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From (einc1¢inc) to RPP

-rom to (6 .,9i.c) 10 Vi (Incident wave speed)
-rom V, .t0 s;,S, (horizontal slowness)
-rom s;,S, to s;(vertical slowness)

-rom s = (S;,S,,S;) to P (polarization vector) -
-rom s, P to Ry, (reflection coefficient)

\
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Schoenberg &
Protazio (1992)



Christoffel equations

Ly = chjkl S;9 ‘ general Christoffel matrix ‘
i

Orthorhombic
case

I = C11512 + C66522 + ‘:'55532

_ 2 2 2
1_‘22 o C66Sl T CZZSZ + C44%

2 2 > 3X3X3X3
I'33 =CS) +CuS, +C55S; L 6X6
[, =Ty =(Cy +C) SS,
[y =T4 =(Cs+0Cs)SS;
[,,=T, =(Cs+Cy)SS

oo

‘ Christoffel equation ‘ (£ —pl|P=0




FrOm to (9| nc1¢inc) to VI NnC

[C-ptjp=0  _xV1p _ (r-vZ)P=0

A, Z;)kl(VS)VS Za”klnjn
1

n=(cos¢,.snéd,., sng,.sné,., cosd,)

Inc

‘A _\2] ‘ —0 < In forward modeling, everything
— J: is known in this except for \VV

AV®+BV*+CV?+D=0 > Vo Visy Vo

(Everything in this dlide pertains to the upper layer)



FromV, .10S,;,S,

For an incident P-wave:

V. =V

inc gP
N N
Spe =4[ 2o
\qu Vi qu,

By Snell’s Law, horizontal slowness components

S, and S, are the same for al reflected and
transmitted waves as for the incident wave.



Froms,;,S, 10 S,

[, =C,S +CS +C.,
[, =CyS +Cy,S +CyylS
[, =C.S +C,S +CyulS

:(C12+C66)S.LSZ (
(Cis+Ces) S8,

=(Cs+Cu)S

12

r,=T,
1—‘13 1—‘31
T, =T,

23

EU - ,OUL‘ =0 <= Everything known except s; = EL — pLI:‘ =0

AUS§+BUS§+CUS§+DU:O ALS?_I_BL%4+CLS§+DL:O
g Y LS g o g



Froms=(s,;,S,,S;)to P

Everything known except P

' N

(L7 -p"1)R=0 " -pr1)r=0

*Only the direction of P can be determined uniquely
*The magnitude is arbitrary — determined by normalization

‘Butuse 1=K+ P+ P/, not 1=|R[" +|R,[" +|P[°



From s, P to R

Schoenberg and Protazio (1992) define two 3 X 3 matrices

for each layer:
XUZXU(2U,§U,EU) XL:XL(gL’§L’EL)
YUZYU((;@U,EU) YL:YL(gL,§L’EL)

Boundary conditions are encoded in the following

EXPressions: . .
D=(X") X +(YY) Yt

Re R
[ O M S R Ky
R, Ry Ry Tor

gt g

—

TP

—

TS

I:|_I

2D



CREWES TI Explorer 1.0
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0.26

CREWES HTI Explorer 1.0
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Future work

Genera 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
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Acid-gas injection

Scenario: injection of H,S and CO, in deep
saline reservoirs
Can seismic track progress?

~or fluid substitution, require acoustic
oroperties of acid gas (p, Vp)

Peng-Robinson EOS — non-agueous



EOS —> Acoustic Properties

‘P:P(T,v,x)‘

\

1
p o=
Vv

\S ﬂT:"(an
‘vv(T,P,x,)é a:%(aa__\r,j




CREWES Fluid Properties Calculator

1) Enter temperature and pressure of the fluids, and indicate the units
Temperature |40 " Fahrenheit
Pressure 9465 * mMPa " bar ™ atrm " psi " khar

@ celsius T Kelvin

2) Complete calculations individually for each desired fluid {gas, oil andior brine)
Gas Phase Qil Phase Brine Phase

1. Enter information:

* hy mole fractions: (Solves Peng-Robinson equation of state) STP density; AP & glom3 Salinity (MaCh; (120000 & ppm O weight fraction

ZH4 062 coZ J45 Gas-0il Ratio ¢ L 7 % of max 2

1. Enter compoasition: 1. Enter information:

Click here to calculate brine propeties

Z2HE 1] H25 183 iz for saturating gas 0.6 3. Calculated brine propedies

Z3Ha 0 M2 n 2. Click here to calculate oil properties  |Densitye 1.0809351 gicm3
Z4H10 0 02 0 3. Calculated oil properties 1080.935 kgfm3 B7.420458 Ibft3

" by density ratio; (BEW, 19920 G B Density: Acoustic speed: 1663.4493 mis
2. Click here to calculate gas properties 1.6684494 kmis 547391548 fifs

3. Calculated gas propedies Acoustic speed: Bulk modulus:; 30049.0242 MPa

Density:
43216806 kafm3

Acoustic speed:

043216807 g/cm3
26.979376 b3
2770641 mis

Bulk modulus:

027706409 km/s 909.0029 ft's Viscosity:
Bulk modulus: 3317517 MPa

033175173 khar 4311.654 p=i

Viscosity: nock

0.0 Paoise

3) Complete calculations for multiphase mixtures (single-phase calculations ahove must be completed first):

1. Entervolume fractions for each phase:

2. Click here to calculate multiphase propeties

3. Calculated mixture properties

Density:

Acoustic speed;

Gas

Oil

30.090242 khar
Viscosity:
00090372935 Paise

Brine

4364322245 psi
09037294 cF



29236
M9237
219238
219239
219240
219241
219242
219243

£

7262 2041.00 2042
7262 2042.00 2043
7262 2043.00 2044
7252 2044.00 2045
7252 2045.00 2046
7252 2046.00 2047
7252 2047.00 2048
7252 2048.00 2044

-2.79647111e-007
-5.41181805e-007
-7.07775826e-007
-7.20713274e-007
-5.284434232e-007
-2.18343644e-007
2.486757815e-008
1.0847042e-007

Read Data

Flot Hodograms

|~ | Blackon White 2



218236 7252 2041.002042  -278647111e-007
218237 F252 2042002042 -5.41131805e-007
218238 F252 2043002044 -7.O7T75826e-007
2182349 T252 2044002045  -720713274e-007
218240 T252 2045002046  -5.28443422e-007
218241 F252 2046.00 2047 -218343644e-007
2182472 F252 2047002045  256757515e-008
218243 7262 2048.002049  1.0947042e-007

<
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Flot Hodograms




