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Important notice:
The statements and opinions expressed in this presentation are those of the author(s) and should
not be construed as an official action or opinion of the London Petrophysical Society (LPS). While
each author has taken reasonable care to present material accurately, they cannot be held
responsible for any errors or omissions.
The aim of these presentations is to provide reasonable and balanced discourse on the titled
subjects. Consequently it cannot consider in detail all possible scenarios likely to be encountered
and caution is encouraged in apply these principles. Neither the LPS nor the authors can be held
responsible for consequences arising from the application of the approaches detailed here.
This material may not be reproduced without permission, which should be sought in writing from
the authors or the LPS Secretary, whose contact details can be found on the LPS website,
www.lps.org.uk.
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What Petrophysics provides for the Geomodel
Dr Steve Cuddy, Baker Hughes
A geomodel is initialised with reservoir properties including porosity, permeability, facies types
and water saturations; which are available from the limited electrical log and core data derived
from the well locations. A technique, requiring very little user intervention, is presented to quality
control and repair these data. One of a geomodel’s main uncertainties is the true vertical depth;
as the combination of logging depth and deviation survey errors can give an error bar of +/- 30
feet. A technique is presented that normalises these depths, based on the identification of the
Free Water Level (FWL).
Knowledge of what is ‘Net reservoir’ is essential for upscaling parameters, including porosity and
water saturation, and for calculating hydrocarbon in place from the reservoir model. ‘Net’ and
‘Pay’ reservoir cut-offs are defined and shown to be a function of the height above the FWL. The
correct method for upscaling these parameters to the geomodel cell size is described.
A water saturation vs. height (SwH) function describes the distribution of hydrocarbon and water
throughout the geomodel. A good SwH function ensures the three independent sources of fluid
distribution data are consistent. These being the core, formation pressure and electrical log data.
A SwH function is presented that is simple to apply, especially in geomodels where it is difficult to
map permeability or where there appears to be multiple contacts. This function also defines the
irreducible water saturation (Swirr) and the shape of the transition zone. Several geomodelling
case studies are presented, including a difference model which identifies areas of swept and bypassed hydrocarbon.

ABOUT THE AUTHOR
Steve Cuddy is currently a Principal Petrophysicist with Baker Hughes. He is Honorary Research
Fellow at Aberdeen University where he holds a PhD in petrophysics. He also holds a BSc in physics
and a BSc in astrophysics and philosophy. He has 40 years industry experience in formation
evaluation and reservoir description. He has authored several SPE and SPWLA papers and carried
out more than 200 reservoir studies.
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Pragmatic Petrophysics for Models
Dr Martin Kennedy, MSK Scientific
Petrophysicists are fortunate in being able to work with large quantities of numerical data. Most of
this can be relied on as being accurate, precise and free of any subjective or interpretive overprint. Whilst this is mostly a good thing it can lead to complacency and over-confidence in
calculated properties. Moreover, in the last fifty years there have been major improvements in
every aspect of technology of concern to petrophysics: drilling technology, logging tools, computer
hardware, interpretation software and tools for displaying raw and interpreted data. On the whole
this is a good thing but it does mean there is even less incentive to question the results. Specific
problems include:
1. Making measurements and performing calculations because they are possible rather than
necessary.
2. Properties that actually represent the greatest uncertainty may not get the attention they
deserve, simply because they cannot be measured or calculated to high accuracy.
3. The raw data may be accurate and precise but the same need not be true of properties
calculated from it. In general, the conversion of logs to petrophysical properties involve
empirical equations that have been developed in a particular geological environment. Applying
these outside their original area results in greater uncertainty than is generally admitted.
4. The fact that a particular calculation can be performed does not mean that the result is a true
representation of nature. There are numerous models designed to cope with ‘problem’
formations but if the assumptions on which they are based do not apply, the results will be
completely misleading.
These pitfalls have always been present but have only started to cause major problems since the
static geological model has become the centre piece of the reservoir description. This has led to a
subtle change in the role of the petrophysicist in which they are much more closely integrated
with other sub-surface disciplines. This talk will look at some specific examples of reservoirs that
are apparently well understood and accurately modelled when in reality that is not the case.
Examples will include complex mineralogy, thin beds and heterogeneous carbonates.
ABOUT THE AUTHOR
Martin Kennedy started his career as a wireline logging engineer with Schlumberger and has been
involved in some aspect of petrophysics ever since. After short spells working in research and
government, he joined British Gas in 1991 and moved to Enterprise Oil five years later. He was
Chief Petrophysicist at Enterprise from 1997 until the Shell takeover when he joined Petro-Canada,
also as Chief Petrophysicist. He joined Woodside and moved to Perth in 2003 and was appointed
Chief Petrophysicist eighteen months later. In 2008 he left to work as an independent consultant.
His career has spanned everything from field developments to quick-look evaluations supporting
new venture activity, operations and unitisation. Martin holds a BSc degree in Chemistry from
Bristol University and a PhD in Electrical Engineering from Edinburgh University.
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Petrophysics and Geomodels: An Auditor’s View of Common Mistakes
Roddy Irwin and Graham Cocksworth, Rockflow Resources Ltd.
The use of geocellular models (geomodels) to provide estimates of in place volumes is a
widespread and established practice in the industry. This talk highlights the common pitfalls and
poor practices that should be avoided when populating a geomodel with petrophysical properties.
The presented examples illustrate problems that we repeatedly observe when performing
resource audits and due diligence exercises.
From our reviews and reconstructions of models, several risk themes can be identified in the
population and distribution of petrophysical properties within a static model:










Limited representation of rock property distribution –
o biased sampling of wells and petrophysical dataset due to well locations, logging
history and core sampling;
Distribution of net reservoir –
o lack of clarity on the definition of “net” reservoir, inappropriate cut-offs and the
failure to honour depositional architecture;
Upscaling issues –
loss or introduction of heterogeneity through upscaling, inappropriate application of
porosity/permeability relationships;
Differing assumptions regarding petrophysical properties –
o miscomprehension of petrophysics by the geomodeller, such as the difference
between total and effective porosity systems;
Inappropriate extrapolation –
o e.g. kriging or extrapolating log derived water saturation instead of the application
of a saturation-height function, or the independent distribution of intrinsically
linked properties such as clay volume and porosity.

These areas will be explored and practical mitigation steps and checks will be highlighted to
prevent inappropriate petrophysical property distribution. Critically, in many cases, it appears that
the underlying cause of inappropriate population of the petrophysical properties into the
geomodel is lack of communication or understanding between the petrophysicist and the
geomodeller.
ABOUT THE AUTHOR
Roddy Irwin: Partner & Principal Petrophysicist at Rockflow Resources Ltd., 26 years’ petrophysical
evaluation experience gained during an international career with major oil companies and
consultancies.
Dr. Graham Cocksworth: Partner and Principal Geologist at Rockflow Resources Ltd., 22 years’
geomodelling experience gained internationally with major oil companies and consultancies.
Graham has had to work with Roddy in three companies now – every time he moves on, Roddy
follows him.
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Log Data QC, editing, splicing and interpolation
Ray Pratt - Consulting Petrophysicist - Geostart (UK) Ltd
All petrophysical log data coming from a well operation should be checked and approved by the
petrophysicist before it enters the company database. All log edits and log simulation should be
done in a consistent manner by the petrophysicist before it is distributed to other users such as
the Operations Geologist, Project Geologist, Project Geophysicist etc. Historical data from CDA,
NPD and other databases show that this has commonly not been the case. This presentation will
show a few examples of such issues and will elaborate on the following bullet points











Off depth logs should not leave the wellsite. Ones that have done so generally have a life
of their own and cause lots of confusion for years to come.
When using historical data compare the data to the Completion Log Plot from the well to
verify that the logs being used are those from the well and that the logs are on depth.
Automatic log splicing can produce unwanted results, best do it manually.
Casing effects, badhole effects, topping and tailing of spurious data need to be edited in a
consistent manner. All environmental effects need to be removed from logs.
GR logs should be environmentally corrected before splicing. Steps in the Gr between log
runs should not happen in the same formation.
Resistivity logs from different sources should not be spliced. However, the resulting
evaluated logs (Rt, Rmed, RXO) can.
Badhole flags based on hole size, drho and pef logs can be used to help QC density data.
Generating a psudo sonic using the Gardiner equation over intervals where both logs have
been run can sometime assist in the QC of the logs.
Geophysical log sets commonly contain simulated logs generated by multiple regression
and other techniques over intervals where data such as density or shear sonic were not
recorded. Checking the generated results using crossplots is recommended.
It is extremly important to differentiate between raw, edited and simulated logs using
consistent mnemonics. A company mnemonic scheme should be ridgedly adhered to.
Composited logs for the Completion Log (commonly known as the Best Set) should not
contain simulated logs.

ABOUT THE AUTHOR
Ray Pratt has over 30 years varied experience in the Oil and Gas Industry, starting in 1987 with
Hamilton Brothers as an Operations Geologist and subsequently working for a number of major
operators (including BP) as a Petrophysicist. He is, presently, a Consultant Petrophysicist and
Director of Geostart (UK) Ltd.
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Quality-Control of Petrophysics Data Upscaled in Subsurface Models
Lachlan Finlayson and Paul Hodson, Petrofac Engineering and Production Services
Most petrophysic log data is acquired with a sample rate around 6”. During processing and
interpretation, this results in a bed resolution of a few feet. When integrated into static and
dynamic models, some of this resolution is lost at each upscaling procedure. Reasons for this loss
of resolution can be due to physical limitations imposed by the software in building very large
static models. Also the time required to run history matches and production forecast predictions
can limit the dynamic model size and therefore further limit subsurface resolution.
Quality control of each upscaling and transfer of data is crucial to ensure reservoir properties are
maintained as best as can be managed given the limitations. Comparisons of hydrocarbon volumes
between static and dynamic models are important to ensure there is no significant loss or gain
resulting from the upscaling. Furthermore, understanding any changes to absolute values of
reservoir properties are crucial as these are often calibrated to and modified by very fine-scale
data from routine and special core analysis. The presence and distributions of shales and tight
streaks will of course impact the nature of production during production forecasting from dynamic
models. Sharing, comparing and contrasting reservoir properties from Petrophysics, Static and
Dynamic models will provide more robust production forecasts, resources estimates and Field
Development plans.
Examples will be shown from a clastic sand-shale oil reservoir. These will be related to reservoir
properties including thick and thin sands, shale barriers and reservoir tight streaks. Different
methods of estimating original saturation in static and dynamic models are also compared for
different reservoir qualities throughout the oil column.

ABOUT THE AUTHOR
Lachlan Finlayson is currently the Chief Petrophysicist for Petrofac in their recently formed
Consultancy Services Group. He has over 20 years varied experience in the Oil and Gas Industry,
working for a number of major operators (including Exxon Mobil and Shell) as a Petrophysicist.
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Along-hole Depth Quality Improvement: Creating Compatibility Between Driller’s and Wireline Depth
Harald Bolt (ICT Europe)
Objective:
Along-hole depth is the most fundamental subsurface measurement made in our
upstream business.
Logging while drilling (LWD) depths are based on driller's depths. Driller's depths have
been plagued with issues, with numerous articles highlighting this.
A methodology is proposed that provides LWD responses with a drill pipe based depth
that is calibrated and corrected and compatible with wireline depth measurement. Using
the same principles of calibration, correction and verification, a calculable uncertainty is
also possible. The objective is to arrive at True Along-hole (TAH) depth.
Method:
Driller's depth measurement is based on drillstring length, typically as identified in the
"tally book". Together with the dimensions of the bottom hole assembly (BHA), the
calibrated pipe lengths represent the drillstring length and hence driller’s depth.
Drill pipe length is affected by temperature. When thermally corrected the individual pipe
lengths represent the thermally corrected calibrated length of pipe.
Way-point, similar to wireline correction, is proposed for correcting the drillstring elastic
stretch over sections of the drillstring defined by the tension regime. Uniquely, the
parameters that cause difficulty in modeling corrections while drilling are mitigated when
pulling out of hole, and the corrections then reduce to a wireline type elastic stretch
correction. This allows a corrected depth to be defined for the drillstring and hence the
associated LWD sensors, and this allows a calculable uncertainty to be assigned to the
corrected depth.

Correction, and associated uncertainty, variances per along-hole depth
Observation:
A crucial difference to conventional driller's depth is that the method is applied when
pulling out of hole, similar to wireline.
The technique outlined takes in account wells with complex and long reach trajectories.
Additional Information:
The proposed method is designed to offer a calculable uncertainty so that wireline or
driller’s depths can be directly compared and verified.
ABOUT THE AUTHOR
Harald Bolt is currently a Director of and has worked for ICT Europe Ltd for over fourteen years.
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Challenges in Upscaling Rock Properties to Geomodels
Alan Johnson, Integrated Petrophysical Solutions (IPS) Ltd
In the early days, reservoir models were built on a zonal basis and the input of petrophysical
properties was relatively simple; being based on zonal sums and averages generated by the
petrophysicist as one of the deliverables of his analysis.
Modern geomodels are based on a finer layering structure within the zones, reservoir zones,
designed to capture fine scaled reservoir architecture. The petrophysical input to these models is
no longer the zonal average values calculated by the petrophysicist, but the log scale calculated
rock property curves themselves. The averaging of these curves, now termed “upscaling”, now
gets performed within the geomodelling software. By default, the upscaling of these curves
involves simple averaging with no weighting applied.
The geologist, and hopefully, the petrophysicist, are usually presented with a number different
options when performing the upscaling step, and not all will preserve the net pore volume or net
permeability thickness, as calculated at the log scale. This can lead to major volumetric
discrepancies in the final models.
This presentation will highlight the potential volumetric deficiencies resulting from a number of
standard upscaling strategies and propose a QC methodology and approaches to upscaling to
ensure the preservation of pore volumes in layered geomodels.
ABOUT THE AUTHOR
Alan Johnson has over 40 years’ experience in the Oil and Gas Industry, having worked for Shell
until forming Integrated Petrophysical Solutions (IPS) Ltd in 2016.
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'Upscaling a shale pore system across multiple scales: An example from the Haynesville-Bossier
Shale, southeast USA’.

Ma, Lin1, Dowey, Patrick J. 1, Taylor, Kevin G.1, Lee, Peter D.2, 3,
1

School of Earth, Atmospheric, and Environmental Sciences, University of Manchester, Manchester, M13
9WJ, UK 2Manchester X-ray Imaging Facility, School of Materials, University of Manchester, Manchester,
3
M13 9PJ, UK Research Complex at Harwell, Rutherford Appleton Laboratory, Harwell, Oxfordshire,

OX11 0FA, UK
Shale reservoirs are highly heterogeneous on a range of scales. Multi-scale analysis has the
potential to significantly improve geological models in these complex systems. One issue is the
accurate upscaling of pore systems and permeability caused by the technical limitations in
continuous imaging and quantification across a wide spectrum of scales. In this paper we construct
an integrated pore system upscaling method with data from a producing shale reservoir across a
range of scales. The upscaling relies on the relative homogeneity of pores, minerals and
microfacies, with three bridging equations across four distinct length scales utilising X-ray
tomography and 3D scanning electron microscopy.
Five scales are used in this study to examining features with length scale from 10-3 m or above to
10-9 m : macro-scale (R0, 10-3 m or above), mesoscale (R1, 10-3 to 10-5 m), microscale (R2, 10-5
to 10-6 m), submicron-scale (R3, 10-6 to 10-7 m), nanoscale (R4, 10-7 to 10-9 m) to describe the
features in shales and the latter four ones were used in the 3D imaging techniques. In the first
stage, four pore types, (intra-organic matter, organic interface, inter-mineral and intra-mineral
pores), organic matter and minerals were identified at high-resolution nanoscale. From the highresolution nanoscale computed volume coefficients were used to upscale the pore system to lowresolution nanoscale. In stage two, silt-rich and clay-rich lamination imaging sets were selected at
low resolution nanoscale; from the volume fractions an upscaling equation was derived for both
lamination types. In stage three, the identified volume coefficients were further developed using
mineral and organic matter datasets to upscale the pore system to the mesoscale/macroscale. A
corresponding permeability transform was derived according to the microfacies type. All images
used for upscaling at the highest resolution are above the minimum representative volumes, and
the volume coefficients of distinct phases were representative at corresponding scale and
applicable for each stage of upscaling process. The final computed porosity has an average
relative error 0.07 when compared with the laboratory-measured porosity while the relative error
for permeability is 0.11. This verifies the feasibility of the proposed upscaling workflow, it also
indicates the potential of upscaling as a solution to accurate prediction of porosity and
permeability in shale reservoirs.
ABOUT THE AUTHOR
Lin Ma works with Prof Kevin Taylor in his shale research group in University of Manchester.
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Pre-production pressure depletion in the Johan Sverdrup field
Linus Erik Froberg, Maersk Oil.
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What To Do About Uncertainty? – From Petrophysics to GeoModel
Some answers and plenty of questions
Martyn Beardsell, Petrel Workflow Advisor, Schlumberger, UK
The methodology to take wireline logs, typically at a resolution of 6”, and upscale them into a
geological grid prior to property distribution throughout the reservoir is well known.
However in these days of high risk and low price it is essential to quantify the uncertainty in our
reservoir models. Clearly when we perform log analysis to produce the key inputs to the reservoir
model of Facies, Saturation, Porosity and Permeability there is a degree of uncertainty in the
measurements and the results. The question that arises is: How should the petrophysical
uncertainty be integrated into the full reservoir uncertainty?
This presentation will first cover the key procedures in going from logs in the well to upscaled cells
in the geomodel dealing with:
·
·
·
·

Log normalisation
Facies upscaling and target grid size
Porosity upscaling conditioned to facies
Property modeling

The concept of reservoir uncertainty will be introduced and how it is currently evaluated.
Finally the question of how we carry forward uncertainties of the petrophysical measurements
into the model will be discussed.
Some options will be presented before opening for discussion.
ABOUT THE AUTHOR
Martyn Beardsell has worked in the Petroleum industry for over 37 years since completing his
degree at Kings College Cambridge and his masters in Petroleum at Heriot-Watt. His early years
were with Schlumberger wireline before joining Elf as a Reservoir Engineer. During his eight years
with Elf he became interested in cross domain workflows and systems integration which led to
working with Schlumberger on software development since 1998. Martyn was instrumental in the
development of Petrel within Schlumberger from 2003. He advises on cross domain workflows,
particularly Uncertainty quantification, and has been heavily involved with the Structural
framework development.
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Multiscale Fractal Modelling of Heterogeneous and Anisotropic Reservoirs
Saddam Sinan, Piroska Lorinczi & Paul W.J. Glover
(with contributions from Saud Al-Zainaldin, Hassan Al-Ramadhan, George Daniel and Anuar
Kalimuratov)
Paradigms are shifting in the hydrocarbon industry. Large, relatively uncomplicated reservoirs are
obsolescent, and those resources which remain will be increasingly smaller, deeper, more difficult
to access, more heterogeneous and more anisotropic. The Future is a world where
unconventionals are the new convention and hydrocarbon production will be increasingly
dominated by technical challenges associated with the rock microstructure and the distribution of
the paying fluids.

Figure 1 Three aspects of an advanced fractal reservoir model (a) Porosity, (b) grain size, and (c)
cementation exponent; fractal dimension D=3.5 and a vertical anisotropy factor of =6.0. (128 x
128 x 32; 524288 voxels).
This presentation concentrates on modelling and simulation of heterogeneous and anisotropic
reservoirs. Heterogeneity and anisotropy remain a challenge for the modern hydrocarbon industry
because such reservoirs exhibit extreme inter-well variability making them very hard to model, at
the same time as models become indispensable for reservoir management and development.
The conventional approach is to construct reservoir models using modern statistical techniques in
an attempt to populate the inter-well volume with representative data. Such techniques invariably
involve the up-scaling and interpolation of sparse datasets, both of which reduce the capacity of
the reservoir model to represent reservoir heterogeneity and anisotropy accurately. We replace an
accurate image of a single brick with a view of the whole building, but through spectacles made
from ground glass. What is needed is a model that can include data at all scales such that it can
represent the heterogeneity of the reservoir correctly at each scale. Fractal mathematics can be
used to make such a model (Figure 1).
This presentation will consider a new approach based on self-affine fractal structures in the form
of Advanced Fractal Reservoir Models (AFRMs). The use of such a fractal approach has three
distinct challenges. The first is to create a code to model fractal variability of reservoir properties
in 3-dimensions, the second is to use the code to model porosity, cementation exponent and grain
size, from which permeability, synthetic poro-perm cross-plots, water saturation maps and relative
permeability curves may be calculated. These initially generic models can be conditioned to
represent the variability found in real reservoirs, and that implies being able to measure the fractal
dimension and anisotropy of real reservoirs.
13 | P a g e

From Petrophysics to Geomodel
th

Wednesday 5 July 2017
The Geological Society, Burlington House, London

Figure 2. Comparison of simulated production rates for three different reservoir heterogeneities for
a krigged model, an AFRM and the reference model to which they were both conditioned. The
AFRM model performs much better than the conventional approach for all heterogeneous
reservoirs.
The presentation will describe the creation of AFRMs briefly. Subsequently it will consider the
effect of changing heterogeneity and anisotropy on simulated production characteristics together
with well-placement and the interplay between well distribution and anisotropy, showing
significant effects on cumulative hydrocarbon production, production rate and water cut with all
four of these variables.
The real test of AFRMs is their capacity to be conditioned to real reservoirs. Initial results will be
presented where fractal interpolation has been used to match AFRMs to reservoir data across a
wide scale range. Results comparing the production characteristics of such an approach to a
conventional krigging and up-scaling approach will be presented, showing a remarkable
improvement in production modelling when AFRMs are used (Figure 2).
Reference. Al-Zainaldin, S., Glover, P.W.J. and Lorinczi, P., 2017. Synthetic Fractal Modelling of
Heterogeneous and Anisotropic Reservoirs for Use in Simulation Studies: Implications on Their Hydrocarbon
Recovery Prediction. Transport in Porous Media, 116, pp. 181-212. doi: 10.1007/s11242-016-0770-3.

ABOUT THE AUTHOR
Professor Paul Glover is currently the Chair of Petrophysics at the University of Leeds. Previously,
he was Professor of Petrophysics at the Université Laval, Quebec for over ten years.
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Interpretation and Integration of Formation Testing Results into 3D
Richard Jackson, Schlumberger
Formation testing is a widely applied and cost-effective formation evaluation technique, covering
pressure and mobility surveys, reservoir fluid sampling, downhole fluid analysis, pressure transient
testing and insitu stress testing. Modern data acquisition tools and analysis techniques now extend
these applications to reservoir characterization, including reservoir connectivity assessment, fluid
gradients, property population and integrated stress analysis. Despite advances in software
technology, most analysis is still based on single station and single well data. Multiple well and
time lapse analysis is not easy, and the value of the data is not often fully recognized. In a new
approach, we effectively carry the analysis results of single and multi-well formation testing data
into a 3D reservoir characterization platform. Using this approach, the analysis and visualization of
reservoir architecture, possible faults, fluid complexities and model consistency checks are now
possible. This enables faster data flow and better recognition of the value of the data for input to
geologic models, reservoir modeling and simulation. In this technical contribution we present a
case study and discuss the practical application of this approach, which will enable improved
workflows for building better and faster static 3D and dynamic reservoir models for use
throughout field life (Fig.1).

ABOUT THE AUTHOR

Figure 1: Multi-well composite with 3D reservoir model showing petrophysical logs and formation testing results:
fluid gradients and fluid regions with downhole fluid analysis measurements.

ABOUT THE AUTHOR
Richard Jackson is currently Technical Director & Reservoir Engineering Advisor - Schlumberger,
Paris
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