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Introduction to experiments
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Introduction to experiments

P
c

Saturation

Which curve is correct?

What would the Pc curve look like if all 

capillaries were strongly oil wet prior to 

the experiment?
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Introduction to experiments

Can this happen in reality?
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Planning SCAL data acquisition programs

Rock data: 

Porosity and permeability distribution

Drainage curves (gas-oil, oil-water or gas-water) for Saturation 

height modelling

Key parameters for specific formation evaluation objectives such 

as n, m, CEC, etc

Rock compressibility (cf)

Fluid data (gas, oil and water): 

Volume factors versus pressure (Bg, Bo, Bw)

Viscosity versus pressure (mg, mo, mw)

fluid compressibility (co,cw)

Gas in solution versus pressure(Rs)

IFT
Transmission data for describing displacements 

between blocks – Relative permeability

Basic information from core analysis and fluids to initialize a 

dynamic model):
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Planning SCAL data acquisition programs

Transmission data is based on the strategy for modelling, 

development options, and understanding of fluid behaviour:

Transmission data (kr) for describing gas displacing oil:

Krg and Kro Drainage

Gas

Oil

Water

Gas

Oil

Water

Transmission data (Kr) for describing water displacing oil:
Kro and Krw water displacing oil Imbibition

Pc Water displacing oil Imbibition

Transmission data for describing oil invading gas cap or aquifer:

Kro, Krg oil displacing gas Imbibition

Pc oil displacing gas Imbibition

Kro, Krw oil displacing water Drainage

Gas

Oil

Water
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Experimental Design

Water wet systems: If pressure is large enough, invade the next largest 

available pore throat along the continuous interface 

(Invasion percolation)

Snap off mechanism is a function of

wettability and aspect ratio

Wettability is not an input to anything, but it 

affect  whatever that is measured after primary 

drainage
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Experimental test design

 Forces in a flooding experiment (primary drainage):

Ca

M

VF SD

CF

 Gravity forces are normally negligible compared with capillary forces.

 The diagram does not take into consideration pore size distribution
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Experimental design

 Kr by USS gives relative permeability in a limited saturation range

 Kr by centrifugation gives the tail end Kr for only the `extracted phase fluid`

Methods for determining kr
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Experimental design

Saturation Evaluation 
above transition zone Is 
more sensitive to 
“n”value

WETTABILITY 

=>Variable “n”

“n”

Saturation Evaluation in 

TRANSITION ZONES

Is very sensitive to 
“m”value

PORE NETWORK

=>Variable “m”

“m”
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Experimental design

Laboratory flooding experiments

Capillary pressure versus relative permeability

S

x

Pc=0

Capillary end effect

 Capillary pressure measurements:

Time scale is determined by relative permeability

 Relative permeability measurements:

Fluid distribution is determined by capillary pressure

Numerical Interpretation of  experiments

Analytical interpretation can not be used directly
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Numerical interpretation of experiments

 Design of experiments or check of experimental design 

 Quality control of the interpretation of the experimental data

 Interpretation of experimental Pc and Kr data together
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Rock and Fluid Properties

SIM Kro Curve

SIM Krw curve

Simulation to match DP and 

Saturation distribution 

By tuning Kr

MSC 

Experiment

SS Experiment

Matched Pc

Matched Kr

Rock and Fluid Properties

Simulation to match 

volumetric production from 

centrifuges (MSC)

By tuning analytical Pc

SIM Pc

Analytical Kr

Analytical Pc

Numerical interpretation of experiments

Work Flow
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Concept of modeling a Kr experiment in a simulator

Water Water

Oilg-detector

g-source

DP

experiment

MoReS simulations:
 Capillary pressure
 Mobility both oil & water
 Experimental constraints

kro

Sw

analytical
interpretation

MoReS
Result

production data

Oil out

time

DP

pro
du

ctio
n
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injector:
rate constraint

Concept of modeling a Kr experiment in a simulator

......

producer:
BHP constraint

Pc=0

oil,water oil, water

CORE

Pc=0

Poil , Pwater Poil , Pwater
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Numerical interpretation of experiments
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Numerical Interpretation of experiments

Centrifuge design
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Numerical Interpretation of experiments
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Building models based on experimental data

A Kr curve is not the same as a Kr Model

Work Flow
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Building models based on experimental data

A Kr curve is not the same as a Kr Model

Water-Oil relative permeability modelling

5 tuning parameters: So, No, Nw, Krw, Nw
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Building models based on experimental data

“Actual versus predicted by model”

Example of tuning So and Kro to P10, P50, and P90

Benchmarking new data to analogues
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Summary

 Time to plan, acquire and implement data in models is a very time demanding 

process. See this in light of your project milestones/decision gates when justifying 

data acquisitions

 Planning a SCAL program require you to have a clear strategy for modeling concept. 

Draw a road map of deliverables needed as the first step of planning instead of 

discussing procedural details with lab

 Experiments fails- take a strong ownership to  the design of the experiments and be 

involved in all details when moving into execution

 Dynamic experimental data can usually not  be directly implement in models. They 

need to interpreted in a simulator

 Numerical interpretation can not fix bad data

 Numerical interpretation of SCAL data needs to be done as a part of the quality 

assurance process work flow in an oil company.


