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Horizontal-well applications in Saudi
Arabia have many objectives, such as con-
trolling oil and gas coning in relatively
thin remaining oil columns, improving
waterflood sweep efficiency, improving
productivity rates from thin and tight
reservoirs, and saving development costs.

At yearend 1999, about 200 horizontal
wells had been drilled in Saudi oil fields.

Horizontal wells

Horizontal wells are recognized as one
of the most important technical advances

THREE HORIZONTAL WELL APPLICATIONS

in the oil and gas industry in the last 20
years.

At first, the industry considered this
technology to be an exotic way of
drilling, and reservoir and production
engineers were skeptical of its economical
feasibility. But industry has produced a
variety of new techniques for horizontal
drilling that have made this technology
applicable in many cases.

The downhole turbodrill and bent-sub
combination for direction drilling was a
major breakthrough in horizontal drilling.
Other advances include advancements in
directional steering tools, new tools such
as resistivity at bit (RAB), and measure-
ment while drilling (MWD) tools.'? These

From 1980 to 1984, only one or two
horizontal wells were drilled annually
worldwide, but by 1988 the number of
horizontal wells had increased to over
200/year. Projections indicate that by
yearend 2000 more than 5,000 wells/year
will be drilled horizontally.

The productivity improvement of a
horizontal well compared to a vertical
well in the same reservoir is controlled
by the horizontal section length, target
layer thickness, and permeability hetero-
geneity.

In the Saudi Arabia-Kuwait Neutral
Zone, a 2,000-ft horizontal well complet-
ed in the upper layers of a 40-year-old
depleted reservoir can produce, over 5
years, seven times more than a vertical
well at the same location.

The potential of horizontal wells has
been recognized throughout the Middle
East. At yearend 1994, horizontal wells
numbered more than 200 in Oman, 80 in
Saudi Arabia, 50 in Abu Dhabi, 20 in

advances have allowed the industry to drill Kuwait, and 6 in Egypt.*

horizontal laterals greater than 29,000 ft.
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Well applications

Horizontal wells should be considered
for many exploration and development
programs. The main goals of horizontal
wells are to maximize ultimate recovery,
maximize economics for recovering
reserves, sustain a high production rate for
as long as possible, and characterize and
evaluate the reservoir.

Certainly not all reservoirs need hori-
zontal wells, and some reservoirs could
be developed with both vertical and hori-
zontal wells. Increased production rates
from horizontal wells can reduce the
number of wells required for developing
a field. For offshore fields, fewer wells
reduce the number of platforms or other
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structures required.**

The industry primarily has restricted
horizontal wells to production applica-
tions, but exploration can also benefit
from horizontal drilling, not as the prima-
ry tool but as a secondary tool.

In other words, once conventional ver-
tical drilling has proven the reservoir and
structure, horizontal wells can improve
the lateral knowledge to better-define the
reservoir characteristics between vertical
wells.

Horizontal wells can dramatically
improve production by providing a
greater contact of the reservoir to the
wellbore. A horizontal well may also offer
other advantages such as decreased pres-
sure drops and fluid velocities around the
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wellbore, minimized water and gas con-
ing, and accelerated production.

These wells can significantly increase
production from several types of reser-
voirs, such as naturally fractured reser-
voirs, thin reservoirs, heterogeneous reser-
voirs, reservoirs under urban areas or off-
shore, vertical permeability homogeneous
reservoirs, reefs or isolated sand bodies,
and faulted reservoirs.

Fig. 1 shows three scenarios where
horizontal wells can prove to be ideal.

In active waterflood and enhanced oil
recovery (EOR) fields, horizontal wells
can provide the following five advantages,
as follows:

1. Increase lateral sweep efficiency.
2. Increase drainage and swept volume in
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severely faulted or heterogeneous reser-

VOIrs.

3. Reduce heavy oil viscosity via efficient
steam injection.

4. Reduce heat loss during steam injection.

S. Reduce the number of infill wells required
for waterflood or EOR program.

Horizontal drilling has paved the con-
cept of drainage architecture. Today, it is
possible to drill many types of well
geometries inside the reservoir and there-
fore to create various flow patterns.

The reservoir engineer must define the
proper drainage architecture adapted to
the fluids, the production mechanism,
and the formation characteristics, while
the drillers must implement the architec-
ture economically.’

Saudi applications

Saudi Arabia contains the largest con-
centration of oil reserves in the world,
including the world’s largest onshore
field, Ghawar, and the world’s largest off-
shore field, Safaniya.

Saudi Arabia has more than 50 fields
that contain a total of about 250 sand-
stone and carbonate reservoirs.®

Saudi Arabia’s estimated remaining
proven reserves are more than 257 billion
bbl of oil, or about 25% of the world’s
proved reserves.

In Saudi Arabia, horizontal well tech-
nology has been applied to improve reser-
voir performance, to implement develop-
ment projects cost effectively, and to
explore for and recover hydrocarbons
from difficult-to-produce oil and gas
accumulations.

Fig 2 shows the estimated horizontal
wells drilled in the world and Saudi Arabia.
In Saudi Arabia, horizontal wells have been
used in both offshore and onshore fields to
solve various problems.*"

Offshore fields

Berri field is both onshore and offshore
along the western edge of the Arabian
Gulf. Its 1994 daily production rate was
about 300,000 bo/d. Berri was the first
field in Saudi Arabia to include horizontal
wells. (The year 1994 is the latest for
which full production data for Saudi
Arabia are available.)

The carbonate reservoir has good hole
stability and allows for openhole comple-
tions. The horizontal well completions
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have two or three times the producing
rates of conventional wells because the
horizontal wells increase exposure to the
wellbore of thin oil columns or tight rock
sections.

Fig. 3a shows a horizontal section of
more than 1,500 ft, drilled along the
top of the reservoir above the oil-water
contact and away from the water cone.
The well has since produced very little
water.

Marjan field (Fig 3b), 9 miles offshore
in the Arabian Gulf, produced at rates of
400,000 bo/d in 1994,

The field consists of four main areas:
Marjan, Lawhah, Maharah, and Hamur.
These areas have 13 oil-bearing reservoirs.
The Khafji reservoir is the only one on
production.

The reservoir has a strong water drive
and a large gas cap. The objective of the
three horizontal wells drilled in this zone
was to reduce gas and water coning and
to double production rates, compared
with conventional wells.

All three horizontal wells are in the
Khafji thin stringer sands. These wells have
shown that horizontal wells can be cost-
effective for improving productivity in
thin reservoirs.

Zuluf field, one of the northernmost
fields in Saudi Arabia, is about 35 miles
offshore in the Arabian Gulf In 1994, it
produced 500,000 bo/d. The field has
eight oil and gas-bearing reservoirs.

Khafji, the main reservoir, has a strong
water drive and gas cap. Three horizontal
wells have been drilled in the Khafji main

sand to control gas and water coning, and
the productivity of these wells is four
times that of nearby vertical wells.

Another three horizontal wells have
been drilled to exploit thin sands in the
Khafji (Fig. 3c). Production from these is
more than twice that of offset vertical
wells.

Safaniya, the world’s largest offshore
oil field, is divided into three areas:
North, Central, and South. It has eight
producing reservoirs and, in 1994, pro-
duced about 960,000 bo/d.

The main producing reservoirs are the
Safaniya and Khafji. The objective of the
horizontal wells in this field was to
reduce water coning in areas with a thin
oil column and to improve the mobility
ratio (Fig. 3d).

Two horizontal wells are in the Khafji
reservoir and four are in the Safaniya
reservoir. These wells have outperformed
conventional vertical wells by a factor of
tWoO.

Onshore fields

Ghawar, the largest producing field in
the world, had a 1994 daily production of
about 5 million bo/d. Ghawar has several
producing reservoirs. All reservoirs are
carbonates, and the main producing for-
mation is the Arab-D sequence.

Most horizontal wells in the Ghawar
field aim to increase waterflood efficiency
by improving sweep efficiency and injec-
tion performance. The drilling of horizon-
tal producing wells has just begun. Fig. 3e
shows a horizontal well at the top of Arab-
D sand reservoir in an area with a thin oil
column.

Water injection wells have enabled
Ghawar producing wells to continue to
flow without the need for artificial lift.

Abgqaiq, the most mature oil field in
Saudi Arabia, was discovered in 1940.
Production began in 1946 and in 1994 it
produced about 650,000 bo/d. Abqaiq
contains four producing bearing
sequences.

Arab-D horizontal wells in areas with a
thin oil column aim to increase water-
flood efficiency and recover additional oil.
Vertical wells in these areas produce with
high water cuts and restricted rates to
avoid water coning. Horizontal wells, on
the other hand, can be produced at greater
rates.

Fig. 3f shows a horizontal well travers-
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ing different producing layers of the
Abqaiq field’s Hanifa reservoir.

Horizontal well benefits

Figs. 4 and 5 illustrate the drilling cost
and the distribution of the Saudi horizon-
tal wells according to the type of field,
nature of the well, lithofacies of the pro-
ducing zones, and reason for drilling the
horizontal well.

Horizontal wells in Saudi oil fields have
yielded the following benefits:

* Improved well production capacity by 150-

400%.

* Reduced the number of wells needed by

30%.

* Reduced water and gas handling costs by

up to 50%.

* Reduced drilling, flowline, and facilities

cost by 20-25%.

» Controlled well and reservoir performance
problems.

Saudi Aramco is committed to horizon-
tal well technology because of its cost-
effectiveness and its ability to enhance
reservoir performance.

The relative cost curve of a horizontal
well to a vertical well is about one to one
in offshore and offshore fields in the peri-
od 1992-1994 (Fig. 5). 4+
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