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Abstract 
 
The Checkshot is a well acquisition technique whose data 
are used to try to establish a correlation among depth of 
geological layers in well to the time of seismic events in a 
seismic section. In a petroleum company, it is a routine to 
discuss about bad quality in seismic to well correlation, 
regardless the commercial tool in use. This correlation 
may be done by using synthetic seismograms. The first 
perception trying to do this correlation is that there is a  
time shift that must be solved. In general this time shift 
may be observed correlating good geological markers 
that are also good seismic events: the time of events in 
seismic section doesn’t agree with the time of checkshot 
readings. By the time the initial correlation is assumed 
good enough, the technician involved in the task may  
note also that there is an increasing uncoupling among 
geological markers and seismic events, starting from the 
initial point of correlation. Also it is easy to observe that 
amplitude, frequency  and phase of seismic events 
doesn’t match the same properties in the synthetic 
seismogram. The scope of this paper is to investigate and 
establish an acceptable solution to the correlation 
between geological markers in well and the correlative 
seismic events in seismic section.  

Introduction 
 
There are sedimentary basins where the seismic to well 
correlation is difficult to be obtained. This is strongly 
associated with poor seismic data quality and/or absence 
of good geological/seismic markers. In the early stages of 
exploration of a geological basin, the Checkshot is an 
useful acquisition tool in establishing the correlation 
among geological layers in wells and the seismic events 
in seismic lines. Once the volume of seismic data and 
number of wells increase, the necessity of checkshot data 
decreases. Is it necessary to acquire checkshots? We 
cannot say no, but there are situations where the 
acquisition of a checkshot is not necessary. Souza (2001) 
presented a methodology to correlate seismic to wells, 
based only in sonic logs. Souza (2003) presented a real 
time solution in correlating geological markers and 
seismic events by using sonic data from LWD technique. 
In Campos Basin (Brazil), in the high density drilled areas, 
it is not necessary to acquire checkshots, once it is a 
mature basin, the seismic quality is regular to good and 
we have developed the shift/drift methodology to correlate 
seismic to wells, herein presented.   

 

The synthetic seismogram correlation: a technique or 
an art form? 
 
Both, in my opinion. If you have followed this controversy 
in last decade, you found distinct opinions. There is no 
way to avoid the technique and the best match claim for 
methodologies that goes close to the art. In White and 
Simm (2003) there is an extensive analysis in well ties, 
with good technical practices. By reading this paper one 
may find also that it was necessary to apply some 
approaches, mainly because no one is capable to predict 
all that is going on with the seismic traces. White (1980) 
used the words “partial coherence matching” in the title of 
his article. By “partial” one may interpret that there was 
something that was not possible to be qualified and/or 
quantified, and this fact claimed for an approach.   
 
Why this occurs? The first detail we must take into 
account is that well techniques  generate high resolution 
1D frequency data and the seismic section is relatively a 
low frequency 3D data. Cerney and Bartel(2007)have a 
good explanation for this topic. 
The second detail is that each acquisition technique 
incorporate different noise/interference types: mud 
readings, multiples, reverberations, environmental noises, 
cultural noises, different travelpaths, etc. In seismic data, 
the noise attenuation by the filtering algorithms and the 
reflector repositioning by the migration algorithms perform 
a complete mixing of data, changing lateraly the 
amplitude, phase and frequency.  
The third detail is: what pulse/signature must be used to 
build the synthetic seismogram? Must we use a signature 
retrieved from seismic data or a synthetic pulse? One 
must have the option to decide, and this decision imply in 
a different well to seismic correlation. 
The forth detail we have nominated as “seismic drift”. The 
seismic drift is the increasing uncoupling we have 
mentioned before. This uncoupling is related to changes 
of seismic propagating waveform (mainly changes in 
frequency and phase) due to noise interference, 
traveltime delays, absorption, etc. 
 
Taking into account these dissimilarities, applying 
technique and performing some art (approaches may 
configure some art), we may reach the result on figure 1, 
showing a good well to seismic correlation.  

Why checkshot and seismic doesn’t fit? 
 
The technician involved with seismic to well correlation 
frequently finds the topic “time shift”. Assuming there is no 
error in seismic datum (depth zero = time zero), this time 
shift is the error encountered between the checkshot 
readings and the interpreted seismic events. It is easy to 
determine locally if the well has a good geological marker 
that is also a good seismic event in the seismic section. 
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Basically the time shift occurs because the two events, 
the checkshot readings and the seismic events are picked 
up in  different ways. The checkshot readings are picked 
at  the time the first energy  reach the hydrophone. The 
seismic picks are done in the maximum local reflected 
 

 
Figure 1. Well to seismic correlation 

 
energy transduced by the hidrophone. In theory, to solve 
the difference, a zero phase seismic section should be 
sufficient. In practice we observe that the normal 
produced seismic sections are not zero phase and the 
maximum primary energy is not coupled to the reflector 
surface. The figure 2 makes clear the topic discussed 
above. 
 

 
 
Figure 2 – Time shift between checkshot readings and 
interpreted seismic events 
 

The “seismic drift” 
 
Have you ever heard someone talking about sonic drift? 
The sonic drift is oftenly mentioned as the main item 
involved in bad seismic to well correlations when using 
integrated sonic data. We have performed time difference 
computations (absolute value best fit) between checkshot 
readings and integrated sonic time over 100 Campos 
Basin wells. The average time deviation found is an 
absolute value of 10 ms (the figure 3 is a sample of these 
time difference computations with best fit) . 
Similarly, we have computed time differences between 
checkshot readings and integrated sonic time after fitting 

a good geological marker in the well to the corresponding 
seismic event (figure 4). Now, the average time error 
jumped to 30 ms, demonstrating that the sonic drift, when 
present, is not the main cause in the error generation. We 
have examples of 60 ms error between checkshot 
readings and time of seismic events. In Campos Basin 
case, it may pointed out that interpreter must start the 
seismic to well correlations taking into account a possible 
30 ms error between checkshot readings and seismic 
data (seismic time is higher). 
 

 
 
Figure 3 – Best fit between integrated sonic time 
(continuous line) and time of checkshot readings (small 
squares). The average absolute error is 10 ms 
 

 
 
Figure 4 – Average error (30 ms) between checkshot 
readings (small squares) and integrated sonic time 
(continuous line), after adjusting a good geological marker 
to the corresponding seismic event 
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So, how can we explain the average 30 ms error? 
Examining the figure 5, similar to figure 2, we may 
understand the problem. To correct the time shift in left 
part of figure 5 (event 1) means that a seismic event with 
a specific frequency is being coupled to the 
corresponding geological layer top, occurring at time of 
first break. Does this mean that once the event 1 time 
shift was corrected all the geological events are now 
coupled to the seismic events? No, because the seismic 
frequencies decrease with time and the time shift applied 
in event 1 does not satisfy other frequencies, just as the 
frequency of event 2. The seismic drift among 2 
frequencies may be computed with the expression (1) :  
 
SD = (TP2- TZC2) – (TP1-TZC1), where                       (1) 
 
SD= seismic drift (ms) 
TP1= Pick time of event 1 
TP2= Pick time of event 2 
TZC1= Zero crossing time of event 1 
TZC2= Zero crossing time of event 2 

 

 
 
Figure 5 – The seismic drift is the time difference 
between two frequencies (event 1 and event 2), the time 
measured from zero crossing to the first peak/trough. 
Once the seismic frequencies decrease with recording 
time, the seismic drift will increase with time.  

 

Building the time-depth curve 
 
To build the time-depth curve we need to access seismic 
data and the well sonic data from a database. The figure 
6 shows a graphical representation of a time-depth curve 
building procedure of an offshore well. In this figure there 
are 3 computation time zones: the sea water zone, the 
non-recorded sonic zone and the integrated sonic zone, 
delimited by the red vertical arrows.  
The first step to obtain the time-depth curve is to identify a 
good seismic reflector and the corresponding geological 
marker, preferentially in the interest zone. The time of this 
seismic event and the depth of the corresponding 
geological marker establish a fixed point (matching point) 
in the time-depth curve. In practice we are defining the 
time shift correction between seismic data and the 

checkshot, if it exist at all. Notice that we do not need to 
use checkshot information and any checkshot data 
showed here is merely illustrative. In the figure 6, the 
well/seismic matching point is represented by the red 
circle close to 3180 meters deep. In the case of figure 6, 
the well marker selected is the top of the Cretaceous 
Section.  
The second step is to compute the traveltime in the sea 
water (water velocity selected). The third step is to 
integrate the sonic transit times and adjust it to the 
matching point. After this, we need to complete the curve 
between sea water extrapolation zone and the sonic 
integrated zone by using a constant velocity.  
In the figure 6, the high-frequency red curve in the left-
hand side is the sonic interval velocity, the gray curve is 
the average velocity, the green curve is the time-depth 
curve obtained, the high-frequency red dots in the right-
hand side are the sonic readings and the color bar 
represents the lithology. The blue squares under the 
green curve are checkshot readings, that in the case of 
this well has an average error of 27 ms with the time-
depth curve (see also zoom on figure 9). 
 

 
 
Figure 6 – Time-depth curve obtained by defining a 
matching point (geological marker/seismic event) 
 

The synthetic seismogram 
 
This is a crucial step in defining a good well to seismic 
correlation. The goal is to obtain a synthetic seismogram 
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that matches time, amplitude, phase and frequency of 
seismic events. Frequently, technicians may face 
situations where there are no matches between the 
properties mentioned above. Attempts to find a better 
correlation could be done by stretching/compressing the 
time/depth scale. We may point out: the unique 
reasonable operation to do is to stretch the scale one time 
upward and/or downward from a matching point. There is 
something wrong in the procedure if many 
stretching/compressions are done upward and/or 
downward. Possible errors are the time/depth scale, bad 
synthetic pulse definition or bad well impedances.  
Bad impedances are generally obtained by using 
densities from well logs: it is frequent density mud 
readings by density tools. Also the sonic log must be 
analysed and edited, if necessary. One alternative is to 
use sonic densities (see Souza, 1999). In Souza(1999) 
you may find a methodology mixing the well known 
Gardner (density) and Wyllie (porosity) equations that 
take into account the regional geology and lithology. 
Usually, synthetic seismograms obtained with the use of 
sonic densities have a better match with seismic data.  
The synthetic pulse selection is quite important to obtain a 
good synthetic seismogram. From our experience, we 
may say that  the best is to use Ricker pulse. Many 
attempts to use other synthetic pulses or extracted 
signatures from seismic data end up with worse results. 
Modified Ricker pulses also may be used: one possible 
modification is to reduce the amplitude of secondary lobe 
Ricker pulse. 
We have mentioned before that well data is high 
frequency 1D and that seismic data is relatively low 
frequency  smoothed 3D data. By generating  well based 
synthetic seismograms we obtain “nervous” traces (traces 
with high frequency information) and the way to give it a 
seismic appearance is to apply a smoothing filter in it. 
Other important property to correlate is the frequency: 
shallow seismic data has relatively high frequencies and 
deep seismic data have relatively low frequencies. This 
balance must be obtained in synthetic seismograms to 
turn the correlation reasonable. About phase, best 
correlation is obtained if signature correction was 
performed in seismic data.  
 
THE SEISMIC DRIFT CORRECTION 
 
The seismic drift correction is done by stretching the time 
scale upward and/or downward. From our statistics, the 
stretching value is around 4%. Lower values are 
acceptable. If you match stretching values greater than 
7%, there is a high possibility something is going wrong. 
The figure 7 shows a stretching downward: to match the 
seismic data the synthetic seismogram must be stretched. 
This is an example of a real time drilling. The stretching 
value found was 4.64%. In this practical case, the 
correction is around 22 ms: this amount of correction may 
define a commercial or non-commercial structural oil 
accumulation in the area. 
 
RESUMING THE SHIFT/DRIFT METHODOLOGY 
 
The main steps is shift/drift methodology to obtain a good 
seismic to well correlation is listed bellow: 
 

1 – obtain a good graphic image of seismic data at the 
well position (preferentially  part of a dip seismic section) 
2 – obtain sonic log with lithology 
3 – compute sonic densities 
4 – define the matching point (marker/seismic event) 
5 – define the Ricker pulse central frequency 
6 – obtain the first TxD table (shifted to matching point) 
7 – obtain the synthetic seismogram 
8 – do graphical correlations between synthetic  
seismogram and the seismic image to define the drift 
correction upward 
9 – after applying upward drift correction, repeat step 8 to 
obtain the drift downward 
10 – apply downward drift correction and obtain the final 
TxD table and the graphic correlation. 
 

 
 
Figure 7 – Definition of downward drift correction. In this 
case drift correction was obtained with 4,64% stretching. 
The observed time after graphical correlation is higher 
then the expected time, configuring the “seismic drift” 
correction 
 
The figure 8 shows a schematic chart resuming the 
shift/drift methodology. To reach a final result it is 
necessary to iterate one “seismic drift” correction upward 
and one “seismic drift” correction downward. Sometimes it 
is necessary to go back and perform other iterations, 
mainly in case of low seismic data quality. 
In figure 9 we may inspect the seismic drift correction. 
The red circle pointed by the arrow is the matching point, 
where the geologycal marker has been adjusted to the 
corresponding seismic event. The green curve represents 
the Time/Depth table obtained after adjusting data to the 
matching point. The blue squares under the green curve 
are checkshot readings. Starting from the matching point 
we may observe that the green curve is moving away 
downward from the blue boxes, proving the seismic drift. 
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Figure 8 – Illustrative chart of shift/drift methodology  
 
 

 
 
Figure 9 – Time/depth curve (green) over checkshot 
readings (blue squares). Notice the uncoupling (“seismic 
drift”) downward starting from the matching point (red 
circle) 

Conclusions 
 
Herein we have presented the shift/drift methodology to 
build time/depth tables and establish a good well to 
seismic correlation. There are many ways and 
commercial tools to achieve this task. Usually we hear 
from technicians that the well does not have a good 
correlation with the seismic data. We proved that the 
sonic log has enough data to build synthetic seismograms 
and obtain good time/depth tables. In the proposal  
methodology the definition of a matching point (geological 
marker/seismic event) apply a bulk correction to the 
Time/Depth table. In the case of checkshot data, it was 
observed in Campos Basin (Brazil) an average bulk shift 
correction around 30 ms.  
It was pointed out that seismic data has a continuous 
downward increasing uncoupling with the well. This 
uncoupling may be observed by using checkshot data 
and after applying the bulk shift correction discussed 
before. 
To solve the uncoupling it is necessary to correct the 
named “seismic drift”, by stretching the time scale, both 
upward and downward once, starting from the matching 
point. In practice the drift correction build a new 
time/depth table with lower velocities. This procedure is 
similar to do a continuous increasing dynamic correction 
(compression) in the seismic data. We mentioned also 
that application of many stretching/compressions using 
commercial tools indicate that something is running out of 
control. 
Finally, it may be extracted from our work that it is not 
necessary to acquire checkshot data, in most cases. The 
checkshot may be acquired in case of bad seismic quality 
or at initial basin exploration phase.   

Acknowledgments 
 
I would like to thank Petrobras SA for permission to 
present and publish this work. I also thank Almério Barros 
França for the text revision and Gilberto Rodrigues de 
Lima and José Cláuver de Aguiar Júnior for the technical 
suggestions.  

References 

Cerney, Brian and Bartel, David C., 2007, “Uncertainties 
in low-frequency acoustic impedance models”, The 
Leading Edge, Vol. 26, no 1, 74-87 

Souza, José Adauto de, 1999, “Porosity and density from 
sonic logs in Camamu, Almada, Cumuruxatiba and 
Recôncavo Basins (BRAZIL)”, 6TH SBGf, Rio de 
Janeiro, Brazil 

Souza, José Adauto de, 2001, “A simple and effective 
method to extrapolate sonic profiles to the surface”, 
7TH SBGf, Salvador, Brazil 

Souza, José Adauto de, 2003, “Real time logging and real 
time decisions”, 8TH SBGf, Rio de Janeiro, Brazil 

White, R.E., 1980, “Partial coherence matching of 
synthetic seismograms with seismic traces”, 
Geophysical Prospecting, V. 28, 333-358  

White, Roy and Simm, Rob, 2003, “Tutorial: Good 
practice in well ties”, First Break, Vol. 21, no 5, 75-83 

Tenth International Congress of the Brazilian Geophysical Society 


	Abstract
	Introduction
	The synthetic seismogram correlation: a technique or an art 
	Why checkshot and seismic doesn’t fit?
	The “seismic drift”
	So, how can we explain the average 30 ms error? Examining th
	SD = (TP2- TZC2) – (TP1-TZC1), where                       (
	Building the time-depth curve
	The synthetic seismogram
	Conclusions
	Acknowledgments

