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ABSTRACT 
 

A major and very important stage in exploration and production projects of any given field is the 
field development planning program. Conventionally most Field Development Planning (FDP’s) are 
performed without the use of high resolution and fidelity data, such as seismic inversion products. 
This paper demonstrates the need for integration of seismic inversion products into FDP’s and its 
added values in the process. The lithology and fluid volumes were computed using seismic 
inversion products, acoustic impedance (AI) and Poisson’s ratio (PR). The volume obtained shows 
oil, gas or water probabilities, which are crucial in well placement program and optimal well 
planning (FDP’s common goals). The values of seismic inversion integration added to FDP 
includes improved volumetrics from high fidelity porosity and permeability volumes, better lithology 
and fluid discrimination, Proper placement of oil water contact for better history matching for flow 
simulation. Also the rock property changes were estimated from seismic inversion to determine 
reservoir behavior over time, the acoustic impedance was observed to decrease with an increase 
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in Poisson ratio, when pore pressure increases and vice versa. But with decrease in pore pressure, 
both the acoustic impedance (AI) and poisson’s ratio (PR) thus increase, thereby causing the 
lighter fluid (oil) to be replaced by heavier fluid (water). Based on the obtained 4-D inversion result, 
the oil water contact was shifted downwards in the reservoir model, which subsequently gives a 
better history matching for flow simulation. The study shows the robustness of using seismic 
attributes in FDP’s. 
 

 
Keywords:  Seismic inversion; attributes; acoustic impedance; Poisson’s ratio; field development 

planning. 
 

1. INTRODUCTION 
 
 

Hydrocarbon exploitation and exploration, 
especially in deepwater region requires accurate 
and precise mapping of possible prospects, 
reduce possible uncertainty in simulation, 
location of any possible by passed hydrocarbon 
sand units so as to optimize well placement 
programs and reduce cost of operation [1,2]. 
These are needed by any operating oil and gas 
companies to secure the future of production. 
Seismic inversion products are high resolution 
data, which are used to constrain and build high 
fidelity models for reservoir simulation [3]. 
Expects in reservoir studies require accurate 
knowledge of the reservoir geometry, reservoir 
properties and parameters (especially its 
porosity, water saturation and permeability 
volumes) to build reservoir models and compute 
volumetrics [4-6]. These parameters are often 
not known with precision and accuracy (some 
degree of certainty), because of scaling issues, 
uncertainty in production test results and spatial 
sparse patterns of sampling [2]. Thus production 
history matching often suffers nonuniqueness 
and poor comparison of the initial simulation 
results with measured pressure and production 
data, but seismic inversion provides the 
necessary accuracy parameters needed such as 
precise densely sampled attributes which are 
incorporated in building high fidelity reservoir 
models for improved volumetrics [1,7,8]. 
 
1.1 Theoretical Background 
 

Real earth rock layers have an inherent acoustic 
impedance (layer based property), but contrast in 
their acoustic impedance (AI) between the layers 
gives rise to a reflection coefficient (RC).When 
this is convolved with the wavelet, it produces the 
seismic data of the area Fig. 1. Inversion process 
either “reverses” or “inverts” the whole process 
i.e. Removal (extraction) of the wavelet then 
derives the AI from the Reflection Coefficients 

together with a background (low frequency) 
model [3,7]. Using the AI (sometimes together 
with other properties e.g. Shear Impedance, 
Poisson’s Ratio) to infers or describes the rock 
properties of the field [3].  

 
Seismic inversion attributes are normally derived 
from post-stack inversion and pre-stack inversion 
methods. The post stack inversion techniques 
are used basically to obtain information about the 
acoustic impedance, which is commonly used in 
porosity modeling and lithology delineation while 
pre-stack inversion techniques gives information 
about the acoustic and shear impedances, and 
the density, which are commonly used for fluid 
discrimination [3,4,5]. Spatial distribution of 
petrophysical properties within any given 
heterogeneous reservoir formation are performed 
using only well data and statistical techniques, 
which are often affected by uncertainty factors. 
However, the spatial modeling of the reservoir 
properties can be constrained using seismic data 
especially away from the well location because of 
its high resolution [3,6]. Seismic attributes can be 
used to reduce the risk and uncertainty common 
in integrated reservoir characterization, which are 
generally used to map sand bodies, build static 
reservoir modeling, understand the changes in 
reservoir properties and for stimulation of 
production history. As opposed to “elastic” 
inversion (where each angle stack is inverted 
separately to produce elastic impedance) the 
Simultaneous inversion combines the information 
from all the angle stacks and inverts them at the 
same time (hence simultaneous) [3,9,10]. 
Performing the inversion simultaneously allows 
the direct generation of the three rock properties; 
AI, PR (Poisson’s Ratio) and Density. These are 
all physical rock properties leading to the 
quantitative domain [11]. These properties can 
then be used to determine quantitative reservoir 
properties such as lithology, fluid, porosity, 
saturation which can lead on to net pay and 
volumetrics [12]. 

 



2. MATERIALS AND METHODS
 
A typical seismic data inversion workflow 
includes the following steps: 
 
- Editing of the wash outs, cycle skipping, 

shales alteration, modeling the Vp and 
density of the reservoir formati

- Petrophysical and geophysical well log 
analysis, in which mud filtrate invasion is 
corrected and the lithology of the reservoir 
formation delineated using Vshale and 
Vclay. The total and effective porosities are 
also determined as well as the por
Rock physics modeling is performed to 
determine the permeability, fluid 
substitution and shear wave modeling 
[4]. 

- Preconditioning of the seismic data, which 
involves zero phasing of the seismic data, 
enhancement of the seismic signal 
bandwidth, removing of residual normal 
movement applying non-rigid matching 
techniques and spectral balanc
between angles stacks [3,11].

- Building of low frequency modeling, which 
includes horizon and fault guided 
interpolation of well log impedance and 
density across the entire survey area 

- The modelled low frequency is extracted 
and used to invert the acoustic impedance 
to generate the absolute impedances of 
the reservoirs [7]. 

 

Fig. 1. Schematics of rock properties and production of seismicity and its attributes
*The Reflection coefficient (RC) convolves with the wavelet resulting in the recorded seismogram and attributes
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HODS 

A typical seismic data inversion workflow 

Editing of the wash outs, cycle skipping, 
shales alteration, modeling the Vp and 
density of the reservoir formation [1,2]. 
Petrophysical and geophysical well log 
analysis, in which mud filtrate invasion is 
corrected and the lithology of the reservoir 
formation delineated using Vshale and 
Vclay. The total and effective porosities are 
also determined as well as the pore fluids. 
Rock physics modeling is performed to 
determine the permeability, fluid 
substitution and shear wave modeling          

Preconditioning of the seismic data, which 
involves zero phasing of the seismic data, 
enhancement of the seismic signal 
bandwidth, removing of residual normal 

rigid matching 
techniques and spectral balancing 

]. 
Building of low frequency modeling, which 
includes horizon and fault guided 
interpolation of well log impedance and 

y across the entire survey area [13].  
The modelled low frequency is extracted 
and used to invert the acoustic impedance 

impedances of 

- Performing neural network for the seismic 
inversion or perform seismic
motor, in which the inverted seismic 
attributes is used as the inputs [9

- Lithology delineation, fluid discrimination 
and rock property are finally performed 
[7,11-15]. 

 
Two different scenarios are performed to show 
the use and advantages of integrating Seismic 
Inversion Attributes in Field Development 
Planning (FDP’s) program. 
 

2.1 Lithology and Fluid Discrimination 
Case 1 

 
Lithology and Fluid discrimination using 
Simultaneous AVO inversion: Case study of a 
field from Malay Basin in Asia. This study was 
used to confirm the prospects in the eastern part 
of the field survey. The data used consist mainly 
of a large volume (~ 1150 sq km) of 3
and the two wells located around the western 
part of the field survey. The prospects to be 
confirmed are as far as 30 km away from the 
nearest well control, this poses great challenges 
during the seismic inversion process especially in 
the presence of strong lateral lithology variation. 
The seismic data and two wells located in the 
western part of the field survey were used to 
generate acoustic impedance and Poisson ratio 
volumes through amplitude versus offset 
simultaneous inversion. 

 
Fig. 1. Schematics of rock properties and production of seismicity and its attributes

*The Reflection coefficient (RC) convolves with the wavelet resulting in the recorded seismogram and attributes
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Performing neural network for the seismic 
inversion or perform seismic inversion 
motor, in which the inverted seismic 

ributes is used as the inputs [9,10]. 
Lithology delineation, fluid discrimination 

operty are finally performed 

Two different scenarios are performed to show 
integrating Seismic 

Inversion Attributes in Field Development 

Lithology and Fluid Discrimination – 

Lithology and Fluid discrimination using 
Simultaneous AVO inversion: Case study of a 

This study was 
used to confirm the prospects in the eastern part 
of the field survey. The data used consist mainly 

sq km) of 3-D seismic 
and the two wells located around the western 
part of the field survey. The prospects to be 

km away from the 
nearest well control, this poses great challenges 
during the seismic inversion process especially in 
the presence of strong lateral lithology variation. 
The seismic data and two wells located in the 

the field survey were used to 
generate acoustic impedance and Poisson ratio 
volumes through amplitude versus offset 

 

Fig. 1. Schematics of rock properties and production of seismicity and its attributes 
*The Reflection coefficient (RC) convolves with the wavelet resulting in the recorded seismogram and attributes 
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2.2 Fluid Monitoring Using Time Lapse 
Inversion – Case 2 

 

4-Dimensional/Time Lapse inversion for Fluid 
Monitoring (4-D simultaneous Inversion) from 
Gulfaks and Nelson Field, North Sea. The study 
shows how lithology probability prediction varies 
over time during a 10 years production period of 
the field (from 1990 to 2000). 
 

The seismic data of the field was processed 
through some of the steps stated above and 
inverted into acoustic and shear impedances. 
The inverted attributes was used to generate the 
lithology probability as shown in Figs. 5 and 6 
shows the pre-production startup, showing 
clearly thick accumulation in the reservoir, but 
when the reservoir was depleted over a period of 
seven years (7 years: 1990 – 1997) as shown in 
Fig. 7, the probability section shows the effect on 
the reservoir sand and its effect after further 
three years depletion (1997-2000), a total of 10 
years after start up Fig. 8. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Case 1 
 

The first step was to invert to Acoustic 
Impedance “AI”. The acoustic impedance map 
generated clearly highlights and identifies the 
channels in the central meander belts beautifully 
shown in Fig. 2. However the solid bright, high 
reflectivity zones to the north and south of the 
meander belt are seen as sheet-like coals, which 
totally mask any other prospective areas and 
they have a similar acoustic impedance signature 
like hydrocarbon. 
 

The next step was to perform a Simultaneous 
ISIS inversion in producing the Poisson’s Ratio, 
because Poisson’s Ratio is derived from Shear 
Impedance it acts as an extra fluid & lithology 
discriminator and allows us to separate out the 
coals Fig. 3. The acoustic impedance (AI) and 
Poisson ratio (PR) volumes obtained were then 
used (using the ISIS lithology cubes) to generate 
probability volumes for each lithology Fig. 4. 
 

The map shows a horizon slice through the 
hydrocarbon lithology cube. Red and light green 
colors indicate high probability sands and these 
can be seen around the two proposed well 
locations. These lithology cubes were used as 
one of the main tools to choose the well locations 
with increased confidence prior to drilling. Fig. 5a 
is the pre-drill predictions of the sand units 
compared to the actual well results in Fig. 5b; the 

plot shows a cross section through each well 
location.  
 
The red layers in the water saturation log are the 
hydrocarbon sand units as predicted before 
drilling, based on the ISIS Simultaneous 
inversion at seismic resolution, while the white 
log is the water saturation log (Sw) after drilling, 
which shows a very close match with the 
predicted hydrocarbon zones. The inversion 
prediction shows a very close match to the actual 
drilling results even in the presence of strong 
lateral lithology variation, bearing in mind that the 
nearest well control is located at about 30km 
from the prospect. Based on this work the client 
commissioned a series of further inversion 
projects leading eventually to 7 commercial 
successes out of 7 wells drilled over 
approximately a 2 year period. 
 

3.2 Case 2 
 

The study shows how lithology probability 
prediction varies over time during a 10 years 
production period of the field (from 1990 to 
2000).  
 

This is a good example of how the lithology 
probability prediction varies over time during a 
10years production period in the Nelson field, 
North Sea. Here in 1990 (pre-production startup) 
there is a fairly thick accumulation in the 
reservoir as shown in Fig. 6. We also notice also 
the detailed variability of probability in the 
prediction (color bar variation). 
 

Seven years later, the reservoir has been 
substantially depleted Fig. 7. 
 

Ten years later, the reservoir has been 
substantially depleted Fig. 8. 
 

The result of the study shows how the 4D 
inversion was used to search for any bypassed 
oil. The top section of the section shows the oil 
sand probability from the 1990 seismic survey 
indicating a continuous thick oil reservoir. The 
lower section shows where there has been an 
increase in the impedance of the field over time 
(far offset data from 1990 to 2000). This is 
usually associated with oil production which 
involves the replacement of the lighter 
hydrocarbons with the heavier brine. Before the 
study, it was predicted that by year 2000, most of 
the oil would have been produced, however the 
results indicates that only the lower part of the 
reservoir had been depleted. Based on the study, 
the oil water contact (OWC) was shifted  
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downwards in the reservoir model which gives a 
better history match for flow stimulation. The 3D 
Plot Fig. 9 shows how the 4D inversion results 
can be color coded to visualize the areas of 
produced vs remaining oil (based on the increase 

in far offset impedance over time from the 
previous slide). Thus the operator of the project 
has proposed drilling more several wells into the 
areas of “remaining oil” to increase production on 
the field (FDP’s goals). 

 

 
 

Fig. 2. Acoustic impedance maps of the basin showing the presence of channel meander belts 
 

 
 

Fig. 3. Poisson ratio map of the basin, clearly discriminating the fluid and lithology, thus 
identifying and separating out the coals in the basin 

 

 
 

Fig. 4. Map of the horizon slice through the hydrocarbon lithology cube 



 

Fig. 5. Pre-drilling prediction 
 

Fig. 6. Pre-production 
 

Fig. 7. Lithology probability profile of reservoir after 7

Post Drilled

log
Predicted Sw Log 
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prediction sand units and post drill water saturation log of the well

 

production lithology probability profile of reservoir 

 
probability profile of reservoir after 7 years of depletion

WELL - A WELL B 

Predicted Sw Log 

Post Drilled Sw 

log 

 
 
 
 

; Article no.AJOGER.55818 
 

 

ater saturation log of the well 

 

 

years of depletion 

Post Drilled Sw 

log 



 

Fig. 8. Lithology probability of reservoir after 10
 

 
Fig. 9. 3D plot of the effect of time 

and non-produced 
 

4. CONCLUSION 
 
The Field development planning for the study 
area has exploits the high resolution information 
offered by seismic inversion attributes. Some of
the benefits added through the study cases 
include:  
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Lithology probability of reservoir after 10 years depletion period

3D plot of the effect of time lapse (4D) inversion on the reservoir, showing produced 
produced areas contrarily to initial simulation forecast 

The Field development planning for the study 
solution information 

seismic inversion attributes. Some of 
the benefits added through the study cases 

-  Constraining and building high fidelity 
models for reservoir simulation.

-  Computing the reserve volumes showing 
oil, gas or water sand probabilities.

-  Better understanding of rock property and 
pressure changes over time caused by 
hydrocarbon production. 

 
 
 
 

; Article no.AJOGER.55818 
 

 

years depletion period 

 

(4D) inversion on the reservoir, showing produced 

Constraining and building high fidelity 
models for reservoir simulation. 
Computing the reserve volumes showing 
oil, gas or water sand probabilities. 
Better understanding of rock property and 

over time caused by 
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-  An improved volumetrics from high fidelity 
porosity and permeability volumes. 

-  Better fluid and lithology discrimination and  
-  Better understanding of reservoir behavior 

with time.  
 

Integrating seismic inversion in Field 
Development Programs has also improves the 
Lithology mapping and fluid discrimination 
process, as well as enhance the building of high 
resolution static and dynamic reservoir models. 
The Seismic information is fully utilized in 
reducing the uncertainty and improves 
interpretation and prospect ranking of the 
reservoir. Many field development programs 
have benefitted from this integrated workflow 
which resulted in drilling successful develop- 
ment wells and effective reservoir manage-   
ment. 
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