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Ta kea wa ys

New method for  fluid substitut ion
(ROFS)
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Automation of processes
https://www.ca nstockphoto.com/illustra tion/a utoma tiza tion.html

http://menta lfloss.com/a rticle /30 40 0 /12-
undera pprecia ted-equa lly-precious-bodily-fluids
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Fluid substitution – some ba ckground
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• Explora tion
• Modeling of ta rget reflectivity
• Seismic inversion
• Amplitude versus a ngle
• Drill or drop

• Reservoir monitoring
• Monitoring fluid movement
• Look a t pressure effects
• Increa sed oil recovery
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Effect of fluids on P-wa ve velocity
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Vertica l se ismic: Reflection coefficient is dependent on contra st in a ccoustic impeda nce (I)

𝐼𝐼 = 𝑉𝑉𝑝𝑝 ∗ 𝜌𝜌

Increase velocity

Decrease velocity



Internal dd.mm.yyyy

• Norma lly fluid substitution ha s been performed by Ga ssma nn (1951) modeling
• Importa nt Ga ssma nn a pproa ch a ssumptions:

• Homogeneous pore  pressure , homogeneous solid ma teria l, free fluid flow between pores, 
no intera ction between solids a nd fluid

• The procedure  of using Ga ssma nn in a  well log is a s follows:
• Use Vp, Vs, porosity, Sw, fluid bulk modulus, solid rock bulk modulus to estima te  dry rock 

properties

Sta nda rd workflow - Ga ssma nn

6 ma rs 20 186
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Fluid 1

Dry rock

Fluid 2
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Sta nda rd workflow - Ga ssma nn

Cla ssifica tion: Interna l © Sta toil ASA

Gassmann inconsistency

Vp
G

as
sm

an
n

Vp origina l



Internal dd.mm.yyyy

Rock physics fluid substitution (ROFS)
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1. Ca libra tion of a  suita ble  rock physics model to logged P-
wa ve  ve locities

• Use well log sa tura tion a nd origina l fluid properties
2. Use  the  ca libra ted rock physics model with new fluid 

properties
3. Estima te the  diffe rence  of rock physics model with new a nd 

origina l fluid
4. Apply the  diffe rence  on the  origina l well log Vp

Vpnew fluid = Vporg fluid + (Vpmod new fl – Vpmod org fl)

Workflow

-
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Automa tion of workflow

• Ca libra tion of rock physics model:
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𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒 =
𝐶𝐶2 + 1 − 𝜑𝜑 2𝜇𝜇2

18𝜋𝜋2 1 − 𝜎𝜎 2 𝑃𝑃
1/3

𝜎𝜎 = 𝑓𝑓(𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐾𝐾𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝜇𝜇𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝑉𝑉𝑠𝑠𝑠)
(Minera l densities a re
a ssumed to be  2.65 
for non-cla ys a nd 2.62 
for cla ys)

𝑉𝑉𝑝𝑝= 
𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒+

4
3𝜇𝜇𝑒𝑒𝑒𝑒𝑒𝑒

𝜌𝜌𝑒𝑒𝑒𝑒𝑒𝑒

Ca libra tion of rock physics model
Ma chine  lea rning a pproa ches

Hertz-Mindlin model:
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Results
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6 ma rs 20 1811
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Results
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Use method a s a  QC on individua l wells or reservoirs
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Summa ry a nd conclusions

• A new method ca lled «Rock physics fluid substitution» ha s been presented
• ROFS seems to ha ndle  low porosity ca ses where Ga ssma nn conditions a re not met
• Method is fit for a utoma tion:

• Ca n perform fluid substitution in hundreds of wells in a  few minutes
• Automa tic QC of well logs a nd fluid substitution

• New wells ca n be QC-ed a nd fluid substituted before huma n interference
• Potentia l for cost a nd time sa ving
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