
EUROPEAN JOURNAL OF NATURAL HISTORY №1, 2012

17Geological and Mineralogical sciences

4D SEISMIC
Amirov K.M., Tusupbekova E.K., Portnov V.S., Tursunbayeva A.K., Maussymbayeva A.D.

The Karaganda state technical university, Karaganda e-mail: aliya_maussym@mail.ru

For successful implementation of the 4D seismic observations also contribute careful processing and tight inte-
gration of the subsurface disciplines. As the outcome time-lapse seismic was recognized as a powerful and effective 
technology for reservoir management.
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According to Lumley et al., «4D seismic 
reservoir monitoring» is the process of repeat-
ing 3D seismic surveys over a reservoir in 
time-lapse mode to look for differences caused 
by production [1]. The changes is the prin-
cipal effect that brings us a 4D seismic data, 
while monitoring hydrocarbons movement, 
fl uid type in pores, and the effective pressure 
which is acting on a rock in combination with 
temperature increments affecting rock density. 
Moreover, taking into account seismic veloci-
ties changes, the method can predict fl uid satu-
ration and pressure changes in the reservoir.

New technologies are rapidly emerging 
helping to obtain optimal drainage of large res-
ervoirs. In the past ten years, time-lapse (4D) 
seismic has evolved from an academic research 
topic to a standard way of monitoring reservoir 
performance, and seismic data are increasingly 
used as basic practice as reservoir management 
tool and to assist in fi eld development planning. 
The use of time-lapse seismic data in conjunc-
tion with reservoir simulation models and well 
log data allow fl uid changes within the reser-
voir to be qualitatively monitored. Time-lapse 
seismic might provide valuable information 
for identifying fl uid movements, locating by-
passed oil and well placement optimization to 
reduce uncertainties in reservoir development 
and production management. 

To understand this, let us review the seismic 
method, and then consider what advantages 
the time-lapse aspect of 4D seismic brings. In 
a single 3D seismic survey, seismic waves are 
generated by sources (dynamite, airguns, etc.) 
at or near the earth’s surface or in the seawater. 
These generated seismic waves refl ect off of 
subsurface seismic impedance contrasts, which 
are a function of rock and fl uid compressibil-
ity, shear modulus and bulk density, and are 
recorded as they arrive back at the earth’s sur-
face. The recorded waves form the classic wig-
gle traces where high positive amplitude por-
tions are often fi lled in on a black and white 
image enhance visual contrast and show lateral 

continuity. A processing workfl ow is then is 
applied to the recorded seismic signals to cre-
ate 3D seismic images of the reservoir rock and 
fl uid property (seismic impedance) contrasts. 
4D seismic analysis simply involves repeating 
the 3D seismic surveys and analyzing images 
in time-lapse mode, to monitor time-varying 
fl uid-fl ow processes during reservoir produc-
tion. The main advantage of 4D approach is 
that the static properties of the reservoir remain 
unchanged and hence the differences between 
seismic parameters in time can be interpreted 
in terms of dynamic behavior of the fi eld.

The fi rst repeated 3D seismic surveys 
(known as 4D seismic now) were acquired in 
North Texas in 1982/1983 to monitor a com-
bustion process around an injection well [2]. 
Due to the fact that this seismic study had been 
performed as the fi rst in sui generis and it was 
ahead of its time the work results have not been 
approved economically. And now, nearly for-
ty years after its fi rst beginnings, 4D seismic 
monitoring is more and more recognizing as a 
proven technology. The technique has, at last, 
established itself as a valid and valuable res-
ervoir management tool. By the words of Ev-
ans (2008) there are three main areas that will 
shape 4D’s future – repeatability, quantifi able 
benefi ts and combined technologies [3]. If the 
industry solves those matters, and obviously 
they’re interlinked, the market could be huge.

According to the heightened interest in 4D 
seismic the task of this work is to provide a 
review of recent applications of 4D seismic to 
different problems and in different regions. In 
particular the following issues have been ana-
lyzed:

1. Assessing zones of bypassed or und-
rained hydrocarbons;

2. Monitoring pressure change;
3. Monitoring fl uid movement and assess-

ing water injection sweep effi ciency;
4. Monitoring geomechanical effects due 

to depletion and compaction within the reser-
voir (subsidence, sand production);

5. Assessing reservoir heterogeneities and 
lithologies.

As an example is provided seismic case 
study performed at Gullfaks oilfi eld in North 
Sea (Figure).
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In this fi gure is presented time-lapse seismic 
interpretation with repeated saturation logs from 
Gullfaks fi eld at which seismic study have been 
performed for assessing zones of remaining oil 
after water injection. On the right side of the 
fi gure is shown two seismic surveys acquired in 
1985 and 1996. Observed changes in the seis-
mic responses from the top reservoir and initial 
oil-water contact are marked with blue ellipses. 
The signifi cant decrease in acoustic impedance 
was identifi ed. On the left side is shown satu-
ration logs acquired in 1992, 1993, 1994, 1995 
and 1997. With a black colour is indicated frac-
tion of the pores fi lled with oil, and blue colour 
means fraction of pores fi lled with water. Look-
ing at the last two survey results in 1995 and 
1997, we can observe that there is only remain-
ing oil in the uppermost part of the reservoir. For 
full confi dence was compared the seismic data 
acquired in 1996, and result was the same. The 
obtained data were the main source of informa-
tion to build saturation maps that are then used 
as guidelines to drill infi ll wells and to perforate 
intervals with remaining oil. As the result were 
drilled 14 infi ll wells with estimated volumes 
corresponding to 56 million barrels [4].

In conclusion we can say that 4D seismic 
acquirement has a great contribution for opti-

mizing reservoir management refl ected in the 
following points:
 Optimizing well placement and reduc-

ing the risk of drilling into the swept areas of 
the reservoir;
 By means of seismic data interpretation 

providing information about the fi eld reserves;
 Monitoring challenges induced by pro-

duction and injection programs;
 Predicting future productivity of the res-

ervoir by means of reservoir modeling.
It should be noted that for successful imple-

mentation of the 4D seismic observations also 
contribute careful processing and tight integration 
of the subsurface disciplines. As the outcome time-
lapse seismic was recognized as a powerful and ef-
fective technology for reservoir management.
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Calibrating time-lapse seismic interpretation with repeated saturation logs. A perfect match between 
the two data types can be observed. Consequently, time-lapse seismic data can with confi dence 
be used to map the drainage pattern in between existing wells [4]


