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ABSTRACT

With the application of multiphase pumping unprocessed well effluent could be boosted over long
distance without need for separation of phases. The Nigeria Oil industry stands to benefit immensely from
this application in the area of economical eradication of gas faring, a menace that has robbed the industry
of about $6.8 MM every day. The conventional means of transferring gas to the sales point, which is by
separation and compression, is very expensive which has occasioned the incessant flaring of associated
has. This paper compares the economic benefits of using MPP over the conventional method. Revenue
from gas sales would benefit both the Nigeria government and the operators. Flares extinction would
assure cleaner environment and reduction in health hazards, which have benefits of a global dimension.’
Keywords: Pumping, gas flaring, multiphase reduction, Clean Environment

INTRODUCTION

Oil wells produce multiphase fluids consisting primarily of oil, water and gas. Since the inception of oil
production the multiphase fluids have been transported over short distances by the reservoir energy. There
was no device available to directly boost the multiphase fluid to transfer over long distances. The only
feasible approach was to separate the phases, pump the liquid and compress the gas independently.

The advent of the multiphase pump has brought the answer to direct boosting of multiphase fluids.
Developments of multiphase pumps started over 20 years ago and are now commercially available to
handle wide variety of production conditions. They can be deployed subsea, or at the surface on platforms
or onshore.

So far, multiphase pumps have been employed to serve several purposes. The common ones include;

1. Increased production rate by lowering of back pressure on wells
2. Consolidation of surface facilities
3. Economic development of marginal fields.

The less obvious application of multiphase pumps can boost pressure without the need to separate the
phases. This paper maintains that this application would be beneficial to the Nigeria oil industry, which
flared about 27 billion cm/d of association gas in 2000 about 50% of the associated gas production.

Economic analysis is performed on data collated from some oil fields in the Niger Delta. Result shows
that deployment of multiphase pumps is cheaper than use of compressors by as much as 26%. Aside the
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economic benefit, the environmental and health benefits, which may not be readily translated into cash,
are enormous.

Principle of Operation and Types of Multiphase Pumps:

With conventional production operation the well fluid is first separated into gas and liquid before being
pumped and compressed through separate lines, or in Nigeria flare the gas in most cases. However with
MPP the idea is to transport unprocessed well fluids as mixture of water, oil and gas to a process facility.
The pump imparts energy to the fluid stream to enable delivery to a distant processing facility from
remote locations. At the same time the pump is capable of drawing down on the wellhead pressure acting
as a surface lift method to increase production.

Multiphase pumps are classified according to two pumping concept namely, positive displacement and
rotodynamic concepts. The common pump types based on these principles are described briefly in the
following paragraphs.

Rotary Screw Pump

Screw pumps work on the positive displacement principle. Generally they can handle any product, which
can be fed into the inlet. These pumps are designed with intermeshing left and right hand screws mounted
on parallel shafts (Figure !) operating inside tight clearance casing. The meshing of the screws is
maintained by precision timing gears, thus preventing screws from making contact. The fluid enters at
suctions located at both ends of the pump and is trapped in the screw locks and pushed towards the
discharge located in the middle of the pump. The fluid is pressurized hydrostatically and not dynamically.
The differential pressure generated is a function of the pressure losses that must be overcome to deliver
the fluid to a set pressure.

For these pumps to obtain high efficiency tight clearances between the two rotating screws and between
each screw and the casing are required. This requirement limits the ability of the pumps to handle sand
production. Additionally, these pumps to handle self-adjusting, buy require permanent monitoring to
adapt rotational speed to handle fluctuations in flow composition. Though they can handle high GVF
flows, a permanent liquid recirculation devices is required to maintain a continuous liquid film on the
screws to avoid gas slipping back into the suction.

Helico-axial Pump

This is a type of rotodynamic pump developed by the Poseidon group (Institut Francais de Petrole, Total
and Statoil). This pump is a hybrid between the centrifugal pump and the axial compressor and designed
to prevent gas-liquid separation, which typically occur in centrifugal pumps. Helico-axial multiphase
pump is a multiphase pump with each compression stage consisting of an impeller mounted on a single
rotating shaft, followed by a stationary diffuser (Figure 2 & 3). Fluid pressurization is dynamic and the
differential pressure increases with mixture density. At each stage rotating impellers impart kinetic energy
to the fluid, which is converted into pressure as the fluid is slowed down in the diffuser.

Unlike the rotary screw pumps, the helico-axial pumps have open passages connecting the inlet to the exit
and large clearance that can handle sand production with minimum abrasion. They can handle high GVF
flows without need for liquid recirculation. They also have self-adjusting capability, mechanical
simplicity, higher reliability and more compact size compared to the rotary screw pumps.

Operating Condition:

With time wellhead pressure and oil flow rate tend to decline while GOP and water cut will increase.
Thus unlike conventional single phase liquid pumps which normally have well defined operating
conditions, multiphase pumps generally have to cover a wide working envelope to suit changing
well/field parameters due to reservoir evolution. Additionally, the pumps are capable of coping with
unsteady flow conditions, which may consist of series of gas pockets and liquid slugs resulting in wide
fluctuations of GVF, which can reach up to, 100% at pump inlet.
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For proper sixing of MPP the following minimum parameters are required: oil, gas and water rates, gas
oil ratio, desired suction pressure, required pressure rise, flow regime (in particular, the tendency for
slugging), sand production, and estimated variations of these parameters over the life of the field.

Typical Applications of Multiphase Pumps:

Multiphase pumps could be applied to serve the following functions:

1. Extending Life of Mature Wells: Drop in reservoir pressure and/or increased water production
would cause the flowing wellhead pressure of one or more wells in a field to decline with time
and unable to flow together with the high pressure wells. Traditional solution is to either shut in
the low-pressure well(s) or choke back the high pressure well(s). In either case production is lost.
Alternatively, a multiphase pump could be deployed to boost the low-pressure wells into the
manifold and avoid loss of production. This is illustrated in Figure 4.

2. Tie in of New Marginal Fields: Marginal fields with extended pipeline and probably low pressure
may not be able to flow to existing processing facilities. Traditionally, the solution would be to
accept low production rates from these wells or build a satellite processing facility adjacent to
these field. With the application of multiphase pumps such distant fields could be tied into an
existing production facility as illustrated on Figure 5. This saves the unnecessary expense of
building a satellite facility.

3. Transfer of Well Fluids Between Facilities: Since the pumps are able to handle high percentage of
gas they can also be deployed to transfer multiphase fluids from one facility to another. In this
way it eliminates the need for separation and use of compressors to transfer the gaseous phase.
This application is of interest of this paper to adapt for elimination of gas flaring in Nigeria.

Gas Flaring/Venting in Nigeria

The issue of gas flaring is very important to the Nigerian government because of the economic,
environmental and health implications. It is also of great interest to major and even minor producers as
they battle to drop their flare volumes to zero by 2008.

Economic Wastage of Gas Flaring/Venting:

Oil Production began in the Niger Delta about 45 years ago and so did the practices of gas flaring. Nigeria
is the world’s highest “gas flarer” contributing about 17% of the world’s gas flare volume. It is estimated
that about 2 billion scf of associated gas is flared and vented daily. This is a colossal waste amounting to
about $6.8MM loss in revenue everyday.

Environmental Pollution and Health Hazard:

According to the World Bank, by 2002 gas flaring in Nigeria had contributed more greenhouse gases to
the atmosphere than all other sources in sub-Sharan Africa combined. This constitutes a serious and yet
unnecessary pollution as the energy in not tapped. In 1996 the World Bank estimated that Nigerian gas
flaring releases some 35 million tones of carbon-dioxide annually. This represents 0.2% of total global
man-made carbon-dioxide emissions; of which the rest of Africa contributes 2.8%, Europe 14.8%, the
USA 21.8%, and the rest of the world 60.4%

Other flare gas pollutants include such oxides as NOx, CO, and Sox which are acid anhydrides and as
such mix with surrounding humid air to acidify the environment and contaminate rainfalls resulting in
acid rains which cause food insecurity, increase risk of diseases and corrode buildings. The flares also
contain widely recognized toxins such as beneze, which causes respiratory problems such as asthma and
bronchitis. Additionally, the particles from the flares fill the air and cover everything with a fine layer of
soot. The heat and noise are also sources of discomfort to nearby residents.

On the other hand venting of the associated gas pollutes the atmosphere with methane. Methane plays two
pollution roles: in the stratosphere it is a greenhouse gas while in the troposphere it reacts to from ground
level ozone and photochemical smog.
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Barriers to Gas Utilization

Associated gas has a lot of uses including power generation, re-injection for reservoir pressure
maintenance, liquid field gas for local use and export etc. flaring and venting of associated gas should be
done only as a safety measure to ensure safe disposal of gas during upsets at oil production facilities to
avoid endangering the lives of the workers or nearby residents. However, in Nigeria the practice of gas
flaring/venting goes beyond normal operational and safety limits and is rather a non-stop practice in turn
endangering the environment and nearby residents.

There are several factors contributing to the incessant practice of gas flaring in Nigeria but the most
contributors are the lack of both a domestic gas market and the infrastructure (LNG facilities and export-
oriented pipeline) to reach international markets. Subsides for competing energy sources (mainly oil and
hydropower), which lead to low pricing for competing fuels has occasioned the lack of development of
the gas market due to low expected financial returns. Additionally, projects aimed at reducing gas flaring
compete with other oil production project and so operators tend to look at the economics of associated gas
in isolation from oil production. If there were no returns they would naturally choose to flare/vent the gas.
Additionally, smaller international companies and some indigenous companies may be financially
constrained to embark on such projects.

Development of Gas Industry

To actualize the plan to achieve flares out by 2008 the government is accelerating the development of
natural gas utilization projects. One of such projects is the Nigeria LNG a joint venture between NNPC
(49%), Shell (25.6%), EIf (15%) and Agip (10.4%). About 918 mm scf of natural gas is required per day
to feed the plant from sources in Soku, Obiafu and Obite fields operated by Sheel, Agip and EIf
respectively. The plant came into operation in September 1999. However most of the gas supply to the
plant is unassociated.

A similar project is the Escravos Gas-To-Liquid venture by ChevronTexaco. The project will convert
about 300mm scf of natural gas per day to GTL diesel and GTL naphtha when it comes on stream in late
2006 to early 2007. Nigeria flares about 2 bn scf/d of natural gas and the EGTL alone will reduce flare
gas volumes by 15%.

Another project is the West African Gas Pipeline WAGP project conceived about 15yrs ago by four
African countries namely Nigeria, Benin. Togo and Ghana. Chevron Texaco is leading a consortium of
private company investors, namely Chevron Texaco 41.87%, NNPC 25.25%, Shell Overseas Holding
Ltd. 18% and Volta River Authority 16.38%, to finance the development of a 690 km gas pipeline to link
natural gas from fields in Nigeria to markets in Togo, Benin and Ghana. However, it is not yet made
public the gas to be exported through this pipeline, and how the export oil fields.

Additionally, economic and budgetary pressures have led the Nigerian government to abolish energy
subsidies. The consequent higher gas prices would encourage government and operating companies to
further develop gas infrastructure to provide create opportunities to market associated gas domestically
and internationally. In fact, other LNG projects are in advanced planning stages. A plant is to be cited in
Ondo and Ogun states and NNPC is also planning to partner with ExxonMObil to build another plant.

The above mentioned projects are both vital and indispensable to the elimination or severe reduction in
flared/vented associated gas volumes in Nigeria. However, the major concern of this paper is the
transportation of the associated gas from the oil fields to the LNG plants or exports terminals by an
economically viable means. Most of the gas supply to the LNG plant today is from gas and so one may be
curious enough ask why the operators burn off/vent 2 bn scf/d of associated gas and yet drill new wells in
search of gas to feed the sprouting LNG plants. The answer is not far-fetched: it is cheaper to flare the gas
than to compress it. A cheaper method of transferring this gas from the wells to the sales point is desirable
to encourage investment.

Application of Multiphase Pumping for Zero Flaring

Multiphase pumping is the technology that the Nigeria oil industry has been waiting for no meet the 2008
flares out deadline. This paper recommends that to reduce the cost of gas compressions, only a few
strategically located central processing (CPF) should be equipped with separating facilities and
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compressors. The rest of the facilities and fields should use the MPP to economically collect and

distributes the unprocessed fluid to the CPF. Essentially, a network of MPP in parallel or series would

traverse the oilfield. This is schematically illustrated in Figure 6. The CPF’s must have enough capacity
to handle all three phases of oil, water and gas and strategically located with regards to the LNG plants or
gas sales points.

Conversion of Existing Facilities:

For existing flow stations where fluid separation and metering are done with the gas phase separated and

burnt off this paper suggest installing the MPP downstream of the LP and HP separators with no

separation performed. Routine well-by-well testing would be done using the test separator and the gas and

liquid recombined in the LP separator. The bulk transfer of the MPP can be metered daily using a

multiphase meter or with a dedicated separator located at the CPF.

Construction of New Facilities:

Future processing facilities would be comprise of only multiphase pumping stations without separators.

This will consolidate the surface facilities to just a pump, power and control units effectively reducing

foot print and cost. The multiphase flow from several wells would inlet the MPP by means of a multi-port

selector manifold. This would allow the incorporation of a multiphase meter for selective metering of
individual well. However, the MPP would pump the multiphase fluid without any separation to the central
processing facility. Water separation and treatment would be done at the central processing facilities.

Technical Concerns:

Expectedly, some concerns arise that need to be considered namely:

1. Gas Requirement on Satellite Facilities: On certain facilities some portion of the produced gas
is utilized for a variety of purposes from power generation to gas lifting and even re-injection. On
such facilities if the gas requirement matches gas production then MPP is not required and there
should be no gas flaring either, except during plant upsets. On the other hand if the gas
production exceeds the gas requirement a separator would be dedicated for this need. Appropriate
number of wells that would supply the gas requirement would be passed to this separator and the
liquid separated and routed to the MPP and the gas routed to the gas turbine or gas lift compressor
as the case may be.

2. Expansion of Central Processing Facilities: The facilities that would be used for central
processing would need to be expanded to handle the increased oil, water and gas rates. This is
mainly in the areas of water and gas processing, as the oil rate would basically remain the same
where the MPPs are used for surface transfers only. However, it should be noted that if the pumps
are used as means of surface lift there would be increased production rates as the pumps would
draw down on the flowing well head pressures. In such cases more oil storage tanks may be
needed.

3. Bigger Pipelines for Multiphase Flows: In the case of existing facilities the available oil
flowlines would have to be modeled on a case-by-case basis to determine their suitability to
handle both liquid and gaseous phases. New and larger diameter pipelines may be required in
some cases.

Economic Benefits of Multiphase Pumping over Separating and Compression Facilities:

Brief Field Details: In this section a broad economic evaluation is done to compare the options of
employing compressors or multiphase pumps to combat the menace and wasteful practice of gas flaring.
A 10-field study of a production layout in the swamp area of the Niger Delta of Nigeria is presented.
There is one oil terminal, two central processing facilities and two gas plants. The fields would be
referred to as Al to A10, the central processing falities as CPF1 and 2 and the gas plants named after
adjacent facilities. The field network layout is shown on Figure 6 and the field parameters displayed on
Table 1. The following points are details about the production facilities:
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1. All fields are serviced by a satellite processing facility in close proximity to separate and flare the
gas.

2. All water and oil is sent to the CPF2 terminal for water treatment and oil export.

3. Gas plants are located adjacent to A2 and A3 fields to supply gas to LNG plants and other
factories.

4. CPF2 terminal is not equipped to handle gas.

5. Installed capacity of CPF1 are 100,000 bpd of liquid and 150mmscf/d of gas

6. Installed capacity of CPF2 are 2 mm bpd of liquid and water treatment capacity of 100,000 bpd

Multiphase Pump Sizing: The field network was modeled with PipeSim to determine the multiphase
pump differential pressure requirements at each field and the adequacy of the available pipeline sizes to
handle all three phases. The data obtained from the PipeSim simulation together with the field parameters
was used with a helico-axial MPP sizing application to determine the power requirement for each pump
location as shown on Table 2. Multiphase pumps were selected for all the fields except the A2 field and
CPF1 facility since these have gas plants adjacent to them and would require separation of the gas phase
to feed the gas plants. These two facilities will use conventional liquid pumps. Neither multiphase pump
nor liquid pump is located in A10 field since the wells are flowing to A9 facility with about 300psi
wellhead pressure. However it is pertinent to add that owing to the long distance of 17km installing a
multiphase pump as a surface lift would drawdown on the wellhead pressure resulting in increased
production. Each multiphase pump station would have two pumps (primary plus back up), one control
module and diesel or gas engine. The GVF at pump inlet at suction pressure of 80psi ranges from 78% to
96.5%; the required differential pressure ranges from 103 to 526psi and the power requirement ranges
from 216 to 4210 kW.

The total volumes arriving the CPF1 are 39770 bpd of liquid at 22% water cut and 26 mmscf/d. For the
CPF2 the total volumes are 105,183 bpd of oil, 51,806 bpd of water and 38.817 mmsct/d of gas. CPF2
facility would require upgrading with a two phase separator to separate the gas phase from the liquid
before water treatment. The gas phase would be compressed and transported back to CPF1 gas plant with
a 10in 142 km long pipeline. Adding the 8.211 mmscf/d of gas from Al field to CPF1 total flare gas
recovered is 47 mmscf/d

Compressor Sizing: Maintaining the current system of two phase separation at each field and
compressing the gas phase to CPF1 gas plant would require compressors at each field location as shown
on Table 3. For A7 field the flare gas volume is low and is not worth installing a compressor. However,
the liquid pump cannot handle the high GVF of about 78% if the gas is not separated. Thus some use
should be found for this gas volume in the A7 field, such as using it to power the facility, instead of
flaring. In addition A2, A3 and A10 fields do not require new compression stations. Thus six compression
stations would be required in total. Compressor sizes range from 89kW to 4847kW with 1400psi
discharge. All compressor stations would require two compressors, one primary and a backup, plus one
diesel or gas engine. Also, to optimize pipeline requirements some fields are inter-linked.

Economic Evaluation: Table 4 compares the capital cost involvement of applying multiphase pumping
to that of using conventional separation and compression systems to attain zero flare in these ten fields. In
terms of equipment requirement, the multiphase pumping option would require fourteen (14) pumping
stations, two compressors, one gas dehydration unit and two separators; whereas the gas separation and
compression option would require twelve (12) compression stations, and six gas dehydration units. The
equipment and installation cost for both options are about equal in this particular case and amounts to
about $29 MM. The major differentiation is in the lengths and sizes of pipelines required. The multiphase
option would require 142 km of 10" pipeline whereas the gas separation and compression option would
require 154 km of 6" pipeline and 130 km of 10" pipeline.

According to Mali P. V." it would cost $347,000 to lay a km of 10" pipeline and $208,000 to lay a km of
6" pipeline in the offshore of India. Applying these metrics to this study it is obtained that $49 MM would
be required to lay 142km of 10" pipeline from CPF2 to CPF1 for the multiphase pumping option whereas
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$77 MM would be required to lay 154km of 6" and 130km of 10" pipelines for the conventional option.
Total capital cost disbursement for the MPP option is about $78 MM and $106 MM for the conventional
option. For this particular case the multiphase option is cheaper by $28 MM or 26%.

About 47 mmscf/d of flared associated gas would be recovered at a capital cost of $78 MM. Revenue
from sale of this volume of gas would fetch $0.16 MM per day or about $4.8 MM per month. Thus
payback period will be about 17 months. This is excluding the operating cost as it would be close to what
is obtainable with the current setup as the MPPs would replace the existing centrifugal pumps. On the
other hand the payback period would be 22 months for the gas separation and compression option. It may
even be longer as operating cost is likely to be appreciably higher than what is obtainable with the current
setup.

CONCLUSIONS

Multiphase pumping application provides a more economical method of eliminating gas flaring than the
conventional method of separation and compression.

The pumps could be installed at the satellite facilities to transfer the multiphase well fluids to the central
facilities or it could also be installed in close proximity to the well heads to provide artificial lifting in
addition to pressure boosting. This paper studied the conversion of existing oil and gas production
facilities, in the Niger Delta of Nigeria, to multiphase pumping stations and it could be inferred that
multiphase pumping could be cheaper than gas separation and compression by as much as 26%.

The two common types of multiphase pumps are the twin screw and the helico-axial pumps. The helico-
axial pumps have simpler design, higher reliability, more compact size and more tolerant to sand
production. On the other hand the twin screw pump can handle higher GVF but with liquid re-circulation.
A daily revenue of $6.8 MM would be achieved when the flares are finally out in Nigerian oil fields. In
addition this would greatly reduce the health and environmental pollution in the Nigerian oil industry.

Abbreviations:

MPP - multiphase pump or multiphase pumping
GVF - gas volume fraction

GTL - gas to liquid

LNG - liquefied natural gas

NNPC - Nigerian National Petroleum Corporation
CPF - central processing facility
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