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INDUSTRIAL MAPPING SOFTWARE OF SEDIMENTARY
MICROFACIES AND PETROLEUM GEOLOGY

Xu Kaizhi Wang Pujun
Geoenergy Department,Changchun University of Earth Sciences,
130026 Changchun,Jilin,China

ABSTRACT

This software is composed of a series of discriminant models based on the detailed compari-
son studies between the sedimentological features of cores and the geophysical characteristics of
well loggings and seismic sections. Containing 3 parts i. e. basic sedimetological program, well
log processing program and seismic processing program,the software has been successfully used
to predict the oil/gas traps in Yingtai oil field of the Songliao Basin (NE China,Cretaceous)by
the systermatic mapping of sedimentary microfacies and the detailed lateral correlation of thin

bedded reservoir sand bodies.

Our stud&_ area of Yingtai oil field is in the Songliao Basin(42°—49°N,120°—128°E)
which is the largest oil generation basin of China contributing nearly half of the nation’s
oil production; more than 60 million tons per year. The whole studied area is about

500km?,contains 55 exploration wells and 172 production wells with 1 : 500/1 ¢ 200 well-
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loggings,and is covered by 1X 2km,1X1km and 0. 5X 0. Skm seismic profiles.

Heterogeneous reservoirs of Yingtai oil field often result in dry holes near a very high
productive well ,which is the main limitation for oil prodiétion. The project described here
was supported by the Jilin Stéte Oil Company in order to improve the prediction level for
the heterogeneous reservoirs.

Three steps were taken for us to finish the project: Dsedimentological study on the
cores from the well drillings to establish the standard models of lithologies and sedimenta-
ry microfacies; @comparison study between cores and well-loggings to establish the dis-
criminant models of microfacies and reservoir sandbody distributions; @comparison study
between cores/well-loggings and seismic sections to establish the seismic discriminant
models mainly used for the areas without core/well-logging information.

The functions of the software are mainly as follows:(Dto simulate sedimentological
history (palaeocurrent, provinance, palaeotectonic and sedimentary facies); @ to calculate
the thickness and distribution of reservoir sandbodies;®to simulate the porosity and per-
meability of reservoir sandbodies ; @to simulate the primary oil migration process; ®to cre-
ate all the database needed above. »

The software of this paper is linked with TOPO and Auto-CAD software for drawing

functions.
FOUNDATIONAL SOFTWARE FOR SEDIMENTOLOGICAL STUDY

This part of the software is for the study of core taking section about which a lot of
previous thin-section and lithologic composition work have been done. Based on these
available data the software can execute“grain size analysis”, “correlation analysis”and fi-
nally get the “local sedimentary microfacies association models”.

The statistics procedure of grain size analysis is according to the methods of
Friedman’s and Landim’s(Liu,1980,pp. 314—319). Palacotectonic analysis is according to
the Dickinson’s principle (Zeng and Xia, 1986, pp. 256—258). Palaeocurrent reconstruc-
tions have been made mainly on the adjacent outcrops. And the final discrimination of sedi-

mentary microfacies is again based on the formula of Friedman’s and Landim’s.
WELL LOG DATA PROCESSING SOFTWARE

Well-log sedimentary microfacies models were established by the correlation study be-
tween the sedimentological features of the core sections and well-log characteristics. The
first step of the software was A/D transfer and caliberation to get the foundational
database from the original log curves. Then classification indexes for stratigraphy and mi-
crofacies wer sorted by the correlation of core sections to the corresponding well-loggings.

Finally the discriminant models for stratigraphy,lithology and microfacies were established
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on the basis of core taking section and were in turn used for all the well-loggings of the
study area. y

Several types of discriminant methods including grey cluster analysis, step-lineation
method ,logic discriminant method and illustration-empirical model were tested (Yong and
Chen,1990; Wang,1990). The best of them proved to be the illustration-empirical model
which mainly depend on the differences among different kinds of lithology—facies associa-
tions on spontaneous potential log and Gamma-ray log (Fig. 1. ). Illustration here means
that the discriminant indexes were sorted according to the cluster distribution of log curve
eigenvalues in the right angle coordinate. And the empirical means that the discriminat for-
mula were established according to the core taking section.

Sedimentary microfacies can be defined as origination-texture facies in the cases of
well-log dependence facies classification,based on which the stratigraphic boundaries are
generally those of sedimentary facies(Fig. 1). The spontaneous potential log has been given
the highest priority in this study because of their very well correspondence of the log am-
plitude to the grains of the sedimentary sequence. The“hlaf amplitude point”of well log
usually is at the same point of stratigraphic boundary. If an amplitude is greater than cer-
tain value called“threshold”,we take the“half amplitude point”as classification boundary.
And the “threshold”was chosen by repeated test in the core taking section.

After auto-stratigraphic classification several types of databases can be established
which include the databases of lithology, microfacies and predominant microacies, strata
thickness, reservoir sandbody thic!mess, porosity and permeability. Kriging method has
been used in the lateral correlation among wells. Then we can get variours kinds of maps

on sedimentology and petrloeum geology as detailed as we want(Figs. 2 and 3).
SEISMIC DATA PROCESSING SOFTWARE

Seismic sections are mainly used in the area called “blank dots”where there are neither
core section nor well-log information. The discriminant models of seismicdata are estab-
lished with the sections passing through several wells where the models of core sections
and wellloggings have been well studied. The working procedure of this part of the soft-
ware is as followings. Firstly the standard models of stratigraphic classification, reservoir
sandbodies , microfacies and so on should be chosen from the results of core-section and
well-logging studies. Secondly the seismic discriminant models can be constructed and the
extrapolations can be made. At last several known sections have to be tested for self-check-
ing and calibration. Then we can use the seismic discriminant models to all the blank area
(Fig. 4). But one thing should be remembered here that the resolutions/sensitivities among .
core section,well-log and seismic are quite different. So that the “microfacies”of seismic
are generally equivalent to the “predominant microfacies”of well-log. For example 19 sand-
body layers are classified by well-log,but only 6 associations of them have be recognized by
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seismicdata. So seismic discriminant models are only used in inter-well area for extrapola-
tion. ' L : .
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Fa-Fr

Fig. 2 Distribution map of sedimentary microfacies
(represented by the contour of predominant microfacies)
DiCh=distributary channel;FaFr=fan front;SSLa=shore —shallow lacustrine

Fig. 3 Distribution map of sedimentary microfacies (represented by different symbols)
DiCh=distributary channel ;FaFr={an front;SSLa==shore —shallow lacustrine
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Fig.4 Six types of contour maps computerised with seismic data
A =interval velocity ;B=porosity ; C=permeability ;D=sand/mud ratio;

E=strata thickness;F=sandstone thickness
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