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Typical E&P Water Treatment Process Configuration 
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POISHING 

ORGANIC 

POLISHING 

Oil , water gas separation 

Surge suppression, de-oiling 

Primary Water Treating ï gravity based systems 

Additional tanks for upsets (onshore only) 

Secondary water treatment 

e.g. GAC for 

removal of 

soluble 

organics 

 

 

Activated 
Sludge 

Trickle Filter 

Sand Filter 

BIO-

TREATER 

Nutshell, Sand Media filters 

Coalescing media, Filtration  

Tertiary Water Treatment 

Production 

Ref: J. Smith (2011) 6 



Ref: Bothamley, SPE-90325 (2004) 

North Sea vs Deepwater GoM Liquids Processing Systems: 

hotter fluids 

all 3-phase w/ hydrocyclones 

less shear 

cooler fluids 

2-phase / 3-phase 

more shear 
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Oil drop diameter for which roughly 50 % of drops are 

separated (Dv50) 

Performance of flotation depends on chemical application 

(injection point, selection, dosage, reaction zone, reaction time) 

primary separators 

Oil drop diameter (micron) 

Separation Range for Various Equipment: 
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Hydrocyclone Liner ï Flow Paths 

Illustration is for a liner 

that has a single inlet. 

Two inlets are more 

common. 
10 



Hydrocyclone Liner ï Flow Paths 

11 

The tangential inlet and circular hydrocyclone body induce a swirl motion which 

results in a centripetal force which is many times greater than gravity. The 

centripetal force causes separation based on density difference, much like that 

governed by Stokes Law. Oil drops move to the core. The core flows in a 

reverse direction and out through a reject orifice. 



Pressure Drops in Forward and Reverse Direction: 

Note that the reverse flow rate requires a higher pressure drop than 

the forward flow. This is because the ñdiameter of the pipeò for 

forward flow is larger than that for the reverse flow. Also, the reverse 

flow has to go through a small orifice. 

dPo: reverse (overflow) 

pressure difference 

 

 

dPu: forward (underflow) 

pressure difference 
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As shown on the left, the 

residence time decreases as 

flow rate increases, as 

expected.  

Hydrocyclone ï Flow Rate and Residence Time 

Ref: T. Husveg et al. (U. Stavanger),  

Minerals Eng., v. 20, p. 368-379 (2006). 

As shown to the right, 

separation efficiency  

increases due to the 

increased swirl velocity and 

therefore higher centripetal 

forces. 
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Hydrocyclone Oil Removal Performance: 

Oil/Water separation performance depends on cyclone geometry, 

PDR, flow rate, cyclone internal cleanliness, water temperature 

(viscosity), density difference between oil & water), and other 

factors discussed below. 
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oil drop diameter (micron) 

Ref: Ali & Petty (1994) 
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Hydrocyclone Liner Geometry 

Most suppliers has a variety of 
liner geometries available.  

 
For example, Vortoil supplies the 
K, J, F, G and L liner geometries.  

 
In general, the larger the D H, the 
greater the capacity but the lower 

the centrifugal force.  
 

Larger capacity means lower 
number of liners are required and 
thus lower cost, but will result in 
lower centrifugal force and thus 

lower separation efficiency.  
 

A popular liner geometry is the K -
Liner. It represents a judicious 
compromise between efficiency 

and cost.  

To scale 
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Hydrocyclone Liner Geometry 

17 Ref.: Kharoua, et al., Pet. Sci. Tech. (2010) 

All values normalized against Ds 

Colman & Thew used Ds = 2 Dtap, and Dtap of 30 and 58 mm 



Hydrocyclone Design 

18 Ref.: Kharoua, et al., Pet. Sci. Tech. (2010) 



Hydrocyclones ï Packaging Differences 

Individual hydrocyclone liners (8 total). This system is manually operated and is 
used for batch cleanup of tank inventory. It allows easy variation of the number 

of liners but is not a compact design, has limited throughput, and requires a 
relatively large number of valves.  
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Hydrocyclone ï Typical Packaging 

Packaging of many liners within a single pressure vessel. This 
figure shows the reject header.  
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Hydrocyclones ï Packaging Differences 

Axsia Oilspin AV hydrocyclone on 
Shell Expro Auk Platform. Operator 

is installing a liner.  

Read/Merpro hydrocyclone 
Vessel on Draugen  

Compact pressure vessel packaging of hydrocyclone liners ï 
requires much less space than individual liners for a relatively 

large number of liners. The main disadvantage is that the 
pressure vessel head must be opened in order to change the 

number of liners in operation ï note the large number of bolts.  
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Skid Mounted Packaged Design with Quick Open Davits 

Compact pressure vessel packaging of hydrocyclone liners.  
 

Note the quick -opening davits instead of bolted heads.  
 

This design makes it much easier to open and change the 
number of liners in operation.  
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m3/hr: 33                   67                 100                133                167               200 
23 

Liner Capacity 
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Ref: Bothamley, SPE-90325 (2004) 

North Sea vs Deepwater GoM Liquids Processing Systems: 

hotter fluids 

all 3-phase w/ hydrocyclones 

less shear 

cooler fluids 

2-phase / 3-phase 

more shear 
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Topsides Weight North Sea vs Deepwater GoM Platforms: 

North Sea UK Sector: 

Brent, Forties, Ninian topsides: 30,000 mt (66,000 tons) 

 

North Sea Norwegian Sector: 

Gullfaks, Statfjord topsides: 50,000 mt (110,000 tons) 

 

Deepwater GoM: 

 

 Ursa: 

  deck:    5,700 mt (12,500 tons) 

  topsides:  10,180 mt (22,400 tons) 

    (including the rig) 

 

 Mars: 

 total (not including rig): 16,600 mt (36,500 tons) 

  hull:    7,100 mt (15,650 tons) 

  deck:    3,300 mt (7,200 tons) 

  topsides:    6,200 mt (13,650 tons) 

       (not including rig) 

Note: there are many structural and process differences between N. Sea and Deepwater GoM 

platforms (gas rates, gas lift, water cut, etc) which contribute to these weight differences. 
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wells 

Typical North Sea produced water treating lineup 

ü use of pipe-in-pipe insulation, thus moderate use of hydrate inhibitor 

ü relatively hot fluids and / or heat added upstream (not shown) 

ü several primary separators to segregate incompatible fluids 

ü all separators are three phase 

ü hydrocyclones on every horizontal separator w/ degassing vessel 

ü no flotation or compact vertical flotation (e.g. Epcon CFU) 

wells 

wells 

Overboard 

Discharge 

Oil 

to DOT 

primary water stream 

reject / recycle oily water 

Compact 

Flotation 

Typical North Sea Process Flow Diagram (PFD): 

Degassing 

Vessel 
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Typical Three-Phase Separator & Hydrocyclone Arrangement: 

Gravity Separation plus hydrocyclone upstream of valve (ILCV) 

 

This arrangement is used in both the North Sea and the Deepwater GoM. 

 

However, in the North Sea it is used on every horizontal separator while in the 

Deepwater GoM it is typically only used downstream (LP FWKO). 

Oil Discharge 

ILCV 

DRPC 

DPRCV 
Forward or Underflow 

Water Discharge 

Reverse or Overflow 

Oily Water Reject 

Feed 

Gas Discharge 

Feed 

Three-Phase 

Separator 

Hydrocyclone 
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Gas 

Hydrocyclone 

HEx 
Oil 

to DOT TdeG 

Gas 

BOT FWKO 

Flotation 

Overboard 

Discharge 

Sump 

System 

WOT 

Gas 

Primary 

HP / IP 

wells 

Oily water 

Oil 

to DOT 

Typical Deepwater GoM produced water treating lineup 

ü greater use of hydrate inhibitor 

ü colder fluids / heat added downstream 

ü few primary separators ï limited segregation of fluids 

ü HP & IP separators are two phase thus no hydrocyclones upstream 

ü Slops tank and Wet Oil Tank provide opportunity to treat recycle streams 

ü large horizontal multistage flotation required to meet overboard discharge limits 

primary water stream 

reject / recycle oily water 

Typical Deepwater Process Flow Diagram (PFD): 

wells 
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Typical Two-Phase Separator and Control Valve Arrangement: 

Gravity Separation plus hydrocyclone upstream of valve (ILCV) 

 

This arrangement is used in both the North Sea and the Deepwater GoM. 

 

However, in the North Sea it is used on every horizontal separator while in the 

Deepwater GoM it is typically only used downstream (LP FWKO). 

Oil & Water Discharge 

Gas Discharge 

Feed 

Two-Phase 

Separator 
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Modeling results shown above suggest why flotation is required in the 

deepwater GoM but not in the North Sea ï both shear and fluid temperature 

are significant factors. 

Process Performance Diagram: 

flotation 

hydrocyclone 

3f FWKO 

hydrocyclone 

3f Sep 

GoM 

NS 

31 Ref.: Walsh, Georgie, SPE-159713 



Hydrocyclones ï Control Scheme: Concept of PDR 

PDR (Pressure Difference Ratio): 

 

 reverse pressure difference / forward pressure difference 

 

 

 

 

 

PDR must be a bit greater than 1 in order to force the lighter phase to go in the reverse 

direction of flow 
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PP
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PDR

-

-
=

oil 
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Feed 

PP 

PR 

PF 
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The Concept of PDR (pressure difference ratio): 

The reject ratio (flow rate of reject divided by that of the 

feed)  increases as the DP Ratio (PDR) increases. 

 

Thus separation efficiency increases as PDR increases. 

 

There is however a limit of diminishing returns. 

 

Efficiency curve depends on Stokes Law factors ï swirl 

velocity (g-forces), water viscosity (T), density 

difference 

 

Note that the 35 mm hydrocyclone has higher reject 

ratio for a given DP Ratio ï why? Although it is not 

indicated here, the 35 mm HC has a higher ratio of 

reject orifice diameter to underflow diameter 
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Feed Flow Rate (Q) was manually increased as 

shown ï how was this done? (by manually opening 

the underflow valve). System response: overflow 

pressure was decreased by the control system in 

order to maintain the PDR at the set point; this 

resulted in more flow to the reject, but at constant 

PDR so the reject percent should have stayed 

constant (not shown).  

Hydrocyclone Control ï Flow Change and System Response 

Ref: T. Husveg et al. (U. Stavanger), 

ñPerformance of a Deoiling Hydrocyclone 

during Variable Flow Rates,ò Minerals 

Eng., v. 20, p. 368-379 (2006). 

5 

4 

3 

2 

1 

700 

600 

500 

Pressure 

(bar) 
Flow 

(L/hr) 

34 


