How geadetectives drive

Seismic Geletro
Normalisation

30 minute presentation: how to
A Double geepetro information in seismic.
A Qutin E&P cost & risk >10%, >$5/b to be saved.
A Drive quantitative interpretation
Rule basedExpert systemdT
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AE&P investment is constrained by B
Al2g 2Af LINAROS 3 AYy@Saidaz2NAER . OGAY.
A Low investor confidence, concerning E&P efficiency.

A Rules & tools made for E&P of large, simple, conventional traps that are
inefficient for E&P of remaining small, complex traps.

A37.5% of E&Rost iswasted byporo-perm forecasts.

A Poroperm (holes & connectiompappingis risk dependent upon
inter-well lithology mapping. We have to better quantify geology.

A Exploration, ¥4 of E&P cost; ¥ of thisong interwell poro-perms.
A Production, ¥ of E&P cost; ¥4 of thisong interwell poroperms.

AE&P managers and investors need evidence that
A We can double & integrate intewell geo petro information
A Doubled G&G resolution makes E&P 15% more efficient.
A Soon supply and demand will sustain higher oil price.
A Increased E&P funding is economically appropriate, now.
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Per $100 spent in E&P, >$35 generates no value, by errors forecasting/ait@oroperms
(i.e. risk dependent on lithology, as velocity is already low risk). This equates to $1.75B per da
Gecnormalisation relatively doubles intevell data, at 12.5m3m, irrespective of field size.

Oil companies should be able to convert $15 of this >$35 wasted cost, per $100, to value.
This equates to $0.75B per day. This allows more than adequate margins for service provision
to E&P staff of rules and tools necessary to deliver this cost benefit.

GeoDirklOM Ltd offers to serve &'luser group of 5, each committing 3 projects p.a. at £50Kk.
The group then fine tunes existing Dbases, algorithms, apps, to enhénserladvantage.



Overview

A E&P in 2015 costs some $60/b. H/8f this, $20/b, is on average, cost
wasted by wrong porgoperm mapping, (rock holes & connections).

A If all sediments compacted similarly, then pgrerms would be mapped
at much less risk, since

A Time, velocity and depth are quantifiable with low risk.
A Lithology (with few exceptions) is a low risk function of depth & velocity
A Poroperms are a low risk function of velocity & lithology:.

A Geconormalisation(quantitative interpretation) uses
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velocity, in normal fluid pressure and temperature.

A Means to separately define se%uenceAVQIumes having similar burial/ digenesis_
controls, & any depthshit 5 SSRSR FTA U YVZ2NNQD OoOwAal

A Means to process stacked4D seismic samples (2 to 4ms) via spatial models of
k5% 'L QKitltoydépth o litiolbgy to poregperms.

A You drive QI processing, from / to your workstation & add skills, fast.

A To double risk relevant information, thus probably save >$5/b, contact
www.geodirkor www.geoleum

A A few team users in Scotland + state support = local service centre.



http://www.geodirk/
http://www.geoleum/

The missing link

sensible porgperms derive from sensible geology.

One missing link, causes most of E&P inefficiency
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Sejsmic velocity Geology, inter-well Petro-physics of GERGEP trap GRV, NRV,
& density deposition litho-facies poro-perms, inter- RIP, Recoverable & risk
attributes, & Compaction, well, via lithology, from cellular seal &
shapes digenesis velocity, fluid reservoir properties
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Inter-well poreperms,
contingent on lithologies.

AG&G asset teams work seismic into as many {peon
models as geologic models used to drive processing

A G&G need better rules & tools to work seismic into lithology.
A This mattered little, when prospects were bigger & of lower risk.

AGeonormalisation helps teams integrate Geology &

Petrophysics from seismic @ 12.5m3.

A Each discipline drives their part of work flow, becoming
expert users oRule basedxpert IT systems, to sensibly
process seismic to geology & pgserms @ 12.5ma3.

At takes you a few weeks to work a project data set, this way.



Define/ lithology, normal burial in Velocity / depth domain.

Define associated porositiespgrmeabillities
Then, quantify depth shift up or down to adjust local rock
volumes to normal.

The centre sequence looks
like spanning intebedded
o/p shale to sand to carb
rich clastic.

Where compaction occurs
like this, any point on the
chart can be defined by a
velocity Vo + K line & depth

Shale compacts slower

than sand which compacts

slower than chalk.

{IfG>X SOIFLRNYGSa
compact (K is Om/s/m)

#



Define/ lithology, normal burial in Velocity / depth domain.

Define associated porositiespgrmeabillities
Then, quantify depth shift up or down to adjust local rock

volumes to normal.

If normalisation shift is
down, (adjusting for
inversion, non vertical
stressetc), the lithologies
change (finer clastic).

If normalisation shift is up,
(adjusting for deep water,
o/p, slope vectoringetc),
the lithologies change
(coarser clastic).

Anypoint on the chart can
be defined by a velocity
Vo + K(+/- depth shift of
KA, abnormal compaction
& presentdepth




2 dzNJ LIJy'ZI\I-jIYIIéS@dE\IJ\\I/IE 5+ k5 |

0NJ OS &l YLX S O£V®SN£)\2V u 2
If It looks sensible, it probably is. If not, find out why & amend.
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Key tools for expert drivers of *
WaSAAaYXYISANRS & 2 NY
A Dbase 1, velocity domain: per lithology,
A Porosity & permeability per fluid. Most companies already have this.

A Dbase 2, depth domain: normal shelf compact
A Per lithology, velocity, porperms per fluid.

Al LILIIBasEs$0 work seismic shapes, attributes to separate volumes

A Sharing similar compaction /digenesis in burial, / lithology

A Normal +£ separate & net effects of water depth, non vertical stress/ strain, basin or
salt inversion, o/pressure, faulting, igneous, mechanical strength, age, temperature,
CondUCUVlty, etC. @ Burial Changes, re Mormalisation
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A & then net abnormal compaction / cell. sy
A Then Lithology, porosity total, permeability, A g
A Then seal, reservoir, carrier bed properties CouNVA sttt olopy rormalse gt

A Then seal base GRYV, fluid substitution/ trap, gross & net rock volume

#



Driving G&G&P seismic normalisation

A Pick all sequences in time

A Relatively homogeneougho units, separated by unconformities of
correlated conformities.

A Load well & seismic velocities, depth conversion 1

A Pick / sequence, well data: time, velocity, depth, ppeyms,
fluids, pressure, temp, mechanical strength.

A Define depth difference / sequence. to tie well data to generic normal
compaction rock properties. Grid.
A Separate rock volumes with similar compactidigenesis

A Quantify normak/- separate & net effects of water depth, non vertical
stress/ strain, basin or salt inversion, o/pressure, faulting, igneous,
mechanical strength, age, temperature, conductivity, etc

At SNI N2O] @2t dzyYS 2F &AAYAT I NJ OdzNRA I |

A Use this low frequency sequence g@oodel to calibrate & drive
G&G&P processing of trace data.

A You spend a few weeks to integrate & double seismic-getro data.
This should cut E&P cost & risk several %.



Velocity domain:
poro-perms /lithology

A Picture of 30 lithologies in 15 groups, in brine & their porosity as a
function of velocity.

A You tune this Dbase to fit your data.
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Velocity domain:
poro-perms /lithology

A Picture of 24 lithologies in 6 groups, in brine, and their porosity % X
plotted against log scale permeability

A You tune this Dbase to fit your data




Velocity domain:
poro-perms /lithology

A Picture of Xplot of porosity % and log permeability, coloured to show 5
groups guiding display of seal, reservoir, carrier bed properties.

A You tune this Dbase to fit your data, to best display seismic-perms.
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Wh2NXYIt O2YLI Ol
depth, lithologiesVint= Vo +Kn

APicture ofdr NRY SNXQa & LJS
velocity horizontal/ depth
vertical plot of key
lithologies in brine

A Also various intebedded
lithologies visible within
one sequence rock volume
sharing similar compaction.

ARed is o/p shale, brown
shale, to yellow sand to
blue carbonates etc.

A 4445 m/s could be salt.




