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Reservoir Geostatistics 
Let’s Use All The Information! 

Questions and Answers from GEO webinar July 27, 2020, given by Beth Rees of CGG 

 
1. How do you define your facies? Is it always related to petrophysical properties (such as Vshale or porosity)? Or 

can you use other properties (such as density or velocity)?  

Defining the facies is a key step in a geostatistical inversion project and it is one of the first places where integrating all 
of the data can and should occur. As our goal is to use all of the information, an essential step towards producing a good 
geostatistical inversion result is to define a set of facies that are meaningful in as many domains as possible.  

The facies should not just be about petrophysical properties. Since you will use the seismic as a significant input, it is also 
important to consider the elastic properties of the facies and specifically, to look at the separation of the facies in the 
elastic property space. Geologically relevant facies usually means that you can postulate some kind of predictable 
geometry and thus apply geological constraints and trends to the modelling; this is why you want to consider geological 
relevance. And, finally, for the results to be useful for the reservoir engineers, you need to consider the engineering 
aspects of the facies. You would like to have some sort of significance in terms of engineering properties, either directly 
or indirectly through petrophysical properties or the results will be of limited use to the engineers.  

 
2. How can the position of very thin sands be controlled in geostatistical inversion? It seems that sometimes 

geostatistical inversion is able to predict the sand but the position might not be the same as in the well. 
Constraining with the wells helps around the wells but how do you to make sure away from the wells?  
 
The problem described by this question is quite common, particularly in the case of significant overlap in the elastic 
properties of the sands and the shales, and when the sand body thicknesses are at, or below seismic resolution. In the 
described situation, geostatistical inversion cannot give you THE correct answer, but what it can give you is some 
measure of the likelihood of where the sands are. Analyzing a series of realizations will let you know the probability of 
having sand at a certain location given the information you have. It is important to remember that geostatistical inversion 
is not “magic” and it cannot give you a definite answer if there is not enough information in the data to determine 
something. If the data cannot determine something specifically, understanding the uncertainty of the situation and the 
likelihood of thin sands at a given location is the best answer that you can get.   
 
 

3. How do you decide on the length and shape of the horizontal variograms? 
 
In a best-case scenario, you will have adequate well or seismic information to give you an idea on the length of the 
horizontal variograms. When this is not the case, as is often true, then using geological information gained from analogues 
is the best source of information. This is an example where using facies that are geologically meaningful is beneficial. 

The length used for the horizontal variogram plays a role in the results of geostatistical inversion, particularly when there 
is significant overlap in the elastic properties of the facies used in the modelling. However, this parameter is of lesser 
importance in geostatistical inversion than in traditional geostatistical modelling since with the inversion you also have 
the seismic data to provide horizontal information.  

Well and analogue data can sometimes provide an idea on variogram shape; however, the shape is often harder to 
determine than length. The good news is that usually, unless your variograms are relatively short in length, the results 
are not extremely sensitive to the shape of the variogram. 
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For both the length and the shape, testing of various values and comparing the results to deterministic inversion results 
is useful to help in determining the sensitivity of the results to these parameters and for selecting the best values. 
However, particularly since neither length nor shape of the variograms are well determined, it is good practice to include 
in your final set of realizations, not just results using the “best” values, but also realizations that have various shape and 
length values. Since these parameters are far from “certain,” including realizations created with various values for these 
parameters will help to capture the true uncertainty of your reservoir. (Refer to question 18 for more on this topic.) 

 
 

4. How can outcrop analogues help in revealing reservoir body geometry and dimensions to be integrated in 
models and support well data?  

Measurements of shapes and dimensions of bodies in outcrop and in modern analogues can provide information for 
variograms.  It can also be useful for providing information on proportions and trends of facies. 

 
5. Do you have any recommendations to help improve the pdfs of facies when the elastic properties overlap? In 

the third example, the pdfs of elastic properties overlap for different facies but in the next few slides, the 
probability volume for the reservoir is used to "solve” the problem. How does the probability volume overcome 
the fact that the facies have an overlap?  

It is important to define facies that characterize the reservoir as well as have a minimum amount of overlap in elastic 
properties. Examining crossplots of different properties lets you know what is and is not well determined from the data 
and allows you to set reasonable expectations for your results. For example, in the crossplot shown below, the shales, 
brine sands and oil sands are reasonably separable when considering P-velocity and S-velocity values; the different 
quality sands, indicated by color, are not separable in the elastic domain. Therefore, determining fluid content is a more 
reasonable objective for the project than determining sand quality. 

 

 
 

Once you have selected your facies, if needed, you can supplement the well information with distribution information from 
geological analogues to your environment. 

The power of the probability volume, calculated from the set of final realizations, comes from the fact that the realizations 
are based on the integration of the various data sources including the wells, the variograms and the seismic data. Each 
of these data sources define a possible “solution space.” By combining these various sources of information, you are 
narrowing the solution space more than when the solution space is defined only by the pdfs of the facies. The probability 
volume then captures that narrowed solution space, as opposed to the solution space defined by the pdfs alone.  
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At the end of the day, there will usually be at least some overlap in the lithologies in the elastic domain and that will 
increase the uncertainty in the results you obtain. Measuring and understanding the uncertainty of the situation however 
is, in fact, the true power of Bayesian inference. There is always, under any circumstances, uncertainty in your prediction, 
but it is usually not quantitatively understood. With the knowledge gained from geostatistical inversion, you can evaluate 
the results in the context of the uncertainty and select the most-probable, least-risky well locations and make the best 
development decisions. 

 
6. Is there a way to separate soft shales from reservoir sands in geostatistical inversion?  

In this question, it is assumed that “separate” means to “differentiate between with a high degree of certainty.” 
Unfortunately, there is not a simple “yes” or “no” answer to this question; in some instances the answer is “yes” and in 
some instances, the answer is “no.” To determine which is the case for your reservoir, you will need to examine crossplots 
of the elastic properties that are color or shape coded by the facies of soft shale and sand (and any other facies you have 
identified).  

 
7. How do you evaluate heterogeneity in both geology and reservoir properties?  

Understanding heterogeneity is often a key technical objective in geostatistical inversion.  There are several analysis 
techniques which can help answer this question. One way heterogeneity is often measured is through analysis of the 
connectivity of cells of similar properties. The process of “Body checking” which allows you to identify cells within certain 
property ranges and then determine their connectivity is one way. An example of this analysis is shown in the figure 
below. Facies can be used alone or in conjunction with properties for body checking. In the example shown here, the 
criteria for selecting the cells is P-impedance and Vp/Vs; facies are not used. 
 
 

 
 
Another way to evaluate heterogeneity is through calculating rate of change volumes of property results. In this type of 
analysis though, it is important to be aware of the impact of variograms which by definition impose a degree of similarity 
to surrounding cells. 
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8. How do you incorporate faults for compartments and/or transmissibilities?  

Faults can be incorporated in the grid that the geostatistical inversion modelling is performed in. This grid is often called 
a “stratigraphic grid” because it allows you to include stratigraphic layering within its structure, as opposed to a seismic 
grid where all cells are uniform “sugar cubes.” The picture below is an example where faults have been incorporated into 
the stratigraphic grid. 

 

 
 

Transmissibilties are generally not included directly in geostatistical inversion. 

 
9. How do you predict NTG away from the wells?  

Predicting net to gross really depends on the properties that have been modelled. In some instances, it is possible to 
model a property such as “net-to-gross” or Vshale directly. In other instances, net-to-gross will need to be calculated 
based on the facies and properties that are modelled over a given interval. A very simplistic approach is based on facies 
and assumes that a “sand” sample is 100% sand. The NTG calculation is then a simple question of counting the number 
sand samples as a percentage of the total number of samples.  A more sophisticated calculation is often done to get the 
similar property of “net pore volume.” This is calculated using velocity and porosity. 

 
10. How do you calculate the effective porosity without NMR data and core analysis? 

 
It is not clear if this question is regarding at the wells or about making predictions away from the wells. A discussion about 
the definition and calculation of effective porosity at the wells is beyond the expertise of the presenter and the scope of 
this webinar. Regarding the predictions of effective porosity away from the wells, the methodology would depend on the 
properties that are modelled as well as the rock physics model that describes the relationship between effective porosity 
and elastic properties such as P Impedance and Vp/Vs.     
 
 

11. Is geostatistical inversion possible even if there is no relationship between porosity and p-impedance?  

Yes, it is possible; however, this lack of relationship will limit the extent to which the geostatistical inversion results can 
provide insight into understanding the porosity of the target interval.  Since for many cases, the relation between porosity 
and the elastic properties is complex and also can involve the fluids, rock physics modelling is recommended as the best 
method for assessing the situation. In general, before performing geostatistical inversion, it is always good practice to QC 
and edit the well logs and perform rock physics modelling. These steps will often improve the relationship that is observed 
between P-impedance and porosity.  
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12. Depth migration techniques do not give the same images because the velocity model itself is not unique. So, 
how do you select the best depth migration to use in your inversion? 

Choosing among depth migration volumes is based on the same criteria as selecting between other seismic volumes. 
The real litmus test in selecting seismic volumes for geostatistical inversion is the quality of the well ties. As geostatistical 
inversion includes modelling the seismic data, the input seismic data needs to be as representative as possible of the 
subsurface. In general, the quality of your well ties are a direct indicator of the maximum reliability of the geostatistical 
inversion results you can achieve. If after the best seismic processing and even with well editing and rock physics 
modelling you cannot achieve good well ties, geostatistical inversion will not provide significant benefit over standard 
geostatistical modelling techniques.  

 
13. Do you still have to do well to seismic ties even when seismic in depth is used? 

Yes, even with depth seismic data, seismic well ties are required. The reason for the need to do the well ties is twofold. 
First, with depth seismic data, the wavelet length and frequency vary with changes in the velocity. When there are rapid 
velocity changes, the wavelet may change significantly within a short distance, both vertically and laterally. So unless the 
velocity field varies slowly (usually not the case when you are doing PSDM), wavelet estimation in depth will be inaccurate. 
To avoid introducing problems from wavelet estimation and synthetic modelling in depth, it is better to handle these steps 
in the time domain, which brings us to the second reason for well ties with depth seismic: getting a velocity model that 
accurately converts the seismic data to the depths observed in the wells. 

Depth seismic data is in “processing depth.” The velocity model for PSDM is designed to produce an optimal image and 
is therefore not necessarily a velocity model that will convert from time to depth and match the well depths. In order to be 
able to integrate the well data with the seismic, the well and seismic data need to be aligned such that an interval in the 
well is in the same position in the seismic data, both in depth for the properties and in time for the modelling of the 
observed seismic. The well tie allows you to find the velocity model that converts the seismic to the depths measured in 
the wells.  

 
14. We know that the resolution of the well logs and the geostatistical models is much higher than the resolution of 

the seismic data. From this fact, two questions arise:  
A. How do you combine data with different resolutions?  
B. Do you recommend to extract the thin layers in seismic data using attributes (e.g. thin bed indicator), 

prior to the inversion?  

When combining data of different resolutions with Bayesian inference, the higher resolution data does not need to be 
explicitly upscaled to the scale of the lower resolution data as the different inputs represent different independent prior 
PDFs. The coarser inputs (in our case the seismic data) allow for broad PDFs which constrain the results at the scale of 
the seismic data. The results at the modelling scale are then free to fill-in the values at this smaller scale as long as the 
results, when upscaled, match the constraints that have been defined by the seismic, at the seismic scale. 

For example, consider the figure below. The seismic cannot differentiate between the three scenarios of a 30 FT clean 
sand within a shale background, 3 x 10 FT sands within the shale, and a 50 FT shaley sand that has a lower impedance 
contrast with the shale background; which of these cases produced the observed seismic is an inherent uncertainty in 
the interpretation of seismic data. Geologically and at the finer scales, however, these are probably differentiable. With 
geostatistical inversion you can bring in your geologic knowledge and the statistics of your data at the finer scale and by 
integrating this information with your seismic data, you can often determine which of the three scenarios is more likely. 

If you have a seismic attribute that can reliably indicate thinner beds, then it could definitely be useful to help in building 
trends. However, it would be recommended to use this to augment your use of the seismic data in the inversion, not as a 
substitute for it. 
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15. In case my seismic data resolution at a certain level is not helping to capture the lateral variance in the rocks 

using deterministic inversion, is the geo-statistical technique going to make a difference?  
 
Geostatistical inversion will almost always make a difference, simply by the nature of forcing you to integrate your data 
and in giving you a range of solutions. How much of a difference it will make depends, however, on several factors such 
as why the seismic data is not able to capture your rock variance, the degree of understanding you have of the geologic 
setting and the confidence you have in your statistical information. If the seismic data quality is good and you have a good 
understanding of the geology, but your lithologies have a lot of overlap in their elastic property distributions, then 
geostatistical inversion is probably still worth doing as the additional detail provided by geostatistical realizations may 
help you to better understand the overall heterogeneity of the reservoir. However, if the S/N of your seismic data is very 
low and you cannot get any good well ties, then it is probably not advisable to move forward with geostatistical inversion.   

 
16. How do we test the accuracy of the results, and what is the importance of having blind well tests? 

Blind well testing is the best way to get an understanding of the quality and accuracy of your results from a perspective 
of the rocks static properties. We recommend that blind well testing be used throughout the geostatistical inversion 
workflow, from checking initial, individual parameters, through to the final parameters. An additional mode of testing 
accuracy of the model is to flow simulate one or more models. This allows you to check your results against production 
information. Since production information is not included in the geostatistical inversion, it acts as independent criteria by 
which to judge the results. 

 
17. What is the difference between models built using seismic attributes as soft data for collocated simulation in a 

modelling package and models built using geostatistical inversion in a seismic-focused tool? How will the 
porosity results, for example, be different? 

The big difference between these two methods is the degree to which the seismic data constrains the results. Using 
attributes for collocated simulation essentially means using the correlation between a seismic attribute and porosity to 
provide a trend. With this methodology, there is no constraint that the porosity results that are produced are consistent 
with elastic property models that could produce the observed seismic data. This approach essentially assumes that the 
changes in the attribute are from changes in porosity; it does not have a way to account for other causes of changes in 
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the attribute such as from tuning or lithology changes.  In comparison, with a geostatistical inversion you can simulate 
porosity and go through a rock physics model to produce elastic property models, which can be used with a wavelet to 
calculate synthetics and compare them to the observed seismic. In this way, tuning and lithology changes are accounted 
for within the modelling and you are able to constrain and quantify that the porosity models being created could produce 
the observed seismic data.  

How different the resulting porosity models are will depend very much on factors such as the degree of correlation 
between the attribute and the porosity, the thickness and variations in thickness of the reservoir, the degree of overlap in 
the distributions of the porosities and elastic impedances for various lithologies, etc. These are factors that it is difficult to 
judge the impact of. With the geostatistical inversion, you will have many more QCs and much more auxiliary information 
to provide context and insight into your results than with the approach of using attributes as soft data. 

 
18. How many realizations are needed/enough in geostatistical inversion?  

 
To obtain a good sampling of the entire solution space represented by your data, you need enough realizations to 
establish a stable mean and variance for the set of realizations coming from the solution space represented by your data.  
Once you have enough realizations to obtain these values, adding more realizations to the set of realizations will not 
appreciably change the statistics of the set. 

When considering the number of realizations you need during a project, it is important to remember the two types of 
uncertainty that you need to capture: variance and bias. The integration of your information creates a solution space of 
possibilities of your reservoir. The possibilities within this solution space represent the variance uncertainty of the reservoir 
(think “picking different samples from a distribution”). The variance is the type of uncertainty people generally refer to 
when talking about uncertainty. However, the values for the parameters that you use in the modelling have their own 
uncertainty (e.g. is the sand percentage 15% or 20%? Is your lateral variogram 1000m or 1500m?). Different data values 
and parameters will define a different solution space. The uncertainty associated with the uncertainty of your data and 
parameters is the bias uncertainty. To fully capture the uncertainty associated with your results, you need to account for 
both types of uncertainty. You do this by including realizations of runs with slightly different parameters in your evaluation. 

For algorithms which simulate 3D clusters of cells simultaneously, the number of realizations that are needed is typically 
up to 40-50 realizations. For inversion processes that deal with a single trace at a time, the number of realizations needed 
to obtain statistical convergence is more and could easily be as many as several hundred.  Some software packages 
have tools for ranking the realizations to quantify the range of predictions that the results give as well as for measuring 
the change in the mean and variance of the solutions as a function of the realizations. These tools can be used to give 
you confidence that you have enough realizations for a good representation of the uncertainty. 

 
19. Absolutely, the possibilities for uncertainty analysis make geostatistical inversion more reliable than the 

deterministic inversion approach. What is the minimum amount of well control required to have a robust 
geostatistical inversion output? 
 
The question of what is the minimum number of wells depends on the data available in the wells, the variations in the 
study area and the placement of the wells as well as the objectives of the geostatistical inversion study. Because of these 
factors, the question is best looked at in the context of what the wells are used for. In geostatistical inversion, the wells 
are used in four ways 1) to determine the statistics of the properties of the lithologies within the relevant interval, 2) for 
estimating the wavelet for the modelling of the seismic, 3) for QC-ing the results and 4) as an input to further constrain 
the solution space defined by the other data. You need enough wells to be able to perform these four functions and that 
number will vary depending on your situation.  

A bare minimum number of wells for meeting the four functions would be two wells so that you can use one as an input 
well and one as a blind well. However, particularly if the wells are located in close proximity, they most likely will not give 
you a very complete picture of the variations in the properties or the quality of the seismic across the area. In this instance, 
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if possible, you would want to supplement the small amount of well data with information from geologic analogues and 
with trend information from a deterministic inversion. 

Beyond the bare minimum of wells needed, you can consider that more wells increase your confidence in the parameters 
that the wells help to determine and the possible uses of the results. In an exploration setting, where you are trying simply 
to understand uncertainty, 2-3 wells may be enough, particularly if the wells are not in close proximity and you are able 
to supplement your statistics with information from geologically analogous settings.  If you are trying to produce models 
to predict production volumes at an upcoming well location, it is highly unlikely you will be able to do this very accurately 
with only 2-3 wells. 

A common question related to “What is the minimum number of wells that I need?” is the question of “When I have a lot 
of wells, do I need to use them all?” Generally speaking the answer to this is “Yes!” Geostatistical inversion provides the 
opportunity to integrate all of the data you have so including all of the wells not only improves the distributions of your 
properties, the quality of your wavelet, and provides more opportunities for blind well testing, it also acts as a way to find 
errors and inconsistencies in your data that may otherwise go unnoticed. 

 
20. Why is what you describe called an "Inversion" and not "Multivariate Analysis"?  

 
Seismic inversion is the term we use for essentially reversing the process of using a source wavelet to make a picture of 
the earth. Seismic does not directly provide us rock property information; instead, it tells us about the interfaces between 
the layers of rock. To understand the rock properties themselves, the wavelet needs to be removed. This is illustrated in 
the figure below that shows the process of going from earth and wavelet to seismic and then back from seismic to the 
elastic properties of the layers. 

 

 
Multivariate analysis is a general statistical term that would not indicate the inclusion of the modelling of the seismic data 
through convolution for the purpose of constraining the resulting models.   
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21. Where can a geomechanics model fit in this analysis? 
 
A geomechanical model would most often be used for helping to define the lithologies or trends in the properties or 
lithologies. The specifics of using the geomechanical model would depend on the data you have in your wells, the nature 
of the geomechanical model (for example is it 1D, 2D or 3D?) and the objectives of the geostatistical inversion study.  
Like with petrophysical properties, geomechanical properties such as Young’s modulus and brittleness can be directly 
simulated if there is a model that relates them to the elastic properties of the reservoir. 

 

 


