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INTEGRATED INTERPRETATION OF GEOLOGICAL 
AND GEOPHYSICAL DATA IN OIL AND GAS EXPLORATION 

AND PROSPECTING
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E. A. KOZLOV**, V. M. TIKHOMIROV***

The problem of integrated interpretation of geological, geophysical and geochemical data 
before preparing oil- and gas-exploratory drillings is solved by a sequence of special procedures. 
Their main steps are: outlining of a region with indications of oil accumulation; quantitative 
prediction of hydrocarbon potential, estimation of parameters of the reservoirs (size, shape, hydro
carbon content) and selection of sites of exploratory wells.

The performing of the described procedure is based on a specialized package of computer 
programs which was tested on two hydrocarbon occurrences.

d: oil and gas fields, reserves, computer programs, prediction maps

1. Introduction

At the present time the organizations of the USSR Ministry of Geology 
apply geophysical methods to delineate and prepare for drilling around 96% of 
oil and gas prospective structures. The switch-over to digital data acquisition 
in the main geophysical methods brought a sharp increase in the bulk of annual 
information, and improved its reliability and geological comprehensiveness. 
The implementation of digital data processing allowed more complex geological 
interpretation.

The main difficulties in practical geological interpretation are related to the 
fact that the traditional visual methods—comparing maps and sections—are 
unable to provide for high-quality integrated analysis of the geological, 
geophysical, well-logging, and geochemical data-sets. As a result, at the pros
pecting stage, the problem is limited to the use of a single relationship—the 
correlation of hydrocarbon accumulations with anticlines (structural traps), 
which is usually confirmed in about 30% of the cases. For the same reason, the 
data of geophysical surveys at the exploration stage are applied even less, 
usually when selecting sites of the first wells. The subsequent drill sites are 
selected using maps compiled from the results of exploratory wells.

The presented approach is implemented by using the existing automatic 
data management systems in the process of exploration for oil and gas to
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manage the process of prospecting for oil and gas regardless of the details of 
the approach [ A r o n o v  1977, V o l k o v  1977, K n o r i n g  1977].

2. Geological—geophysical data management systems

A number of organisations of the USSR Ministry of Geology have been 
engaged in developing the GEOPACK system [ K o z l o v - T i k h o m i r o v  1 9 7 9 ]  

with the aim of increasing the efficiency of exploration by the more comprehen
sive use of the accumulated geophysical information. The system involves the 
realization of the full processing-cycle, as well as independent and integrated 
interpretation of geological, geophysical, geochemical and other data, including 
exploitation management decisions.

GEOPACK is a complex of interrelated subsystems with the following 
main structural elements: (Fig. 1.):
— a set of program packages for different methods: seismic (SEISPACK), 

gravity (GRAVIPACK), etc.;
— a package of integrated interpretation and management (COMPACK);
— geophysical data base.

Fig. 1. S t r u c t u r e  o f  t h e  G E O 
P A C K  s y s te m

1. ábra. A  G E O P A C K  r e n d s z e r  
f e lé p í té s e

Рис. 1. С т р у к т у р а  Г Е О П А К а

The packages process the initial data of each method up to a level of 
qualitative and quantitative interpretation. The output of results (geophysical 
and geochemical contour maps, charts, sections, etc.) is stored in the geophysi
cal data base in the form of files on disks and tapes.

The integrated interpretation of the diverse information available is carried 
out within the COMPACK subsystem. Through the geophysical data base, 
COMPACK takes in the whole flow of geological/geophysical parameters 
resulting form the program packages of separate geophysical methods, and 
produces management decisions.
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The COMPACK subsystem can be considered as the software basis of 
automatic control systems (ACS) currently developed:

EACS — to control exploration within an area, and 
PACS — to control prospecting of the located oil and gas traps (reser

voirs).
The main tasks performed by the EACS system are:
— selecting promising targets (intervals, structures, zones, etc.);
— the evaluation of the selected target;
— selecting the optimum sites for prospecting wells including the number of 

wells and their order of succession;
— decision-making concerning stopping or continuing the exploration 

process;
— making preliminary reserve estimates for the located reservoir before its 

prospecting.
The PACS system is designed for
— contouring an up-dated structural map of the territory;
— mapping the internal and external oil, gas, and water outlines;
— making a quantitative reserve estimate and appraising its error;
— determining the intensity of further prospecting (the number of rigs to be 

operated);
— selecting the site of the next well or group of wells;
— determining the number of wells sufficient for prospecting.

The aims of the EACS and PACS systems are reached through solving the 
following problems which may be reduced to processing of the initial and 
intermediate files:
(1) construction of a multidimensional matrix of indicators,
(2) selection of a rational set of geophysical methods,
(3) reduction of the initial data set,
(4) prediction of hydrocarbon potentials,
(5) integrated evaluation of all parameters,
(6) planning of exploration drillings,
(7) planning of prospecting drillings.

The structure of the COMPACK subsystem is presented in Fig. 2. The 
formulation of these problems and the approaches to their solution can be 
reduced to the following:

1. The problem of generating an integrated table of the initial data consists 
of the collection and systematization of the available geological, geophysical 
and geochemical data to form a multidimensional matrix of indicators. The 
problem falls into several subproblems:

1.1 Transformation of qualitative, non-measurable indicators (for instance, 
colour) in binary codes over a regular or non-regular grid;

1.2 preliminary data processing, switch-over from the non-regular grid to 
a regular one, and subdivision into blocks. Quantitative, essentially non- 
continuous fields are corrected using the results of drilling (e.g. faulting);

1.3 preliminary smoothing;
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1.4 interpolation of the missing values of indicators;
1.5 Expansion of the matrix of indicators presented by the cumulative table 

using the spatial properties of scalar-, potential- and encoded qualitative fields. 
Such qualitative parameters as the squared dip of a horizon, its total and mean 
curvature, relationship of horizons, and others are used as additional indicators.

2. The selection of a rational set of surface geophysical surveys is made with 
the aid of the method of conventional correlation capable of estimating the 
significance of the relationships between groups of indicators. The resulting data 
file is a table of correlation coefficients that helps in selecting the most efficient 
set of geological, geophysical and geochemical surveys.

Fig. 2. Flow chart of the COMPACK subsystem 

2. ábra. A COMPACK alrendszer blokkdiagramja

Рис. 2. Схема преобразования информации в подсистеме КОМПАК
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3. The reduction of the initial indicator matrix generated at stage 1.5 can 
be accomplished by several different techniques. One of them is the method of 
main factors which — under favourable conditions — renders possible a quan
titative estimation of the factors responsible for the observed anomalies. The 
resulting file contains the values of the main factors instead of the values of 
indicators.

4. The prediction of hydrocarbon potentials consists of three consecutive 
steps including the generation of a reference sampling calculation of a mathema
tical model of the reservoir, and estimation of oil and gas reserves.

4.1 The sampling of reference vectors is reduced to generating the STAN
DARD file which contains all data on oil and gas potentials (total- and net sand 
thickness and primary oil reserves in a productive formation); the file also 
contains the values of the main factors calculated with respect to the given 
drill site.

4.2 The calculation of the mathematical model from the STANDARD file 
can be carried out either by the well-known technique of pattern recognition or 
by mathematical modelling of an oil reservoir. The result is stored in the 
MODEL file which includes regression coefficients and diffusion matrices as 
well.

Mathematical modelling is based on the assumption that the hydrocarbon 
potentials of an oil/gas reservoir can be expressed in terms of a current reserve 
estimate g(X, Y, G), which is a function of the X  and Y co-ordinates of observa
tion points, and a set of geological, geophysical and geochemical information 
available at the sites. The matrix representation has the form

tf>a« = S<v>, v= 1,2 (1)

where Ф is the matrix of indicators, which are functions of the X, Y co-ordinates 
of the observation points and observed geological, geophysical and geochemical 
fields; each row of matrix Ф is one observation point; a(v) are the column vectors 
of regression coefficients of local models forming a complete model of a reser
voir; R V) is the difference between the reservoir top and the true or supposed 
oil-water or gas-water contact and S'® is the thickness of the oil-bearing layer.

4.3 The estimation of oil and gas potentials includes calculation of the 
nominal values and probability of an oil/gas deposit, prediction errors at a given 
level of significance, and extreme (guaranteed and probable) estimates of oil and 
gas potentials at the same level of significance.

The calculation is made solving the system of the equalities and inequalities 
(1) with respect to the column vector of the reservoir.

5. A complete set of the calculated local reserve estimates consists of three 
response surfaces inserted into one another and resting on the common zero- 
datum plane. The regions of their validity (projected on the horizontal plane) 
form the proven, probable and possible areas of oil reserves.
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The integrated parameters — volumetric parameters and reserves esti
mates — are calculated analogously with the area estimates, resulting in the 
proven, probable and possible volumes and reserves of the reservoir.

6. The planning of an exploratory drilling program includes the subdivision 
of the territory and the estimation of the probability of oil and gas occurrence 
jointly analysed by the experts,

6.1 The subdivision of the territory is made in the space of the main factors 
by the methods of set-analysis.

6.2 The probability of oil (and gas) occurrence is calculated taking into 
account the values obtained from the first and second local models (v= 1,2; 
see 4.3). The results are plotted as maps. The maximum probability points are 
selected as sites for drilling.

7. The planning of a prospecting drilling program consists of three steps.
7.1 In the first step, certain vectors of the file of the main factors belonging 

to wells, containing oil and gas at the interval concerned, are selected from the 
STANDARD file with all due allowances for the MODEL file.

7.2 In the second step, a set of the PREDICTED main factors characteriz
ing the points lying within an inferred oil outline is generated from the file of 
the main factors with all due allowances for the MODEL file.

7.3 In the third step the mean- and covariance vectors, formed from the 
main factors in steps 7.1 and 7.2 are compared, and all points are classified in 
order of preference.

Commonly, the purpose at each subsequent step is to drill a well at a site 
which will minimize the error of oil reserve estimation. In real situations, 
however, other purposes can be set, such as maximization of oil reserve addi
tion, minimization of the error of reservoir approximation, and others.

Minimization of the error of reservoir approximation is accomplished by 
trial and error and by simple comparison of the estimates of the local uncer
tainty of the reservoir’s model.

It is assumed that a well drilled at the site of the maximum preferability 
will tap a deposit of the calculated total or net thickness, or calculated reserves. 
Then the mathematical model of the deposit is calculated again producing 
another drill site and so on.

The solution of problems 2 and 6 is required only for EACS and problem 
7 — only for PACS. The other problems (1, 3, 4, 5) are related to both.

The block construction of the system allows one to choose between several 
combinations of the procedures at each step, in particular to use deterministic 
processes along with statistical ones.

3. Case histories

The system was tested in the Botuobinski oil and gas bearing province 
(south-western Yakutiya) and in Belorussia. In the latter case, (Fig. 3.) the 
system was applied to oil prospecting within the Rechitski tract in the northern 
part of the Pripyat depression, where the known oil occurrences are confined 
to large-amplitude highs bounded by faults, and occur in intermittent limestones 
and dolomites lying between salt beds.
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Fig. 3. Scheme for selecting sites for exploratory wells:
1 — scale of hydrocarbon content coefficient (the ratio of nominal estimate of effective oil- 

saturated thickness to its error); 2 — known oil fields. Deep wells: 3 — productive, 4 — dry,
5 — previously recommended, 6 — recommended by COMPACK, hydrocarbon content

indicated

3. ábra. A feltáró fúrások helyet kijelölő eljárás menete 
1 — a szénhidrogén-tartalom együttható skálája (az effektiv olajjal telített vastagság névleges 

becslésének a hibához viszonyított értéke); 2 — ismert olajmezők. Mélyfúrások: 3 — produktív, 
4 — meddő, 5 — korábban javasolt, 6 — a COMPACK által javasolt (szénhidrogén-tartalom

jelölve)

Puc. 3. Схема планирования сети поискового бурения.
1 — шкала значений коэффициента нефтегазоносное™ — отношения номинальной оценки 

эффективной нефтенасыщенной мощности к ее ошибка; 2 — известные месторождения 
нефти. Глубокие скважины: 3 — продуктивные, 4 — непродуктивные,

5 — запроектированные ранее, 6 — рекомендованные, с указанием коэффициента
нефтегазоносное™

The COMPACK application helped:
— to distinguish complex anomalies of the “oil reservoir” type;
— to select a pattern of exploratory wells within the located anomalies.
The initial matrix of indicators included the depths to the Turonian and

Cenomanian reflector, the A T  values of the geomagnetic field, the A g Bouguer 
anomaly values, the temperatures at 50 m, and the values of an integrated 
geochemical index. Well logs were available, and inflow tests had been made in 
23 exploratory and prospecting wells available in the region.

Processing of these data with the COMPACK resulted in the location of 
five “oil reservoir” type anomalies where the probability of tapping a reservoir 
containing hydrocarbons exceeded 70%. Six sites for exploratory wells and one 
for a prospecting well were recommended at the maximum preferability points 
of these areas.

Two wells were drilled after recommendations and both proved the predic
tion.
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V. Ju. ZAJCSENKO, E. V. KARUSZ, E. A. KOZLOV, V. M. TIHOMIROV

FÖLDTANI ÉS GEOFIZIKAI ADATOK KOMPLEX KIÉRTÉKELÉSE 
A KŐOLAJ ÉS FÖLDGÁZ KUTATÁSA ÉS FELTÁRÁSA SORÁN

A földtani, geofizikai és geokémiai adatok komplex kiértékelésének feladatát — a kőolaj- és 
földgázkutató fúrások előkészítését megelőzően — speciális eljárások sorozatával oldják meg. A 
folyamat fő lépései: az olaj szempontjából reménybeli terület körvonalazása; a szénhidrogén-poten
ciál mennyiségi becslése; a rezervoár paramétereinek (méret, alak, szénhidrogén-tartalom) becslése 
és a feltáró fúrások helyének kijelölése.

A leírt eljárás végrehajtása az erre a célra kifejlesztett programcsomagon alapul, melyet két 
szénhidrogén-telepen próbáltak ki a gyakorlatban.

В. Ю. ЗАЙЧЕНКО, E. В. КАРУС, E. А. КОЗЛОВ, В. M. ТИХОМИРОВ

КОМПЛЕКСНАЯ ИНТЕРПРЕТАЦИЯ ГЕОЛОГО-ГЕОФИЗИЧЕСКИХ 
ДАННЫХ ПРИ ПОИСКАХ И РАЗВЕДКЕ 

НЕФТЕГАЗОПЕРСПЕКТИВНЫХ ОБЪЕКТОВ

Задача комплексной интерпретации геолого-геофизических и геохимических данных 
при подготовке к поисковому разведочному бурению нефтегазоперспективных объектов 
сведена к последовательности преобразований, включающих формирование пространства 
признаков наличия залежи, количественный прогноз нефтегазоносности, оценку параметров 
объектов (размер, форма, степень нефтегазонасьпцения), планирование размещения поиско
вых и разведочных скважин. Технология обработки основана на применении специализиро
ванного пакета программ. Дан пример применения технологии.


