Atomic Dielectric Resonance
(ADR):
Lighting a way through the
subsurface

(Paetoro, London)
for Adrok Ltd (Edinburgh)
Q1 2019




1) The Technology
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Penetrating the subsurface further:

N

directionality and coherence -

A A streetlight in the fog acquires a certain
penetration, more or less omnidirectionally.

A We get greater penetration when focussing the
light, using reflective materials, as in torches.

A ADR scanning shines a radio wave torch into the
subsurface, achieving similar directionality.

860 OAI POET ¢ O AAIl I
0

~ s o~ A~ s o~

) O
) 1

precise physical width, wavelength and aperture

AAEZET EOEIT 1T O OEAO AOAT S
scanning.

A Nevertheless, like lasers and LIDAR, the ADR
scanner produces a coherent source.

A This means the source signals have the same
wave form, frequency and phase difference.

A This character allows greater optical
manipulation to achieve directionality, and shine
the radio torch at a specific part of the
subsurface, detecting material contrasts.
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penetrate deeply into solids?

A The fly in a cathedral analogy helps:

A The atomic nucleus in an atom
A Even solids are lots and lots of nothing

- N ~ -

A4EA AAOOEAOO O DHAOOACA A D O E/O

A7EAT OlIl ECEOO6 AT AT O] A
or more of three things happen:

A reflection g o

A transmission A+AaArofS fAIKG R2SayQG GN} @St GKI

A absorption A Its wavelengths are of a size that interacts readily with the molecules
A How much of each happens depends on: ~ and chemical structures

A wavelength & frequency A Gamma rays and-¥ays travel better through solids

A intensity A Their wavelengths are too small to cagéhey can go through most
A the barrier : Fd2YyQa 3 Lk
A chemistry

' A Radio waves have wavelengths that travel better through solids
A physical microstruc >

_ A Their wavelengths are too large to car¢hey are a cruise ship on a
A thickness

choppy se& with enough push they sail on through
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A Notably Chevron is now using the technique to assist with tracking injection fluids

A 2016/2017 innovate project to look at onshore UK petroleum geology

A
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Subsurface penetration of radar signalg first recognised 1910
"1 AAEAO AAPOE AOOEI AGAOG zVYTPG8O

A N - A oA x oz a s
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IP6O O YPGO I EIEOCAOU AT A OPAAA AgPAOEI O OPAAA
radar pulses over an area (SAR)
Proof of concept for detection of shallow subsurface geology using this metho@
Scotland, North Sea, Egypt LTEE
synthetic length of SAR
g I‘—-I synthetic

Development of LIDAR technologies suggested similar approaches might be applied to

_ A aperture
radio waves

. radar or
: : : _ _ .. SAR
Following on from experience in SAR & GPR & remote sensing, founding of Adrok by

Colin Stove in 1994 \

Development of the Adrok technologies for greater depth penetration-with multiple
patents issued since.

Application of Adrok technologies in medicine, mining, hydrogeology, archaeology,
hydrocarbons, & geothermal
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Absorptionz a window Into

relative permittivity (dielectric constant) ;

A Pouring water onto a material, it is
absorbed in different ways by different
materials

Aol OOET ¢ O 1 ECEOG6 |
waves onto a material also creates
different absorption responses

A Atomic dielectric resonance technology
exploits this material specific response

A Radio waves from Xband and Gband A'aAy3 al E6Stt0Qa SlidhGA2ya F2N

radar have resonance properties that Debeye* polarisation models, three key variables of
facilitate the technique the material can be studied:

A Any subsurface reflections from the A Relative (dielectric) permittivityef

OAAT T AOB0 DPOI OAO AoA aﬂ”ﬁ'ﬁpﬁﬁaﬁ"w 7 OEi AR

ectric conductivitys)
collated, and spectrally analysed _ _
A Of these, the most interesting to us for subsurface
A Energy, frequency, and phase geology is the relative permittivity (dielectric constant)

*Debeye is used over Cdalmle as it lends itself more to time domain solutions
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Relative permittivity

A\

(dielectric constant or DC)
Log scale
A Defined relative to that of a vacuum, set at 1 100 - vvater
Ay 060 OAI AGAA O1 OEA Al /-’\Acg
c
A Dictates how polariseda dielectric material (i.e. an 3 Most Rocks O
insulator that will polarise) becomes in an applied § 10 + []I]
gt g
electr.lc field N ; 0 .-
A A variety of rocks share a similar value but note . = (-
that:

Ve ~ ~ ) ~r — P - " l l l ' 1 l l l l l L L "
A7AOAO x 4 mdstrocks 4D = 1 W @\\ ; QO(" S '\\(\0 \o(‘ o o@é\\e ¥ '8\@ ' \‘\?}0«‘
A The tool should therefore be sensitive to porosity and o (\6‘5‘\ & I 0\(6 c,é‘

water saturation i https://archive.epa.gov

A Devil is in detail of discerning mixtures of rock types,
porosity, and pore-fluids

=

- DC increasing as a function of porosit

=i
=]

A Non uniqueness is the enemy

A Requires the creativity to bring in other calibrating
information

=

Water Content

Dielectric Constant, K
s 3

With a dielectric constant of 80, water dominates the permittivity of rock water mixtures. There does not appear to
be one widely accepted model for water-saturated rocks. One model, proposed by Calvert (1987), is: IJ

=(1-¢)K, +¢°K,,
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ADRz is it like GPR? N

A It is a time domain electromagnetic method but this is a big bucket Velocity and Travel-time EM wave velocity* 1/
describing lots of very different methods

A It has some similarities with seismig

WWW.paetoro.com

The velocity (¥) at which electromagnetic waves travel
through low-loss materials 1s described by the relationship:

V: ¢ / (Sr—bnfk 0-5’ (5)
A Observations made at a variety of distances from the transmitter oftsel —=
Ly L Oy ry £y, el x
A These deliver two independent NMO and ray tracing derived dielectric constant ] : Transmitter
curves i
S & Receiver
A EM velocities are related to the DC, and are useddonvert time to depth TR T == Normal
. _ ~IS= Move Out
A Itis not GPR (Ground penetrating radar) E-' “‘u;&a T~ w  (NMO) with
A They do both use utilise reflections of radio waves “‘x,xé e 'nFreased
e o e m e m e . . distance .
A*0260 EECEAO AOANOAT AEAO AT A Al OAAI v OADO A O
AOA OOCAEOI TT1U &£ O OEA O P EAx | 1T &£ OEA AAOOEO6O OOOAAAA
A ADR uses different wavelengths to achieve km scale penetration. S Y ‘
A 02 AT AOT 60 OOA OEA OAOITAT O Al Al AT O E AO OEA
A"o0o2 EOI 60 1TTOIATTU ATTAAOT AA xEOE AE Oi EOOE OE(
constant).

A Unlike seismic and GPR, ADR is not waving the energy about
omnidirectionally

A
A
A

it is a focussed, intense ray, up to a max of 0.4 m wide

Actually a lot narrower (<0.1 m) at its most intense centre

Not significantly affected/deflected by structural dip

May 3, 2019
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ADR-is it like CSEM/MT? \
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A)yO60 11 0 OOEIC ETA
resistivity (e.g. like marine CSEM or
magnetotelluric)

A Those techniques employ lower frequencies th
AT160 OAA EECE AAOAE
A They measure changes created by externally

sourcedinducedelectric & magnetic fields
(natural or controlled)

A Happen relatively slowly compared to what the
ADR tool does instantly

PHYSICS OF MAGNETOTELLURIC EXPLORATION

Depth of penetration  « sqrt { period x resistivity)

A These other EM methods have a very e
useful and important place, but ADR is
FUNDAMENTALLY different from them

A It endeavours to give rescale resolution at km
scale depths

Resistivity ((>m)
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held  Unweathered

S
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an
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100 ohm - metres

mmmmm

sy01 Aiewowspes 3

Period = 100 8 Period =48 Pe. d4=1i2%6 8
skin depth = 5000 m skin depth = 1000 m skin depth = 100 m

A Using directional radio wave illumination and
resonance

A To highlight dielectric permittivity and other
contrasts in the subsurface

Weathered
layer rocks

Water, ice,
aquifers

Significantly
conductive

minerals

100 10 1 10 10 10 10 10 10
Conductivity (S/m)
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== Not a question of whether it works... \

www.paetoro.com
Il RN21aQ NI RFNJA
] ] and cart buried in théochnan-
A Adrok today IS Not testlng Uambh viaduct in Scotlandseen

through several m of concrete
whether the fundamental
technology works z it does

-Several m, )
- Hundreds of m,

Ay 060 OAAET C E - Itworks,
" dd | di - S0 can we take it to
taken and developedina | . scale jevel? |
deep subsurface geological  RNBLA0Q &ATyl( (NI VAYAA s x
context a 160m limestone pillar of té/ashington State & M
Pend Oreille leagzinc mine and by detection of o e e)
A Including petroliferous an overlying river 350m above 2 W
. . — 1] 500 _Etj;-ligtli(lif:25 1500
sedimentary basis 5 — |
& 5ol T . |
z EEL A _. — |
5 el ik e |
D " D=12“EIFT1IBSrr:1(Ea:lS4 -

Figure 3 Measured signal amplitudes (mV) after stacking

through the 5 paths in the trans illumination experiment. In-

Figure 1: Location of emitters (red) and receivers (blue) for dicated are the distance [ through rock and the maximum am-
the trans illumination experiments. plitude A received.
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Ground level Ground level
" »

2

Adrok has developed a number of approaches to optimise depth penetration ?{\j

L L
=] 10 12 14 16 18 a
depth

4 B
Sohest g
. y ! : ; ! . 4 ] O] PO BEEE, TRPEEUR, sl
i . o 4 [} 8 1) 12 14 15 18 il =
steer away from these areas you see deeper (also why onshore is the focus . —
i [}

o

The lower the frequency, the greater the penetration

fr-ahus-mit pulse o
Ti

Receive signals

A Conductive losses in soil or mud with free ions is a limiting facta if you can : -gf\é/\l
A J\N\’

l
Attention is focussed on the head of the wave, where the least energy is lost o R I R R R R ‘ ,

depth
Amplitude Amplitude

Scanning direction

o 2 a8 10 12 14 16 18 1)

degth >

A EM waves of different frequency are combined to form directed packets of 2 — Subsurface pathways
energy in a fixed pulse with a fixed phase relationship il | PR bl B B s
A Unlike monochromatic lasers, ADRismuiD AAOOA| -AE 8 A DOAC - n i
the radio wave domain, to capture more response 2[ Vv il ' 3 . Transmit Recelved
Iz + & @ dvl;]m 12 14 & 1@ XN pegm energy from
A Because it is coherent and multipectral, loss of energy to the surroundings . Tibnie
is minimised ¢ :f\/\/\, ~\J
A The scanner applies two synchronised waves working together in phase
A They are transmitted in confocal rays, illuminating the subsurface in a narrow WWWWWWNWNﬂ
e o oo WAV
A The pulses have two components a long wavelength standing wave that -+
helps to go deep, and shorter resonant waves within it to enhance the W\A/WWW\/W\}
vertical resolution
Different frequencies + Longer
combined to give a pulse E wavelength
Shorter Wavelengthw standing wave to
To give resolution by go deep
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MINERALS

[H11

A Iron Sulphide deposits in

Australia

A ldentification of distinct
energy and frequency trends
at mineral body interfaces

GEOTHERMAL &
HYDROGEOLOGY

A Detection of thick permeable
aquifers as per HZ DC sees
poroperm water

A DC is a function of
temperature

A Steam highlighted in the DC

Dielectric derived temperature
estimates for NZ geothermal wells
Temperature (°C)

(blug line)

curve

462.75m

] Altered granite
8l | hostrock

Galena

" oeommHQ

Altered granite
hostrock

463.50m

Figure 2. Diagram showing the ~100-200mm intercept in
diamond drill hole CT8205 pinpointed by ADR scan AS6.

Energy response [ log)
0.0001 000 no1 01 1

=
Energy |°
response | -

Signal froma_= =

==

sulphide spike = =
— confirmed by & &
calibrationin = = 2
core = 7 :

/

LIJ V] o J’\q n j‘hrlbl,j‘

e D00M
Figure 3. Plot of ADR energy response for scan AS56.

The anomaly at 462.93m corresponds with a sulfide
ore pod contained within the EQ7 structure.

Sulphide responses from two

different Australian deposits

< 0m

\
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* Not the only ones getting deeper \
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Mars Express radar footprints |- N\E
Mars south polar region [blue = brightest radar echo) Radar image of subsurface 5 a

Permanent polar ice tap

A Orbitally based planetary exploration is also using radar to see
deep geology

A But Adrok is taking it to new places, with specially engineered
techniques for deep subsurface resource exploration

A Undertaken remotely from theground surface. Permafrost layers of ice & dust
E
A %3180 -A00 %@DOAOO EAO OOAA OAAA(Q J
water buried below the south polar cap, using th®lars Advanced Radar -

The tech is for Subsurface and lonosphere Sounding instrumentMARSIS. i g et

At bottom right, the bright horizontal feature represents the icy surface

fOf real and of Mars. The south polar layered depositglayers of ice and dusg are

inCreaSingly seen to a depth of about 1.5 km. Below is a base layer that in some areas South Martian Pole
is even much brighter than the surface reflections

used sub-glacial liquid water lake @ 1.5 km

The reflected signals from the base layer yields properties that
correspond to liquid water.

The brightest outline a weldefined, 20 kmwide zone.

May 3, 2019 Atomic Dielectric Resonance: Lighting the Way 14
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A The tool is back pack portable
A Remote locations and difficult terrain, urban or industrial
environments, negligible impact
A Lab calibration of samples
A3O00OAUBO AOA AEEAAOEOAI \F
A But sections of a few hundreds of metres from sites can be
undertaken, taking it into the realms of 1:8D
A Duration

A Field work typically completed in a few weeks

A Processing takes some months and is the most time
consuming aspect

A Cost is a fraction of wells or seismic a s
-
A Might not totally replace them, but goal is to help place them ‘; E ] 0
much more efficiently. ’.. ‘ v
A Another arrow in the derisking quiver - .
)4063 !, 2%-1/ 4% 3%. 3) . $

ZNO NEW HOLE IS NEEDED
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2) UK onshore case study




A 0AAQOI Ol

A Asked by Adrok to review their
results obtained as part of an
INNOVATE UK project with a
client in three UK onshore basins

A Invited as a geologist to suggest
workflow improvements

A Non-theoretical empirical
approach with a geologist hat on
Z does it respond to geology?

A Yes or no...does it do what it says
on the tin?

A If yes, does it do so reliably
enough to facilitate use in a
predictive context?

A Petrophysical assistance from

2 1 | AN

WWW.paetoro.co

MATLAB coding

I’

Petrophysical David Sendra

analysis

The Paetoraefined workflow

MATLAB coding

(" Compilation,
GISy2Y
calibration,

m

MATLAB coding
(work in progress)

Seeking: Objectivity,

David Sendra \__prediction [ Post Mortem,

. R e Conclusions,

APhysms questongEOB8 O EI OI1 OAA Svgiéls(;evns
yol 1 AAE AAO OET OA O1 Of

Adrok adjustments

Auditability, Repeatability

MATHSmore thanEYES

So clients can verify and chec
An honest appraisal, warts and al

|
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Focus is on 17 different key curves

Many thousands of repeated measurements taken to increase S/N ratic e e R
Up to ~ 100 OOO - —— @ high speed snow mobiles in

E central Canada.
A 4EA % xT OIA EOT SO0 A T1EOA AOAA 11 A8
Statistical processing looks at +1.5 m intervals or a 3 m window
Resonant energy & frequency of interval (8)

A 4 energy curves, EADR (~ Emean/ESBgamma .
A 4 frequency curves FADR FmearlFSD) & Fgamma 14 curves related to \_/anou_s aspects _OT
A ADR = resonant E&F of the interval energy and frequency, including reflectivity
A AT A ¢ OEA wQ& OA&AI AAOEOEOU 1 0 OOEE| and statistical analysis of the repeated
A FFT (Fast Fourier Transform) processing measurements
Other E & F related logs (6)
A ElogA or E%normalised total energy response 2 curves directly and independently
A WMFz weighted mean frequencyz average frequency response for a given depth, estimating the dielectric constant
weighted towards most energetic responses
A Correlation logs & theirst. dev over ~ 50 m depth and 5 MHz frequency bing and ) )
5-10 MHz the most commonly useful 1 curve counting the number of harmonic$
Dielectric Constant curves (2) present in the resonant frequency responge
A NMO DC curve the dielectric constant is directly related to the velocity and travel _
time, so can be obtained through NMO processing similar to seismic " w % TR i o tstle
A RAY DQ interpreted dielectric constant curve using ray tracing & NMO 1 , S o staining fr.qushore minerals.
independentlyz (only when both agree is the depth measurement accepted) T ! ’
Band Width Harmonics (1)

A Spectral analysis resolves the time domain signal into key resonant frequency
harmonic constituents and the number of harmonics is recorded

May 3, 2019
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Cults rock classifications based on mean amplitudes

A Any individual parameter from those 17
curves will vary according to Emean Curve (energy) 1, |
composition/lithology o Example case study— HH-HEHH:

AT A DPAOAT AGAO Al T 1A 6 AR Al x AUQ|AAL
unigue enough to unambiguously identify a " =
lithology

ADR mx mplitud

I I I =]
— Ou
y A

—

O
[ [ [
[ [ [
[ [
I I I

[ [

inati : DUNEEHNEELT Energy, frequency,
A So we need to use the curveombinations X T I NI NIXT I isesss] DG curves al

2
S (¥ &

. . 25T F T S TS NS e e S 3 .
to help build uniqueness FEILT T G varying as a
5 S e B ;
&aeT e function of

A And local well calibration/stratigraphic

Various lithologies with different but norunique values

knowledge
" WATER —T

lithology, but not
always withunique

D

. DC global values from «<—T—= I values for each
: lab measurement e | lithology for any
© CLASTICS m Range ' 200 1 I one curve
Y CARBONATES £
. HARD- i I
. EVAPORITES ROCK ;o

HYDRO- ‘ ‘ COAL = I
R [T PPy e L I |

2 & @‘?

&

& > » @ S R ST ST D a 3 N & & PRy . A A A A A g
& g0 © a’*'. & & < & & & & \oé*z & @-x# & o $ FF & @@ & F & \‘\\‘\\; _,\o‘;@e&b‘}@&@ O gqr‘\\g-zioff’\ {@@&@éﬂ o o8 & & &"ié‘a T 2 @‘@l\ % {@'}é\? @5&&9& &y\&@é\@&“
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£ N N8 @ > B ¥ ¥ P T O W S 3 S EE B G o @ W w g S
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r & & oeoy FONPS QLN vy & TP 3 (s
N K &P & KPP 2P o & P
& & IO T
< 4@ 65‘\ & @ L ur" &
\Y\é. b«\“\ A;b & ¥ @
N o O
. . . . . . 3 ok ,
Various lithologies with different but norunique values ook layorgroupings

Various lithologies with different but norunique values
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Depth (m) Lith F-Gamma F-ADR F-Mean F-3D E-Gamma E-ADR E-Mean E-SD Energy % WMF NMO DC RAY DC Corr 1-5 MHz S0 1-5MHz. Corr 5-10MHz SD 5-10MHz Bw-Harmoni ics
08 0T 0. E) T2 T4 7B OTE B0 222425 26 0 32 0904 0958 0980 085 1 10517 15 19 20 21 1518 1TIB920212223 oot 04 0 %N 120 1% T ] 5678302 02 04 08 08
Okm Cm Py : |  pnmmE oL v o TpEaz swirsnzzall 00 O A R A
0 — —
= ?—
100  re—e——
200

1km ot

2km ] =

L

3km|| =

EF curves E%WMFRRAY DC  Correlation BWH
A Managing expectationszEO8 O 11 QEO&EE AT IAO' QT ET ¢ O OAI1T Ui 6 AOAOUOGEET ¢ AOD
A E%, WMF, RAY DC, Fgamma, probably hold the most direct relation to lithology...

A ...but interpretation and analysis takes a detailed look at ALL the log responses, in calibration with local info



The ability to calibrate \

1900m]|! ..

WWW.paetoro.com

Deptn(f) Depth (m)  Lith Beige LD (ohmm}
10 A

' "2 '
Log data & Interp Lith Petrophysics ADR data
A The tool can be taken very close to a historical well site, and data acquired, for comparison with historically acquired
logs and associated petrophysical interpretation.

A Important to base calibration on continuously varying log and petrophysical curves and not just a discrete and
subjective interpreted lithology zT AOOOA E OfitGs@radattokaA OE A O
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The ability to calibrate

Deptn(f) Depth (m)  Lith Beige LD (ohmm} RHOB NPHI PEF Lith
10 A

100

1-PHE V PHIE BVW BVsst Vit BVclay BVist
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" 'l
Log data & Interp Lith Petrophysics ADR data
A The tool can be taken very close to a historical well site, and data acquired, for comparison with historically acquired
logs and associated petrophysical interpretation.

A Important to base calibration on continuously varying log and petrophysical curves and not just a discrete and
subjective interpreted lithology zT AOOOA E OfitGs@radattokaA OE A O
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What to expect, compare & contrast: .

dielectric forward modelling

A We already know theoretical ranges of the
dielectric constant for various minerals &

fluids
A Many lab experiments in published "
literature w | WVATER Tow
o B GeoMean
A This allows us to model the dielectric u Mid/Mean
. . . 60 = High
constant of a lithological mixture from . CLASTICS = Range
calibrating well petrophysics, accordingto CARBONATES
defined rules & assumptions (e.g. Martinez HARD-
and Byrne 2001) . EVAPORITES ROCK
HYDRO- COAL
. | o 0 CARBONS | “ i | | |
A Not trivial Z still evolving this process ., M
. . . . & o7 & 38‘- & & & a S F S F g S eSS F
g & K & g ¢ E 3 & F F
A But it can serve to highlight the main S S ﬁ‘; PR & o
contrasts we are likely to see & ¢ & & s

A All this ahead of, and independently of, any
ADR data acquisition

A i.e. pre-acquisition feasibility and post
acquisition QC studies
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What to expect, compare & contrast:

dielectric constant (DC) forward modelling

A Early results suggest forward
modelling does have some success
replicating gross form of the DC

A A decent match gives independent
verification the tool is seeing real
stuff at depth

A Where the match is decent, it can

A
A

A

A

also provide independent estimate
of any depth error

Sometimes things are just different
or much more dramatic than the ,
modelled DCzunderstanding this ¢~
better is a work in progress

Not too stressed by thatz early days

But sufficient encouragement to
develop workflows further

We can also forward model the
dielectric effect of HC saturation
with reservoir fluid substitution

To help recognise HC indicators we
are looking for at those levels

Also an

\

WWW.paetoro.com

Seeing how changing the

opportunity for reservoir flag HC
Independent turati h th
depth error saturations change tne
verification? modelled DC
| ‘Re5Elag
AN [ 51 RN
N % """"" 100% 85%
- & SW So
beE L'é;.
,,,,,,,,,,,, flag
Petrophysics  Model vsreal  Substitution Difference
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What to expect, compare & contrast: N\

dielectric constant (DC) forward modelling  .....co.

A Early results suggest forward
modelling does have some success
replicating gross form of the DC

Seeing how changing the
reservoir flag HC
saturations change the
modelled DC

Also an
opportunity for
Independent
depth error
verification?

A A decent match gives independent
verification the tool is seeing real
stuff at depth

A Where the match is decent, it can
also provide independent estimate g = | _JE&
of any depth error )

A Sometimes things are just different ;¢ :
or much more dramatic than the ,’ - & :
modelled DCzunderstanding this ¢~
better is a work in progress i

REAL VS MODEL
| VA
SUBSTITUTION

A Not too stressed by thatz early days P

SUBSTITUTION_DIFFERENCES

CTRI

A But sufficient encouragement to
develop workflows further

NTHETIC,

A We can also forward model the
dielectric effect of HC saturation
with reservoir fluid substitution

SYNTHETIC_DIELECTRIC,

A To help recognise HC indicators we |
are looking for at those levels

Model vs real Substitution Difference
May 3, 2019



A From empirical calibration with

\
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lithology can design
mathematical combinations of
curve to accentuate observed

~ s o~ P

®
wn
o
(@)
o
)]
D
L
O
FAh
o
o]
o
m
>
o
@

peaks &| - o

troughs | & £33

Averaged/ J z| ek
F etrics = =

smoothed £ =

Depth (m) SP Norm 1-2

A Not diagnostic, just a guide | Om

A Good news: Many (not all)
peaks and trough responses
coincide with geological -
contrasts

A Beware the spurious correlation| |

Bad news: not always a
systematic relationship to plain
lithology zEOG6 O 1 1T OA |
recall:

A Atomic level responses

A Chemistry, microstructure,
thickness of the barrier

This means local calibration to
stratigraphy is required

- 800 o

f§>l

- 1200 A

F 1400

- 1600 o

1214 1618 2 12 14 16 18
T M |

GR Norm 1-2

-AAT O EOB8O (I
variety of different metrics
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Where metric and log curves responses coincigeod
L5 peakgood L5 troughother L5 possibleno match
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A From empirical calibration with peaks & S EAEY SE
lithology can design troughs | = = ==

(i |

mathematical combinations of | Averaged/
curve to accentuate observed smoothed
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Depth (m) SP Norm 1-2 GR Norm 1-2

A Not diagnostic, justa guide |Oom ||~

‘\VM "m"
W

SP |GE

A Good news: Many (not all) S 1=
peaks and trough responses | | @l =_-
coincide with geological L
contrasts L | =

A Beware the spurious correlation| |

A Bad news: not always a -
systematic relationship to plain

lithology zEO6 O 1 1T OA LA] [ A3
recall: -
A Atomic level responses

A Chemistry, microstructure,
thickness of the barrier |

A This means local calibration to
stratigraphy is required

A-AAT O EOGO CI 1800m|{©'|’
variety of different metrics
SP  GR

- 1600 o

Where metric and log curves responses coincigeod
L5 peakgood L5 troughother L5 possibleno match
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Vcarbonate

| W\’Shaff: VS"HjIE Vsst  vanhyd Lith Aln some wells a response to
700w| S = P P PR lithology is clearly apparent

_______________ Big peak at a strong anhydrite

............... | limestone/sandstone poroperm
contrast

F S00

F 1000

F 1100

/[ P Nd2y OGS aft SRISEE

1200

F 1300

1400 ._.4—
|
F N N N
o ADR derived lith metric
P =
________ .

1800m

Notice also lack of appreciable depth error here

- 1800
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Seeing the hydrocarbons \
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Subtler negative deflections é?carbonate ledges partly Stron_g contacts show_up in t_he
lower HC saturations? driven by WMF (weighted correlation standard deviationsi.e.

mean frequency) where a reflection is strong, its often
e o .. S.hﬁlas.m X o1 F;JH;E 0.3 04 02 O.fﬂn:.a o8 1 0.2 .:f:ﬁlcz.r: o8 1 peesaround 0.2 0.4SD 08 1 T REAYE;C 10 e o1 CE:JI-.;SD1_5(:"3HZI Omore ConSiStent
700m_m Ly ey s 2 . ; i i L f-
0z 04 08 08 a8 —]
LB = . = 1 NN = N | 7= A Discerning hydrocarbons

_______________________ is harder

negative deflection in DC
value

900

F 1000

F 1100

A This might not be of an
0 W I —— amplitude to be very
B different from
geological variations

1200

F 1300

F 1400

A But if you know you are
A in the reservoir vicinity
from other calibrating
------------- information

............. A 1t might be enough to

Coran infer HC presence

F 1500

F 1600

F 1700

F 1800

1900 mt =

| Good negative deflection due to HC

Vshale& PHIE Vsst Vcarbonate ||TH5 /
presence in thin sandstone

silt Strong negative deflectioqreal ?
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Depth (m) Strat  Lith Clay Sst Lst BVW  Strat SynDC RAY DC SynDC_SD RAYDC 5D SynDC-RAW  Strat WNF F-ADR F-ADR Av Strat Lith-25 SynDC-25 RAY DC SynDC SD-25 RAY DC SD SyDC25-RAW
0.20.40.80.8 1 0.20.40.60.8 1 0.20.408081 0.1 02 6 8 10121418 & & 10 12 01 0.2 5 10 15 80 80 120 k3 a5 0.2 0.4 05
o200 i Lol L T I Ll I I Lol Ll I I 1
200| I I SynDC-RAW
-0

-15 10 -5
! I 1

Higher than
o0 1 expected DC =>
water content?

- oS00 o

- 600 4o

- T00 o

F o800 o

TR RPTRTTTPT

=g+

o000 o

F o100 o

o200 o

LITH_AND_PETROPHYSICS

1300 o

= 1400 o

1500 o

= 1600 o

- 1700 o

1900m E—\
A Sometimes get blips hard to explain
A These two happen to roughly coincide with two good hydrocarbon bearing reservoirs in the aregcoincidence?
A Could it be production related water front migration between log and ADR acquisition2 discussions with operator seem to rule hat out
A 25 m depth error? perhaps related to ADR acquisition a bit offset from the welg but even so the blips remain anomalous
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1900m Miodelled Différence i
) -
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A Sometimes get blips hard to explain , )
. . . e . Version with¢ 25 m
A These two happen to roughly coincide with two good hydrocarbon bearing reservoirs in the aregcoincidence? depth correction
A Could it be production related water front migration between log and ADR acquisition2 discussions with operator seem to rule hhat out
A 25 m depth error? perhaps related to ADR acquisition a bit offset from the welg but even so the blips remain anomalous
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200m o meE " ’
=1 F 1] =&
—k
_____ gl
e e
_____ —3
D" @
% —_— ;I
E Q=1 i
cammd E
{2YS UKAYy3dIa 2dzau Ol yQu oS I'yawgSNb
[yet] in a structurally and lithologically complex area
= Still at a very early point of the learning curve, similar tp
— early days of wireline logging
1900m t """ P\/Iodellecl'A\CtuaI Différence . i
A Sometimes get blips hard to explain v

A These two happen to roughly coincide with two good hydrocarbon bearing reservoirs in the aregcoincidence?

Version with¢ 25 m
depth correction

A Could it be production related water front migration between log and ADR acquisition2 discussions with operator seem to rule hhat out

A 25 m depth error? perhaps related to ADR acquisition a bit offset from the welg but even so the blips remain anomalous
May 3, 2019
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A7A AT180 1TAAA Oi|lpm

a geophysical response, to use it
empirically for calibration...

...as long as it is consistent

Understanding helpsz but it can
come secondy like seismicz AT 1
need to knowwhy we have a
response to map it

If you have two calibration wells,
you can see what character of
responses they have in common
at various points of the
stratigraphy

And for every ADR curve build a

OEAOAA 1'$2 OCATI

lithostratigraphy and well pair

Provides a reference framework
for application at new sites

For now, qualitative and
subjective, but perhaps ways of
making it more mathematical,
objective z e.g. Al

Look at the character of
each curve for each well in
a pair

See what aspects they
share at various points in
the stratigraphy

Create a genome

TROUGH PREL TR |DISTINCT_CHAR

stratigraphic response character types matched between well pairs

WWW.paetoro.com

Well 1

rat

Well 2

Condensed
versions of
well 1 & 2
with curves
removed and
just the
similar
G3aISy2vYS
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Prediction \
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ADR stratigraphic “genome” from all ADR curves Selected key ADR Predictions made Dielectric constant Actual Observed
and two levels of smoothed average, derived curves proving helpful curve, smoothed lithostratigraphy, porosity, and

initially from pairing of two calibration wells and with diagnosis averages, and standard petrophysically derived oil
then mirrored at this well to constrain stratigraphy /_/R deviation saturation at H14

o I - . - ;
~ ™\ FoamamSptav  Liths LenT Strat Lith SkaDC_Curves DCaml-1  DCOptAvnmi-2 DC3SptAvami-2  DCOMSD  Strat Lih  Strat e -
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REDICTION

50ET ¢ OEEO OCATTi Ao AT AET OO0 A 1 Ax xAill ET OEA 11TAAIl OOOAOQEC
The dielectric constant can then be examined for negative deflections to assess for likelihood of HC presence in
that reservoir, with extra guidance provided by the dielectric modelling & associated fluid substitutions
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Prediction \
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ADR stratigraphic “genome” from all ADR curves Selected key ADR Predictions made Dielectric constant Actual Observed

and two levels of smoothed average, derived curves proving helpful curve, smoothed lithostratigraphy, porosity, and
initially from pairing of two calibration wells and with diagnosis averages, and standard petrophysically derived oil
then mirrored at this well to constrain stratigraphy /_/R deviation saturation at H14
A - L
Depth Il ™% Fgamnm Sptay Liths L7 Strat Lith StraDC_Curves DC nm0-1 DC Sptav nm1-2  DC 38ptav nm1-2 DC 9pt S0 Strat  Lith Strat PHE So
|.|!|.I1|I5|.IE-|.? w5 'I 2 1 2 n.lz J.Il o.la a.la ||2 1.|¢ |.Ie |.Is 1.'2 14 |.|6 !.Is 0.050.10.150.20.250.3 0.'1 olzolso -olzn.lm.lws
-\_{_’

S A A b
T\ Wy

REL_TR oismnet_ciar[REEIPKY PEAK

PN 1Mok St o RO e AR S ==t SR ==
j E il 3‘ B E E Negative
] g : = — : deflections
- =0 . > at suspected
R - = : reservoir
o 1 =R B =TS | (o = levels
- 1 .
 on = REDICTIC ACTUAL
Unlogged

50ET ¢ OEEO OCATTi Ao AT AET OO0 A TAx xAll ET OEA 11TAAIl OOOAOQEC
The dielectric constant can then be examined for negative deflections to assess for likelihood of HC presence in
that reservoir, with extra guidance provided by the dielectric modelling & associated fluid substitutions
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A Subsurface geology is being seen by the ADR techniques.

Coal bed tracking using a
4-channel receiver system in

A Not all subsurface geology is. L cwtemAustila

A Detection is best where there are strong poroperm and fluid
saturation contrasts. Il.e. it readily sees high water content.

A Purely lithological changes are sometimes discernible, but in a
. . . . P One of our many onshore surveys
sedimentary basin context are typically norunique and can D i the usa.For this survey in

Texas, we deployed our scanner

require careful local calibrations to progress. g b _ _ fromazipline.

A Forward modelling of relative permittivity (dielectric constant)
can provide advance indication of what should be detected, and
assist with stratigraphic placement of ADR results.

Survey in a marshy field in
Ireland prospecting for lead and

A Detecting hydrocarbons in a known reservoir using the dielectric s zinc metals
response alone is trickier, but also feasible, and the higher the ‘
saturation the easier it is.

A Complex or poorly-calibrated geology, stratigraphic variability,
1T x (# OAOOOAOQEITOh TI1 A AT A O F ol 1T coOh
. . . 7 1 2 Australia (Queensland)
stoppers, but will hamper interpretations. 37

A Simpler situations with less structural and lithological variability
are most helpful (initially) for ongoing verification and use in a
petroleum basin context.
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3) The Future




‘Data processing possible advances

WWW.paetoro.com

A Downhole calibration Schlumberger Haliburton
A Ability to calibrate much more closely with real downhole ——

assessment Dl Diprsion Loggg
A Several big logging companies have a dielectric tool and
Adrok are designing their own

A Will help understand detail of signal propagation in porous
rocks via direct comparison of distal versus proximal
sensing

A Qemscanning Calibration?

A Quantitative Evaluation of Minerals bySCANing electron
microscope

A Understanding the dielectric detail of rock mixtures further
in lab calibration of samples

A Deep/Machine learning etc

A Pattern recognition from multiple data sets & theoretical

constraints: AI1010017 170100

A 17 raw logs

A Numerical combinations of the above to derive metrics :

A Calibration with well logs and lab samples aitP L 1010011 ¢, ) 1101001114101

A cCalibration with petrophysics : =S S TR

ibrat ! petrophy | | , . : 101001 41010011

A Calibration with any downhole dielectric tool 8§/ £ =AY R A

A calibration with regional stratigraphic and seismic 11010014 10‘1“0100111101010k*“*3 N0T001F 11010011
1 11010011 11010011 110100} ‘ ‘ I Eroororj

A Theoretical models of expectation 11 11010011 11010011 1101001

A Seems a good problem for Al techniques
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