150ºC.  In a desalting process, the water that 
dissolves in the oil carries no salt with it; however, the loss of water from highly 
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saline drops may result in the precipitation of crystalline salt.  The surface of the 
salt crystals acts as any other interface and tends to collect insoluble or semi-
soluble contaminants, which in turn make the crystal difficult to contact with the 
wash water.  Injection of a portion of the wash water prior to heating can help 
alleviate this problem.   
 
A more difficult issue involves attainment of water-in-oil specifications.  Process 
samples are collected through coolers that lower the temperature to prevent loss 
of volatile liquids.  The cooling precipitates some of the soluble water, thereby 
increasing the reported water content of the oil.  Since the desalter can only 
separate water that exists as a separate phase, this precipitated water 
represents an untreatable component under conditions existing within the 
process vessel.  The interpretation of true separate phase water content under 
process conditions is further complicated by incomplete equilibrium in both the 
dissolution process and the precipitation reaction. 
 
Stress on the Electrical Insulators – Desalters utilize insulators for support and 
electrical isolation of the electrodes and as glands for conducting the electrical 
power into the vessels. Fluorocarbons such as Teflon® are the materials of 
choice for these insulators since they possess desirable mechanical and 
electrical properties and are resistant to fouling.  However, fluorocarbons loose 
mechanical strength at elevated temperatures and tend to distort resulting in 
compromise of the sealing surfaces.  The thermo-mechanical limitations of the 
insulators become the limiting conditions for operating temperature in a desalter. 
(Figure 3) 
 
Oil Conductivity – Crude oil becomes more conductive with increased 
temperature.  This conductivity increases the electrical power requirements 
necessitating larger power supplies and also limits the sustainable magnitude of 
the electrostatic field. (Figure 4) 
 
Limited Differential Density – Separation within the desalter vessel is a Stokes’ 
Law based gravity separation of phases.  As can be seen from inspection of 
Stokes’ equation, the rate of separation is dependent upon the drop size of the 
dispersed phase, the differential density of the phases, and the viscosity of the 
continuous phase.  
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where 
 �v  Downward velocity of the water droplet relative to the oil, ft/sec, 
  Diameter of the water droplet, µm, �d
  Differential density between the oil and water, and  �� ow�

  Dynamic viscosity of the oil, cp. �o�
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In field dehydration operations, the saline produced water is more readily settled 
than the fresh water encountered in desalting. Since heavy oils are close to the 
density of water, the driving force for separation is small.  At elevated 
temperatures, this differential becomes even smaller. (Figure 5) 
 
Slow Disengagement of Associated Gas – The movement of gas bubbles 
through these oils is impeded by the inherently high liquid viscosity and by the 
film strength at the gas-liquid interface.  The presence of gas within the 
electrostatic coalescing zone retards the sedimentation process and seriously 
degrades performance.  Conventional degassing techniques relying upon 
retention time are inadequate for assuring gas-free oil within the coalescer for 
these heavy crude oils. 
 
Effects of Solid Contaminants – In addition to formation solids (sand and silt) and 
corrosion products, heavy oils often contain substantial quantities of semi-solid 
petroleum fractions that accumulate in desalter vessels.  These solids-based 
sediments are found both in the bottom of vessels and in the water/oil interface 
zone where they contribute to stabilized or slowly resolving emulsion layers.  
Such layers constitute a “hindered settling region” in which sedimentation of 
water drops is adversely affected by the presence of other suspended phase 
materials. This interface sludge layer may exist in a steady-state equilibrium, in 
which case it may be considered part of normal operation.  However, if it 
continues to increase in depth, steps must be taken to either resolve it or remove 
it from the desalter vessel.  Removal is accomplished by interface sludge drains 
or by agitating the water layer sufficiently to mix the interface sludge into the 
water layer and remove it during mud washing. 
 
Sediments in the bottom of the vessel can become so deep that they interfere 
with flow distribution within the vessel.  These sediments can be removed 
through a mud-wash or sand-jetting system.   
 
Chemical Treatment – Chemical treatment of heavy oil systems usually requires 
a demulsifier to destabilize the incoming emulsion.  Because natural emulsifiers 
are often present in large quantities, the dosage of chemical required for these 
systems may be much larger than needed for lighter crude oils.   Suspended 
solids and semi-soluble hydrocarbon fractions are less amenable to chemical 
treatment and may render the chemical program marginally effective.  Often, 
wetting agents prove useful for separating the suspended solids from the oil and 
forcing them into the water layer. 
 
Process Control – Although there are many aspects to desalter process control – 
mixing efficiency, separation efficiency, etc. – one of the more difficult items to 
control in heavy oil installations is interface level control.  The combination of 
small differences in density between the water and oil and the presence of 
interface sludge renders most displacement-type controls unsuitable.  Successful 
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interface control under these circumstances depends upon the ability of the level 
probe to sense water content of a diffuse interface layer.  
 
Operating Results: 
 
The table below summarizes operating results from the previously mentioned 
companies as of this writing.  Since these, like most heavy oil operations, 
experience variations in performance due to feedstock variations, position in 
maintenance cycles, and other influences, these results may or may not be 
indicative of long-term averages, but are offered as a performance “snapshot” 
valid at the time the data were taken. 
 
Company “A” “B” “C” 
Diluted Bitumen 
Design Flow BPD 

158,000 170,000 286,000 

Upstream Operations 
Inlet BS&W % 2.5 1.2 2.8 
Outlet BS&W % 0.5 0.5 - 0.7 0.6 
Inlet Salt PTB 194 Not Measured Not Measured 
Outlet Salt PTB 6 – 8 Not Measured Not Measured 
Operating Temperature 
ºF 

250/270 290 248 

Actual Flux BPD/ft2 103 94 60 
Downstream Operations 

Inlet BS&W % Not Operational 0.8 + 8.0 Not Operational 
Outlet BS&W % Not Operational 0.7 Not Operational 
Inlet Salt PTB Not Operational 25 Not Operational 
Outlet Salt PTB Not Operational 2 Not Operational 
Operating Temperature 
ºF 

Not Operational 290 Not Operational 

Flux BPD/ft2 Not Operational 64 Not Operational 
 
Conclusions – Application of Experience: 
 
The experience gained from these units in the dehydration and desalting of 
diluted bitumen yields several guidelines for similar applications. 
 

��  Viscosity is critical.  The limiting sedimentation rate, and thus the size of 
the desalter vessel, is dependent upon viscosity.  Temperature is the 
primary control for viscosity, and for heavy oils high temperatures, usually 
limited by the temperature tolerance of the insulators, are necessary.  For 
diluted bitumen, diluent type and quantity also affect viscosity, but these 
factors are not primarily selected by viscosity concerns. 

��  Differential density is minimal.  This is another factor in sedimentation rate 
and is controlled by type and quantity of diluent.  Here a compromise 
between desalter size and diluent recycle cost must be reached.  
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Temperature also has an effect on differential density, but this is 
secondary to its contribution to viscosity control. 

��  Water solubility is substantial.  The solubilization of water does not affect 
desalting performance unless it results in the formation of insoluble salts, 
but its precipitation upon cooling may affect the apparent dehydration 
efficiency of the system.  True dehydration performance can only be 
evaluated by measuring total water content and subtracting the soluble 
component at operating conditions.  However, because of incomplete 
approach to equilibrium, the exact quantity of soluble water is difficult to 
predict. 

��  Methods of performance measurement must be considered.  
Specifications for desalting systems normally state the allowable 
quantities of salt and water (or BS&W) in the treated oil.  Occasionally, 
percentage removal is specified; however, it is much easier to achieve 
99% salt removal when the inlet contains 500 PTB (pounds of salt per 
thousand barrels of oil) than when it contains 10 PTB.   It is preferable to 
specify the allowable quantity of contaminants in the treated oil.  Water 
content may be determined by ASTM D-95 (distillation), ASTM D-96 (field 
centrifugation), or ASTM D-4007 (laboratory centrifugation) depending 
upon the facilities available.  The results of any of these tests should be 
interpreted in light of the potential contribution for untreatable soluble 
water.  Salt may be determined by several methods also.  For the salt 
quantities normally targeted for heavy oils, the conductivity method, ASTM 
D-3230, is satisfactory.  For lower salt concentrations (1PTB or less), it is 
necessary to utilize a method using hot water extraction followed by salt 
determination of the extract, by titration or other methods.   

��  Solids must be controlled. Control involves both separation of the solids 
from the oil and prevention of their accumulation in the desalter vessel.  
Separation from the oil is accomplished by the use of chemical agents to 
render the solids hydrophilic and thus allow the wash water to carry them 
into the water layer.  Alternatively, organic solids may be dispersed into 
the oil by chemical treatment.  Solids that separate from the oil may end 
up on the bottom of the vessel or in the interface layer. Removal of bottom 
sediments requires the use of a mud-wash system consisting of water jets 
and drains.  Interface sludge may be removed by sludge drains placed in 
the interface zone or by vigorous mud washing which stirs the interface 
sludge into the water layer.  Sludge drains have the advantage of 
producing an lower volume of effluent which may then be treated by batch 
methods instead of contaminating the entire effluent water stream with 
refractory sludge. Operation of the mud-wash system should be done on a 
regularly scheduled basis as opposed to the interface sludge drains that 
are operated on an as-required basis.  

��  Interface control is difficult.  By definition, heavy oils have small density 
differentials with water, and by nature, they tend to produce diffuse 
interface layers with very gradual density gradients.  These factors render 
conventional interface controls – displacers, weighted floats, etc. – 
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unsuitable.  Various conductance probes and capacitance probes have 
been utilized in these heavy oils, but it appears that the greatest degree of 
success has been with radio-frequency capacitance probes.  Although 
these are considerably more expensive than conventional controls, their 
greater reliability makes them cost-effective in this service. 

��  Chemical treatment is necessary, but may be marginal.  An ideal 
chemical treatment would produce a quickly separating dispersion with 
little or no interface layer.  In heavy oils, this ideal is far from reality.  An 
operator hopes to achieve a steady-state interface layer that can be 
maintained over an extended period of operation without excessive 
compromise of the electrostatic field. Perhaps it is fair to say that 
“adequate” chemical performance is the somewhat elusive goal.  It is 
important that the chemical be well mixed with the oil and given adequate 
retention time in the oil before entering the desalter.  Remember that the 
chemical, normally oil-soluble, must be given the time to diffuse through 
the oil to the drop surfaces and react with the natural emulsifiers there.  
The thick interface films present in heavy oils can make this a slow 
reaction. 

��  Mixing efficiency vs. dehydration requires a compromise.  While this 
compromise is always present in desalting systems, nowhere is it more 
critical than in heavy oils.  Increasing mixing valve differential pressure 
can quickly render the water-in-oil dispersion so fine that resolution within 
the desalter vessel is impossible.  The large quantities of natural 
emulsifiers and suspended solids normally present in heavy oils greatly 
exacerbate this tendency toward stabilized dispersions. 

 
Desalting of heavy oils is always a challenging operation.  The difficulties 
presented require detailed consideration on the part of desalter designers and 
constant attention from plant operators.  Heavy oil desalting processes are never 
“set it and forget it” operations.  However, when approached with an 
understanding of the problems involved and vigilance toward operations, it has 
been demonstrated that these oils can be successfully treated. 
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Figure 1: Orinoco Belt Developments 
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Figure 2: Solubility of Water in 17ºAPI Blended Bitumen 
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Figure 3:  Design Load Curve for 2” Teflon Hangers 
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Figure 4: Conductivity of Diluted Bitumen 
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Figure 5: Density Variation with Temperature 
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