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Abstract

Recently, the technique of downhole separation to eliminate the amount of water
that carried out to the surface and decrease the chance of surface impacts has
been developed. This can be mentioned as downhole oil/water separation
(DHOWS) technology. This technique separates water from oil in the wellbore.

So, the water is injected into a different layer, and most of the oil with some
water is lifted to the surface. This technique can also reduce associated water
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handling costs and increase oil and gas production in the right application.
Several trials have been applied to test the technology.

These trials gave good ideas on the feasibility of the DHOWS technology. The
review summarizes some successful applications dealing with DHOWS
technology. This paper reviews the applicability of Downhole oil/water
separation techniquie in Jalo Field that is operated by Waha Company, Libya.
The finding is recommending the Company that operating the field to start
immediately implementing this techniquie in Jalo field; even in narrow range
(like three wells). 1.

1. Introduction

In conventional oil production the oil and water are produced together as a
combination to the surface and use the gravity and chemicals to separate them at
the surface. As a reservoir matures, the associated water production will increase
and a corresponding increase in lifting and disposal costs(John A. Veil, 1999).

The increased amount of water will add maintenance expenses for production
and equipments and treatment for corrosion, bacteria, scale, and naturally
occurring radioactive material (NORM).

Environmental regulations related to oil associated water are expected to become
more stringent in the future necessitating new practices and techniques of
managing produced water(Baton Rouge, 2000). Downhole oil-water separation
(DHOWS) techniquie was studied in the 1990's and further work is conducted to
assess its feasibility. Downhole oil/water separators (DOWS, also referred to as
DHOWS) separate oil from water in the wellbore itself. DHOWS technique
decreases the quantity of associated water that is handled at the surface by
injecting it underground.

A DHOWS set includes many components, but the most important ones are an
oil-water separation system and at least one pump to lift oil up to the surface and
send the water to different layer(Lyle A. Johnson, 2001). Two types of DHOWS
systems have been developed. One using hydrocyclones device to separate oil
and water mechanically, and the other type is relying on the gravity difference
that can be found in the well bore.
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Figure (1). Downhole oil water separation system.

2. Downhole oil/water separators types

2.1 Hydrocyclone-type of DOWS:

Hydrocyclones use centrifugal force to separate fluids of different specific
gravities without any moving parts. A mixture of oil and water enters the
hydrocyclone at a high velocity from the side of a conical chamber. The
subsequent swirling action causes the heavier water to move to the outside of the
chamber and exit through one end, while the lighter oil remains in the interior of
the chamber and exits through a second end. The water fraction, containing a
low concentration of oil (typically less than 500 mg/L), can then be injected, and
the oil fraction along with some water is pumped to the surface.
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Hydrocyclone-type DOWS have been designed for vertical and horizontal wells
with electric submersible pumps, progressing cavity pumps, gas lift pumps, and
rod pumps.

2.2 Gravity separator-type of DOWS:

DOWS are designed to allow the oil droplets that enter the wellbore
through the perforations to rise and form a discrete oil layer in the well. Most
gravity separator tools are vertically oriented and have two intakes, one in the oil
layer and the other in the water layer. This type of gravity separator-type DOWS
uses rod pumps. As the sucker rods move up and down, the oil is lifted to the
surface and the water is injected deeper. The downhole conditions allow for
rapid separation of oil and water.

3. Examples for successful DOWS applications:
The following examples represents a Downhole oil water separation
applications in Canadian and American oil fields, Table (1), Figure (2).
Table (1). Downhole oil water separation application.

OIL WATER WATER CUT
Operator and WELL
name Pre- Post- | Pre- Post- Pre- Post-
Dhows | Dhows || Dhows | Dhows | Dhows | Dhows

Imperial Redwater # 1-26 19 24 1780 59 99% 71%
Pinnacle-Alliance 7C2 44 100 380 95 90% 49%
Pinnacle-Alliance 06D 25 100 820 160 97% 62%
Pinnacle-Alliance 07C 38 37 1200 220 97% 86%
PanCanadian 00/02-09 13 164 428 239 97% 59%
Talisman Energy 6 39 629 21 99% 35%
Anderson 08-17 176 264 3648 264 95% 50%
Talisman Energy 113 277 2516 126 96% 31%
Chevron Fee 153X 45 32 1400 500 97% 94%
Wascana B7-27 76 0 2450 380 97% | 100%
Talisman Energy 88 50 1700 189 95% 79%
Marathon Etah # 7 70 78 4000 320 98% 80%
Gulf Canada 02/12 21 117 1038 217 98% 65%
Tri-Link Res. Bender 35 35 976 227 97% 87%
TOTAL 769 1317 | 22965 | 3017 97% 68%
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Figure (2). Downhole oil/water separation application.

4. Downhole oil/water separation threshold

The physical limitations of the liquid-liquid hydrocyclone separation
process the minimum producing watercut required for efficient separation of the
produced oil-water stream. In establishing a minimum 75% threshold watercut
for consideration of DOWS application (single stage separation) in candidate
wells producing from Jalo Eocene reservoir, and each of the following has been
considered:

Expected hydrocyclone liners (and hence the velocity of flow through
these liners);

A maximum allowable oil concentration of 500 ppm in the separator
underflow (the water disposal/injection stream );

A well minimum liquid production rate of 1000BPD;

No known emulsion forming tendencies ;

The watercut of the hydrocyclone separation overflow, or the liquid
produced to surface, it is assumed that a successful DOWS design will yield
produced fluid with a 50 % watercut.

Staged DOWS (two stage separation) may be considered at a later date
and should there be an interest in application for wells producing material water
volumes at <75 % watercut. The watercut minimum could be decreased below
the 75% threshold in the case of well with high liquid production rates.
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5. Downhole oil/water separation Suitability for Jalo field:

It is provided that the field is uniformly depleted, to such a state that all
remaining production will be derived at high watercuts, as it is understood, the
reservoir drive mechanism is highly favorable for DOWS applications. Both the
bottom and edge water drive contributions give some indications of two potential
water disposal/injection options depending Of course on the suitability of other
reservoir and well characteristics:

1. Into formerly oil producing sub-units that have watered out under the
influence of the edge and bottom water drive;

2. Into reservoir sub-units which comprise a portion of the connected water
aquifer responsible for the water influx.

In either cases, the within and near reservoir water disposal/injection will

likely help to supplement the already strong natural water influx and resultant

reservoir pressure.

6. Water disposal/injection zone potential:

Little is known about the stratigraphy/lithology of most of the intervals located
above the Jalo Eocene limestone, or for that matter those immediately below (or
considerably deeper in the case of the coskinolina). Although water
disposal/injection into uphole zones is possible with an appropriately plumbed
DOWS configuration, no further attempt was made to identify this type of
candidate water disposal/injection zone.

In respect of intervals beneath the main reservoir interval (like the sub Basal and
below), a lack of data made it difficult to assess the potential of these candidate
zones. The only exception was the coskinolina interval which has been the
subject of recent Waha efforts to evaluate the water disposal/injection of this
zone.

7. Watercut Analysis

Having established a minimum threshold watercut, all that remain is to
determine which of the candidate wells meet/exceed this threshold. With respect
to the evaluation of the DOWS candidate wells, the following observations have
been noted:

1. a field average watercut of 86% was measured, with individual wells
watercut ranging from 12 to 97 %;
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2. some 88.7% of the candidate wells have a producing watercut >75% and
are considered as potential DOWS candidates (based solely on a
minimum watercut threshold);

3. with an average field watercut of 86% and assuming a DOWS producing
liquid watercut of 50% , ~84% of the produced water could be re-injected
subsurface were DOWS application deemed suitable for all of the
candidate wells.

8. Candidate wells ranking
By considering the weighting scheme in table (3), 18 wells can be a candidate
wells for DOWS application.

Rather than isolate the top 5 DOWS candidate wells for further examination, it is
advised to select 3 wells from the remaining inventory of 18 wells that to some
extent were representative of the range of circumstances/well characteristics
present in the entire well inventory. The wells selected are as follows:

1. E-001;
2. E-038;
3. E-095.

Table (3). Candidate ranking scheme of Category “A” wells.

Ranking characteristics Weight (%)
Current water-cut 10.0
Wellbore size and geometry 25.0
Water injection zone potential 15.0
Inflow potential 20.0
Offset distance 15.0
Oil reserves 7.5
Well history 7.5

Source: Waha Oil Company — Planning Department.

9. Conclusion
1- From the results of many trial applications around the world, Downhole
separation is good technology to study and invest in.
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2-The downhole separation is much more beneficial than conventional surface
separation as it saves the cost of water handling, water production and water
treatment.

3- According to the downhole separation threshold and Jalo reservoir and wells
characterizations, many wells in Jalo (Eocene) field can be a candidate cases
for downhole oil water separation (DOWS) and good results is expected.

10. Recommendations
1- Geological considerations must be deeply studied due to the effect of
reservoir layers connectivity on production and injection.

2- Staged DOWS (two stage separation) may be considered at a later date, and
should there be an interest in application for wells producing material water
volumes at <75 % watercut. The watercut minimum could be decreased below
the 75% threshold in the case of well with high liquid production rates.

3- Extend this study to consider downhole separation unit design (type, liquid
capacity, ...etc)
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