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A Brief history of Horizontal Pumping Systems

A Alternative technologies and their drawbacks as
opposed to HPS

A HPS design features

A HPS Performance Limits

A Pump Peformance Envelope
A Applications for HPS product
A Question/Answer
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AFi rst Horizontal Pumping System sc¢
- Customer-driven product development
- Original Upstream Qilfield applications
(produced water injection, disposal,
water flood, etc.)
- Need to expand core business into new
markets and become more diversified
- Submersible Pumping Technology
paved the way for the HPS
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A Positive Displacement Pumgs(Plunger Pumps)

These pumps provide a continuous flow rate regardless of differential
pressure and have the ability to handle high differential pressures.  The
pumps are used in several markets such as refinery and gas treatment.

A Centrifugal- Axially Split Case

These pumps are used in several markets such as Oil & Gas, Power
Generation, and Pulp & Paper. These pumps are high flow rate pumps
with low differential pressures.

A Centrifugal- Canned Vertical Turbine

These pumps are designed for very high flow rates and low differential
pressures. Some of the markets these pumps are used are in the
general industry and chemical industry.




‘. ALTERNATIVE TECHNOLOGY vs HPS

gLl Loy
Alkhorayef Petroleum

Positive Displacement Plunger pumps

A Limitations
I Initial & Whole Life Cost
I In most cases lead times can be 6 months to 1 year

I Inherent environmental issues (crankcase leakage, noise,
and vibration)

I Maintenance intensive and unpredictable (seal packing,
pulsation dampeners, oilers, and belts)
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Typical PD Type Pump
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A Positive DisplacemergtPlunger pumps
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Centrifugalc Axially Split Case Pump

A Limitations

In most cases leatimes typically 6 to 12 months

High initial cost and repair costs

Custom engineered for a specific duty point

Two high price Mechanical seals required, and these operate above
suction pressure
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Centrifugalc Canned Vertical Turbine

A Limitations
I Complex foundation work required
I Mechanical seal operates at discharge pressure
I Motor bearings must handle pump thrust
I Initial cost
I Engineered for a specific duty point
I Crane required to carrgut repairs




HPS Assembly ...

Adaptable for Changing Duty Conditions: Industry standard electric_ foot mo_unted
The HPS provides the flexibility for changing duty conditions which enables motors are used as the primary driver for the

the re-use of the existing HPS system with either the addition or removal of HPS system. NEMA and IEC frame motors
can be used depending on the regional

preference. Motors are primarily of 2-pole
design and can be designed to meet the
customers requirments such as enclosure
type, voltage, insulation class, and area
classification.  Other driver options such
as gas or diesel engines can also be used
as part of the HPS system package.

equipment to meet the new customer requirements-

Pumping Element:

The pump is a multistage centrifugal type in either
radial or mixed flow stage design. These pumps
can be offered with different bearing design
configurations, and materials of construction to
provide the most optimum performance. The pump
is supplied as a separate module and is easily
replaceable. Pumping elements can be added,
removed and even de-staged to meet changing duty
conditions.

Flexible Couplings:

Disc spacer type couplings are
standard equipment which
provide no routine maintenance.
Other types of couplings such as
flexible grid, and gear type
lubricated couplings are
available.

Bearing Housing (Thrust Chamber)/Suction-Mechanical Seal Chamber Sub-Assembly:

The thrust chamber bearings are lubricated via oil injection by a frame mounted oil lube and cooling system. There are a

low number of rotating parts which provide ease in operation and minimal maintenance. The are provisions for bearing

RTD6és to measure the bearing temperatures, and velomitors

minimize shaft wear and to keep water and other contaminants from entering the chamber. The thrust chamber is an easily

replaceable module.

Discharge Head

Standard ANSI lap joint or weld neck type. The suction chamber is constructed as a modular design in which different nozzle sizes can be utilized as well as different

Class ratings of 300 through 2500. types of mechanical shaft seals. Depending on the application the customer may require a low pressure component seal
or an API single or tandem cartridge seal.  If there should be a change to the seal type in the future the flexibility of the seal
changeout makes the HPS design attractive and cost effective. The other attractive feature of the design is the ability to
change the seal by rear pullout method or front pullout method. Either method allows for rapid changeout of the mechanical
seal and alignment of the system is not compromised.  The suction standard flange ratings are ANSI 150 through 2500.
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Pumping Element:
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I Abrasion resistant bearing materials

I Various coatings & exotic materials available to
meet application requirements

I Replaceable on site with minimal doviime
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Pumping Element Cross Section:
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HPS DESIGN
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A Suctlon Chamber:

" Modular design for changing nozzle sizes and ANSI rating:

Modular design for changing from component type seals
to API cartridge type seals and visa versa

Mech seal operates at suction pressure
Seal shaft design for easy seal & shaft chamge

Cartridge seal options with most API610 flush & quench
plans are available

Allows for both back and front removal of the mechanical
seal without affecting motor and pump alignment



HPS DESIGN
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A Thrust Chamber:

" Current design utilizes rolling element bearings. Future
designs will utilize hydrodynamic bearings.

Low number of moving parts
Oil Cooling & Lubrication System required

INPRO VBXX shaft seals used to eliminate shaft wear and
prevent water and debris from entering

Provisions for bearing temperature sensing devices and
vibration sensing devices

Replaceable on site with minimal dowime
Minimal routine maintenance (Oil and Filter change)
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A Frame/Skid:
I Rigid design for ease in assembly and installation

I Provisions for adding extra weight to the frame In
case of vibration

I Abllity to add or subtract stages/pumps
I Reusable for future applications
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A Suction Pressures up to 3,000 psi (based on limits to existing seal design:
today)

A Discharge Pressures up to 5,000 psi (Higher pressures for larger diametel
pumps can be met with high pressure materials)

A Developing thrust chambers to carry both 15,000 Ibs and 30,000 Ibs of
axial thrust (Hydrodynamic type bearings)

Driver options mainly used:
A Electric Motors: 100 to 1,500 hp (50/60 Hz.)
A Engine Drive (Gas or Diesel)

Electrical Starter Options:

- Across the line (Instantaneous start)

- Soft starter

- Variable Frequency or Variable Speed
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A Water injection

A Water disposal

A Jet pumping

A Power fluid & hydraulics fluid

A Transfer/pipeline booster

A Gas services GONGL, LPG, Naptha, Amine
A Methanol, Glycerol

A Boiler Feedwater

A Wash Water
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