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Using rotodynamic pumps for low shear,

produced water applications

Oil and gas production plants have to clean up produced water by
separating the oil from the water. The separation is done in a variety of
ways, one of the more common being with hydrocyclone separation
systems. For these to work efficiently, the mixing of oil and water must be
minimised preventing restructuring and emulsification during the transfer
of the fluid through the separation systems. Oliver Brigginshaw, Managing
Director of Amarinth, a leading company specialising in the design,
application and manufacture of pumps and associated equipment,
explains how Amarinth is using state-of-the-art computer modelling
techniques to design rotodynamic pumps that are being used by the oil

and gas industry for low shear applications.

The effects of shear

Generally speaking, centrifugal pumps tend to shear liquids and the higher the speed
of the pump the more shear results. Shearing occurs along a boundary layer when
the velocity of the fluid is changed creating a velocity gradient across the fluid. This
causes shear stress between the slower and faster moving flows in the liquid. In a
centrifugal pump the shearing effect is highest at the impeller and the resulting
turbulence in a fluid of oil suspended in water causes the oil and water to emulsify
and when this exceeds a certain level the hydrocyclone separators are not able to

extract the oil droplets from the water.
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Progressive cavity pumps reach their limit

Low speed progressive cavity (PC) pumps have traditionally been used in such
applications where minimising any shearing of the pumped liquid is important. PC
pumps increase in length and size as flow rates increase however and there is a limit
to their capacity, which is quite small. At the PC pump limit, rotodynamic pumps are
used to pump higher flow rates with the additional benefit of requiring a smaller
footprint (see Figure |). Further, rotodynamic pumps achieve this with a smooth
continuous delivery and low pulsation effect, and no pressure relief valves are

required to prevent system over pressurisation.

On an offshore rig or Floating Production Storage and Offloading (FPSO) vessel for
example with on-board hydrocyclone separating systems, the space is often not
available for a PC pumps to work at the flow rates needed to handle the produced
water coming out of the well. PC pumps also wear out more quickly than centrifugal
pumps leading to increased maintenance, something that operators of a rig or vessel

that is producing oil 24 hours a day want to minimise.

A compact solution

The oil and gas industry has been at the forefront of the need to design a compact
pump that will not shear produced water. In response to this need, Amarinth has
approached the use of rotodynamic pumps in low shear applications afresh. Using
the latest in Computational Fluid Dynamic (CFD) modelling, hydraulic design
engineers are now understanding much more about how to reduce the shearing

action of impellers in rotodynamic pumps at high flow rates.

Engineers have determined that the key ratios to reduce the shearing action on the
fluid are the inlet area, outlet area and the proportions of the impeller hub. Using 3-
dimensional Computer Aided Design (3D CAD) engineers are able to outline new
impeller designs which are then imported into vane creation software which controls

the shape of the vane and the geometry of the water passage through the impeller.

— MORE -
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Once engineers have tuned the impeller and vane design, this is exported directly
back into the 3D CAD system where Finite Element Analysis (FEA) is carried out on
the impeller and vanes to ensure they are capable of handling the dynamic loads and

mechanical stresses.

Visualising the flow

Using Computational Fluid Dynamics (CFD), the engineers can then visualise the fluid
flow through the pump volute and impeller and predict the point at which shearing
will occur and then design the impeller to reduce the shearing effect. The design can
be modified iteratively using the various computer applications until engineers are
happy with the design, at which time it is transferred to the Rapid Prototyping
Machine (RP) to produce an exact vane profile. A computer aided manufacture

(CAM) package is then used to produce the final pattern and corebox equipment.

Using these techniques, Amarinth hydraulic design engineers have determined that:

. Turbulence is significantly reduced through controlled changes in fluid
velocity and smooth changes in direction

. Optimising the vane tip radius at the impeller inlet can create fluid
stagnation at the blade tip which promotes streamline non-turbulent flow
into the impeller channels

. Turbulence and shear can be further reduced by matching the impeller
vane profile to the casing volute and cutwater design this minimises
recirculation and exit wake from the vane trailing edge

. Minimal disruption (eliminating cavitation) of the pumped liquid can be
achieved by selecting pumps in the preferred operating range — often
pumps in the allowable operating range will work equally well

. Minimal shear at the impeller surface can be achieved through an

enhanced surface finish of the impeller

— MORE -
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A low shear solution for Larsen & Toubro

The experience of the Amarinth engineers was put to the test when Larsen &
Toubro approached the company for a new design of pump that could meet the low
shear requirements for produced water coming out of a well stream. Larsen &
Toubro were contracted by Oil and Natural Gas Corporation (ONGC) to upgrade
the capacity and effectiveness of an existing Produced Water Treatment Plant on a

platform in the Mumbai High North field in the Arabian Sea.

The treatment plant uses hydroclyclones for filtering small droplets of oil from
produced water coming out of the well production stream. For these to operate
effectively it was crucial that emulsification of the oil droplets in the water was
prevented, which required “low shear” pumps. Larsen & Toubro defined low shear
pumps as those with a speed <I800rpm, head generated <50m and efficiency >75% -

all criteria which matched Amarinth’s understanding of a low shear application.

The Amarinth design team was able assess that Amarinth’s A Series roto-dynamic
pump performed within the criteria set by both Amarinth and Larsen & Toubro.
Amarinth successfully designed the APl 610 OH2 A series centrifugal pumps that met
the low shear criteria within a tight 26 week delivery deadline and these have now

been put to work in the production stream.

Modelling increasingly finer detail

The use of state-of-the-art software is allowing the Amarinth hydraulic design team
to model fluid behaviour in ever finer detail and predict with high degrees of
accuracy how mixed fluids such as oil and water will flow through impellers and
pumps, breaking down long standing beliefs about what equipment is right for a
particular duty and enabling engineers to deliver answers to the ever more

demanding needs of oil and gas operators.

— END -
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OPTIONAL PANEL or BOX ITEMS
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NOTES TO EDITORS:

Founded in 2002, Amarinth has harnessed the skills, creativity and passion of people
who have worked in the pump industry for many years. Amarinth delivers world-
leading expertise in the design, application and manufacture of centrifugal pumps and
associated equipment to ISO, ANSI & API standards, primarily for the industrial,
chemical & petrochemical markets. Their portfolio includes:

e Pumps: Horizontal and vertical APl 610 pumps, chemical and industrial
pumps, many of which are interchangeable with the Girdlestone pump ranges,
eliminating the need for expensive modifications when replacements are
required.

e Pressure Vessels: Protect System Plan 52 and 53A and 53B sealant systems
with inbuilt condition monitoring for pumps and mixers that are suitable for
Safe area up to Zone |.

e Spares & Service: High quality, fast lead-time re-engineered spare parts to
improve performance and extend pump life, including many which are directly
interchangeable with the Girdlestone pump ranges.

e Packages & Modules: Condensate Recovery Units manufactured for Spirax
Sarco incorporating the innovative Ci-Nergy intelligent variable speed control
system, plus bespoke packages & skids built to order.

e Business Systems: state-of-the-art e-commerce technologies that deliver
24/7 support enabling customers to select pumps and place orders on-line
and then track every stage of manufacture through to delivery, any time,
anywhere in the world.

The company operates globally from its base in Rendlesham Suffolk, United Kingdom
and has a customer base of world-leading companies, including BP, Shell, ExxonMobil,
GlaxoSmithKline, Pfizer, Spirax Sarco, Diageo, AMEC, Fluor and Halliburton.
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