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ABSTRACT. To each phase of a petroleum reservoir description study
corresponds a given level of available information, at a certain scale.
In the end of each phase, a set of estimations must be performed in order
to sustain the decisions required to proceed the venture. In this case
study, concerning a Middle East o0il field, it is aimed to assess, for
each phase in the history of the reservoir, the performance of different
estimation techniques - FAI-K, UK, Median Polish, Trend Surface Analysis
- and their impact on o0il reserves and estimation errors.

1. INTRODUCTION

The o0il reserves estimation problem is faced by the petroleum industry in
several ways, depending on the available level of information. Yet, even
for a given stage of the development of the field, a variety of estimation
techniques may be applied, and the reservoir engineer relies usually on
his "experience" to choose the "best" procedure, the rationale behind
that choice being sometimes unexplicit.

In the case study presented here, it is aimed to illustrate how a
series of different estimation methodologies compare, in four stages of
development of a densely recognized reservoir.

The scope of the paper is restricted to the estimation of a region-
alized variable in 2-D: it regards the net oil column in a geological
layer (sub-zone), the geometry of which is assumed to be known.Taking as
an input the available data at a certain stage, the variable is estimated
at the location of the wells drilled at the following phase, using the
complete set of possible technigues. Comparing the estimated values with
the real ones, a hierarchy of suitable techniques is derived for each
phase.

This work is included in a research project granted by the EEC Hydro-
carbons Commission, the objective of which is to adapt geostatistical
methodologies and software for the specific characteristics of o0il vari-
ables. The general framework wunderlying the project is a step-by-step
approach, which splits the modelling process used in the appraisal of oil
reservoirs into "pieces" and checks each piece individually, seeking to
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test each software module with the appropriate data set. As an example ,

the step reported here regards the procedures that can be applied in the

evaluation of reserves of an extensively recognized reservoir, containing
the main features encountered in the o0il industry, and providing a typical
data set, large enough to validate the estimation techniques.

2. GENERAL -‘CHARACTERISTICLS OF -FHE FIELD

The selected Middle East o0il field produces from porous limestones of
Lower Cretaceous age. The morphology of the reservoir is an elongated,
domed anticline, resulting from pillows formed from movements of deeply
buried salt of Cambrian age. The reservoir is divided into subzones by
four main stylolitic intervals, evaluated from core's description,neutron
and ‘induetion logs characteristics,

The development of the field is now in its final stage, Bt s
history can be divided into 4 phases, as described in TABLE I.

TABLE I - Available Data

NUMBER OF WELLS

Total Producers

1. Exploration Phase 123 6
2. Appraisal Phase 27 23
3. Development Phase 56 31
% - Binal Stane 117 69

The total number of wells includes producers, injectors, water
supply and abandoned wells. For each phase, results of classic volumetric
oil-in-place reserve calculations are available from former geological
studies. These results, referred to each layer obtained by lithological
studies, are now to be compared with those obtained by geostatistical
methods.

The geometry of the reservoir, which has the shape of a well marked
dome with a maximum thickness of 195 ft and a lateral extension of
25 x 9.5 km, is assumed to be known for this case study, as well as the
limits of the layer (subzone) to be treated specifically (average thick-
ness of 30.4 ft). Regarding the oil water contact, early test and pressure
data were used to determine original fluid levels and properties. For the
layer concerned to this study, an elevation of 7950 ft was found and a
value of 226 sq Km was derived for the closure area of the subzone.
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3. RESERVES EVALUATION METHODOLOGY

In order to estimate the o0il in place contained in the subzone to be
studied, it is required to calculate the following integral:

MIN(BOT,OWC)
v 2.[ dA j B(1-SW)dz (1)

A TOP

A 1is the closure area

TOP is the elevation of the subzaone top

OWC is the elevation of the o0il water contact
BOT is the elevation of the subzone bottom

@ is the porosity ratio

SW is the water saturation ratio

if the product 0 = hB(1-SW), denoted "net o0il column"(where h is the
layer's thickness above OWC), is calculated using the available data,the
expression (1) can be approximated by:

* if :
Vv = Aa Z 0, 8, §. = ] TQPl S (2)
i 0 otherwise

Being 3. the estimated values of the net o0il column at the nodes of
a small grid of area AA, equation (2) allows the oil-in-place reserves
calculation, since the indicator §. can be derived from the reservoir
geometry. Hence, in the frame of t%e above mentioned approximations, the
0il in place reserves calculation is restricted to the estimation of the
variable net o0il column at the nodes of a pre-defined grid.

4. AVAILABLE DATA

Measurements of thicknesses, porosities and water saturations are avail-
able for the wells referred in TABLE I Porosities were averaged from
log and core values and water saturations were evaluated, for the pro-
ducers of each stage, taking into account both log values on wells drill-
ed prior to water injection and capillary pressure curves.

The net o0il column was calculated for the wells considered as pro-
ducers at a certain stage. The location of such wells is shown in Fig. 1
to 4. In the same Figures, the statistical distribution of the variable
to be estimated is depicted through the box-plot and stem-and leaf, for
different stages of the drilling sequence.

Regarding the reservoir fluid data analysis, a single suite of PVT
data is recommended. The o0il formation volume factor (Bo) used to express
the hydrocarbon volumes in standard surface conditions is 1.60 RB/STB at
initial reservoir conditions.
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Fig. 1 - Well Locations and statistical distribution
of the net o0il column. (Stage 1).
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Fig. 2 - Well locations and statistical distribution
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Fig. 3 - Well locations and statistical distribution
of the net vil column. (Stage 3).
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Fig. 4 - Well locations and statistical distribution
of the net o0il column. (Stage 4).



