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Quantifying seismic velocity derived pore pressure prediction uncertainty 

 

Why? 

Pore pressure estimates from seismic velocities are generally delivered with a verbal 
assessment: “reliable”, “very reliable”, etc. 

But how can these verbal assessments be put into a risk matrix? 

What is the magnitude of pore pressure uncertainty when derived from seismic 
velocities? 

 

Additionally, this is a geophysical question that plays well to SEAM’s strengths. 

 

Any reason that additional problems couldn’t also be considered? 

No, but 

• Need to consider limited budget 

• How would multiple research goals get coordinated? 
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Vp/Vs compaction trend : relevant for shallow  
hazards detection 
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• Seismic velocities are not directly sensitive to pore pressure 

• Seismic interval velocities respond to the difference between overburden and 
pore pressure. The difference is called “effective stress”. 

• Overburden can also be derived from seismic interval velocities (the “double 
dip”) 

 

• So  

                Pore pressure = Overburden – effective stress 

 

 

 

• Overburden is a slowly varying function of interval velocities (because it’s an 
integral from the seafloor down to the target reflector) 

• Effective stress is more rapidly varying, and varies with each interval velocity 
pick 
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• Usual GOM practice is to assume that 
compaction is a function of vertical stress only 

• This works well enough in extensional, 
undisturbed stress settings, but 

• fails near salt 

• fails in toe thrusts 

• Industry should move forward to modeling 
(and using) mean stress at a minimum 

 

• Shell practice (Hawser, SEG/SPE PP 
workshop last month) is to use both mean 
stress and shear stress in thrust tectonic 
regimes. 

 

• Need camclay or MIT-E3  

or similar shale compaction model. 
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Eaton’s transform of P-wave velocity to effective stress, where 
 

σeff,o   is the observed or insitu effective stress 

σeff,n   is the hydrostatic effective stress 
 

 
 

 

Vpo is the observed or insitu velocity 
 

Vpn is the hydrostatic velocity 
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Eaton’s transform of P-wave velocity to effective stress, where 
 

σeff,o   is the observed or insitu effective stress 

σeff,n   is the hydrostatic effective stress 
 

 
 

 

Vpo is the observed or insitu velocity 
 

Vpn is the hydrostatic velocity 

3 for usual  
disequilibrium 
compaction, 
higher for  
unloading  
(diagenetic) 
mechanisms 



• So from Eaton’s equation, we can see that 
small errors in velocity are approximately 
tripled in terms of effective stress result 

• So if an interval velocity had 2% errors on 
average, then we would expect 6% 
average errors in output effective stress, 
even if the transform were perfect. 

• All this assumes disequilibrium 
compaction. Higher exponents for 
unloading larger pore pressure errors for 
the same velocity input error. 
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(1+ε)**3 = 1 + 3ε   ,  ε small  

Problem solved? 

Linearization of binomial theorem 



• So from Eaton’s equation, we can see that 
small errors in velocity are approximately 
tripled in terms of effective stress result 

• So if an interval velocity had 2% errors on 
average, then we would expect 6% 
average errors in output effective stress, 
even if the transform were perfect. 

• All this assumes disequilibrium 
compaction. Higher exponents for 
unloading larger pore pressure errors for 
the same velocity input error. 
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(1+ε)**3 = 1 + 3ε   ,  ε small  

But how do we robustly determine the magnitude of interval velocity errors? 

Linearization of binomial theorem 



• Velocity spectra for picking 
velocities in time domain 

 

• From GEOPHYSICS 

• Taner and Koehler  

• V. 34, no. 6, Dec. ‘69, p.867 
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Time domain 



• Velocity spectra for picking 
stacking velocities in time domain 

 

• From GEOPHYSICS 

• Taner and Koehler  

• V. 34, no. 6, Dec. ‘69, p.867 
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Observe stacking velocity 
uncertainty increases with two-way 
time (depth) 

Time domain 



• Deeper reflectors have smaller angular input 
(“aperture”) 

• Smaller aperture leads to larger uncertainty in velocity 

• Rephrased: larger uncertainty means a larger range of 
velocities that produce the same flattening effect 

• Stacking velocity drives interval velocity uncertainty, but 
the two uncertainties are distinct 

• Interval velocity uncertainties are generally higher than 
stacking velocity uncertainties because interval 
velocities are a difference of successive stacking 
velocities, a quasi-derivative 

 

 

 

• Derivatives of noisy signals are often even noisier than 
the input. 

• With conversion to interval velocities we finally move 
into the depth domain. 
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• In depth migration, two current uncertainty metrics 

 

• Hit count – number of rays that interrogate a given cell 

 

• Aperture -  Range of angles (in vertical plane) that interrogate a given cell 

 

• But might also consider 

• Velocity uncertainty of preceding time-domain stacking velocities (should 
be  derivable and consistent with aperture metric. Would deviate in presence of 
uncorrected anisotropy) 

 

• Azimuthal angular distribution – advantages of wide azimuth may be due to 
undershooting laterally heterogeneous features or may be due to multiples 
suppression – Etgen comment 

 

• Certainly there are other metrics waiting to be discovered! 2014-04-10 16 Classification: Internal 



• In tomography, how much does the final 
velocity field depend on the starting velocity 
field? 

 

•How much uplift for final velocity field quality 
can be achieved through use of basin 
modeling to produce starting velocity field? 
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• Salt – a key issue 
 

• Alters stress field, and hence compaction state, and hence alters P-
wave and S-wave velocities proximal to salt body 

• Impedes seismic illumination of subsalt/nearsalt sediments, and 
reduces quality of interval velocities obtained from reflection seismic 
surveys 

 

• Where to get model velocities? – basin modeling for compaction 
state followed by porosity/siltiness transform to P-wave and S-wave 
velocities? 

• Isotropic velocities acceptable , or should forward model anisotropic 
velocities? 
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Salt imaging and stress issues 
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Large seismic offsets 
unavailable due to 
critical refraction 

Proximal stress 
perturbations may 

enhance compaction 

Time/amplitude 
anomalies below 

weld 

Salt wing makes 
imaging difficult 



•Seismic geometry for modeling should 
simulate the best that the industry 
currently has to offer 

•Wide azimuth (even azimuth distribution) 

•Long offsets – at least twice the maximum 
target depth 

•Close shot spacing 

•Close receiver group spacing 
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Quantifying seismic velocity derived pore pressure prediction uncertainty 

 

Why? 

Pore pressure estimates from seismic velocities are generally delivered with a verbal 
assessment: “reliable”, “very reliable”, etc. 

But how can these verbal assessments be put into a risk matrix? 

What is the magnitude of pore pressure uncertainty when derived from seismic 
velocities? 

 

Additionally, this is a geophysical question that plays well to SEAM’s strengths. 

 

Any reason that additional problems couldn’t also be considered? 

No, but 

• Need to consider limited budget 

• How would multiple research goals get coordinated? 
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