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Abstract. Based on the analysis of data obtained from 186 Saudi formations, the possihilities ol applying
different enhanced oil recovery (EOR) methods were investigated.

It was found that the most suitable technical methods applicable to Saudi oil fields sre the miscible
processes using gases. A ncw technalogy should be developed in arder to be able to apply any of the
enhanced recovery methods invelving chemicals and heat. A study of the cconomicat feasibility vl these
methods should also be performed.

Introduction

According to the latest published data, the original oil-in-place in Saudi Arabia is
aboul 700 billion barrels. Only abaut 250 billion barrels, or 35% of total vil-in-place,
can be produced by conventional production methods. More than 90 billion barrels,
as much as twice the proven rescrve of the USA and Canada combined, canbe added
to the country’s proven reserve if only 20% out of the 450 billion barrcls left in-place
cun be produced through enhanced oil recovery methods.

The screening guides for cnchanced oil recovery methods should be used as a
first step in evaluating a given reservoir for enhanced recovery. Many screening
guides have been suggested for the application of EOR methods, according to field
and laboratary results [1-3, 6; pp. 172-180, 7, 8; pp. 626-628, 9-11]. The use of prefer-
red criteria can be helpful in selecting suitable methods that may be economically
attractive [4]. The main objective of this study was to investigate the possible EOR
methods that can be applied to Saudi oil fields.
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Application of Enhanced Recovery Methods
to Saudi Oil Reservoirs

In applying any EOR method to a given reservoir, it is important to evaluate
properly the different reservoir parameters. ()il viscosity, API gravity, reservoir
pressure and temperature, [urmation thickness, porosity, permeability, connate
water saturation and salinity, rock clay sensitivity and heterogencity are the most
important factors that influence and limit the applicability of EOR processes.
Another very important factor is reservoir geology. Geological conditions such as
botlom water, shale barricrs, gas caps, ¢tc., can invalidate a favourable screening

criterion. In the following, only the aforcsaid parameters are considered for the
Saudi reservoirs.

Two approachcs were proposed in a previous study by the authors [1]. the first
approach states that the rescrvoir should be evaluated individually, whereas the sec-
ond approach indicates that the screening guides should be used to select the best
enhanced oil recovery method for a given reservoir.
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Fig. 1. Saudi crude oil viscosity ranges for different e.0.r. methods
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Chemical flooding

Enhanced oil recovery by chemical solutions is best applicd to reservoirs with
medium gravity crude oils viscosity as shown in Fig. 1. Figure 1 shows that polymer,
micellar and alkaline flooding processes are applicable to reservoirs which contains
crude oil viscosities up to 10 cp.
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Fig. 2. Averapge sandi reservoirs temperature limitation for different e.0.r. methods

Most chemical enhanced oil recovery methods are applicable preferably to
sandstone reservoirs. Reservoirs having extensive fractures and/or extreme reservoir
heterogeneity are not practical candidates because of the resulting carly break-
through of the injected chemical slug. This is also true for the other EOR methods.
The reservoir temperature should not exceed 250°F as shown in Fig. 2. However,
extensive research is guing on today in order to develop chemicals such as surfactant
and palymers that can be used in reservoirs with highcr temperatures, Fortunately
Fig. 2 and 3 indicate also that Saudi reservoir temperatur: and pressure range from
140 to 240°F and from 2000 to 5500 psia, respectively, which means that the chemical
mcthods are applicable at these ranges.
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Fig. 3. Original saudi reservoirs pressure limitation for different v.o.r. methods

The reservoirs of Saudi Arabia are characterized by high salinity of the forma-
tion waters as shown in Fig. 4. This will put a serious limitation on the use of micellar
and polymer floods. The high salinity of the formation water may reduce the integrity
of the chemical slug. Therefore, for applying chemical methods to Saudi oil reser-
vairs, the chemicals should be chosen such that the adverse salinity cffects can be
minimized. Tn all cases, euch rescrvoir must be evaluated individually.

Miscible displacement

The miscible displacement process consists of displacing oil by injecting a solvent
slug which is completely soluble in oil. The solvent slug is ¢ither liquid hydrocarbon
such as naphtha and aleohol or liquified petroleum gas (LPG) such as butane and
propane. There are three types of miscible displacement process: (1} miscible slug
process, in which a slug of liquid hydrocarbon is driven by gas, natural gas or water,
{2) enriched gus process, in which an enriched gas slug is driven by lean gas or lean gas
and water, and (3) high pressure gas process, in which 4 lcan gas is injected under high



Applications of the Enhanced Recovery Methods to Saudi Oil Fields 99

pressure. This process is applicable to reservoirs containing highly volatile oil, and is
sometimes called “vaporizing gas drive”.

Fig. 1 shows that cnhanced cil recovery by CO, and miscible methods are feasi-
ble under Saudi reservoir conditions. Fig. 3 also shows the feasibility of Saudi ariginal
reservoir pressure for carbon dioxide flooding. The scrious limitation on the use of
€O, in Saudi Arabia is its availability. Although, it is expected that a considcrable
amounts of CO, is generated from power plants and refineries, its storage and trans-
portation will be economically questionable.

Thermal tlooding

The term “thermal” EOR is used when heat is applied to the reservoir rock and
fluid is driven by either steam, hot water injection or in situ combustion. In the first
case, heat is externally generated at the surface and injected into formation, while in
the casc of in situ combustion heat is generated within the formation. The steam
injection process takes two forms: (1) steam flooding involving continuous injection,
and (2) cyclic steam stimulation, involving inlermittent steam injection and oil pro-
duction. In situ combustion can take two forms: forwad combustion (sither dry or
wct), and reverse combustion. The latter is seldom used. the increase in oil recovery,
due tu the application of heat to the reservoir rocks, is obtained mainly through
reduction in ail viscosity and hence increase in sweep cfficiency.

Fig. 1 shows that the range of Saudi crude oil viscosities, limits the vse of some
of the thermal methods. However, thermal recovery is being considered for higher
gravily crudes than had been considered teasible in the past. Steam flooding has been
very successful in light oils of over 20 field tests [12]. 1n situ combustion has been
more successful in lighter oils than in very heavy oils. Fig. 5 shows that some of the
thermal methods may be applicable to some of the Saundi 0il reservoirs.

Laburatery Design Under Saudi Reservoir Conditions

The design of an EOR technique for a specific Saudi reservoir is basically related
1o the screening puides that can be developed as follows: The range of Saudi crude oil
viscosity is from 0.1 10 10 ventipoise as shown in Fig. 1. The limits for Saudi porous
medium permeability, and porosity can be determined from Figs 5 and 6. These limits
are from | md to 1500 md for permeability and from about 10% Lo 30% (or porosity.
Howcever. laboratory experiments have to be designed and carried out based on the
actual reservoir vonditions, Since there is considerable variation in porosity and per-
meability, the selection of 4 suitable porous medium to represent Saudi reservoirs is
nat ctear cut. The connate water salinity conditions of Saudi rescrvoirs place some
rustnictions on the laboratory design of the EOR methods by chemicals. To ensure
oplimal displacement efficiency, the injected chemical solution slug must have an
aptimnuim salintly that gives minimum residual oil,
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Fig. 4. Feasibility of e.0.r. methods to sandi formations water salinity

Economic Analysis and Field Application Example

According to Safaniyah field data shown in Figs 1-6 (as indicated by the vertical
dashed linc), the proposed methods 1o be applied to this ficld are miscible displace-
ment and alkaline flooding. Micellar flooding can be applied, however, if a new
technology can be developed 1o overcome the serious effects of salimty.

Economical factors ean overshudow physical ones in commercial oil production.
Even if provisions arc made to improve recovery by increasing displacement and
sweep efficiencies. cost 10 accomplish this cannot be higher thun added oil value. Any
economical evaluation should take into consideration oit recoverable, oil prices, cost
(operating and capital), discount factor, inflation rate, tax rate and depreciation. The
higher the crude price, the more feasible (o recover oil from linear depesits using
effective but costly methods [13].



Applications of the Enbanced Recovery Methods to Saudi Qil Ficlds 101

POLYMER FLOODING |

MICELLAR FLOODING

ALKALINE WATER FLOODING

MISCIBLE CISPLACEMENT

CARBOK DIOXIDE FLOODING
HOT WATER FLOODING

STEAM INJECTION

FIRE DRIVE
L] s
NUMBER OF B LB .
DATA POINTS [ P | .
" L o i' % Isotaniyon
¥ o ¥ field
A 1 "0 ‘IOIO |0;)0 10000

AVERAGE FORMATION PERMEABILITY {md]

FEASIBLE BSSSY  woT FEASIBLE
POSSIBLE
i} EX¥D  oesinasLe

Fig. 5. Samdi reservoirs formation permeability guides For upplying ¢.o.c. methods

Conclusions

The miscible {looding processes using suitable and available gases are the most
suitable technical EQOR methods applicable to Saudi oil reservoirs. Chemical flood-
ing may bhe applicable but a new technology should be developed in order Lo be able
to apply any of the chemica! EOR methods. Thermal EOR techniques may be effec-
tive in Saudi reservoirs under special conditions. However, economical feasibility
investigations of using these methods under the Saudi reservoirs conditions must be
carried out.
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