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Objectives of the Permeability Estimates

Å In dynamic reservoir modelling, we typically need to 
understand fluid flow on a km-scale to plan wells and 
estimate recovery

ÅPetrophysicistsand geologists spend a lot of time analysing 
cross plots and well logs to derive a poro-perm relationship

ÅHowever, reservoir engineers often have to invoke directional 
permeability modifiers in the simulator to match production 
behaviour and pressures

Å In some cases this is because the baffles and facies 
architecture has not been captured in the static model

As we know, some lithologies are not 
sampled by core plugs or are below log 
resolution, for example extensive thin 
shales or laminated facies

So how do we translate the geological features into relatively large simulation cells?



Core Samples in Turbidites 
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Most of the samples are in the sandstone
The poor-quality facies are poorly sampled and difficult to measure
Can we use the vertical permeability from core?
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Plug Sampling Bias

Poor quality facies and mudstone rarely sampled
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Por-Perm Cross Plot

Reasonable K-Phi 
relationships at greater 
than 10mD

Some scatter below 1mD

Silty lam

vfine sst

Fine sst
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1. We do not want to include the poor quality samples in the Kh
2. We can make some vertical permeability estimates from the silty samples



Vertical Permeability in the poor facies

Por Kh Kv Kv/Kh

0.17 10.0 0.50 0.05

0.12 3.0 0.20 0.07

0.15 8.0 0.70 0.09

Average: 7.0 0.47 0.07

(Data reduced to one well)

Just from these observations, we have some estimate of Kvand Kh

Some selected silty plugs:
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Most of the sandstone plugs 
represent Kh

Por Kh Kv Kv/Kh

0.23 654 388 0.59

0.23 753 815 1.08

0.24 985 613 0.62

0.23 817 790 0.97

0.22 468 508 1.09

Average: 735 623 0.87
mD



Outcrop Information
Outcrop characterization of a submarine channel-lobe complex: The 
Lower Mount Messenger Formation, Taranaki Basin, New Zealand.
Larisa U. Masalimova, Marine and Petroleum Geology 71 (2016)

High NTG, but thin shales and silts will reduce vertical permeability
These are thinner than any cell we could place in a model
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Frequency of Mudstone Beds
Litho-Facies Associations

The mudstone and silt beds may extend several 100 metres
A facies classification can be developed
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500m

Scale in Reservoir Simulation Models

ÅAim to build 3D model at dynamic 
simulation scale

ÅThe directional permeability on a 
simulation scale can be captured more 
effectively by combining lithologies 
into Lithofacies Associations

ÅA particular LFA is a combination of:
ÅLithologies (e.g. sand shale)
ÅSmall-scale geometry (e.g. thin beds)
ÅPetrophysical pore types (e.g. primary or 

secondary)

ÅUsing typical properties, a set of fine 
and coarse single cell models are built 
for each LFA to represent the range in 
directional permeability
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Modelling Workflow

Field Outcrop Example Sketch

Outcrop Example from 
Mount Messenger, Taranaki Basin, New Zealand
Depositional environment: Median Fan Turbidite Lobes 

Width:Thicknessratio 1:50 to 1:200
Compensational stacking
Moderate NTG
Variable amalgamation ratio 
and vertical connectivity

Making the sketch makes us think about the larger-scale geometry



LithoFaciesAssociations

ÅAs a starting point, lets define the term LFA as 
meaning sedimentary facies
ÅA sedimentary bed or bed-set
ÅSomething deposited at almost the same time by a 

particular depositional process
ÅTypically extends at least 50m laterally

ÅLFA should be defined from core together with 
outcrop information
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Character of four Litho-Facies Associations

20m

500m

LFA Description Grain 
size

Bed 
thickness

NTG
(proportion oil)

Vertical Perm

LFA1 Medium bedded 
sandstone

vf-f 20 �t 50cm 1 = horizontal

LFA2 Thin bedded rippled 
sandstone with silt lam.

vf-silt <20cm 0.8 Low

LFA3 Interbedded vf-fine sand 
and silt, shale lam

vf / silt-
mud

<20cm 0.5 Very low

LFA4 Shale mud <50cm 0 Very low

Å The LFA can be a combination of petrophysical rock types
Å Not attempting to define every thin bed 
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