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1. Introduction

This paper reviews the distribution of gas reserves both worldwide and in the Middle
East. As more gas is produced in "difficult" environments, either at long distances
from markets or from more complex reservoirs there is a need to curtail costs by
improving exploration success, reducing well costs and by increasing the reserves
produced per well. Continuing advances in technology can make a major impact in
achieving these goals. Historically, the innovative use of technology has resulted in
significant increases in the value of oil and gas developments.

2. Gas reserves: global overview

The various estimates that have been made for the total, remaining, proven,
conventional, gas reserves in the world are in the range of 4570 Tcf to 5230 Tcf. The
countries of the Former Soviet Union and the Middle East dominate world gas
reserves, containing 40 % and 32 % respectively of the total proven reserves (Figure
1). Both are remote from the mature gas markets, North America and Europe, as well
as the growing markets for gas (Asia and Latin America).

Estimates of the global undiscovered gas reserves are of the same order of magnitude
as the remaining proven gas reserves (5000 Tcf), again with a high proportion in the
Former Soviet Union and"the Middle East.

At the current rate of production the proven natural gas reserves of the Former Soviet
Union are sufficient to last 79 years while those of ihe Middle East would last over
370 years. In contrast the conventional gas reserves of the U.S.A. are only sufficient
for 10 years at the current rate of consumption.

The decline in the gas reserves of North America and Europe suggests that they may
be supplied from more remote sources in the future. This will be compounded by the
rapid decline in oil production in North America, Europe and the Former Soviet
Union expected early in the 21st Century. Natural gas could help to compensate for
this decline in oil production in the mature markets~if adequate LNG processing and
transport systems are established.

This will present die industry with major commercial and technical challenges.

3. Middle East Gas Reserves

Despite holding over 30% of the world's proven gas reserves (about 1590 Tcf), the
Middle East accounts for under 5% of global gas consumption. The largest reserves
are in Iran (46 % of the Middle East reserves) and Qatar
(16 %) with substantial volumes in Abu Dhabi and Saudi Arabia, each with 12 %
(Figure 2). With the current low production rates the proven gas reserves in the
majority of the countries in the Middle East would last hundreds of years.
4. Uncertainties in reserve estimation

While the range between the minimum and maximum world reserve estimate is only
14% of the minimum value, the range for individual areas is significantly wider;
Western Europe (43 %), Asia & Australasia (39 %) and Latin America (32%).
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These ranges reflect the inherent uncertainties associated with reserve estimation:

The uncertainties associated with GIIP and recovery factor calculation.

Uncertainty in the proportion of the gas in place that constitutes
"conventional" and "unconventional" reserves.

The difficulties in building up a comprehensive inventory of all the
proven gas accumulations.

In the southern North Sea basin gas field reserve estimate changes through time have
been well documented and illustrate the uncertainties associated with GIIP and
recovery factor calculation (Figure 3). The major uncertainties in estimating reserves
in these fields are largely due to the difficulty in mapping reservoir effectiveness,
estimating the degree of reservoir connectivity together with appreciating the
uncertainties associated with calculating the bulk rock volume of the reservoirs.

For these fields the uncertainties associated with the calculation of water saturation,
estimating the gas-water contact elevations and determining the degree of aquifer
influx usually are not significant. This contrasts with dolomitized limestone reservoirs
in the Middle East where the determination of connected porosity, water saturation
and contact elevation is problematic.

For the larger fields (with reserves greater than ITcf) the reserve estimates have not
changed markedly through time because there have not been major revisions to the
reservoir description. The reserve estimates for the smaller fields have changed in
some cases dramatically, by more than 50 % because of uncertainties associated with
the reservoir mapping that existed at the time the fields were developed.

In the U.S.A. unconventional gas reserves in "tight" rock, with permeabilities of less
than about 0.5 millidarcy are significant. Uncertainty exists as to the proportion of
this gas that is recoverable. Reserve estimates have risen dramatically as technology
has been developed over the past ten years to exploit these "tight" gas sands. While
the U.S.A. is estimated to have less than 200 Tcf of conventional gas reserves;
reserves growth from these conventional reservoirs combined with the additional
reserves in tight gas sands suggest remaining reserves of about 1,400 Tcf. (Figure 4
from Fisher, 1994).

In other areas of the world there is the potential to exploit similar significant
unconventional gas reserves in "tight' rocks once their development becomes
economic.
5. Gas field reserves growth

The pattern of reserves growth for the relatively young, offshore North Sea gas fields
is different to that of the U.S. gas fields; mature fields, onshore and often with
declining production. The U.S. fields generally were developed with small pilot
production schemes. Reserves grew rapidly as the full potential of the fields were
recognised (Figure 5). During the early 1980's gas field reserves grew more rapidly
than those of oil fields as the "tight" gas sands were exploited (Altanasi and Root,
1994).

The typical North Sea gas field was developed with a production scheme designed to
exploit the total field. This required a relatively accurate estimate of the field reserves
before the development was sanctioned. Thus reserves growth usually has been small
since the start of production.



The reserve growth histories of these two gas provinces; one offshore and relatively
young and the other onshore and mature can be extrapolated to other similar
producing areas of the world.

6. Application of technology

As more gas is produced from difficult environments there is a need to reduce well
costs, increase reserves produced per well and improve exploration success.
Technologies that are making major contributions to these goals are:

Massive hydraulic fracturing
Seismic reservoir monitoring
3D visualisation
Non - conventional wells

Massive hydraulic fracturing

As more tight gas reservoirs are being developed in North America, Europe and
elsewhere much effort has been concentrated on the design of the massive hydraulic
fracture stimulations necessary to achieve economic flow rates. In recent years
significant research has been undertaken to achieve the optimum fracture size as well
as ensuring more effective proppant placement, resulting in significant cost savings.

The increase in flow rates achieved due to massive hydraulic fracturing depends on
the reservoir fluids and the matrix permeability. Larger folds of increase are obtained
from gas reservoirs (3 to 8) than oil reservoirs (1.5 to 2.5) and from tight rocks (>20)
than from more permeable rocks.

"Tip Screen -Out" fracturing, recently developed by BP and used on the Ravenspurn
South gas field, has allowed cost effective stimulation of sandstones with
permeabilities of between lmD and lOOmD (averaging 2mD) by forcing more
proppant into the fractures and creating belter fracture conductivity. (Martins et al.,
1989). Conventional fracture designs would have limited the productivity increase in
these more permeable gas bearing sands to three fold while TSO fracturing has
resulted in productivity increases of up to seven fold.

Seismic reservoir monitoring

Conventionally the production performance of a field is predicted by reservoir
simulation, validated by comparison with surveillance data from wells and by
matching production history. Field production information is obtained only at well
locations. Better performance predictions would be obtained if we could monitor fluid
movements between wells. This would lresult in improved reservoir management.

3D seismic has the greatest potential to provide information on fluid movements;
especially in unconsolidated sands containing gas or light oil. Other techniques have
varying potential. 2D seismic is cheaper but gives less information, VSPs give limited
lateral cover while cross-well imaging requires two wells less than 750m apart.

In Heimdal field Elf have demonstrated that seismic monitoring by the repeated
acquisition of 2D seismic data can be a low cost alternative to drilling wells in areas
outside of existing well control in gas reservoirs both for monitoring fluid movements
and defining volumes of possible trapped gas. (Grinde et al., 1994)

3D visualisation

3D visualisation displays in a fine grid model all the reservoir information in one
place and provides a close link with the flow simulator. Linked with the stochastic



fine-scale 3D reservoir description, it has the potential to be a powerful way of
ranking potential well locations. When non - conventional wells are being drilled, the
3D model updated with data from the new well can be used in making decisions to
adjust the well path.

Non - conventional wells

High angle and horizontal wells have demonstrated over recent years the potential to
maximise the pay zone footage penetrated, the well flow rates and the reserves
produced per well. The technology to drill multilateral wells, two or more productive
wellbores from a single wellhead, is advancing rapidly giving the opportunity for
further reduction of development drilling costs.

The selection of the optimal well paths for non - conventional wells and the design of
the well targets and completions can be greatly enhanced by using 3D seismic data
and 3D visualisation displays. The increasing ability to drill cheap non - conventional
wells means that smaller accumulations can be produced economically. These
advances in drilling techniques in recent years are requiring more precise reservoir
descriptions.

The history of drilling horizontal wells through the gas reservoirs in the V Fields in
the southern North Sea shows that these wells improve the chances of achieving
commercial gas production from heterogeneous sandstones with thin permeable
intervals which often are not areally extensive (Robertson et al., 1992).

The productivity of tight carbonate and sandstone reservoirs can be increased
significantly by massive hydraulic fracturing and non - conventional wells.

7. Conclusions

• North America has only ten years supply of conventional gas at the present rate of
consumption. This shortfall will be compounded by the rapid decline in oil
production in North America, Europe and the Former Soviet Union expected early
in the 21st Century. Natural gas could help to compensate for this decline in oil
production in the mature markets if adequate LNG processing and transport
systems are established.

• The countries of the Former Soviet Union and the Middle East dominate world
gas reserves, containing 40 % and 32 % respectively of the total proven volume.
Both are remote from the mature as well as the growing markets for gas. This
presents the industry with major commercial and technical challenges for the
future.

In the future a higher proportion of gas will be produced from complex reservoirs.
To produce this gas economically will be a challenge in terms of reducing well
costs, increasing well productivity and the reserves produced per well in addition
to improving exploration success.

Technologies that are making major contributions to producing gas from these
reservoirs are:

Massive hydraulic fracturing. In recent years research has been concentrated on
increasing fracture conductivity through more effective proppant placement,
resulting in significant cost savings.
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Seismic reservoir monitoring can provide information on fluid movements,
especially in porous sandstones containing gas or light oil, leading to improved
reservoir mangement.

3D visualisation will develop into a powerful tool for ranking potential well
locations. During the drilling of non - conventional wells, the 3D model updated
with data from the new well can be used to optimise the well path.

Non - conventional wells have the potential to improve gas field economics by
giving higher well How rates and increased reserves produced per well.

The productivity of tight carbonate and sandstone reservoirs can be increased
significantly by making the maximum use of both massive hydraulic fracturing and
non - conventional well technologies.
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Global overview: Gas production and reserves
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How have gas field reserves grown ?
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