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Summary 
 
Rock physics analysis and modeling sits in the heart 
of any seismic reservoir characterization workflows. 
Such workflows normally start with petrophysics 
works which should be treated with seismic 
prospective if it is intended to use for any seismic 
characterization workflows. To include this seismic 
perspective into petrophysics modeling (seismic 
petrophysics), we need to use the link between 
petrophysics and rock physics and adjust 
petrophysics results accordingly. This paper aims to 
discuss this link and go through some cases studies 
worldwide.  
 
Introduction 
 
Geophysical measurements like seismic attempts to 
provide geoscientsts and engineers with a correct 
understanding of the subsurface petrophysical and 
architectural properties. These indirect measurements 
are considered as an effective approach for 
subsurface modelling. However, the big challenges 
with these methods come with the interpretation and 
analysis of their results. The science of rock physics 
can provides a toolbox of physically accurate 
relationships which predict physical properties of 
rocks based on their constituents (e.g. minerals and 
fluids), environmental conditions (e.g. pressure and 
temperature) and architecture (e.g. lamination and 
fractures). Between different disciplines in 
geophysical studies seismic study which works 
within elastic domain is the most popular one, and 
this is the reason that most of the rock physics studies 
and developments are focused on within the 
disciplines which work inside elastic waves domains. 
This is also the main reason why rock physics models 
are sometimes referred to as petroelastic models 
(PEM) instead of rock physics models. In general, 
rock physics relationships can simply be considered 
as transform functions which connect information 
from different domains together. Therefore, having 
more information from other domains can help with 

building a more accurate link between different 
disciplines, and as a result building a more accurate 
rock physics model. Such relationships should be 
consistent with the available well and core data, and 
surface and borehole seismic as well as production 
and reservoir engineering figures and at the same 
time should be constrained with the geological 
information. Therefore, they are capable of 
integrating knowledge from different domains by 
transforming data from these disciplines to each 
other. 
 
Creation of a rock physics model or a PEM normally 
initiated from petrophysical study, where the 
measured logs and cores are available to formalize 
subsurface elastic behavior. Then, this model should 
be updated and improved using geology information 
and measured seismic as well as production data 
within the cycle of the reservoir life. Furthermore, 
this rock physics model which is now consistent with 
all of the available reservoir information can be used 
in a broader aspect such as: petrophysical studies (log 
modelling, calibration and generation), seismic 
interpretation and analysis (e.g. lithology, saturation, 
porosity, fluid substitution, AVO and AVOZ 
analysis), anisotropy studies (e.g. fracture analysis), 
4D feasibility and modelling, pore pressure 
prediction, geomechanical studies (e.g. stress and 
strain modelling), forward modelling (e.g. seismic 
survey re-designing, velocity modeling), and finally 
in seismic data re-processing. This paper will focuses 
on the link between petrophysics and seismic and 
will present four relevant case studies around the 
world with rock physics modeling as their main core. 
 
Petrophysics and Seismic Link 
 
Seismic reservoir characterization is a well-known 
technique to get a better understanding of 
hydrocarbon-bearing reservoirs by careful analysis 
and integration of petrophysical and seismic data. 
The petrophysical properties are normally obtained 
through evaluation of well logs and core data. The 
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well logs fill a critical gap between core and seismic 
data and are routinely used for seismic reservoir 
characterization. They provide different sort of 
information to understand the relation between 
seismic and rock/fluid properties. But well logs are 
susceptible to errors from number of sources such as 
borehole rugosity due to washouts, different service 
companies with different tool vintage, missing logs 
and mud filtrate invasion. The latter effect can even 
be more significant for permeable rocks (good 
reservoirs) and could directly affect reservoir logs 
which will be used in other discipline for modeling 
purposes (like reservoir simulation). Even the 
relationship between seismic and reservoir properties 
can be better understood if we have high quality, 
consistent and complete suite for log data available 
over the zone of interest. Therefore, it is essential to 
correct and repair well logs for the problems related 
to borehole and environmental issues. In this context, 
a reliable rock physics model will help with 
correcting the measured logs and simulating the real 
response of the earth. 
 
The main difference between petrophysics and rock 
physics is the fact that petrophysics focuses on 
interpreting logs for formation evaluation, while rock 
physics focuses on understanding such relations and 
connecting them with geophysical measurements and 
rock properties. Traditionally, these two disciplines 
were approached as separate activities since the 
petrophysicist and rock physicist each developing 
distinct models and setting distinct control 
parameters. However, the integration approach for 
imaging subsurface requires a strong link between 
these two disciplines. Therefore, petrophysicist 
should provide primarily input (e.g. Vclay, phi, Sw) 
and rock physicist should use them to build and 
calibrate a valid rock physics model. The input 
parameters are constantly updated by synchronizing 
the model and control parameters between two 
disciplines through several iterations. The output of 
this iteration is a calibrated PEM which represent 
elastic properties changes due to the lithology, fluid, 
pressure etc. changes at well location (Zeb and 
Murrell 2015). This means that the acquired 
relationship is valid only at the well location (one 
dimensional), and should be calibrated with other 
information like seismic if we wish to use it in a 
broader aspect (three dimensional). In this regards 
geological information (surface geology, 

geochemistry etc.) can also be considered as the 
global or local trend in rock physics modeling and 
can guide rock physicists in building a more specific 
model for the given geology. Here, four different 
worldwide studies on this link will be presented. 
These studies confirm the necessity for creation of 
such a link between petrophysical and geophysical 
studies. 
 
Case Studies 
 
The first study focuses on a carbonate layer in the 
Finnmark platform located offshore northern Norway 
in the Barents Sea. The heterogeneity in geological 
properties of carbonate rocks makes their acoustical 
behavior more difficult to model and predict than 
siliciclastics. This uncertainty in prediction affects 
many aspects of seismic characterization workflows 
in carbonate reservoirs. This study shows the 
importance of using a more precise pore shape for 
velocity modeling in carbonates. Pore shapes are 
calculated using the scatted behaviors which are 
observed on the velocity-porosity crossplots.  

 
Figure 1:  Comparison between self-consistent 
approximation (SCA) modeling for P- and S-wave 
velocities (non-circle) and laboratory measured 
velocities (circles) for 23 samples in dry condition. 
The model using calculated pore-model (trapezoid 
shape) gives a more precise and predict within the 
4% error range compared with the model using 
constant pore model (triangular shape) (Saberi 2010). 
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Then, these scattering data are used to minimize the 
difference between measured and modelled velocities 
using a spectrum of aspect ratios to characterize soft 
and stiff pores. 23 carbonate core-plugs with 
laboratory measurements on velocities and porosities 
from two exploration wells in the Barents Sea are 
used for studying pore fluid effects on seismic 
velocities in this carbonate layer. The information 
within the observed scattered velocities is related to 
different depositional environments and the 
subsequent diagenetic alterations in order to define a 
geology dependent pore-model. Then this model is 
used for different fluid substitution scenarios in order 
to predict the P-wave velocity. Finally, the results are 
compared with workflows and procedures as well as 
measured data for different saturations. Figure 1 
shows the results of this study in which a good match 
between modeled and measured data can be 
observed. It shows that using inclusion based models 
with the calculated pore-models (a spectrum of pores 
with different shapes) can improve our prediction 
power (Saberi 2010) compared with using constant 
pore shape. This will in turn reduce exploration and 
production risks. 
 
The second study focuses on characterizing 
(seismically) the effects of steam injection and 
production on a heavy oil field in Canada. It uses a 
time-lapse petroelastic model for the given field in 
which Steam-Assisted Gravity Drainage (SAGD) 
method is used for oil production. This petroelastic 
model predicts elastic logs (Vp, Vs and ) for the pre-
steam scenario (same conditions as the base seismic 
survey). The model is then updated in order to predict 
elastic logs after steam has been injected and bitumen 
has been produced (same conditions as the monitor 
seismic survey). To update the rock physics 
parameters for the post-steam scenario, additional 
information from the reservoir and production are 
included into this model. Finally, the calibrated 
petroelastic model (PEM) is used to create a template 
to map elastic parameter changes into reservoir 
properties due to steam injection and to interpret the 
results of the time-lapse inversion in terms of steam 
chambers and reservoir temperatures. Figure 2 shows 
the final results of the time lapse inversion in which 
the accuracy of the rock physics template and 
inversion results have been approved using a check 
well. 
 

 
 
Figure 2:  Pre-stack time-lapse inversion results. The 
upper section shows P-Impedance, the lower section 
depicts Vp/Vs variations due to steam injection. These 
variations in elastic properties are predicted by the 
rock physics template for a temperature between 160 
and 235 degrees Celsius (Mesdag et al. 2015). 
 
Third study discusses an iterative workflow between 
petrophysics and rock physics for correcting 
measured logs and improving well tie analysis on a 
field located offshore North West Australia. It shows 
that how petrophysics and rock physics workflow can 
improve well tie and the match between petrophysics 
and seismic cube for a better interpretation of 
inversion results. Figure 3 shows the final results 
where seismic to well tie within the zone of interest 
has improved significantly using the rock physics 
modelled logs (corrected logs). 

 
 
Figure 3:  Well tie using conditioned logs (second 
track from left) and modelled logs (fourth track from 
left). P-impedance (blue) and Vp/Vs (red) for 
conditioned and modelled logs are shown in the first 
and fifth tracks from left, respectively. Seismic 
gathers in the third track and GR in the sixth track 
from left (Zeb and Murrell 2015). 
 
The last study shows how petrophysics seismic can 
be used to correct for anisotropic effects in a vertical 
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Figure 4:  Modeled velocities for different incident 
angels: (a) = 0°, (b)  = 45° and (c)  = 90° in a VTI 
medium penetrated by a vertical well. The black and 
red curves in the first two tracks from left are the 
measured and modeled logs for Vp and Vs. The green 
curve shown in the second track for (b) is the 
modelled VQSV which is equal to VSH for  =0° and  
=90° (a and c). Core measurements are shown as 
points (three core samples at three different depths) 
with different colors. Blue is the core velocity 
measurements for  =0°, green for  =45° and black 
for  = 90°. The white interval is the evaluation 
interval, and the anisotropy parameters used in this 
workflow are calibrated for this interval (Saberi and 
Ting 2016). 
 
transverse isotropic (VTI) medium. It reviews how 
anisotropy can affect elastic properties and shows the 
importance of rock physics modeling for accounting 
anisotropy in in VTI medium. It uses conventional 
well logs in to calculate anisotropy parameters and 
anisotropic velocities at different wave incident 
angles. The proposed workflow downscale and then 
upscale normal logs by Backus averaging and rock 

physics modeling, thus it couples different effective 
medium theories together. It uses intrinsic medium 
information to include source of anisotropy in the 
rock physics modeling. Rock physics modeling is the 
main step in this workflow, and is instrumental in 
defining the final elastic properties of the medium. It 
is the place where all anisotropy information is 
integrated with the log information. Figure 4 shows 
an example of implementing this workflow on a 
Canadian shale formation named as Duvernay shale 
in the Western Canadian sedimentary basin where log 
data along with the laboratory core measurements are 
available. The result of this study confirms 
applicability of this workflow by showing a good 
match between modeled and measured velocities.   
 
Conclusions 
 
The importance of rock physics studies in exploration 
and characterization projects has been demonstrated 
using four different case studies worldwide. These 
case studies clearly show that proper rock physics 
modeling can reduce the risk of exploration and field 
development by providing a more accurate using four 
different case studies worldwide. These case studies 
clearly show that proper rock physics modeling can 
reduce the risk of exploration and field development 
by providing a more accurate subsurface model. In 
this regards, rock physics modeling is a cheap and 
quick tool that can assure a proper accuracy for the 
final results by integrating available data from all 
disciplines. 
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