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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 tegent 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 sceridedy 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 watlt 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.|ps.org.uk

The following pages contain the Abstracts
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What is Advanced Formation Evaluation?

KevinCorrigan, Independent Consultant
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scenario that wilbe new to many as they find themselves in an industry that is deiging and the
responsibilities fall to them to make, not only the necessary calculations, but key judgments and
analyses for the almportant investment decisions.

¢t KS Sy R 2iFupan8daadno langdr ¢an we rely upon conventional reservoirs and standard
analytical techniques to deliver the necessary supplies. We have to look toward advances in our
understanding, which can be delivered or supported by academia, software hgasése companies
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particularly as our sphere of influence grows and our results greatly impact associated disciplines.
¢2RIF&2Qa aSYAyYl Ningexpeliendelash& goZofward iK this neW &a aNdftake on the
challenges of: shale gas, thitdgdded reservoirs, carbonate plays, low resistivity pay and complex
reservoir solutions, to name a few.

Examples will be shown where, by no longer takingetrdphysics 101 view of the data but
approaching it from an integrated and Advanced Petrophysical viewpoint, we can obtain totally
unexpected results.

Kevin Corrigarhas over 40 years of Petrophysics experience in the industry and has been a member
of the SPWLA (London Chapter) and LPS during that time. He entered the industry with Schlumberger
in Paris, as it developed its Computerized Processed Interpretation software. He was a wireline Field
Engineer in North Africa and the Middle East, before becomiRgtrophysicist with BP in the North

Sea. He has worked on numerous international projects as a consultant and has recently left Anadarko
Petroleum where he was a Petrophysics Manager for the Gulf of Mexico and International New
Ventures. Kevin is a Chared Engineer and member of the SPWLA, SPE, PESGB and IMMM.
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Shaly Sand Evaluation in the Total & Effective Porosity Systems: Know the
Difference!

Roddy Irwin,Rockflow Resources Ltd.

Every profession has its enduring debates and differences of opi&rophysics hagor decades

been divided into the Total Porosity and Effective Porosity camps in terms of Shaly Sand evaluation
approaches. Petrophysicists even argue over the precise definition of Effective Porosity and serious
disputes arise concenng the use of eithea VVolume of Shale or Volume of Ctaym in the analysis.
Tempers have been lost and some petrophysicists no longer send each other Christmas cards as a
result.

Essentially Total Porosity is the entire pore space which may contalis, ftagardless of whether they
are mobile or bound. EffectiveoRosity evaluationapproaches attempt to distinguish the free fluid
porosityportion from bound fluids.

Calibration of the petrophysical log evaluation to core analysis data requireskingganderstanding

of the core analysis process to determine the extent that either porosity system is represented by the
core data. Controlled humidity drying of the core gduis designed to preserve tldra porosityclay
structure,but this is notalways the case in practice.

In principle, hydrocarbon volumes estimated from either system shoulédwel as the porosity
decrease resulting from moving from a Total Porosity to an Effective Porosity must be compensated
by an increase in the hydrocarbon saturation sitleesame hydrocarbon amount is present in nature.
However this only works if the Total @rcffective evimation protocols are followed rigorously and

the appropriate saturation equations are applied: Total and Effective porosity systems require
distinctly different types of Water Saturation equations, as the conductivity property of claaiedr
differently in each system.

With the widespread use of multimineral probabilistic interpretation modules in modern
LISGNRLIKEAAOFE a2FdgkNB AG Aa Fft G22 Slae (2 Nz
the reasons why specific algtimns or routines should be adopted or avoided. The risk is that an
inappropriate evaluation could be performed without due consideration of the formation lithology,

the porosity systems, the hydrocarbon phases and the available core analysis data.

The tak builds upon concepts introduced in the LPS 2016 Petrophysics 101 SeminéH aoder the
appropriate methods for the determination ofPorosity andWater Saturation in Baly Sandstone
reservois. The key differences and potential pitfalls of the Totald Effective Porosity System
evaluation protocolswill be highlighted The speciatase of laminated thin bedded Shaln8s will
also beaddressed.

Roddy Irwin Partner & Principal Petrophysicist at Rockflow Resources Lt&, 26 NE Q LIS NB LK &
evaliation experience gained during an international career with major coilnpanies and
consultancies.
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ResistivityinThin SRX &a2YS OIFaS addzRAS

lain Whyte, Tullow Oil

This presentation will open with some basics of resistivity measurement principles and then
move on to look at some field examples where oft time very large financial decisions were
required to be made near real time based on available data. We wklldbsome tool
measurement phenomenon and what to watch out for including how to model or correct for
those effects.

lain Whyte has worked for Tullow Qil for past 6 years in the role of Group Operations Petrophysics
Lead supporting data acquisition aif types for Tullow Qil globally. Prior to this he worked as a
Petrophysicist and Operations Petrophysicist for BP between 2004 and 2010 in locations including
¢dzN] S@xX b2NBles !'TSNBlFA2HY FyR !y3az2ftl o sLIAYQA
was as a Wireline Logging Engineer, working 1 year for Weatherford and 7 years for Baker Hughes.

In his spare time he is the current President of London Petrophysical Society. He received his

honours degree in Applied Physics from Robert Gordon Uniyéns1995.

a
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A review of lowresistivity and lowresistivity-contrast pay with focus on
Africa

Michel Claverie, Schlumberger

We will review the rocks and fluids characteristics that cause hydrocarbon reservoirs to
exhibit either low formation resistiwt or low resistivity contrast with watdsearing
zones. Together with the evaluation of accurate hydrocarbon volumes in these reservoirs,
we will look at methods to estimate their flow properties and predict their produced fluids
fractions.

Africa offshoe and land reservoirs display a wide variety of complex formation resistivity
patterns from thin sand and shale laminations, porous and silty sandstones, lithic or
homogeneous fresh water sands, and conductive geaisting minerals.As we go through
sevaal case studies, we will comment on the limitations of the poressistivity saturation
methods for shaly sands, and describe simple and robust alternative methods for the
estimation of hydrocarbon volumes and predicted produced fluids fractions.
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Fig. 1: Very fresh water reservoirs, onshore Africa. The oil volumes calculated from jpesistityity
(Archie) are highly dependent on the selected formation water salinity FSAL.

Michel Claverie is the Petrophysics Technical Director for Schlumbéfigeline. Based in
London, he also provides technical support to operators in the Eufdpea region.
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Dr Steve Cuddy, Baker Hughes / SPE

Ly 2NRSNJ G2 RS SNYA plaBe itlis ndcasSaty Ro@nadelkhe @isdiBudidn Nllddy A Y
throughout the reservoir. A water saturation vs. height (Swh) function provides this for the reservoir
model. A good Swh function ensures the three independent sources of fluid distributioraata
consistent. These being the core, formation pressure and electrical log data. The Swh function must
be simple to apply, especially in reservoirs where it is difficult to map permeability or where there
appears to be multiple contacts. It must acdeig upscale the log and core derived water saturations

to the reservoir model cell sizes.

This presentation clarifies the often misunderstood definitions for the -keger-level, transition

zone and irreducible water saturation. Using capillary presthieory and the concept of fractals, a
practical Swh function is derived. Logs and core data from eleven fields, with very different porosity
and permeability characteristics, depositional environments and geological age are compared. This
study demongated how this Swh function is independent of permeability and lithcies type and
accurately describes the reservoir fluid distribution.

Also how the shape of the transition zone is related more to pore geometry rather than porosity or
permeability £ 2 y S @ | 2yaSldsSyidtes GKAA { 6K FdzyOilAizy 3
determined by its pore architecture. A number of case studies are presented showing the excellent

match between the function and well data. The function makes an aceymadiction of water

saturations even in wells where the resistivity log was not run due to well conditions. The fractal
derived function justifies using core plug sized samples to model water saturations on the reservoir

scale.

Steve Cuddys an Honoary Research Fellow at Aberdeen University where he holds a doctorate in
petrophysics. He also holds BSc (Hons.) in physics and a BSc in astrophysics and philosophy. He has
40 Years industry experience in formation evaluation and reservoir descripkiens a distinguished

lecturer for the SPE and has been awarded the best SPWLA symposium paper award. He was the
General Chairman with overall responsibility for the Annual Logging Symposium of SPWLA in
Edinburgh. He has authored a number of SPWLA B&dfpers and carried out more than 200
reservoir studies.
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Joint Interpretation of Magnetic Resonanceand ResistivityBased Fluid
Volumetrics ¢ A Framework for petrophysical evaluation

Holger Thern, Geoffrey Page, Baker Hughes Inc.

The accurate quantification of fluid volumes is one of the most important tasks for determining the
economic value of hydrocarbon reservoirs. Fluid saturation calculation from resistivity logging data
has been established for many decades with known b&nhefind challenges. More recently, the
nuclear magnetic resonance (NMR) logging technology has developed as an alternative, robust
YSGK2R F2NJ RANBOG FfdzAR @2ftdzyS SaildAYlliAzy o8& &
reservoirs are becoming more dienging, conventional resistivity logging data evaluation involves
increasing difficulties and ambiguities, for instance in complex lithology due to the presence of
conductive minerals, low formation water salinity, fractures and vugs, or local varidtionater
resistivity. NMR logging data processing and interpretation are also not stifaigtérd in complex
carbonates and heavy oil reservoirs, as well as in case of wettability alteration and due to the presence
of magnetic minerals. Ambiguities inther of the measurements can be efficaciously addressed by

combining data from both logging services.

We present a systematic compilation and discussion of main properties affecting resistivity and NMR
fluid volume estimations such as Arclgiarametersand T, cutoffs. Several log examples illustrate a
wide range of reservoir scenarios. In addition to the log interpretation aspect, we also relate the
results to their applications ranging from reihe drilling optimization through hydrocarbein-place
estimates and reservoir modeling input to production and completion decisions.

ABOUT THE AUTHORS

Holger Therris a Technical Lead for NMR research at the Celle Technology Center at Baker
Hughes in Germany working with NMR technology for 18 years. HolgerceareA. in
Physics from the University of Constance and an M.Sc. in Geophysics from the University of
Cologne. His work experience includes data interpretation development and technical
support for NMR wireline logging applications with Western Atlasdastbn, Texas, and

the development of the MagTrak NMR LWD tool in Celle, Germany. Currently he is working
on new NMR applications and interpretation methods for both wireline and LWD NMR
applications.

Geoffrey Pagestudied physics at the Royal Colleg&ofence in London. He began his oilfield

career as a Dresser Atlas field engineer 36 years ago, moved into Petrophysics in Aberdeen

28 years ago, and is now Region Petrophysical Advisor for Baker Hughes based in Aberdeen.

He is a former President of thberdeen chapter of the SPWLA (AFES) and was honoured

GAOGK | aft AFS YSYOSNAKALIPE 1S KIFa gNARGGSY | yR
organise many of the conferences including SPWLA 2008 in Edinburgh, and in his spare time
teaches the Petrophy§ia O2dzZNES 2F | 6SNRSSy | yAOBSNEAGES
DS22a0ASY OS¢ a{ 0O O2dNES®
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The Problem of the High Permeability Streak

Prof Richard Dawe Emeritus Professor in Petroleum Studies, UWI

When the Ninian field was brought estream in December 1978ater broke through in 94 days,
when it was predicted to be no less than 2 years! Why? Ansaérigh permeability streak.

This talk will discuss whyvhy it happened and why it is bad news for the producer.

We then explore the problems of averaging peability when it ranges over a number of orders of
magnitude.

We will then briefly discuss how the high permeability can be modelled in reservoir engineering
Stiles, Buckley Leverett, when there is gravity crossflow and reservoir simulation.

We finishwith some pragmatic thoughts on how to handle a reservoir with a high permeability streak.



Shale gas petrophysics: key parameters, assumptions and uncertainties

Mike Lovell, University of Leicester

In estimating the gas initially in place and determining some simple geomechanical attributes,

the petrophysicist starts with we#stablished techniqgues and methods that we have
successfully applied over many decades to conventional reservoirs. Sonesefproaches

work, at least in part, on some occasions, but equally we must adapt and modify what we do

G2 G118 002dzyid 2F GKS 0O2YLX SEAGe 2F GKS R
evaluate. The petrophysical evaluation of a shale presentsfisgm challenges, not least

because the gas has generally not been concentrated through the normal buoyancy processes

we encounter in conventional reservoirs, and consequently is dispersed throughout the rock.

Furthermore, shales, or more strictly orgesnich mudstones, have a comparatively varied
mineralogy, significant organic matter, two separate gas components (adsorbed and free),

I NB OKI N} OGSNAT SR o0& SEOSWIiAz2yltte 26 LISNJ
vertically over short distance®uilding on groundbreaking work in the 1980s by the Gas
Research Institute, our understanding of shales has improved substantially in recent years.
While there is no single correct approach, there are various appropriate routes through the

shale gas petrdpysics maze, and an awareness of the key parameters, assumptions, and
uncertainties can help constrain and improve our petrophysical interpretation and
understanding.



