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A New Empirical Pore Pressure Transform 





JIP – seeking $55,000 investment: 
!  Commercial implementation of RhoVe method as a plug-in to an existing 

commercial platform, or as a web-based application to include:  
  Real-Time WITSML connectivity,  
  notebook (iPad) capability, 
  1D temperature modeling, 

!  Explore AI and Neural Network capabilities, 

RhoVeTM Method 
(U.S. patent pending - copyright © 2016) 
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Modified from Swarbrick et al., TLE 2012  

The active pore pressure estimation follows the standard 
pore pressure protocol workflow using Terzaghi’s (1996) 
relationship: 

PP =  Sv –  σv‘   

where PP is the pore pressure, Sv is the Total Vertical 
Stress (overburden) and, σv‘ is the Vertical Effective 

Stress.  σv‘	
  

Terzaghi’s Relationship  





Modified after Katahara, 2003 OTC 

Mechanical vs. Chemical 
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Arrhenius Law 

ki = Ai e
-Ei RT 

 Describes the controls of temperature and time on the rate and extent of  
chemical reaction (Roaldset et al., 1998). 

**note:  subscript i denotes a parallel reaction 
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Chemical	
  Compac8on	
  

From	
   recent	
   advances	
   in	
   EMI	
   (electron	
   microbeam	
   instrumenta3on)	
   and	
   sample	
  
prepara3on…	
  “it	
  is	
  now	
  clear	
  that	
  the	
  principal	
  diagene3c	
  processes	
  of	
  sandstones	
  and	
  
limestones,	
  compac3on	
  and	
  cementa3on,	
  also	
  operate	
  in	
  mudrocks”	
  (Milliken,	
  K.,	
  2017).	
  

**Mudrocks at the Scale of Grains and Pores: Current Understanding, Kitty Milliken, 2017, 
Bureau of Economic Geology, The University of Texas, Austin. 
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RhoVeTM Method 
(U.S. patent pending - copyright © 2016) 

Summary 
!  Interactive (and fast). 
!  Premised on a continuum of “virtual”, normally pressured synthetic rock 

property relationships. 
!  Pore pressure is calculated by directly applying RhoVe-derived Velocity & 

Density-Effective Stress trends. 
!  Subsalt Applications –  
!  Handles varying shale lithologies with multiple NCTs in a predictive manner. 
!  Two-parameter approach: a-term & alpha (α); includes the effects of 

compositional changes (clay diagenesis)  
!  Rationale for subdivision of major flow units, which can be utilized in layer-

based basin modeling simulations. 
!  Consistent with Bower’s Method solutions for DWGoM fine-grained clastics.  



1.0 0. 1.0 0. 

1.0 

0. 

1.0 0. 

1.0 0. 

V-rho V-z rho-z P-z 

V-ES rho-ES 

1.0 0. 

RhoVE-­‐S	
  
RhoVE-­‐ε	
  

RhoVE-­‐S	
  

RhoVE-­‐ε	
  

RhoVE-­‐S	
  

RhoVE-­‐ε	
  

RhoVE-­‐S	
  

RhoVE-­‐ε	
  

RhoVE-­‐S	
  

RhoVE-­‐ε	
  

RhoVE-­‐S	
  

RhoVE-­‐ε	
  



1.0 0. 

α 
Two 

Parameter: 

a , α 

a	
  

a  : fractional distance 
α  : calculated property  

1.0 0. 

1.0 

0. 

V-rho V-z 

RhoVE-­‐S	
  
RhoVE-­‐ε	
  

0.37 

RhoVE-­‐S	
  

RhoVE-­‐ε	
  



1.0 0. 1.0 0. 

1.0 

0. 

1.0 0. 

1.0 0. 

V-rho V-z rho-z P-z 

V-ES rho-ES 

1.0 0. 

ESnorm 

ESnorm ESnorm 



meters Ebrom & Heppard, 2010 

0.37 

0. 1.0 

α  : calculated property  



BOWERS	
  GOM	
  “Slow”	
  Trend	
   RhoVE-­‐ε	
   RhoVE-­‐S	
  

Vo:	
   4790	
   4800	
   4900	
  

A:	
   2953	
   2000	
   4500	
  

B:	
   3.57	
   4.2	
   3	
  

ρo:	
   1.3	
   1.3	
   1.3	
  

V-Rho equation (Bowers, OTC 2001) : 

  V = V0 + A (ρ - ρo) B 

γ	
  =	
  2.0	
  	
  

0.6 

RhoVE interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

Bowers GOM “slow” trend 

RhoVE-S 

RhoVE-Ɛ 

a  : fractional distance  



Delimited 

0.03 

0.15 

Examples 

RhoVe-S 

RhoVe-S 

0. 

1.0 

0. 

1.0 

0.51 

0.51 

Smectite Dominated 

a  : fractional distance  



Delimited 

Illitic 

Smectitic 
0.0 

0.56 

0.75 
1.08 

0.99 

Smectite Dominated 

0.03 

0.15 

Examples 

RhoVe-S 

RhoVe-S 

0. 

1.0 

0. 

1.0 

0.60 

0.51 

0.51 

a  : fractional distance  



Examples 

0.0 

0.56 
0.75 

1.08 0.99 

RhoVe-­‐S	
  

a  : fractional distance  



0.3 

Rhob Density 

DTCO Sonic 

0.0 
0.56 

0.75 
1.08 

0.99 



0.3 

Rhob Density 

DTCO Sonic 

0.75 



0.4 

Rhob Density 

DTCO Sonic 

0.75 



0.6 

Rhob Density 

DTCO Sonic 

0.0 
0.56 

0.75 
1.08 

0.99 



0.7 

Rhob Density 

DTCO Sonic 

0.0 
0.56 

0.75 
1.08 

0.99 



BOWERS	
  GOM	
  “Slow”	
  Trend	
   RhoVE-­‐ε	
   RhoVE-­‐S	
  

Vo:	
   4790	
   4800	
   4900	
  

A:	
   2953	
   2000	
   4500	
  

B:	
   3.57	
   4.2	
   3	
  

ρo:	
   1.3	
   1.3	
   1.3	
  

V-Rho equation (Bowers, OTC 2001) : 

  V = V0 + A (ρ - ρo) B 

γ = 2.0  

RhoVE-S 

RhoVE-Ɛ 

RhoVE interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

Bowers GOM “slow” trend 

0.6 

a = α 



BOWERS	
  GOM	
  “Slow”	
  Trend	
   RhoVE-­‐ε	
   RhoVE-­‐S	
  

Vo:	
   4790	
   4800	
   4900	
  

A:	
   2953	
   2000	
   4500	
  

B:	
   3.57	
   4.2	
   3	
  

ρo:	
   1.3	
   1.3	
   1.3	
  

V-Rho equation (Bowers, OTC 2001) : 

  V = V0 + A (ρ - ρo) B 

γ = 2.0  

DWGoM Sub-Regional Study  

RhoVE interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

a = 2α – α2 

Bowers GOM “slow” trend 

0.6 



BOWERS	
  GOM	
  “Slow”	
  Trend	
   RhoVE-­‐ε	
   RhoVE-­‐S	
  

Vo:	
   4790	
   4800	
   4900	
  

A:	
   2953	
   2000	
   4500	
  

B:	
   3.57	
   4.2	
   3	
  

ρo:	
   1.3	
   1.3	
   1.3	
  

V-Rho equation (Bowers, OTC 2001) : 

  V = V0 + A (ρ - ρo) B 

γ = 2.0  

(0.37,0.60) 

DWGoM Sub-Regional Study  

RhoVE interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

Bowers GOM “slow” trend 

0.6 

a = 2α – α2 



BOWERS	
  GOM	
  “Slow”	
  Trend	
   RhoVE-­‐ε	
   RhoVE-­‐S	
  

Vo:	
   4790	
   4800	
   4900	
  

A:	
   2953	
   2000	
   4500	
  

B:	
   3.57	
   4.2	
   3	
  

ρo:	
   1.3	
   1.3	
   1.3	
  

V-Rho equation (Bowers, OTC 2001) : 

  V = V0 + A (ρ - ρo) B 

γ = 2.0  

a = γα – αγ 

RhoVE interm:  f(α) * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

(0.37,0.60) 
Bowers GOM “slow” trend 

0.6 



OVERVIEW 

INTRODUCTORY DEMO            

PREVIOUS WORK - THEORY       

"  Mechanical vs Chemical Compaction 
"  Smectite – Illite Conversion        

RHOVE METHOD          

"  Summary 
"  Virtual Model 
"  Alpha – A-Term 
"  Shale Discrimination 
SUMMARY DEMOS          

"  Untethered Mode 
"  Tethered Mode 
WELL EXAMPLES using RHOVE METHOD 

ADVANTAGES of RHOVE Method 	
   	
   	
   	
   	
   	
   	
  
	
   	
  	
  



0.51 

0.51 

0.00 

P3 

RhoVe interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 
0.0 



0.60 

P3 

RhoVe interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 
0.0 



0.60 

P3 

0.0 



0.1 

0.60 

P3 



0.2 

0.60 

P3 



0.3 

0.60 

P3 



0.4 

0.60 

P3 



0.5 

0.60 

P3 



0.6 

0.60 

P3 



0.7 

0.60 

P3 



0.8 

0.60 

P3 



0.9 

0.60 

P3 



1.0 

0.60 

P3 



0.9 

0.60 

P3 



0.8 

0.60 

P3 



0.7 

0.60 

P3 



0.6 

0.60 

P3 



0.5 

0.60 

P3 



0.4 

0.60 

P3 



0.37 

0.60 

0.60 

P3 



OVERVIEW 

INTRODUCTORY DEMO            

PREVIOUS WORK - THEORY       

"  Mechanical vs Chemical Compaction 
"  Smectite – Illite Conversion        

RHOVE METHOD          

"  Summary 
"  Virtual Model 
"  Alpha – A-Term 
"  Shale Discrimination 
SUMMARY DEMOS          

"  Untethered Mode 
"  Tethered Mode 
WELL EXAMPLES using RHOVE METHOD 

ADVANTAGES of RHOVE Method 	
   	
   	
   	
   	
   	
   	
  
	
   	
  	
  



0.51 

0.51 P3 

0.0 
RhoVe interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 



0.60 

P3 

0.0 
RhoVe interm:  a * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

0.60 



0.60 

P3 

0.0 
RhoVe interm:  f(α) * (RhoVE-Ɛ– RhoVE-S) + RhoVE-S 

0.60 



0.51 

0.51 

0.00 

0.00 

P3 

(0.37,0.60) 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 



0.51 

0.51 

0.00 

0.00 

P3 

0.00 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 

0.0 



0.19 

P3 

0.0 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 

0.19 



0.36 

P3 

0.0 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 

0.36 



0.51 

P3 

0.0 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 

0.51 



0.60 

0.60 

P3 

0.0 

RhoVE interm: f(α) * (RhoVE-ε – RhoVE-S) + 
RhoVE-S 

a = 2α – α2 



0.0 

0.60 

P3 



0.1 

0.60 

P3 



0.2 

0.60 

P3 



0.3 

0.60 

P3 



0.37 

0.60 

P3 



Bowers GOM “slow” trend 

Bowers DW GoM (Default) 

0.37 

0.60 

P3 



OVERVIEW 

INTRODUCTORY DEMO            

PREVIOUS WORK - THEORY      

"  Mechanical vs Chemical Compaction 
"  Smectite – Illite Conversion        

RHOVE METHOD          

"  Summary 
"  Virtual Model 
"  Alpha – A-Term 
"  Shale Discrimination 
SUMMARY DEMOS          

"  Untethered Mode 
"  Tethered Mode 
WELL EXAMPLES using RHOVE METHOD 
ADVANTAGES of RHOVE Method        

   



PI526-1 Jack Hays  
DW Gulf of Mexico,  
U.S.A. 



Bowers DW GoM (Default) 

0.0 
dT  rhob  

0.51 



Bowers DW GoM (Default) 

0.0 
dT  rhob  

0.51 



Bowers DW GoM (Default) 

0.1 

0.51 



Bowers DW GoM (Default) 

0.2 

0.51 



Bowers DW GoM (Default) 

0.2 

0.51 



Bowers DW GoM (Default) 

0.3 

0.51 



Bowers DW GoM (Default) 

0.4 

0.51 



Bowers DW GoM (Default) 

0.5 

0.51 



Bowers DW GoM (Default) 

0.6 

0.51 



Bowers DW GoM (Default) 

0.7 

0.51 



Bowers DW GoM (Default) 

0.8 

0.51 



Bowers DW GoM (Default) 

0.9 

0.51 



Bowers DW GoM (Default) 

1.0 

0.51 



Bowers DW GoM (Default) 

1.0 

0.51 



γ= 2.0 

0.51 



KC292-1BP2 Kaskida  
DW Gulf of Mexico  
U.S.A. 



0.0 
dT  rhob  

P1  
P2  

0.51 



0.1 

0.51 



0.2 

0.51 



0.3 

0.51 



0.4 

0.51 



0.5 

0.51 



0.6 

0.51 



0.7 

0.51 



0.8 

0.51 



0.9 

0.51 



1.0 

0.51 



1.0 

0.51 



γ= 2.0 

0.51 



OVERVIEW 

INTRODUCTORY DEMO           

PREVIOUS WORK - THEORY      

"  Mechanical vs Chemical Compaction 
"  Smectite – Illite Conversion        

RHOVE METHOD          

"  Summary 
"  Virtual Model 
"  Alpha – A-Term 
"  Shale Discrimination 
SUMMARY DEMOS          

"  Untethered Mode 
"  Tethered Mode 
WELL EXAMPLES using RHOVE METHOD 

ADVANTAGES of RHOVE Method        
   



Advantages 
!  Efficiency through simplicity – 

!  RhoVe method has universal application - 

!  RhoVe method provides interactive solutions for: 
! Prospect Exploration 
! Prospect Maturation 
! Operations 

!  Rhob density transformed to effective stress and pore pressure, 
!  Rationale for subdivision of major flow units,  
!  Potential to automate pore pressure solutions related to 

compositional changes. 

RhoVe
TM  

RhoVeR (Remote) Drone 



Thank You! 



Additional References 
!  Real-Time Downhole pH Measurement Using Optical 

Spectroscopy, Raghuraman, B. et al. 2007, SPE-93057-PA 
!  Mudrocks (shales, mudstones) at the Scale of Grains and Pores: 

Current Understanding, Milliken, K., 2017, Bureau of Economic 
Geology The University of Texas, Austin. 


