
Pressure Prediction and Hazard Avoidance through Improved Seismic Imaging – SEAM Phase III
Peter Pangman 
SEG Advanced Modeling Corporation (SEAM)

“One of the most important technologies for pressure prediction in the 
early well planning stage, that is pre-drill, is 3D seismic…. A significant 
barrier to improving the methodology has been the lack of accurate and 
precise data of the subsurface calibrated back to either well logs that are 
used in prediction or 3D seismic.” Research Partnership to Secure Energy 
for America (RPSEA) - August 14, 2013

Abstract 
High quality seismic data are required for improving the quality of pre-drill 
pressure predictions and for assessing shallow hazards. However, a signif-
icant barrier to improving the current state-of-the-art in pressure prediction 
has been the lack of an accurately calibrated benchmark seismic dataset, 
tied to wells, which together can be used to test evolving technologies and 
methodologies. The SEAM Phase III research consortium will provide two 
such “industrial strength” benchmark datasets: one for deep subsalt pres-
sure challenges and one for shallow hazards. 

The datasets will be simulated on a highly realistic earth model construct-
ed to include a range of typical deep pressure and shallow hazard anoma-
lies, to be determined by consortium members. Well log and lab data, both 
public access and proprietary, will be used to establish rock, pressure and 
geophysical properties.  Geomechanical and basin modeling effects will be 
considered.  The model will be created by modifying and extending the ex-
isting SEAM Phase I Deepwater Subsalt Gulf of Mexico model (35 km x 40 
km x 10 km). The datasets will be used to evaluate evolving technologies 
for predicting pressure and shallow hazards. Improved estimates of bed 
normal Vp will be the primary focus. Other approaches involving shear ve-
locity and density will also be considered. 

A proposed methodology for quantifying risk and uncertainty in pressure 
predictions, including geophysical and pressure transform ambiguities, will 
be developed. This methodology, the model and the simulations will pro-
vide fertile ground for ongoing industry and academic research into im-
proved pre-drill pressure prediction and hazard avoidance.

SEAM Phase I Deepwater Model
The SEAM Deepwater Model was designed to capture both geological 
realism and appropriate rock physics. This requires internal consisten-
cy across the domains of rock properties (e.g. percent shale, porosity 
of sand and shale, and compaction gradients), the intermediate level 
elastic and electromagnetic properties and the output geophysical sim-
ulations. By rooting the geophysical properties back to fundamental 
rock properties, any changes in the latter are guaranteed to change the 
former automatically, consistently, and with the appropriate correlations. 
Properties are geostatistically parameterized on a 20m x 20m x 10m 
grid.  The model can be modified for other uses by the incorporation 
of parameters like pore-pressure and shallow gas charged reservoirs. 
Near-seafloor S-wave velocities are as low as 120 m/s and provide 
good opportunity to include a detailed representation of shallow drilling 
hazards that can be evaluated using high frequency seismic simula-
tions. 

•  Anisotropy

•  Frequency content diminishing with depth

•  Lack of very low frequencies

•  Subsalt illumination

•  Acquisition parameters

•  Imaging technology

•  Quantification of risk and uncertainty

Path: K:/SEG-SEAM-10-0901/Application/SEG-SEAM-10-0901-ch02.3d

Date: 27th July 2011 Time: 08:07 User ID: prabhuanand

Miocene contains the en-echelon stacked channel complex
shown in Figure 16, which runs along the eastern salt wall
in a north by northeasterly direction. The Middle Miocene
contains two extensive turbidite sheets that cover almost
the entire model area, the upper of the two sheets also
containing some gas. The Lower Miocene similarly con-
tains two extensive turbidite sheet systems, the upper one
of which contains some gas. Both of these sheets have the
general shape as shown in Figure 13. The pay zones in
both the Middle and Lower Miocene turbidite systems are
deeply shadowed or partly truncated by salt. The Oligo-
cene-Paleocene and the Cretaceous have no reservoirs.

To get a sense of the total areal distribution of the 15
reservoirs in the model, Figure 18 shows a cumulative

vertical sum of all reservoir thicknesses, without and with
the salt body, which truncates all the exposed turbidite
stems. The thickest cumulative areas are immediately east
and west of salt where the channel systems cross the
thickest turbidite concentrations. Visible in dark gray are
the deepest sheet turbidites, superposed by the three
channel complexes and capped in light gray by the local-
ized turbidites. Large areas of the deepest reservoirs are
truncated by the salt.

The locations of reservoir cells and their reservoir
unit numbers in the Pleistocene, Pliocene, Upper Mio-
cene, Mid Miocene, and Lower Miocene are available as
five Point Set (PSet) files in Table 8. This allows visual-
izing the reservoirs with an appropriate 3D raster viewer.

Figure 12. Example of a turbidite
template. Top left: Filamentary digi-
tized trajectories provide the geometric
scaffold. Top right: The turbidite after
dressing the filaments with finite width
and thickness and assigning vshale
values (vertically averaged over 100 m
of one subsheet in the image). The
major axis of the turbidite oval is 10
km. The fine lines show the locations
of the successive south-to-north cross
sections shown in the bottom panel,
which are 2 km apart and proceed
from proximal to distal. Turbidite
thickness ¼ 5 cells ¼ 100 m. Vertical
exaggeration ¼ 3:1. The widest cross
section is about 10 km. No blue or
purple in this view because there is no
averaging over background shales as
in the top panel.

Figure 13. Middle Miocene sheet
turbidite vshale, 35 km across. Left:
Single stratigraphic slice 20 m thick.
Right: Vertical average of vshale com-
puted over the 80 m constituting one
subsheet.
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Elastic parameter modeling
from Rock properties

Seismic modeling from 
Elastic parameters

Rock Properties

Vshale, Porosity, Fluids, 
Sat, Pressure, Resist, ...

Elastic Parameters

Vp, Vs, Dn, Cij, Q
(and their reflectives)

Seismic Waves

P, S, qP, S, atten/disp; 
EM response, Gravity

Elasticity inversion for
rock/reservoir properties

AVO reflectivity inversion  
for elastic parameters

Interest on this end: 
Reservoir Characterization,  

Pressure Prediction

Interest on this end: 
Processing, Tomography, 

Imaging

P-wave velocity cross-section (south-north) 
through SEAM Phase I Deepwater Model

Objectives

1.   Establish benchmark seismic datasets for industry and academic use in 
investigating improved approaches for prediction of deep pressure and 
shallow hazards.

2.   Propose a methodology for quantifying risk and uncertainty in velocity 
estimation for pressure prediction. 

•   Establish Industry Consortium of 10-15 leading companies

•   Leverage industry funding with RPSEA research grant 

•   Prioritize pressure prediction and shallow hazard challenges

•   Assemble relevant well and log data

•  Modify SEAM Phase I model to include challenges

•   Simulate oversampled anisotropic elastic seismic data  
(pressure prediction)

•   Simulate high frequency elastic seismic data (shallow hazards)

•   Test velocity estimation technologies on simulated data

•   Develop methodology for quantifying risk and uncertainty

3D perspective view of the salt body in the SEAM 
Phase I Deepwater Model

Schematic outlining general philosophy of model 
building and use of simulations 

Reservoirs include 
Middle Miocene sheet 

turbidites

Reservoirs
Turbidite and stream channel res-
ervoirs are distributed through-
out the SEAM model. Reservoir 
properties including Vshale, sand 
porosity, total porosity, and result-
ing geophysical properties vary 
spatially within reservoirs using a 
geostatistical model. The resulting 
geophysical properties including 
P and S wave velocities and den-
sity are defined using geological 
to rock properties transforms. This 
figure shows the vertical average 
of vshale over 80 meters consti-
tuting one subsheet of the Middle 
Miocene reservoir sequence.

Geological and Geophysical properties 
at a selected location

Synthetic well logs from the model at North = 20 km, East = 
24 km (location on cross-section below)  Shown are vshale 
and 0-angle reflectivity (R) in black, porosity in blue, density 
in green, Vp in red. All depths are measured from the water 
bottom. Dashed lines are macrolayer boundaries. Green seg-
ments mark the depths of various reservoirs at this location: 
all reservoirs are turbidites except for the channel sands in the 
Upper Miocene at about 5000 m below the seafloor. The star 
corresponds to the Middle Miocene turbidite on the plat above.

•  Gas charged sands

•  Shallow water flows

•   Full Waveform Inversion (FWI) for high resolution velocities

•   Vp/Vs ratio for improved characterization of hazards

Proposed Project Plan 2014 – 2018

Vertical cross section through 
P-wave velocity model. Details 
of the stratigraphy can be seen. 
Large red body in the center is 
salt. Depth is measured from wa-
ter bottom at east=24 km to make 
scale conform with the synthetic 
well logs shown above.

Vp at North (Y) = 20 km

Year 1 Year 2 Year 3 Year 4

Model Redesign

Pressure Simulation

Shallow Simulation

State-of-Art Report

Processing Trials

Methodology Report

Industry Workshop

Three Year Commitment

Vp at East (X) = 16 km

Hit count is one  
measure of Illumination
Ray hits/bin cell on top Oligocene 
for Phase I deepwater model with 
full azimuth recording. Red rep-
resents highest hit count density. 
Black represents areas where top 
Oligocene has been pierced by salt.

Pressure Prediction —  
Velocity Estimation Challenges

Shallow Hazards —  
Examples and Opportunities

Approach
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Location of Synthetic Well Logs


