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Abstract 
Deoiling hydrocyclones are a mature technology for oil removal from produced water. Since the 
introduction of this technology in the 1980s it has become ubiquitous in all oil producing regions. From 
its original intent – to treat water directly off the outlet leg of a production separator – many operators 
have tried to use deoilers for every water treating application. The lack understanding the operation and 
design of deoilers has led to misconceptions around their performance. Deoiling hydrocyclones can treat 
emulsions, high-pressure gas condensate water, high-turndown requirements, and work with pumps – 
however their fundamentals must still be adhered to for the system to work properly. Not all deoiler liners 
are the same and vendor experience is critical during evaluation of this technology. 
 
What Is Produced Water? 
Produced water is the most handled liquid in the oil and gas production industry. Large volumes of water 
are used in injection operations, and even larger volumes are a major byproduct associated with the 
production of oil and gas worldwide. Produced water is a disparate, distinctive entity, with a different 
fingerprint in each location. No two produced water streams are identical – even at a central processing 
facility. 

Produced water is essentially small amounts of free and dissolved oil dispersed in a bulk water stream. 
Free oil is the larger component and exists in dispersions or emulsions. Figure 1 shows examples of 
produced water taken from various well sites where the free oil component is allowed to collect at the top 
of each sample. 

 

 
Fig. 1 – Produced waters samples from (upper left) Shell Oman, and (lower right) Midland, TX. 
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Dispersion Types 
Free oil-in-water dispersions are categorized as either primary or secondary, and this free oil 

component is what most mechanical separation systems are designed to treat. Primary dispersions (easy 
separation applications) contain oil drops >40 microns, while secondary dispersions (demanding 
separation applications) contain smaller oil drops <20 microns. A transition area. With droplets from 20-
40 microns, may be categorized as primary or secondary dispersion depending on the prevailing process 
conditions – including temperature and pressure. The type of dispersion directly impacts the treatment 
approach and equipment selection. 

 
Emulsions 

Another form of free oil-in-water exists as an emulsion. An emulsion is a quasi-stable oil-in-water 
dispersion, in which the natural tendency for the free oil droplets to coalescence either prevented or 
suppressed. Emulsions result from a reduction in the interfacial tension and/or stability provided from 
electrostatic repulsion barriers between the immiscible oil and water liquids. 

Emulsions that are characterized as stable or “tight” reduce oil-water separability. This difficulty in 
separation depends on the temperature, pH, salinity, viscosity, and density of the bulk phase (water), 
volume fraction, size of the dispersed oil droplets, and age of the emulsion. In addition, natural oil field 
components increase emulsion stability – including fine solids, scale, waxes, asphaltenes, free and 
dissolved gases, and crude oil chemicals. These oil components include hydrocarbons, phenols, organic 
acids, and low molecular weight aromatic compounds such as benzene and toluene. 

Upon encountering a tight emulsion, the first step is to identify the stabilizing agent. If the stabilizing 
agent is an upstream process (e.g., high pressure drop across a valve) or system input (e.g., forward 
demulsifier) the goal would be to eliminate that step or look at ways to minimize the effects on the 
produced water system. When the agents are naturally occurring and cannot be removed or minimized, 
the only solution is a combination of mechanical, chemical, thermal, and electrical treatments requiring a 
multistep process system solution. 

 
Produced Water Treatment: Performance Prediction 
The performance of a mechanical separator can be estimated using the basic parameters of Stokes Law, 
shown in Equation 1. 

 
Eq. 1    𝑉𝑉 = 𝐹𝐹 × 𝑑𝑑2×(𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤−𝜌𝜌𝑜𝑜𝑜𝑜𝑜𝑜)

18𝜂𝜂𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
 

 
In this equation, V is the particle (oil droplet) velocity separating from water, F is the separation force 

which is 1 g for tanks and up to 2000 g for hydrocyclones, d is the diameter of the oil droplet, ρwater is the 
water density, ρoil is the oil density, and ɳwater is the water viscosity. 

The water and oil properties can be directly measured however the oil droplet particle size distribution 
(PSD) will be the limiting factor. The oil droplet size has the largest effect on separability (i.e., 
proportional to the droplet diameter squared), however the droplet size is not static. Oil droplets may 
break-up or coalesce. Maximizing the oil droplet size is the most crucial factor in process performance 
design. 
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Oil-Droplet Size 
Maximizing or preserving the droplet size increases the separation rate of oil in water, which normally 

corresponds to savings in equipment costs and/or increased capacity in a separator. Nature does not present 
us with small, difficult to separate, oil-in-water dispersions. We create these starting downhole in the 
process of producing oil and gas. This phenomenon is best illustrated in Figure 2. Oil and water have set 
for many years in the reservoir as discrete bodies, and through completions, tubulars, chokes, and other 
upstream equipment we generate a tough to separate mixture. 

 

 
Fig. 2 – Creation of small oil droplets at facilities due to the production process. 

 
Pressure Drop vs. Droplet Shear 

Oil droplets are susceptible to shearing in areas of high turbulence. A 40-micron droplet may be reduced 
to multiple 20- or 10-micron droplets in high shear processes. Compared to a 40-micron droplet, Stokes 
Law shows that it takes four times longer to separate a 20-micron droplet and sixteen times longer to 
separate a 10-micron droplet. The droplet size, surface tension, and oil density affect how susceptible an 
oil droplet is to size reduction by shearing. It is out of the scope of this discussion to quantify those effects; 
however, as a rule, a small droplet of heavy oil with high surface tension is less likely to be broken than a 
large droplet of light oil with low surface tension. 

Shear action occurs at several locations within a production system, downhole in completions and 
perforations, at wellhead chokes, in high velocity flow lines, in control valves, and in pumps and other 
process equipment. Extensive research has been performed on low shear chokes, valves, and pumps 
because of the obvious advantages of not overly shearing the fluids that you are trying to separate. 

 
Measurement Complication 

Accurately measuring oil droplet PSD is difficult because the droplets are susceptible to shearing or 
coalescence during the sampling and sample preparation processes. Even with careful isokinetic sampling, 
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the PSD in the sample often differs from the actual process conditions. When the sample is depressurized, 
dissolved gas evolves in the sample bottle separating droplets. Measuring the droplets at process pressure 
alleviates this problem but introduces other complications such as shearing and/or coalescing of droplets 
in the sampling pipe work, cleaning of sample cells, and interference from gas bubbles and solid particles. 
Often, this type of data gathering does not have high priority and this data is impossible to obtain with 
new fields that are not in production at the time equipment is specified. 

 
Implications for Equipment Selection 

Accurate performance prediction for water handling equipment both art and science because of the 
effects of the many parameters mentioned previously, which are often unknown or difficult to quantify. 
One of the prominent issues in selecting separation equipment vendor is experience, which includes years 
in business and number of successful commercial units in operation. 

Experienced vendors draw information from oil and gas fields around the world so that the treatability 
of oil/water mixtures for new applications can be better estimated even when only basic fluid parameters 
are known. Regarding oil droplet sizes, a distribution with a mean of approximately twenty microns is a 
reasonable figure to use as a starting point. Higher oil-in-water concentrations tend to result in larger mean 
droplet sizes due to natural coalescence. 

It is extremely difficult to draw good conclusions from laboratory work performed on fluid samples. 
Samples change over time due to interfacial tension breakdown, biological degradation, separation of the 
fluids, and coalescence of particles, which negate the natural PSD. Additionally, the effects of dissolved 
gases cannot be evaluated. Any conclusions from laboratory work on oil/water samples must be 
considered carefully. The results are at best only indicative. 

Where unusual or severe conditions apply, such as in very heavy oil, low temperature production crude 
oils with very high asphaltene content, and production systems where severe mechanical shear occurs, it 
is not always possible to accurately predict performance. In such cases, it is highly recommended to 
conduct a field trial of the equipment prior to final selection. 

 
Produced Water Treatment: Equipment Selection 
Equipment selection for free-oil removal from produced water include primary, secondary, and tertiary 
equipment as shown in Figure 3. The items listed include only proven, commonly used, commercially 
available technologies with long commercial track record. Primary separation is mostly done by gravity 
or enhanced gravity separation, secondary by flotation, and tertiary by filtration. 

As discussed, free oil-in-water dispersions are categorized as either primary or secondary. Primary 
dispersions can be treated with gravity-based equipment, whereas secondary dispersions require enhanced 
gravity or additional separation forces to facilitate adequate separation. 

 
Primary Separation 

Primary separation is usually done by gravity separation. Gravity separators are the simplest and most 
widely used devices for removing dispersed oil from water and will remove most of the free oil (or easy 
dispersion) from the water upstream of other water treating equipment. Gravity separators may be called 
skim tanks, skim vessels, water clarifiers, or API separators. Gravity separators can have vertical or 
horizontal orientation and operated at atmospheric or elevated pressure. They all require sufficient 
retention time to allow free oil to rise to the surface of the water for skimming and collection.  
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Fig. 3 – Illustration of primary, secondary, and tertiary produced water treating equipment. 

 
There are many distinctive designs, ranging from field modified storage tanks to purpose-built vessels 

incorporating special internals. Coalescing internals may be added to provide a surface that can be 
contacted by small oil droplets. The collected droplets coalesce into a continuous oil film. As the film 
becomes thicker, large drops of oil break loose and rise to the water surface for collection and removal. 
These coalescing devices include parallel plates, corrugated plate, granular media, and filter cartridges. 

Hydrocyclones can also be used for primary separation and that will be discussed later in the 
manuscript. 

 
Secondary Separation 

Secondary separation is accomplished using gas flotation. Flotation introduces fine gas bubbles into 
the water that attach to oil droplets and increase their buoyancy to the surface of the water for collection. 
Additionally, chemicals such as coagulants, polyelectrolytes, or demulsifiers may be added to improve 
performance. All gas flotation units introduce finely dispersed gas bubbles into the water stream and use 
the full vessel volume to allow a zone of minimum turbulence, with no short-circuiting between the inlet 
and outlet water flows, whereupon the collected oil is skimmed from the water surface. 

Flotation equipment types include dissolved and induced gas. Dissolved gas flotation (DGF) includes 
an elevated pressure systems where the gas is first dissolved in the produced water, then a pressure letdown 
stage to allow gas bubble effervescence. Induced gas flotation (IGF) operate at low pressure (often near 
atmospheric) and the gas is introduced either by a mechanical rotor or an eductor device. Most IGF vessels 
contain a discrete quantity of separate cells (typically up to four) where the water is progressively cleaned. 
All gas flotation units operate at lower pressure than the gravity separators or hydrocyclone unit. There is 
debate about the relative merits of horizontal versus vertical flotation vessel orientation and performance. 
Although the advantage of a vertical orientation is smaller footprint size, no real advantage either way is 
observed in performance. 
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Tertiary Separation 
Filtration equipment is used to remove oil-in-water where low concentrations of oil are present and 

further polishing of a difficult application is required. In most instances, these filters operate in two stages 
including filtration, where the suspended oil and solids are removed from the water stream, and 
backwashing, where the suspended oil and solids are removed from the filter system. The more common 
produced water filtration equipment include. 

• Sand Filters: Uses one type of media – e.g., sand or anthracite coal. 
• Multimedia Filters: Uses two type of media – e.g., anthracite coal and garnet.  
• Nut-Shell Filters: Uses ground nut shells – e.g., black walnut or pecan. 
• Cartridge Filters: Available in a wide variety of materials and pore sizes, as both disposable and 

back-washable types. Materials of construction include pleated paper, polypropylene, glass 
fibers, sintered metals, woven metal screen mesh, woven wool or cellulose fibers, and epoxy 
bound sand. 

 
Technology Selection 
In selecting the appropriate equipment, the main criteria include separation mechanism, internal details, 
and design basis – as shown in Figure 4A. 

 

 
Fig. 4A – Selection criteria for produced water treating technologies. 

 
Each of the equipment types can be ranked using two main performance variables – oil-in-water 

concentration limits and relative performance capabilities based on oil drop size removal range. 
1. Oil-in-Water Concentration Limits. The maximum amount of oil-in-water the technology can 

accept while separating efficiently within the designed operating envelope of the technology. 
The greater the amount of oil the technology can remove, the greater the flexibility of the 
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technology to operate over a wide range of process conditions. For example, gravity separators 
can treat effectively any oil amount, while flotation cells are limited to 500 ppm oil-in-water. 

2. Relative Performance Capabilities (based on) Oil Drop Size Removal Range. The minimum 
(dispersed) oil drop size the technology can remove from the water stream given a set of similar 
process conditions – including operating temperature and pressure. The smaller the oil drop size 
the technology can remove, the more efficient the separation process is. For example, gravity 
separators can treat >50-micron oil droplets effectively, while hydrocyclones and flotation cells 
can treat down to 10 microns. 

These two performance variables are usually opposed to each other, that is, the more effective the 
separation technology, the narrower the range of inlet oil-in-water concentrations the technology can 
manage. The wider the range of inlet oil-in-water concentrations the technology can handle, the less 
effective (relatively) the technology is in separating tough applications. This opposition is a crucial point 
to remember when equipment vendors try to convince clients that their equipment is appropriate, 
performance-wise, for all applications under all conditions. This assertion is not the case, and although 
certain equipment works better than others under certain circumstances, the inlet process conditions 
dictate which equipment is the most appropriate. 

 
Technology Comparison 

Apart from performance considerations, there are other advantages and disadvantages of each 
technology in relation to each other as listed in Figure 4B. 

 

 
Fig. 4B – Advantages and disadvantages of main produced water treating equipment. 

 
One important variable is equipment size and weight. Smaller technology translates into capital cost 

savings, lower maintenance and operational costs, and ease of retrofit into existing facilities. For example, 
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gravity separators and flotation cells are large and heavy compared to hydrocyclones, which is why the 
latter are used extensively offshore.  

 
Operational Issues 

Operational considerations are critical for the ongoing cost of any separation equipment. The 
equipment must have the ability / flexibility to operate over a wide range of inlet process conditions and 
outlet specification requirements. Other desirable equipment characteristics include: 

• Off-the-shelf designs that provide flexible features at low cost in a timely fashion from a vendor 
that does not need major input and supervision from the client 

• Leveraging the throughput and flexibility of the upstream and downstream equipment in the 
existing product facilities 

• Minimal impact on existing facilities during retrofit 
• Ability to solve day to day problems that operators might ignore, with a subsequent impact on 

plant availability and OPEX 
• Compact design, with minimal size and weight requirements in an offshore environment 
• Fit for purpose design 
• Environmentally friendly, with minimal emissions 
• Safe in operation and equipped with automatic shutdown systems 
• Layout considers the impact of hazardous areas 
• The design is based on appropriate industry and legislative standards 
 

Deoiling Hydrocyclones: A (brief) History 
Since the introduction of the deoiler hydrocyclone to the upstream oil & gas industry in the mid-1980s, 

this device has proven efficient and economical for treating produced water. The separation task applicable 
to the deoiler includes the primary and secondary separation stages, depending on the problem at hand. 
Deoilers revolutionized the treatment of produced water because these units were robust, efficient, simple 
to operate, and a fraction (typically 10%) of the size and weight of their predecessors as shown in Figure 
5. These aspects meant that for real estate challenged offshore facilities, there was a new solution capable 
of handling exceptionally large water volumes, in a small space, where previously there was no solution 
with the larger, heavier, older technology. 

The early success of the deoiler hydrocyclone stemmed from the significant amount of field test work 
performed offshore Australia and the North Sea. These initial test environments provided (fortunately) 
ideal, high pressure - high temperature applications, which afforded successful outcomes and allowed the 
technology to achieve a critical commercial foothold. Subsequent regions and environments, notably 
North America, had less ideal process conditions (lower pressures and temperatures) and proved more of 
a challenge for the deoiler, but subsequent technical progress and development over the years went a long 
way toward solving these more difficult applications. 

As the technology expanded into various fields and applications, the downside with field testing was 
that many end user operators had different experiences with the deoiler. This was incorrectly interpreted 
as the capability of the technology rather than variation – ease or difficulty – of the separation task. As far 
as the operators were concerned, all produced water was the same. This assumption leads to frustration 
for every equipment vendor to this day. 

In the 1980s, the amount of produced water was increasing relative to crude production. On average, 
3-4 barrels of produced water accompany every barrel of crude, and in certain locations, this figure is 
much higher. In 1993, a Norwegian Oil Industry Association Report commented that from 1986 to 1993 
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water production increased from 50,000 to 380,000 BPD while oil-in-water concentration decreased from 
40 to 20 ppm. “In spite of a substantial water increase during the last years, the average oil concentration 
has declined and stabilized. This reduction is a direct consequence of retrofitting hydrocyclones on the 
major water producers.” The time of the deoiler hydrocyclone had come. 

 

 
Fig. 5 – Comparison of CPI, IGF, and deoiler hydrocyclone sizes for comparative treatment duty. 

 
Early Challenges, Progress, & Development 
The early challenge in applying deoiler hydrocyclone technology was to identify “What is the problem 
we are trying to solve?” Treat produced water on offshore facilities with space constraints was the goal, 
but it also became apparent early on that produced water is not simply oil in water. As detailed previously, 
produced water is complex, diverse, and potentially changing. Furthermore, the requirements and basic 
operational criteria of a deoiler hydrocyclone are completely different to that of its predecessor 
technologies. The optimal operation of a deoiler requires an installed location: 

• At the highest available pressure and temperature 
• As far upstream as possible with minimal prior turbulence 
• Treating separate individual produced water streams, not a combination of multiple 
These requirements mean that there is one optimal location for effective and efficient produced water 

treatment by a deoiler hydrocyclone - the water outlet leg of the production separator, upstream of the 
level control valve. Now this fact has not prevented operators and engineering firms from trying to apply 
deoiler technology elsewhere – where the previously larger, heavier, older technology was located – with 
disappointing results. 

Deoiling hydrocyclones were originally packaged as single liner arrangements as shown in Figure 6. 
(Note: The terms deoiler, hydrocyclone, and liner are used interchangeably with the technology). If you 
required a higher capacity, you simply installed multiple liners in parallel. 
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Fig. 6 – Single liner deoilers packaged for use at Esso Australia for an onshore application. 

 
The original deoilers were larger than the current design, typically with a 120 mm nominal diameter. 

Today, a typical deoiler has a nominal diameter of 40-50 mm. This circumstance meant that although early 
deoilers could treat large capacities, the performance of the deoilers was like primary separators. 
Subsequent development led to smaller deoiler liners to handle difficult secondary separation applications, 
and the liners were bundled together into single vessels to provide high capacities and ever smaller 
footprints. When higher turndown was required, packaged active cyclone systems (PACS™) were 
developed. In this configuration, banks of deoiler liners are installed and operated – many as one – to 
provide high turndown flexibility. More discussion of this design is given later in this series. 

To this day, experts still present and define the characteristics of a deoiler hydrocyclone as that from 
the 1980s – as a single (larger) liner. This approach is incorrect and is as relevant as defining the 
performance of an eight-cylinder engine as what a single cylinder can do. Addressing the capability of a 
single deoiler liner is not applicable in describing the real capabilities of a deoiler technology package. 

 
How Deoiling Hydrocyclones Work 
Deoiler hydrocyclones only operate effectively with the correct pressure differential(s) profile. The oil-
water mixture is fed tangentially into the deoiler liner through the inlet slot(s). The inlet velocity and inlet 
shape force the oil-water mixture to spin in a vortex flow pattern. The rotational acceleration increases as 
the internal diameter decreases over the length of the liner. The centrifugal forces generated by the flow 
pattern create a separation between the two immiscible liquids (oil and water). The heavier water is forced 
outward toward the inner wall of the liner, which displaces the lighter oil that migrates to the center of the 
liner, where the oil forms a thin core. 

The heavier water flows out down through the tailpipe, creating the underflow stream. By controlling 
the pressure differentials across the liner, the light phase oil is forced to flow in the opposite direction to 
create the core. The oil core is forced to flow through a centered top opening, creating the overflow or 
reject stream, as shown in Figure 7. The result is a simple, but effective, separator with a 2-3 second 
residence time and no moving parts. 

To maintain separation efficiency at the highest level in a hydrocyclone – any hydrocyclone – the reject 
stream must be maintained at or above a set percentage of the inlet water being treated. The tougher the 
water treatment application, the higher this reject rate is. Typical reject rates for deoilers range from 3 – 
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8%. Think of the reject rate as the same as the skimming or oil removal rate of a simple oil-water separation 
tank.  

 

 
Fig. 7 – Illustration of flow streams within deoiler hydrocyclone liner. 

 
A pressure profile, or pressure differential ratio (PDR) is set up across the deoiler liner to ensure the 

reject flows at the acceptable rate. The PDR is shown in Equation 2.  
 
Eq. 2    𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑜𝑜𝑖𝑖𝑜𝑜𝑤𝑤𝑤𝑤−𝑃𝑃𝑤𝑤𝑤𝑤𝑟𝑟𝑤𝑤𝑟𝑟𝑤𝑤

𝑃𝑃𝑜𝑜𝑖𝑖𝑜𝑜𝑤𝑤𝑤𝑤−𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
 

 
Descriptively, the PDR is the inlet pressure minus the reject pressure divided by the inlet pressure 

minus the outlet (water) pressure. A PDR at 1.8 – which is used a starting point in the design basis of an 
eProcess deoiler hydrocyclone – is equal to a reject rate of 3-5%, which is acceptable for normal to easy 
applications. Tough applications require a higher reject rate of 5-8% to achieve suitable performance, 
which is equal to a PDR of 2.0 or above. A deoiler hydrocyclone system with inadequate PDR is one of 
the most common preventable faults in the operation of a produced water treatment system. 

 
How Deoiling Hydrocyclones Perform 
The first and largest commercial deoiler liners in the 1980s had a nominal diameter of approximately 120 
mm and separated 98% of oil droplets larger than ~50 microns. This single liner had a required minimum 
operating pressure of ~80 psig (5.5 barg) corresponding to a capacity of ~2,200 BPD. Today, a deoiler of 
this size is only used in easy, high-pressure, high-temperature applications. 

The second generation deoilers of the 1990s were of smaller diameter, in the 70 to 75 mm range. These 
liners separate 98% of all droplets larger than ~30 microns. The minimum pressure required to operate 
these deoilers is ~60 psig (4.1 barg), with corresponding capacities ranging from ~ 900-1,300 BPD. These 
liners have moderate efficiencies in most cases. 

Current generation deoilers, developed since 2000, are designed to treat tough applications and return 
high operating efficiencies. These liners have ~40 mm nominal diameter and separate 98% of droplets 
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larger than 10 microns. The minimum operating pressure required for these hydrocyclones is ~40 psig 
(2.8 barg), with corresponding capacities ranging from 200 to 300 BPD. 

Figure 8A-C illustrate the basic characteristics of a deoiling hydrocyclone for two different sized 
current generation liners – the DO15 with 38 mm (1.5 inch) diameter and the DO25 with 64 mm (2.5 inch) 
diameter. 

 

 
Fig. 8A – Flow rate through a deoiler is proportional to pressure drop. 

Graph showing capacity of 38 mm (DO15) and 64 mm (DO25) deoiler liners. 
 
 

 
Fig. 8B – Comparison oil droplet removal size for 38 mm (DO15) and 64 mm (DO25) diameter deoiler liners. 
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Fig. 8C – Graph showing minimum reject rate required for 38 mm (DO15) and 64 mm (DO25) deoiler liners. 

 
All deoilers have a minimum pressure drop / flowrate below which the centrifugal force is insufficient 

to generate effective separation. This minimum figure depends primarily on the deoiler diameter but is 
also influenced by the process conditions. For the DO15 deoiler shown in Figures 8A-8C this minimum 
pressure drop (from inlet to reject overflow) is 40 psig (2.8 barg) and that for the larger DO25 deoiler is 
80 psig (5.5 barg). For robust deoiler performance prediction, all the relevant process conditions should 
be captured and processed using a credible, proven deoiler simulation model, such as shown in Figure 
8D.  

 

 
Fig. 8D – Output from deoiler simulation model. 
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Deoiler Misconceptions and Corrections 
We now address the most common misconceptions regarding the operation and performance of deoiler 
hydrocyclones. This list is not exhaustive. 

 
Misconception 1: Deoiler Hydrocyclone Liners Are All the Same 
Correction 1: Deoiler hydrocyclones are not all the same. 

Available commercial deoiler hydrocyclone products have significant physical and process variations, 
differing by generational invention era (1980s, 1990s, and 2000s) and vendor experience. Each liner varies 
by geometry, with inlets, cones, and tailpipes differing in size and shape / profile, and all these variations 
can dramatically affect the performance. Figures 9A and 9B show the early and current version of deoiler 
liners. The early generation liners were characterized by large diameter and detachable components – and 
were made for direct mount application. The current generation liners have smaller diameter and come as 
an integral unit for mounting inside a pressure vessel. 

The design variations lead to different results in the client experience when deploying the technology. 
There are a number of good products and vendors available, but a larger number of knock-off liners that 
may be cheap but do not perform properly. Know what you are buying. 

 

 
Fig. 9A – Early generation of deoiler liners with detachable components. 

 

 
Fig. 9B – Current generation of deoiler liners as integral unit. 
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Misconception 2: Deoilers Are Interchangeable / Replacements for Other PWT Equipment 
Correction 2: Deoilers are not interchangeable or replacements for other PWT equipment. 

The operation of a deoiler is fundamentally different from every other PWT technology and must be 
designed and located to address this fundamental difference. Deoilers were invented for and operate best 
in high pressure, high temperature source locations. These conditions are typically as far upstream in the 
PWT system as possible. Do not put deoilers at the end of the PWT flow scheme, then pump the cold, 
chemically laden water to the deoiler for treatment, as shown in Figure 10. 

When in doubt - design as per the following three requirements: 
1. Locate the deoiler on the water outlet leg of the production separator upstream of the LCV 
2. Locate the deoiler on the water outlet leg of the production separator upstream of the LCV 
3. Locate the deoiler on the water outlet leg of the production separator upstream of the LCV 
Ensure that you minimize or eliminate high pressure drop / high shear sources upstream of the deoiler 

PWT system. Ensure that the critical pressure drop profiles required across the deoiler are established and 
always maintained. 

 

 
Fig. 10 – A poorly designed system by pumping sump water to deoiler for treatment. 

 
Misconception 3: Deoilers Cannot Deal with Emulsions 
Correction 3: Deoilers can deal with and treat emulsions, just not all emulsions efficiently without 
chemicals. 

This misconception occurs from the expectation that the deoiler acts only a primary separation device. 
Although this expectation is correct for the first generation of deoilers, the performance of the latest 
generation of deoilers reflects those of a secondary separation device. Furthermore, when a stable 
emulsion is present, any mechanical solution alone does not facilitate the separation process, and other 
mechanisms – such as chemicals – need to be used to solve the separation problem. Where the emulsion 
is unstable, this latest generation of deoilers can effectively treat the fluid with high efficiency. 
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When an unstable emulsion is present, a deoiler hydrocyclone field test can be used to evaluate the 
performance of the technology under actual operating conditions. The compact nature of the deoiler lends 
itself to an easy field test arrangement, as shown in Figure 11, where the equipment required is small, 
compact, and easily mobilized / demobilized. 

 

 
Fig. 11 – Example of a portable compact field test unit for evaluating the deoiler in actual process conditions. 

 
Misconception 4: Deoilers Do Not Work in High Pressure Gas Condensate Systems 
Correction 4: Deoilers work every bit as well, if not better, in high pressure gas condensate systems. 

 The main issue to address here is the pressure profile limits required to ensure that the deoiler is 
running within the operating envelope of the unit. This misconception occurs due to the assumption that 
gas condensate systems contain very small drop sizes and that these prevent the deoiler from operating 
efficiently. Although it is true that a condensate has a higher propensity to shear into small drop sizes, this 
issue is not the problem here. The produced water in gas condensate systems always exists at the higher 
end of the design and operating pressure in the production facility. Operating pressures more than 600-
800 psig (41.4-55.2 barg) are common. This high-pressure source produced water always contains a 
substantial amount of dissolved gas, and any slight reduction in pressure results in the breakout of this 
gas. The deoiler liner is an oil water separator and is not designed to deal with free gas. While free gas is 
detrimental to the liner performance, a certain amount of free gas can be handled with a bleed on the vessel 
package, as illustrated in Figure 12. 

We saw that the deoiler is a simple but effective separator with a 2-3 second residence time and no 
moving parts. However, the pressure drop required through the deoiler always results in a certain amount 
of gas breakout. The amount depends on the operating pressure, the volume of dissolved gas, and other 
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process conditions. Due to the short residence time in the deoiler, this gas breakout occurs after the 
produced water exits the deoiler, without affecting the deoiler performance – up to a point. 

 

 
Fig. 12 – Illustration of the deoiler liner and the full package. Free gas is handled within the package, not the liner. 

 
At increasing flow rates in gas condensate systems, due to the high operating pressure available, gas 

breakout can occur within the deoiler liner. The free gas displaces the oil core to exit through the overflow 
reject stream. The oil is then choked away from the reject port and exits with the water, resulting in 
deficient performance. The solution here is to restrict the pressure drop through the deoiler to a nominal 
maximum to ensure that gas breakout does not occur within the deoiler liner. This nominal maximum 
pressure drop is approximately 400 psi (27.6 bar), from inlet to reject outlet. The actual figure should be 
evaluated from field testing beforehand or during commissioning. 

 
Misconception 5: Deoilers Are Not Flexible in Dealing with High Turndown Requirements 
Correction 5: Deoiler systems can handle any online turndown requirements. 

This misconception first occurred when second generation deoiler liners were first packaged and 
bundled into single vessel arrangements to handle large flowrates. The turndown was a function of the 
pressure drop available, and the lower the pressure drop corresponded to lower the turndown. 

This situation was initially dealt with by a provision of liner blanks / plugs, which allowed for a slow 
build-up to the required maximum flowrate, but this solution also required the unit to be shut down to 
install more active liners. Alternatively, multiple vessels with multiple deoiler liner systems could be 
deployed for higher online turndown; however, this solution required more space and was more costly. 

Then, in the mid-1990s, Packaged Active Cyclone Systems (PACSTM) were introduced to allow for 
high turndown capability online within a single vessel, as shown in Figure 13. These conditions were 
achieved by segmenting or isolating banks of deoilers liners within the pressure vessel and turning these 
banks of liners on- or offline as required, with external vessel piping and valve arrangements. 



  18 

© 2022, eProcess Technologies 

 

 
Fig. 13 – Example of Package Active Cyclone System (PACS™) for on-line high turndown. 

 
Notwithstanding this capability, most of the time the design turndown requirements that are requested 

are not warranted as water production rates do not need to match the requested water treatment rates. What 
is often forgotten when specifying water treatment rates is that between the producing wells and the PWT 
system is a production separator - typically a vessel of substantial size.  

When located and installed properly on the water outlet leg of the production separator upstream of the 
LCV, a deoiler system treats the volume of water between the low and high levels of a production separator 
up to a maximum capacity. If there is little or no water production, the deoiler system happily shuts-in 
until the required water volume builds up. There is no problem with this batch operation, as a deoiler with 
a 2-3 second residence starts to work instantaneously when required and shuts down just as quickly. 

 
Misconception 6: Deoilers Need Pumps to Work Properly / Deoilers Do Not Work with Pumps 
Correction 6: Deoilers require pumps only when the available operating pressure is below a specified 
minimum and operate effectively and efficiently when strict design guidelines are followed. 

Deoilers have minimum a pressure drop requirement to operate efficiently and in certain cases a 
maximum pressure drop limit. The minimum pressure drop requirement depends on the deoiler liner size, 
but for the latest generation deoiler, this figure is approximately 40 psi (2.8 bar). Below this amount a 
deoiler system requires pumps. Examples of pumped deoiler systems are shown in Figure 14. 

 

 
Fig. 14 – Examples of pumped deoiler packages in (upper left) Amoco Liu Hua project, (upper right) Chevron Barrow Island, (lower 

left) and (lower right) Ping Hu project. 
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In evaluating the PWT system design, the question “For the produced water process conditions 
provided, which include a low operating pressure, should a deoiler system be chosen as the most 
appropriate technology?” arises. In certain instances, the answer is no, so evaluate the equipment choices 
available carefully (Figures 4A-4B) before making a final decision on what is appropriate. 

The issue in using a pump with any produced water equipment, let alone a deoiler, is that many pumps 
interact with what might be a quite benign produced water stream and create a tough to separate emulsion 
of small oil droplets. There are various low shear pumps, typically progressive cavity pumps, which do an 
excellent job in not creating this emulsion. Multistage centrifugal pumps may also be applicable. However, 
in both cases, the equipment can be quite large and certainly quite expensive.  

For most service work in the upstream oil & gas industry, single stage centrifugal pumps are the 
preferred choice. Single-stage centrifugal pumps can be used if the shearing effect is minimized by 
following these strict design requirements: 

• Single stage centrifugal pump, closed impeller type 
• Pump speed at less than 1800 rpm 
• Maximum suction to discharge pressure differential of 100-120 psi (6.9-8.3 bar) 
• Pump operating at a constant flowrate and at 75% or greater pump curve efficiency  
• Operating at a constant flowrate using a system recycle design, which allows for any turndown 

requirements 
By following these criteria, a pumped deoiler system can provide an effective, efficient, produced water 

treatment system. 
 

Putting It All Together 
In the 1980s, deoiler hydrocyclones became, in the space of a few short years, an important innovative 
technology for the upstream oil and gas industry and a flexible and effective product addition for produced 
water applications. Examples of successful systems are shown in Figure 15. 

 

 
Fig. 15 – Examples of deoiler systems including (left) ENI / Sonangol Xikomba and (right) Chevron Barrow Island. 
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Like all new inventions, deoiler technology went through the typical product life cycles: introduction, 
growth, and maturity, although for now, there is no sign in the decline of the use of deoilers. Along the 
way, significant knowledge and understanding were gained regarding not only the potential of the 
technology but also a better understanding of produced water and how to best manage produced water. 

We learned that the equipment location, order, and how produced water should be handled and treated 
are critically important. For optimum results with cyclonic technology, the installation of a desander is 
necessary before a deoiler if there are any significant solids present, and both should only be installed, for 
optimum results, on the water outlet leg of a production separator before the level control valve. 

Any subsequent processing after a deoiler, say for extra polishing, is best done first with dissolved gas 
flotation units, especially when pressure is already available - Mother Nature’s superior induced gas 
flotation method. Further filtration with downstream equipment may be required occasionally to meet 
more stringent specifications; this equipment adds an order of magnitude to the size, weight & cost of the 
installation but may be necessary to meet certain more difficult tasks. 
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Nomenclature 
API  = American Petroleum Institute 
BPD  = Barrels per day 
DGF  = Dissolved Gas Flotation 
IGF  = Induced Gas Flotation 
LCV  = Level control valve 
OPEX  = Operating expenditure 
PACS  = Package Active Cyclone System™ 
ppm  = Parts per million 
PSD  = Particle size distribution 
psig  = pounds per square inch (gauge) 
PWT  = Produced water treatment 
rpm  = Revolutions per minute 

 
SI Metric Conversion Factors 
bar  x 1.0  E+02 = kPa 
bbl  x 1.59  E-01 = m³ 
inch  x 2.54  E+00 = cm 
micron  x 1.0  E-04 = cm 
mm  x 1.0  E-01 = cm 
psi  x 6.894 757  E+00 = kPa 
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