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Case Study

Input:
 Tomogram of Palatine Sandstone (Pfälzer Buntsandstein) 

Aim: Determine (saturation dependent) permeability 

Steps:
 Segmentation 
 Pore size distribution
 Capillary pressure curve
 Permeability (fully saturated) 
 Relative permeability (partially saturated)
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Tomogram

 F. Enzmann, Inst. for 
Geosciences, Uni Mainz 

 Pfälzer Buntsandstein
 resolution 0.7 µm
 1024³ voxels
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Segmentation

 Porosity 25.7 %
 Downscaled to 512³ voxels  
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Pore Size Distribution

Pore space : X

Opening of radius r :

Volume of pores with radius                       :

dark grey: 
light grey:
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Pore Size Distribution (Sandstone)
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Capillary Pressure / Pore Morphology Method

 Young – Laplace equation

(pore radius <-> cap. pressure)

 => Pore size distribution gives saturation
at given cap. pressure

 But: connectivity of pores ?

Pore Morphology Method:
 adds connectivity checks to Young-Laplace
 low numerical cost 

non-wetting fluid

wetting 
fluid

r

β
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Drainage

 Hilpert / Miller 2001
 Guarantees connectivity of 
NWP to reservoir 
 Idea: move in spheres
 Start: completely wet
 Start: large radius 

(i.e. small pc)
 Steps: smaller radius

(higher pc)

 No residual water

Non-wetting phase (air) reservoir

Wetting phase (water) reservoir
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Drainage (+)  

 Ahrenholz et al. 2008 
 Additionally: WP must 
be connected to reservoir
 Residual water 
(orange)

Non-wetting phase (air) reservoir

Wetting phase (water) reservoir
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Drainage (Sandstone Sample)

Drained pores ( r = 8.4 µm)Drained pores ( r = 14 µm)
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Drainage - Sandstone Sample 

 Slice of the 3D result
 Residual water: 8.6 %

 black: air
 red: residual water
 white: matrix material
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Capillary Pressure Curve (Drainage, Sandstone)

 Drainage Model 
(incl. residual water)
 contact angle 0°
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PSD Data

		

				max diam		max diam [microns]		fraction

				2.80E-06		2.80E+00		2.85943

				5.60E-06		5.60E+00		10.9581

				8.40E-06		8.40E+00		12.6985

				1.12E-05		1.12E+01		6.3112

				1.40E-05		1.40E+01		7.02691

				1.68E-05		1.68E+01		5.7149

				1.96E-05		1.96E+01		4.84954

				2.24E-05		2.24E+01		4.69346

				2.52E-05		2.52E+01		4.97166

				2.80E-05		2.80E+01		4.06861

				3.08E-05		3.08E+01		4.04125

				3.36E-05		3.36E+01		3.51789

				3.64E-05		3.64E+01		3.84884

				3.92E-05		3.92E+01		3.21788

				4.20E-05		4.20E+01		3.03225

				4.48E-05		4.48E+01		2.38891

				4.76E-05		4.76E+01		1.72901

				5.04E-05		5.04E+01		1.64976

				5.32E-05		5.32E+01		1.54144

				5.60E-05		5.60E+01		1.36585

				5.88E-05		5.88E+01		1.28588

				6.16E-05		6.16E+01		0.850092

				6.44E-05		6.44E+01		0.974166

				6.72E-05		6.72E+01		0.992021

				7.00E-05		7.00E+01		0.7504

				7.28E-05		7.28E+01		1.40346

				7.56E-05		7.56E+01		0.306851

				7.84E-05		7.84E+01		0.514614

				8.12E-05		8.12E+01		0.319716

				8.40E-05		8.40E+01		0.305045

				8.68E-05		8.68E+01		0.526379

				8.96E-05		8.96E+01		0.0868512

				9.24E-05		9.24E+01		0.0862809

				9.52E-05		9.52E+01		0.206458

				9.80E-05		9.80E+01		0.279243

				0.0001008		1.01E+02		0.0473018

				0.0001036		1.04E+02		0.0921951

				0.0001064		1.06E+02		0.0614113

				0.0001092		1.09E+02		0.0426353

				0.000112		1.12E+02		0.383591





Imb Data

								2a				2c

		pore rad		pc				i1		i3		i1		i3

		0		inf				0		0		0		0

		1.40E-06		103929				0.0285943		0.000222527		0.0182843		0.000128368

		2.80E-06		51964.3				0.138684		0.0917505		0.100559		0.041563

		4.20E-06		34642.9				0.266579		0.247029		0.212215		0.194622

		5.60E-06		25982.1				0.328715		0.303815		0.272683		0.253308

		7.00E-06		20785.7				0.399613		0.361256		0.343023		0.317699

		8.40E-06		17321.4				0.456607		0.399649		0.400025		0.366165

		9.80E-06		14846.9				0.505346		0.41904		0.451279		0.405864

		1.12E-05		12991.1				0.552016		0.437258		0.502407		0.434793

		1.26E-05		11547.6				0.601572		0.450835		0.558985		0.443189

		1.40E-05		10392.9				0.642176		0.460778		0.611117		0.449966

		1.54E-05		9448.05				0.682352		0.468188		0.66067		0.457011

		1.68E-05		8660.71				0.717476		0.475224		0.707416		0.461153

		1.82E-05		7994.51				0.755936		0.481942		0.750273		0.464729

		1.96E-05		7423.47				0.787979		0.487088		0.78875		0.467078

		2.10E-05		6928.57				0.818312		0.491576		0.822313		0.469953

		2.24E-05		6495.54				0.842119		0.493118		0.853792		0.471008

		2.38E-05		6113.45				0.859417		0.494332		0.877044		0.472762

		2.52E-05		5773.81				0.875894		0.495351		0.904134		0.474273

		2.66E-05		5469.92				0.89129		0.497121		0.921568		0.474813

		2.80E-05		5196.43				0.904918		0.498304		0.941164		0.475149

		2.94E-05		4948.98				0.917754		0.498862		0.955272		0.47546

		3.08E-05		4724.03				0.926276		0.499388		0.964706		0.475766

		3.22E-05		4518.63				0.935989		0.49976		0.972324		0.476029

		3.36E-05		4330.36				0.945894		0.500771		0.978477		0.476261

		3.50E-05		4157.14				0.953401		0.502145		0.981033		0.476437

		3.64E-05		3997.25				0.967434		0.504454		0.982896		0.476729

		3.78E-05		3849.21				0.970499		0.505186		0.987253		0.479111

		3.92E-05		3711.73				0.975644				0.991741

		4.06E-05		3583.74				0.978834				0.996664

		4.20E-05		3464.29				0.981888				1

		4.34E-05		3352.53				0.98715

		4.48E-05		3247.77				0.988015

		4.62E-05		3149.35				0.988873

		4.76E-05		3056.72				0.99094

		4.90E-05		2969.39				0.99373

		5.04E-05		2886.9				0.994202

		5.18E-05		2808.88				0.995126

		5.32E-05		2734.96				0.995738

		5.46E-05		2664.84				0.996164

		5.60E-05		2598.21				1





Imb Data
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Drain Chart
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Drain Data

										d1		d2		d1		d2

				radius		pressure				Sat (WP)		Sat (WP)

										2c		2c		2a		2a

				4.20E-05		3464.29				1		1		1		1

				4.06E-05		3583.74				1		1		1		1

				3.92E-05		3711.73				1		1		1		1

				3.78E-05		3849.21				1		1		1		1

				3.64E-05		3997.25				1		1		0.999268		0.999268

				3.50E-05		4157.14				1		1		0.999099		0.999099

				3.36E-05		4330.36				1		1		0.99858		0.99858

				3.22E-05		4518.63				1		1		0.998522		0.998522

				3.08E-05		4724.03				1		1		0.992061		0.992061

				2.94E-05		4948.98				0.996348		0.996348		0.991561		0.991561

				2.80E-05		5196.43				0.996033		0.996033		0.99098		0.99098

				2.66E-05		5469.92				0.995697		0.995697		0.989809		0.98981

				2.52E-05		5773.81				0.995157		0.995158		0.98707		0.987071

				2.38E-05		6113.45				0.993841		0.993842		0.986147		0.986149

				2.24E-05		6495.54				0.991366		0.991366		0.984847		0.984849

				2.10E-05		6928.57				0.990653		0.990654		0.983173		0.983176

				1.96E-05		7423.47				0.989598		0.989599		0.954023		0.954029

				1.82E-05		7994.51				0.987879		0.98788		0.932918		0.932931

				1.68E-05		8660.71				0.983736		0.983739		0.928347		0.928368

				1.54E-05		9448.05				0.9758		0.975803		0.924059		0.924087

				1.40E-05		10392.9				0.969866		0.969873		0.904711		0.904755

				1.26E-05		11547.6				0.952211		0.952226		0.893926		0.893997

				1.12E-05		12991.1				0.932886		0.932917		0.869166		0.869276

				9.80E-06		14846.9				0.923072		0.923154		0.824668		0.824828

				8.40E-06		17321.4				0.638233		0.638392		0.714157		0.714407

				7.00E-06		20785.7				0.482775		0.483589		0.614726		0.615385

				5.60E-06		25982.1				0.316376		0.318206		0.492785		0.494213

				4.20E-06		34642.9				0.24595		0.249174		0.330055		0.332381

				2.80E-06		51964.3				0.125709		0.13568		0.173227		0.180006

				1.40E-06		103929				0.0259805		0.0840197		0.0463299		0.0873793

				0		200000				0		0.0836101		0		0.0860785
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Perm Data

		

		Saturation (NWP)		Saturation (WP)		z-perm

		0		1		9.66E-13

		0.10169		0.89831		7.96E-13				Kgz zweifelhaft

		0.19789		0.80211		3.98E-13

		0.299978		0.700022		2.19E-13

		0.502375		0.497625		5.95E-14				max Time

		0.601458		0.398542		2.95E-14

		0.705826		0.294174		9.89E-15

		0.811267		0.188733		7.84E-15

		0.397229		0.602771		2.54E-13				Kgz zweifelhaft
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(Imbibition) 

 Hilpert / Miller 2001
 No connectivity checks
 No residual air
 Start: completely dry
 Start: small radius 

(i.e. large pc)
 Steps: larger radius

(smaller pc)

Distribution by pore radius 
(Young-Laplace)
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Imbibition Non-wetting phase (air) reservoir

Wetting phase (water) reservoir

 Ahrenholz et al. 2008 
 WP must be connected 
to reservoir
 No residual air
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Imbibition (+) Non-wetting phase (air) reservoir

Wetting phase (water) reservoir

 Ahrenholz et al. 2008 
 WP must be connected 
to reservoir
 NWP must be 
connected to NWP 
reservoir
 Residual air (orange)
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Drainage & Imbibition (Sandstone)
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Pore Diameter [µm]

Volume Fraction [%]
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PSD Data

		

				max diam		max diam [microns]		fraction

				2.80E-06		2.80E+00		2.85943

				5.60E-06		5.60E+00		10.9581

				8.40E-06		8.40E+00		12.6985

				1.12E-05		1.12E+01		6.3112

				1.40E-05		1.40E+01		7.02691

				1.68E-05		1.68E+01		5.7149

				1.96E-05		1.96E+01		4.84954

				2.24E-05		2.24E+01		4.69346

				2.52E-05		2.52E+01		4.97166

				2.80E-05		2.80E+01		4.06861

				3.08E-05		3.08E+01		4.04125

				3.36E-05		3.36E+01		3.51789

				3.64E-05		3.64E+01		3.84884

				3.92E-05		3.92E+01		3.21788

				4.20E-05		4.20E+01		3.03225

				4.48E-05		4.48E+01		2.38891

				4.76E-05		4.76E+01		1.72901

				5.04E-05		5.04E+01		1.64976

				5.32E-05		5.32E+01		1.54144

				5.60E-05		5.60E+01		1.36585

				5.88E-05		5.88E+01		1.28588

				6.16E-05		6.16E+01		0.850092

				6.44E-05		6.44E+01		0.974166

				6.72E-05		6.72E+01		0.992021

				7.00E-05		7.00E+01		0.7504

				7.28E-05		7.28E+01		1.40346

				7.56E-05		7.56E+01		0.306851

				7.84E-05		7.84E+01		0.514614

				8.12E-05		8.12E+01		0.319716

				8.40E-05		8.40E+01		0.305045

				8.68E-05		8.68E+01		0.526379

				8.96E-05		8.96E+01		0.0868512

				9.24E-05		9.24E+01		0.0862809

				9.52E-05		9.52E+01		0.206458

				9.80E-05		9.80E+01		0.279243

				0.0001008		1.01E+02		0.0473018

				0.0001036		1.04E+02		0.0921951

				0.0001064		1.06E+02		0.0614113

				0.0001092		1.09E+02		0.0426353

				0.000112		1.12E+02		0.383591





Chart-pcsw

		1		1		0.000222527		0.000222527

		1		1		0.0917998		0.0917505

		1		1		0.255541		0.247029

		1		1		0.322955		0.303815

		0.999268		0.999268		0.395599		0.361256

		0.999099		0.999099		0.453815		0.399649

		0.99858		0.99858		0.50294		0.41904

		0.998522		0.998522		0.550674		0.437258

		0.992061		0.992061		0.600653		0.450835

		0.991561		0.991561		0.641501		0.460778

		0.99098		0.99098		0.681857		0.468188

		0.989809		0.98981		0.717102		0.475224

		0.98707		0.987071		0.755652		0.481942

		0.986147		0.986149		0.787772		0.487088

		0.984847		0.984849		0.818144		0.491576

		0.983173		0.983176		0.842012		0.493118

		0.954023		0.954029		0.859355		0.494332

		0.932918		0.932931		0.87585		0.495351

		0.928347		0.928368		0.89126		0.497121

		0.924059		0.924087		0.904898		0.498304

		0.904711		0.904755		0.917741		0.498862

		0.893926		0.893997		0.926267		0.499388

		0.869166		0.869276		0.935982		0.49976

		0.824668		0.824828		0.94589		0.500771

		0.714157		0.714407		0.953397		0.502145

		0.614726		0.615385		0.967431		0.504454

		0.492785		0.494213		0.970497		0.505186

		0.330055		0.332381		0.975642

		0.173227		0.180006		0.978833

		0.0463299		0.0873793		0.981888

		0		0.0860785		0.98715

						0.988015

						0.988873

						0.99094

						0.99373

						0.994202

						0.995126

						0.995738

						0.996164

						1
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Imb Data

								2a						2c

		pore rad		pc				i1		i2		i3		i1		i2		i3

		0		inf				0		0		0		0		0		0

		1.40E-06		103929				0.0285943		0.000222527		0.000222527		0.0182843		0.000128368		0.000128368

		2.80E-06		51964.3				0.138684		0.0917998		0.0917505		0.100559		0.0415793		0.041563

		4.20E-06		34642.9				0.266579		0.255541		0.247029		0.212215		0.197707		0.194622

		5.60E-06		25982.1				0.328715		0.322955		0.303815		0.272683		0.26509		0.253308

		7.00E-06		20785.7				0.399613		0.395599		0.361256		0.343023		0.338221		0.317699

		8.40E-06		17321.4				0.456607		0.453815		0.399649		0.400025		0.396593		0.366165

		9.80E-06		14846.9				0.505346		0.50294		0.41904		0.451279		0.448497		0.405864

		1.12E-05		12991.1				0.552016		0.550674		0.437258		0.502407		0.500584		0.434793

		1.26E-05		11547.6				0.601572		0.600653		0.450835		0.558985		0.557942		0.443189

		1.40E-05		10392.9				0.642176		0.641501		0.460778		0.611117		0.610385		0.449966

		1.54E-05		9448.05				0.682352		0.681857		0.468188		0.66067		0.66024		0.457011

		1.68E-05		8660.71				0.717476		0.717102		0.475224		0.707416		0.707136		0.461153

		1.82E-05		7994.51				0.755936		0.755652		0.481942		0.750273		0.7501		0.464729

		1.96E-05		7423.47				0.787979		0.787772		0.487088		0.78875		0.788636		0.467078

		2.10E-05		6928.57				0.818312		0.818144		0.491576		0.822313		0.822238		0.469953

		2.24E-05		6495.54				0.842119		0.842012		0.493118		0.853792		0.853746		0.471008

		2.38E-05		6113.45				0.859417		0.859355		0.494332		0.877044		0.87701		0.472762

		2.52E-05		5773.81				0.875894		0.87585		0.495351		0.904134		0.904113		0.474273

		2.66E-05		5469.92				0.89129		0.89126		0.497121		0.921568		0.921555		0.474813

		2.80E-05		5196.43				0.904918		0.904898		0.498304		0.941164		0.941158		0.475149

		2.94E-05		4948.98				0.917754		0.917741		0.498862		0.955272		0.955269		0.47546

		3.08E-05		4724.03				0.926276		0.926267		0.499388		0.964706		0.964704		0.475766

		3.22E-05		4518.63				0.935989		0.935982		0.49976		0.972324		0.972322		0.476029

		3.36E-05		4330.36				0.945894		0.94589		0.500771		0.978477		0.978476		0.476261

		3.50E-05		4157.14				0.953401		0.953397		0.502145		0.981033		0.981033		0.476437

		3.64E-05		3997.25				0.967434		0.967431		0.504454		0.982896		0.982896		0.476729

		3.78E-05		3849.21				0.970499		0.970497		0.505186		0.987253		0.987253		0.479111

		3.92E-05		3711.73				0.975644		0.975642				0.991741		0.991741

		4.06E-05		3583.74				0.978834		0.978833				0.996664		0.996664

		4.20E-05		3464.29				0.981888		0.981888				1		1

		4.34E-05		3352.53				0.98715		0.98715

		4.48E-05		3247.77				0.988015		0.988015

		4.62E-05		3149.35				0.988873		0.988873

		4.76E-05		3056.72				0.99094		0.99094

		4.90E-05		2969.39				0.99373		0.99373

		5.04E-05		2886.9				0.994202		0.994202

		5.18E-05		2808.88				0.995126		0.995126

		5.32E-05		2734.96				0.995738		0.995738

		5.46E-05		2664.84				0.996164		0.996164

		5.60E-05		2598.21				1		1
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D2
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Drain Data

										d1		d2		d1		d2

				radius		pressure				Sat (WP)		Sat (WP)

										2c		2c		2a		2a

				4.20E-05		3464.29				1		1		1		1

				4.06E-05		3583.74				1		1		1		1

				3.92E-05		3711.73				1		1		1		1

				3.78E-05		3849.21				1		1		1		1

				3.64E-05		3997.25				1		1		0.999268		0.999268

				3.50E-05		4157.14				1		1		0.999099		0.999099

				3.36E-05		4330.36				1		1		0.99858		0.99858

				3.22E-05		4518.63				1		1		0.998522		0.998522

				3.08E-05		4724.03				1		1		0.992061		0.992061

				2.94E-05		4948.98				0.996348		0.996348		0.991561		0.991561

				2.80E-05		5196.43				0.996033		0.996033		0.99098		0.99098

				2.66E-05		5469.92				0.995697		0.995697		0.989809		0.98981

				2.52E-05		5773.81				0.995157		0.995158		0.98707		0.987071

				2.38E-05		6113.45				0.993841		0.993842		0.986147		0.986149

				2.24E-05		6495.54				0.991366		0.991366		0.984847		0.984849

				2.10E-05		6928.57				0.990653		0.990654		0.983173		0.983176

				1.96E-05		7423.47				0.989598		0.989599		0.954023		0.954029

				1.82E-05		7994.51				0.987879		0.98788		0.932918		0.932931

				1.68E-05		8660.71				0.983736		0.983739		0.928347		0.928368

				1.54E-05		9448.05				0.9758		0.975803		0.924059		0.924087

				1.40E-05		10392.9				0.969866		0.969873		0.904711		0.904755

				1.26E-05		11547.6				0.952211		0.952226		0.893926		0.893997

				1.12E-05		12991.1				0.932886		0.932917		0.869166		0.869276

				9.80E-06		14846.9				0.923072		0.923154		0.824668		0.824828

				8.40E-06		17321.4				0.638233		0.638392		0.714157		0.714407

				7.00E-06		20785.7				0.482775		0.483589		0.614726		0.615385

				5.60E-06		25982.1				0.316376		0.318206		0.492785		0.494213

				4.20E-06		34642.9				0.24595		0.249174		0.330055		0.332381

				2.80E-06		51964.3				0.125709		0.13568		0.173227		0.180006

				1.40E-06		103929				0.0259805		0.0840197		0.0463299		0.0873793

				0		200000				0		0.0836101		0		0.0860785
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Permeability

Water Saturation

Permebility [m²]
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Perm Data

		

		Saturation (NWP)		Saturation (WP)		z-perm

		0		1		9.66E-13

		0.19789		0.80211		3.98E-13

		0.299978		0.700022		2.19E-13

		0.502375		0.497625		5.95E-14				max Time

		0.601458		0.398542		2.95E-14

		0.705826		0.294174		9.89E-15

		0.811267		0.188733		7.84E-15

		0.10169		0.89831		7.96E-13				Kgz zweifelhaft

		0.397229		0.602771		2.54E-13				Kgz zweifelhaft
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Permeability

Macroscopic description 
(homogenized porous media model)

Darcy’s law :   

u : average flow velocity
κ : permeability tensor unknown
µ : viscosity
p : pressure 

Microscopic description 
(pore structure model)

Stokes equation: 

Boundary conditions: no-slip on surface, pressure drop
κ can be determined from the solution!
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Permeability (Sandstone)

Result:   0.966 e-12 m²
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Relative Permeability

Idea:
 Combine 
 phase distributions from pore morphology
 single-phase flow 

 Advantage:
 low computational costs
 stability 
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Relative Permeability (Sandstone)

 Choose saturation level, 
choose wetting model 
 Use PM to find air 
distribution (here: yellow)
 Solve Stokes equation in 
remaining pore space 
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Relative Permeability (Sandstone)
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Pore Diameter [µm]

Volume Fraction [%]
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PSD Data

		

				max diam		max diam [microns]		fraction

				2.80E-06		2.80E+00		2.85943

				5.60E-06		5.60E+00		10.9581

				8.40E-06		8.40E+00		12.6985

				1.12E-05		1.12E+01		6.3112

				1.40E-05		1.40E+01		7.02691

				1.68E-05		1.68E+01		5.7149

				1.96E-05		1.96E+01		4.84954

				2.24E-05		2.24E+01		4.69346

				2.52E-05		2.52E+01		4.97166

				2.80E-05		2.80E+01		4.06861

				3.08E-05		3.08E+01		4.04125

				3.36E-05		3.36E+01		3.51789

				3.64E-05		3.64E+01		3.84884

				3.92E-05		3.92E+01		3.21788

				4.20E-05		4.20E+01		3.03225

				4.48E-05		4.48E+01		2.38891

				4.76E-05		4.76E+01		1.72901

				5.04E-05		5.04E+01		1.64976

				5.32E-05		5.32E+01		1.54144

				5.60E-05		5.60E+01		1.36585

				5.88E-05		5.88E+01		1.28588

				6.16E-05		6.16E+01		0.850092

				6.44E-05		6.44E+01		0.974166

				6.72E-05		6.72E+01		0.992021

				7.00E-05		7.00E+01		0.7504

				7.28E-05		7.28E+01		1.40346

				7.56E-05		7.56E+01		0.306851

				7.84E-05		7.84E+01		0.514614

				8.12E-05		8.12E+01		0.319716

				8.40E-05		8.40E+01		0.305045

				8.68E-05		8.68E+01		0.526379

				8.96E-05		8.96E+01		0.0868512

				9.24E-05		9.24E+01		0.0862809

				9.52E-05		9.52E+01		0.206458

				9.80E-05		9.80E+01		0.279243

				0.0001008		1.01E+02		0.0473018

				0.0001036		1.04E+02		0.0921951

				0.0001064		1.06E+02		0.0614113

				0.0001092		1.09E+02		0.0426353

				0.000112		1.12E+02		0.383591





Imb Data

								2a				2c

		pore rad		pc				i1		i3		i1		i3

		0		inf				0		0		0		0

		1.40E-06		103929				0.0285943		0.000222527		0.0182843		0.000128368

		2.80E-06		51964.3				0.138684		0.0917505		0.100559		0.041563

		4.20E-06		34642.9				0.266579		0.247029		0.212215		0.194622

		5.60E-06		25982.1				0.328715		0.303815		0.272683		0.253308

		7.00E-06		20785.7				0.399613		0.361256		0.343023		0.317699

		8.40E-06		17321.4				0.456607		0.399649		0.400025		0.366165

		9.80E-06		14846.9				0.505346		0.41904		0.451279		0.405864

		1.12E-05		12991.1				0.552016		0.437258		0.502407		0.434793

		1.26E-05		11547.6				0.601572		0.450835		0.558985		0.443189

		1.40E-05		10392.9				0.642176		0.460778		0.611117		0.449966

		1.54E-05		9448.05				0.682352		0.468188		0.66067		0.457011

		1.68E-05		8660.71				0.717476		0.475224		0.707416		0.461153

		1.82E-05		7994.51				0.755936		0.481942		0.750273		0.464729

		1.96E-05		7423.47				0.787979		0.487088		0.78875		0.467078

		2.10E-05		6928.57				0.818312		0.491576		0.822313		0.469953

		2.24E-05		6495.54				0.842119		0.493118		0.853792		0.471008

		2.38E-05		6113.45				0.859417		0.494332		0.877044		0.472762

		2.52E-05		5773.81				0.875894		0.495351		0.904134		0.474273

		2.66E-05		5469.92				0.89129		0.497121		0.921568		0.474813

		2.80E-05		5196.43				0.904918		0.498304		0.941164		0.475149

		2.94E-05		4948.98				0.917754		0.498862		0.955272		0.47546

		3.08E-05		4724.03				0.926276		0.499388		0.964706		0.475766

		3.22E-05		4518.63				0.935989		0.49976		0.972324		0.476029

		3.36E-05		4330.36				0.945894		0.500771		0.978477		0.476261

		3.50E-05		4157.14				0.953401		0.502145		0.981033		0.476437

		3.64E-05		3997.25				0.967434		0.504454		0.982896		0.476729

		3.78E-05		3849.21				0.970499		0.505186		0.987253		0.479111

		3.92E-05		3711.73				0.975644				0.991741

		4.06E-05		3583.74				0.978834				0.996664

		4.20E-05		3464.29				0.981888				1

		4.34E-05		3352.53				0.98715

		4.48E-05		3247.77				0.988015

		4.62E-05		3149.35				0.988873

		4.76E-05		3056.72				0.99094

		4.90E-05		2969.39				0.99373

		5.04E-05		2886.9				0.994202

		5.18E-05		2808.88				0.995126

		5.32E-05		2734.96				0.995738

		5.46E-05		2664.84				0.996164

		5.60E-05		2598.21				1





Imb Data

		



I1

I3



Drain Chart

		1

		1

		1

		1

		0.999268

		0.999099

		0.99858

		0.998522

		0.992061

		0.991561

		0.99098

		0.98981

		0.987071

		0.986149

		0.984849

		0.983176

		0.954029

		0.932931

		0.928368

		0.924087

		0.904755

		0.893997

		0.869276

		0.824828

		0.714407

		0.615385

		0.494213

		0.332381

		0.180006

		0.0873793

		0.0860785



D2

Water Saturation

Cap. Pressure [Pa]

3464.29

3583.74

3711.73

3849.21

3997.25

4157.14

4330.36

4518.63

4724.03

4948.98

5196.43

5469.92

5773.81

6113.45

6495.54

6928.57

7423.47

7994.51

8660.71

9448.05

10392.9

11547.6

12991.1

14846.9

17321.4

20785.7

25982.1

34642.9

51964.3

103929

200000



Drain Data

										d1		d2		d1		d2

				radius		pressure				Sat (WP)		Sat (WP)

										2c		2c		2a		2a

				4.20E-05		3464.29				1		1		1		1

				4.06E-05		3583.74				1		1		1		1

				3.92E-05		3711.73				1		1		1		1

				3.78E-05		3849.21				1		1		1		1

				3.64E-05		3997.25				1		1		0.999268		0.999268

				3.50E-05		4157.14				1		1		0.999099		0.999099

				3.36E-05		4330.36				1		1		0.99858		0.99858

				3.22E-05		4518.63				1		1		0.998522		0.998522

				3.08E-05		4724.03				1		1		0.992061		0.992061

				2.94E-05		4948.98				0.996348		0.996348		0.991561		0.991561

				2.80E-05		5196.43				0.996033		0.996033		0.99098		0.99098

				2.66E-05		5469.92				0.995697		0.995697		0.989809		0.98981

				2.52E-05		5773.81				0.995157		0.995158		0.98707		0.987071

				2.38E-05		6113.45				0.993841		0.993842		0.986147		0.986149

				2.24E-05		6495.54				0.991366		0.991366		0.984847		0.984849

				2.10E-05		6928.57				0.990653		0.990654		0.983173		0.983176

				1.96E-05		7423.47				0.989598		0.989599		0.954023		0.954029

				1.82E-05		7994.51				0.987879		0.98788		0.932918		0.932931

				1.68E-05		8660.71				0.983736		0.983739		0.928347		0.928368

				1.54E-05		9448.05				0.9758		0.975803		0.924059		0.924087

				1.40E-05		10392.9				0.969866		0.969873		0.904711		0.904755

				1.26E-05		11547.6				0.952211		0.952226		0.893926		0.893997

				1.12E-05		12991.1				0.932886		0.932917		0.869166		0.869276

				9.80E-06		14846.9				0.923072		0.923154		0.824668		0.824828

				8.40E-06		17321.4				0.638233		0.638392		0.714157		0.714407

				7.00E-06		20785.7				0.482775		0.483589		0.614726		0.615385

				5.60E-06		25982.1				0.316376		0.318206		0.492785		0.494213

				4.20E-06		34642.9				0.24595		0.249174		0.330055		0.332381

				2.80E-06		51964.3				0.125709		0.13568		0.173227		0.180006

				1.40E-06		103929				0.0259805		0.0840197		0.0463299		0.0873793

				0		200000				0		0.0836101		0		0.0860785





Perm Chart

		1

		0.80211

		0.700022

		0.497625

		0.398542

		0.294174

		0.188733



Permeability

Water Saturation

Permebility [m²]

0

0

0

0

0

0

0



Perm Data

		

		Saturation (NWP)		Saturation (WP)		z-perm

		0		1		9.66E-13

		0.19789		0.80211		3.98E-13

		0.299978		0.700022		2.19E-13

		0.502375		0.497625		5.95E-14				max Time

		0.601458		0.398542		2.95E-14

		0.705826		0.294174		9.89E-15

		0.811267		0.188733		7.84E-15

		0.10169		0.89831		7.96E-13				Kgz zweifelhaft

		0.397229		0.602771		2.54E-13				Kgz zweifelhaft
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Summary: Case Study

Input:
 Tomogram of Palatine Sandstone (Pfälzer Buntsandstein) 

Calculated properties:
 Pore size distribution
 Capillary pressure curve 
 Permeability 
 Relative permeability 

Software used: www.geodict.com
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Other Options

 Virtually generated 3D models instead of tomograms
 Fibrous nonwovens
 Wovens
 Sintered ceramics

 Consider relative diffusivity instead of relative premeability 
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Other Industrial Applications

 Fuel cell: gas diffusion layer
 Diapers and hygiene products
 Filtration 

 Paper dewatering felts
 Sintered ceramics
 Woven metal wire meshes
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Thank You !
Geometry generator, property 
predictor and virtual material 
designer

www.geodict.com
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