
Saturation Height Modelling for Reservoir Description | Stephen Adams 

13 

Table of Contents 
About This Book ................................................................................................... 3 
Summary .............................................................................................................. 5 
Important Considerations.................................................................................... 7 
About The Author ................................................................................................ 9 
Dedication .......................................................................................................... 10 
Reviewers........................................................................................................... 10 
Acknowledgements ........................................................................................... 10 
Definitions .......................................................................................................... 19 
Abbreviations & Symbols ................................................................................... 25 
1 Introduction ............................................................................................... 29 

1.1 Target Audience .................................................................................. 29 
1.2 What Will Readers Gain? .................................................................... 30 
1.3 Getting Started .................................................................................... 31 

2 Capillary Pressure ...................................................................................... 33 
2.1 Lithology .............................................................................................. 33 
2.2 Porosity ............................................................................................... 33 
2.3 Permeability ........................................................................................ 35 
2.4 Capillary Pressure................................................................................ 35 
2.5 The Basic Forces .................................................................................. 36 
2.6 Surface Tension ................................................................................... 37 
2.7 Wettability .......................................................................................... 39 
2.8 In the Reservoir ................................................................................... 40 
2.9 Fluid Contacts ...................................................................................... 41 
2.10 Nomenclature .................................................................................. 43 
2.11 Basic Formulae ................................................................................ 46 
2.12 Relative Permeability ...................................................................... 48 

3 Experimental Measurement ...................................................................... 51 
3.1 Total and Effective Porosity ................................................................ 51 
3.2 Which Permeability to Use? ............................................................... 52 
3.3 Surface Tension ................................................................................... 53 
3.4 Wettability .......................................................................................... 54 

3.4.1 Wettability State .......................................................................... 55 



Saturation Height Modelling for Reservoir Description | Stephen Adams 

14 

3.4.2 Amott (Amott-Harvey) ................................................................. 57 
3.4.3 USBM ........................................................................................... 59 
3.4.4 Amott-USBM ................................................................................ 60 

3.5 Sample Preparation ............................................................................ 60 
3.7 Capillary Pressure Experiment Overview ............................................ 61 

3.7.1 Mercury Injection ........................................................................ 62 
3.7.2 Porous Plate ................................................................................. 64 
3.7.3 Centrifuge .................................................................................... 67 
3.7.4 Pressure Equilibrium Technique (Steady-State) .......................... 71 
3.7.5 Vapour Desorption Technique .................................................... 73 
3.7.6 NMR Analysis ............................................................................... 75 
3.7.7 Digital Rock Analysis Techniques ................................................. 75 

3.8 Wettability and Capillary Pressure Measurements ............................ 77 
4 Saturation-Height Study Planning ............................................................. 79 

4.1 Results Orientated .............................................................................. 79 
4.2 Project Timing ..................................................................................... 82 
4.4 Documentation & Audit Trails ............................................................ 83 

5 Experiment Selection ................................................................................. 85 
5.1 Low Permeability Reservoirs ............................................................... 85 
5.2 Medium to High Permeability Reservoirs in Primary Drainage .......... 86 
5.3 Medium to High Permeability Reservoirs in Primary Imbibition ........ 87 

6 Representative Data .................................................................................. 89 
6.1 Sample Selection ................................................................................. 90 

6.1.1 Option 1 – Simple Porosity to Permeability Relationship ........... 91 
6.1.2 Option 2 – Complex Porosity to Permeability Relationship ........ 94 

6.2 Have Samples Been Representatively Selected? ................................ 98 
6.2.1 Porosity-Permeability Crossplot .................................................. 98 
6.2.2 Porosity or Permeability Histogram Comparisons ...................... 99 
6.2.3 Comparison with Ideal Porosity-Permeability Class Based 
Sampling .................................................................................................. 101 

6.3 Correcting for Unrepresentative Sampling ....................................... 105 
6.3.1 Additional Sample Selection ...................................................... 105 
6.3.2 Determining Weighting Factors ................................................. 108 

7 Data Collation & Formatting .................................................................... 113 



  Saturation Height Modelling for Reservoir Description | Stephen Adams 

15 

7.1 Software to use ................................................................................. 113 
7.2 Data Required ................................................................................... 113 
7.3 Formats ............................................................................................. 114 

8 Corrections Required ............................................................................... 117 
8.1 Closure or Conformance (MICP only) ............................................... 117 
8.2 Clay-Bound Water ............................................................................. 121 
8.3 Stress ................................................................................................. 125 
8.4 Impact of Corrections ....................................................................... 129 

9 Baseline Conditions ................................................................................. 133 
9.1 Converting Fluid Systems .................................................................. 133 
9.2 Pressure to Height Conversion ......................................................... 138 
9.3 Combined Fluid and Pressure to Height Conversion ........................ 144 

10 Input Data Quality Control ...................................................................... 145 
10.1 Comparing Different Measurement Types ................................... 145 

10.1.1 Similar Permeability Comparisons ............................................. 146 
10.1.2 Sw vs. Permeability at Constant Height Comparisons .............. 147 

10.2 Quality Control of Baseline Dataset .............................................. 148 
10.2.1 Water Saturation vs. Permeability Plots ................................... 148 
10.2.2 3D Plots ...................................................................................... 160 

11 Irreducible Water Saturation ................................................................... 163 
11.1 Sw vs Porosity or Permeability (All Data) ...................................... 163 
11.2 Sw vs Porosity or Permeability (End-Point Data) .......................... 164 
11.3 Sw vs Porosity or Permeability (Interpolated Data) ...................... 167 
11.4 Uncertainty Quantification............................................................ 168 

12 Selection of Saturation-Height Models ................................................... 171 
12.1 Leverett-J ....................................................................................... 171 
12.2 Brooks-Corey Function .................................................................. 178 
12.3 Lambda Function ........................................................................... 180 
12.4 Thomeer Function ......................................................................... 183 
12.5 Skjaeveland.................................................................................... 186 
12.6 Skelt-Harrison ................................................................................ 189 
12.7 Machine Learning & Neural Networks .......................................... 191 
12.8 Johnson.......................................................................................... 194 
12.9 Heseldin Averaging ........................................................................ 196 



Saturation Height Modelling for Reservoir Description | Stephen Adams 

16 

12.10 FZI .................................................................................................. 199 
12.11 Entry-Height .................................................................................. 201 
12.12 Exponential .................................................................................... 203 
12.13 Hyperbola ...................................................................................... 205 
12.14 Polynomial ..................................................................................... 207 
12.15 Sigmoidal ....................................................................................... 209 
12.16 Trigonometric Tangent .................................................................. 212 
12.17 User Defined .................................................................................. 214 
12.18 Normalised Sw ............................................................................... 214 
12.19 Interpolation.................................................................................. 214 

12.19.1 Ideal Implementation ............................................................ 215 
12.19.2 Implementation via Gridding ................................................. 215 
12.19.3 Common Implementation...................................................... 216 
12.19.4 Achievable Implementation ................................................... 216 

12.20 Chapter Summary .......................................................................... 219 
13 Saturation-Height Function Creation ...................................................... 221 

13.1 Model Fitting ................................................................................. 221 
13.2 Individual Curve Correlation Method (ICCM) ............................... 222 
13.3 All Curves Simultaneously Method (ACSM) .................................. 233 
13.4 Problems with Parameter Selection.............................................. 245 
13.5 Recommended Initial Parameters for the Solver .......................... 249 
13.6 Sub-Groupings ............................................................................... 249 
13.7 Uncertainty Quantification............................................................ 255 

14 Quality Control of Functions .................................................................... 257 
14.1 Checking for “Good Behaviour” .................................................... 257 

15 Reconciliation with Log Data ................................................................... 263 
15.1 The Importance of Permeability ................................................... 263 
15.2 Reconciliation with Log Evaluation ............................................... 263 
15.3 What is an Acceptable Match? ..................................................... 266 
15.4 Example Matches & Comments .................................................... 268 
15.5 Saturation-Height Functions from Logs ........................................ 286 

16 Imbibition Modelling ............................................................................... 293 
16.1 Column Previously at Irreducible Water Saturation ..................... 293 



  Saturation Height Modelling for Reservoir Description | Stephen Adams 

17 

16.2 Column Previously in Transition Zone and/or at Irreducible Water 
Saturation .................................................................................................... 297 

16.2.1 Bradford & Leij (Modified Genuchten) ...................................... 303 
16.2.2 Skjaeveland ................................................................................ 306 
16.2.3 Adams-Imbibition from Drainage (Adams-IFD) ......................... 309 

16.3 Examples of Imbibition Modelling ................................................ 315 
17 Special Situations ..................................................................................... 326 

17.1 Perched Contacts .......................................................................... 326 
17.2 Dual (or More) Porosity Systems .................................................. 332 
17.3 Fractured Systems and Vugs ......................................................... 338 
17.4 Oil or Mixed-Wet Systems ............................................................. 340 
17.5 Gas-Oil-Water Systems.................................................................. 344 

18 Implementation in Reservoir Modelling .................................................. 347 
18.1 Practical Implementation .............................................................. 347 
18.2 The Effect of Scale on Saturation-Height ...................................... 348 

18.2.1 Porosity-to-Permeability Transforms ........................................ 348 
18.2.2 Water Saturation Averaging ...................................................... 351 

18.3 Implementation in Petrophysical Modelling ................................. 352 
18.4 Implementation in Static Models .................................................. 353 
18.5 Implementation in Dynamic Models ............................................. 355 

19 Additional Uses ........................................................................................ 359 
19.1 Identifying Reservoir & Seals ........................................................ 359 

19.1.1 Sealing Capacity ......................................................................... 359 
19.1.2 Reservoir Identification ............................................................. 361 

19.2 Current FWL Location (Drainage only Scenarios) ......................... 362 
19.3 Original FWL Location (Drainage & Imbibition) ............................ 369 
19.4 Thin Beds & Unreliable or Missing Resistivity Logs ....................... 373 

19.4.1 Thin Beds ................................................................................... 373 
19.4.2 Fresh Water and Unreliable/Missing Resistivity Logs ............... 376 

19.5 Pore Throat Size Distributions ....................................................... 376 
19.6 Permeability Prediction ................................................................. 379 

19.6.1 Estimating Permeability of Samples .......................................... 379 
19.6.3 Obtaining Permeability Logs ...................................................... 397 

19.7 Residual Hydrocarbon Saturations ................................................ 397 



Saturation Height Modelling for Reservoir Description | Stephen Adams 

18 

20 Authors Final Comments ......................................................................... 399 
21 Frequently Asked Questions .................................................................... 401 
22 References ............................................................................................... 403 
23 Index ........................................................................................................ 411 
24 Useful Tables for Quick Reference .......................................................... 419 
25 Important Formulae ................................................................................ 424 
26 Useful Graphs .......................................................................................... 425 
 


