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with close to 6 minutes of retention time. It does occupy consid-
erable space, but, because it operates at a low pressure, the wall 
thickness is low and the steel weight is only approximately one-
half of the weight of the unit. The other weight component is the 
water itself.

A typical two-phase high-pressure separator in the deepwater 
GOM weighs roughly 60 to 80 tons (operating weight), depending 
on the capacity. For example, the two-phase high-pressure sepa-
rator on the Mars platform has 4-in.-thick steel walls and a liquid 
residence time of approximately 54 seconds. It is 72 in. in diameter 
and is 28 ft long (seam to seam). It has an operating weight of 65 
tons (60 metric tons). Because it is a two-phase separator, it is only 
required to separate gas and liquid. Given the density difference be-
tween liquid and gas, a short residence time is sufficient.

If the high-pressure separator had been designed as a three-phase 
vessel with 5 minutes of residence time for liquid, it would weigh at 
least five times more than the typical high-pressure deepwater GOM 
separator, in the range of 300 to 400 tons. Thus, there is tremendous 
weight and space saving through the use of two-phase separation, 
even though a large flotation unit is required as a consequence.

Also, most high-pressure fluids are relatively dry. Such fluids 
are typically drained from a reservoir upon initial production. 
It is only after the initial production that water content tends to 
increase. Thus, the decision to design high-pressure and inter-
mediate-pressure separators in the deepwater GOM as small two-
phase separators is essentially a reasonable way to economize 
on weight and space. Thus, the typical deepwater GOM water-
treatment-system design appears to be justified from a holistic or 
whole-process perspective. 

Summary and Conclusions
In this paper, together with the companion paper by Walsh and 
Georgie (2012), water-treatment differences between North Sea 
and deepwater Gulf of Mexico (GOM) platforms are analyzed. 
The scope of the analysis covers flow-assurance strategies, chem-
ical-treatment programs, available separation technologies (gravity 
settling, hydrocyclones, and flotation), and process configuration. 
Both field data and modeling results are presented to explain why 
three-phase separators and hydrocyclones are used widely in the 
North Sea, while two-phase separators and multistage flotation 
units are applied in the deepwater GOM.

The present paper focuses mostly on fluid characteristics (such 
as temperature), equipment (two-phase vs. three-phase separators, 
hydrocyclones, and flotation units), and process configuration (as 
characterized by the process-performance diagram). The differ-
ences can be summarized as follows:

�‡��North Sea
�| Warmer fluids (lower water viscosity)
�| Heat added upstream
�| Less-costly weight and space (shallow, no hurricanes)
�| Three-phase primary separation (with a hydrocyclone on 

each water discharge)
�| Hydrocyclones on all primary separators
�| No flotation required or just compact flotation required

�‡��Deepwater GOM 
�| Cooler fluids (higher viscosity)
�| Heat added downstream
�| Weight and space expensive (deep water, hurricanes)
�| Two-phase/short-residence-time primary separation
�| Hydrocyclones used wherever possible (free-water knockout)
�| Large, horizontal four-stage flotation required

Both regions use a staged or cascaded pressure-reduction 
system in which fluids are routed through successively lower-
pressure separators in series. This maximizes liquid recovery and 
minimizes overall load on the gas-compression system. There is 
an obvious and sensible overall design, and this is not the subject 
of this paper. Both the North Sea and the deepwater GOM are sim-
ilar in this respect.

Altogether, the modeling reproduces the observations made in 
the field. That is, in those North Sea facilities where there is min-
imum drop shear in the boarding system, and where the primary 
separators have hydrocyclones, drop size is maintained and good 
separation efficiency is achieved without the requirement of a large 
flotation unit.

Discussion
Two approaches are used to understand why water-treatment sys-
tems in the North Sea differ from those in the deepwater Gulf of 
Mexico (GOM). The first approach is to compare the systems to 
best practices in water-treatment-system design and to consider 
the reasons for deviation from the best practices. This was done 
in the companion paper by Walsh and Georgie (2012). Factors that 
account for this deviation include capital and operating costs, ex-
traction techniques, reservoir characteristics, the properties of the 
fluids being treated, the target specifications, and the obvious dif-
ferences in platform type (fixed structure in shallow water vs. 
floating structure in deep water). 

The second approach presented in this paper is to apply mod-
eling tools and to compare the modeling data with field data. Mod-
eling the two systems (North Sea and deepwater GOM) was fairly 
challenging. The modeling tools rely on input data such as fluid 
properties, flow rates, equipment type and size, and process lineup. 
The tools provide estimates of drop-size distribution and oil-in-
water concentration throughout the system. As applied here, the 
modeling tools provide a quantitative estimate of the relative im-
portance of various factors that differentiate the systems in the two 
regions (such as inlet fluid shear and temperature, separator flux 
rate, residence time, and application of hydrocyclones).

As discussed, the use of two-phase high-pressure and intermediate-
pressure vessels has the consequence that a hydrocyclone cannot be 
used and that the liquids containing both oil and water are sheared 
extensively. From the modeling results, it appears that such shearing 
is partly responsible for the need to use large, multistage horizontal 
flotation units. Thus, the use of two-phase inlet separators, which are 
significantly smaller and weigh less than their corresponding three-
phase counterparts, comes at a price. The price is the requirement to 
use a large, multistage flotation unit for water treatment. The question 
is whether or not there is a net space and weight saving.

A Wemco is a six-chamber horizontal flotation unit with four 
active cells. A Wemco unit that can process approximately 20,000 
BWPD weighs approximately 30 tons wet weight, and operates 

Fig. 16—Process-performance diagram for platforms in the 
North Sea (green and red) and GOM (blue and yellow). The green 
points and line are modeling results for North Sea platforms. 
The red circles are from platform measurements for four North 
Sea platforms. The blue points and line are modeling results for 
deepwater-GOM platforms. The yellow circles are from platform 
measurements for the Mars, Auger, and Ursa platforms from ap-
proximately 2001 to 2007.
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S(d) = separation efficiency as a function of the oil-drop 
diameter d

tT = theoretical residence time (seconds), calculated as tT = V/Q
u(d) = oil-drop rise velocity as a function of d, m/s

V = volume of the water leg, m3

V = radial velocity of fluid in the hydrocyclone, m/s
x = independent variable (e.g., drop diameter)

 a = adjustable parameter
 b = adjustable parameter
 Dr = density difference between water and oil, kg/m3

	 μ = viscosity
 mw = viscosity of the water (0.001 Pa∙s = 0.001 N∙s/m2 = 1.0 cp)
 ro = density of the oil phase, kg/m3

 rw = density of the water phase, kg/m3
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Both regions appear to make use of the best-available technology 
within the regional constraint of the cost of weight and space and 
fluid characteristics. The designers of North Sea platforms chose 
to use three-phase separators together with hydrocyclones on the 
water discharge of each separator. This was a judicious design 
choice, given the availability of space and weight.

On the other hand, the designers of deepwater-GOM platforms 
made the choice to use two-phase inlet separators because of the 
very high cost of weight and space. In doing so, a judicious trad-
eoff was made. Oil/water separation does not occur until late in 
the separation process, which subjects the oil and water to intense 
shearing. This requires more-robust water treatment at the back end 
of the facility, such as horizontal multistage flotation. Given that 
flotation is a low-pressure process, the weight of the added steel 
from such a large flotation unit is small compared with the weight 
savings of two-phase primary separation. Thus, the typical deep-
water-GOM water-treatment-system design appears to be justified 
from a holistic or whole-process perspective. 

Modeling tools are presented that can correlate laboratory, pilot, 
and field data. High-quality field data on drop-size distribution, to-
gether with relevant process information, are scarce. Benchmark 
data sets are needed. Therefore, in this paper, modeling is used to 
supplement the field data.

The modeling tools show that inlet-fluid shearing is at least as im-
portant as fluid temperature in determining the required separation 
equipment. Inlet-fluid shearing is greater in the GOM because of the 
inlet two-phase separators and their level-control valves. Thus, the 
fluids entering the platform and the fluids entering the first three-
phase separator (free-water knockout) have higher oil concentra-
tion and smaller oil-drop diameter. The separator residence time is 
shorter than in the North Sea. The fluid temperature is lower as well. 
All these factors combine to provide a relatively lower performance 
in the hydrocyclones, and thus multistage flotation is required even 
though multistage flotation is heavier and occupies more space than 
the compact vertical flotation used in the North Sea.

It is only through a whole-process analysis, as demonstrated 
here, that the justification for such an approach can be quantified. 
The choice of two-phase inlet separators in the deepwater GOM is 
an economic decision that, as discussed in the paper, is judicious 
given the relative dryness of the fluids and the high cost of in-
stalling three-phase inlet separators in deepwater systems.

Not all of the systems evaluated by the author are shown in this 
paper. There are some systems in the North Sea that have char-
acteristics that are similar to those in the deepwater GOM. Also, 
there are systems in the deepwater GOM for which shearing cre-
ates water-treatment problems. As in any survey of water-treatment 
systems, there are exceptions to the general observations. By use of 
the modeling tools presented in this paper, identification of these 
cases is more straightforward. This has the advantage of helping to 
guide troubleshooting efforts, and it helps justify the expenditure of 
capital to rectify these problems.

Nomenclature
c1 = dimensionless parameter = –2.05
c2 = dimensionless parameter = 0.39
c3 = dimensionless parameter = 0.75
d = diameter of the oil drop, m

d75 = drop diameter for which 75% of drops are separated, m
D = involute diameter of the cyclone, m

Dmax = maximum oil-drop diameter
f(x) = the probability distribution of x values

F(d)E = oil-drop-diameter distribution of the effluent
F(d)F = oil-drop-diameter distribution of the feed

g = gravitational constant (9.81 m/s2)
h = height of the oil/water interface, m
Q = volumetric flow rate of water, m3/s
r = radial position in the hydrocyclone, m
S = Stokes factor, s/m2
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