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WARNING
This presentation contains 
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offensive to some. 
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Outline
• Programming plane-wave reflection coefficients 

for anisotropic media
• Zoeppritz Explorer updates
• Fluid Properties calculator
• Hodogram Explorer
• Papers:

– Ursenbach & Haase: “Plane-wave reflection 
coefficients for anisotropic media: Practical 
implementation”

– Ursenbach & Lawton: “Seismic modeling of acid-gas 
injection in a deep saline reservoir”

– Ursenbach: “New and updated web applet Explorers”



From DATA to PLAY

• DATA
• DATE
• DARE
• DIRE
• DIRT
• DIET
• DUET

• SUET
• SUED
• SLED
• PLED
• PLOD
• PLOY
• PLAY



From (θinc,φinc) to RPP

• From to (θinc,φinc) to Vinc (incident wave speed)
• From Vinc to s1,s2  (horizontal slowness)
• From s1,s2  to s3 (vertical slowness)
• From s = (s1,s2 ,s3) to P (polarization vector)
• From s, P to RPP  (reflection coefficient)

Schoenberg & 
Protázio (1992)



Christoffel equations
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general Christoffel matrix

Orthorhombic 
case

3 X 3 X 3 X 3 
→ 6 X 6

Christoffel equation



From to (θinc,φinc) to Vinc
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In forward modeling, everything 
is known in this except for V

(Everything in this slide pertains to the upper layer)



From Vinc to s1,s2
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For an incident P-wave:

By Snell’s Law, horizontal slowness components 
s1 and s2 are the same for all reflected and 
transmitted waves as for the incident wave.

inc qPV V=



From s1,s2  to s3
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Everything known except s3



From s = (s1,s2 ,s3) to P

( ) 0L L I PρΓ − =( )U 0U I PρΓ − =

Everything known except P

•Only the direction of  P can be determined uniquely

•The magnitude is arbitrary – determined by normalization

•But use                             ,  not2 2 2
1 2 31 P P P= + + 2 2 2

1 2 31 P P P= + +



From s, P to RPP
Schoenberg and Protázio (1992) define two 3 X 3 matrices 
for each layer:
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Boundary conditions are encoded in the following 
expressions:
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Future work

• General improvements (critical angles, post-
critical curves, fix instabilities)

• Mixed symmetries (e.g. VTI over HTI)
• Non-aligned HTI media
• Orthorhombic symmetry Explorer
• Studies of linearization
• Reflectivity of point-source waves



Zoeppritz Explorer – update 
real / imaginary magnitude / phase ± mag. / cts.phase

RPP

RPS

–90° 0° 90° –90° 0° 90° –90° 0° 90°



Acid-gas injection

• Scenario: injection of H2S and CO2 in deep 
saline reservoirs

• Can seismic track progress?
• For fluid substitution, require acoustic 

properties of acid gas (ρ, VP)
• Peng-Robinson EOS – non-aqueous



EOS → Acoustic Properties
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