RFG’ Adrok

Large depth exploration using pulsed radar
electromagnetic technology

Gordon Stove
Adrok
Edinburgh, Scotland
gstove@adrokgroup.com

June 2018


mailto:gstove@adrokgroup.com

1D

0
A.

Apparatus and methodology




drok  Atomic Dielectric Resonance (ADR)

o

RAdio Detection And Ranging in visually opaque materials

2* ADR sends broadband pulses of radiowaves into the ground
and detects the modulated reflections returned from the
subsurface structures

2* Transmit broad band pulses at a precisely determined Pulse
Repetition Frequency (PRF) with low power (of the order of
a few milliwatts, Mean Power)
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2* For large depth geo exploration typically transmit between
1MHz to 100MHz

2* ADR measures dielectric permittivity of material

2+ ADR also uses spectral content of the returns to help classify
materials (energy, frequency, phase)
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Adrok Field ADR Scanner

RCU — Receiver
Control Unit

WS — Workstation « ~ g . Antenna

Rx — Receiving ‘ PC - data
Antenna ‘ acquisition PC
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Adrak System Diagram
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Adrok Field system specifications
Sub-system | ADR Setting Typical Range
Pulse width ~10ns “% Pulsed based RF transmitter
Pulse repetition frequency <10 kHz
Y% Proprietary antenna design
Tcu Mean power ~ 5mW P y &
Power supply 1 off 15 Vdc Li-lon battery “ High speed time domain sampling
Weight 7kg ~5GS/
Tx pulse frequency 1 to 100 MHz S
Antenna . .. .
Weight 5 kg "% Improvement in signal to noise
through multiple waveform
Time Range (typical) 20,000ns, 40,000 & 100,000ns capture ~10,000 traces per
RCU: Number of samples/trace 100,000 recording station
Power supply 4 off 30Vdc Li-lon battery
Power consumption 150W Effecftlvely mcrease the ENQB of
receiver from 8-bit to 16-bit.
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Adrok Depth of subsurface penetration

= Losses are proportional to distance (in uniform material)
“ No matter what the mechanism is (for fixed frequency)
2% Must be exponential exp(-d/sd)
2 d distance through medium
= sd skindepth in meters
2% Skindepth = distance where signal falls off by 1/e
2= Skindepth generally decreases with frequency
- Penetration depth proportional to skindepth
2: Depends on conductivity
In-situ conductivity value is generally unknown (we measured ADR for limestone)
Value found lower than generally assumed but well within possible “book-range”
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Adrok Skin depth versus frequency
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Adrok Skin depth versus frequency
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Adrok Pulse transmission

WARR pulse
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Adrok Forward model

2 Maxwell equations coupled to ground model

2¢ Ground model: permittivity, conductivity and polarization (P)

“ E electric field, o conductivity, T Debye relaxation time, €, dielectric

2 Resulting system of partial differential equations:

O?E(t,x) OE(t,x) 9*P(t,x) 1 9*E(t,z)
Oz Tt e T o T (1)
7(x) ap(,(;t’ z) + P(t,z) = eg(er-(x) — 1)) E(t, x). (2)
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Adrok Simulation
2 Dielectric Constant (DC) profile (bottom graph) take from WARR data
2: Other parameters from transillumination experiments

2* Peak in dielectric at 350m down represents a water body

23
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3= Electric field animated in top graph

N

We observe pulse traveling down (left to right)

N

Small irregularities in DC cause backscatter

N

Big reflection at jump in DC propagates back to surface

= 0
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Recelved signals

4 Antenna is 1 meter above ground, To is from antenna at firing

300 - T ¥ T T T T T T T T
l,',"liir FEgION  etectric neta E Complex region « ¢'is the real part of the permittivity;
pe‘::me?em D « £" Is the iImaginary par of the permittivity,
250 « 415 the loss angie -
200
(cosd + isind).

é(w) = &' (w) + ie"(w) = ’-IEL:

Amplitude

At a given frequency, the imaginary part of €' leads to
absorption loss if it is positive (in the above sign

convention) and gain if it is negative
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Custom signal processing extracts features
from the recorded raw data.

-

Amplitude

:

o =
seconds

'

4

Sample number, .2 nano

:

~ 104
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Measurements
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Toolbox of ADR measurements
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ADR signal depth from Ground Level (m)
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Dielectrics

2“Dielectric survey log

2%In this example, high

dielectrics verified by
client from core
inspection to be broken
ground, very broken
ground or faulting
(caused by moisture)



Energy log
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4-23 Energy Log

e - Energy log
PES SSHN versus

.
ul
-
0
A

0
)
2
»
©
Py
)
n
s 0 40
)
100
10
120
o
0 o} 250
150
160
10
180
19
20 | 33 } 260
5
s 2 0 | 270
3
h 310 4280
o} 290
© Adrok Ltd. 2018 18




®

Frequency harmonics

Frequency

Aok

Time (ns) H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 H23 H24 H25 H26 H27 H28 H29 H30 H31 H32
51 100 59.2 229 774 895 715 319 81 201 281 303 277 139 112 49 103 15 68 16 25 14 17 14 41 3 3 31 12 07 04 08 08
102 100 52.1 22 255 218 143 84 106 14 145 12 83 6.6 6 53 37 14 12 22 22 18 13 15 18 13 06 03 06 07 05 03 06
153 100 46.2 349 292 265 223 15 75 34 38 64 89 96 84 63 47 38 35 33 28 2 13 13 15 16 16 14 12 09 08 08 09
204 100 134 204 162 213 139 7.8 189 118 4 74 21 71 57 63 65 46 52 3 32 29 32 43 35 35 25 16 16 13 2 15 17

255 11.4 342 52 914 100 22 511 229 218 151 6 21.7 17 111 24 24 152 2 28 81 58 35 89 213 89 64 94 95 46 19 21 31
306 100 53.6 30 363 59.3 40.7 344 297 273 155 84 141 259 297 244 16 23.8 18.2 5 122 166 139 116 135 162 96 39 69 59 38 7.7 87
357 100 715 36.1 22 211 204 96 145 135 9.1 8 11.9 7 64 77 69 46 51 53 38 4 39 45 29 39 41 36 31 4 35 26 33
408 100 925 632 374 64 303 298 191 63 127 159 126 101 47 89 123 102 38 53 97 74 49 36 49 67 57 38 27 56 56 39 23

459 642 100 933 812 724 531 296 183 89 87 133 234 277 218 174 142 104§ 74 54 104 117 112 116 108 94 7.2 53 52 64 74 73

Create image of harmonlc energies

SMP36-A: Harmonic ADR Energy Response between 1050 and 2050m

Establish areas of

interest by different

resonant frequencies

15 e = = B = 2 ]9

Hamaznic Mo




Examp

es of ADR Output

Adrok's HILDA library samples:

B Coal {HILDA & EADR peais and troughs)

B sandstone (HiLDA)

B Mudstone (EADR peaks and troughs)

B siltstone (eADR peaks and troughs)
TUFF (EADR peaks and troughs)

I Siderite (EADR peaks and troughs)

Lithology Interpretation:

e J Adrok Energy log: Used as an indicator to establish where changes
in matericl occur. The Adrok Coal Indicator log shows all the HILDA
hits in black and those correlated with the Energy login red.
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Adro Case Studies

http://adrokgroup.com/case-studies/together-we-rock-vol-1.html

© Adrok Ltd. 2018 ¢ 21
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Case Study in California, USA
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Coalinga

California
L

Kettleman Hills
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Kern River Formation
Stratigraphic Framework

PLEISTOCENE-
PLIOCENE

OLIGOCENE

EOCENE
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BASEMENT

Composite
Elsctrio Log
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Adrok Measurements and data processing

F Gamma F ADR F Mean FSD

055 075 1.0 380 155 175 1] 70
& o ] 4 o
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Adrok has successfully completed processing,
interpretation and analysis on H10d, located in Kern
River, California.

Adrok has provided raw ADR signals that potentially
could identify changes in lithology, structure or fluid
content. These changes have been characterised by

the zonation and integration of Maximum/Minimum
analysis and Differences interpretation.

Strongest changes across all results seem to be at
~1000ft, 1750ft, 4000ft, 4500ft and 6000ft.

Zonation identified 15 major changes in data trends.

MaxMin plots for H10d show greater variability at
~500ft, 1500ft, 4400ft, 4750ft and 6000ft.

The Differences analysis shows greatest change in
data trends at ~250-1000ft, 200ft, 300ft, 4000ft,
4500ft, 5000ft and 6000ft.

Interpretation

Differences

500 —

1000 —

1500 —

2000 —

2500 —

3000 —

Depth (ft)

3500 —

4000 —

4500 —

5000 —

5500 —

6000 —

6500 —

I —

IR PLTITIET T Ty |

|

Zonation Adrok

Tea | Interpretation | Interpretation

Ll

i

Key

Changes in colour represent changes
in ur

- | Figure 1: Overall
| interpretation

using Zonation,

| MaxMin and

Differences results.
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Diown sl 10ols interpretston |[RGrok Tones |

Zones 1-3 Predominantly Sandstone

Zones 4-5 Shale with occasional oil bearing
sandstone

Zone 6 Fining upwards from sandstone to shale

Zone 7 Sandstone, some oil bearinglayers

Zone 8-10 PredominantlyShale

Zone 11 Water bearing Sandstone

Zones 12-14 Shale and oil bearing sandstone

Zone 15 Basement

Drill hole stops at 6055ft. There’'s a slight change in lithology just above this which may

indicatethe Basement. This would explain why the drill was stopped at this point
Zone 15 starts at this depth.
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Adrok ft
Zone o
Zone 1 -
Zone 2 730
Zone 3 -
Zone 4 1430
Zone 5 1870
Zone g

Zone 7

Zone g 3155
Zone 9 3715
Zone 10 4500
Zone 11 47345
Zone 12 -
Zone 13 2303
Zone 14 -

Chevron ft
Yedos 0 CP_001To
Steam chest KR 73
Saturated KR -
Chanac

Santa Margarita 1617 KH WDl
Round Mountain 1980
hiddle Round Mnuntai-
Lower Round Mountain 2505
PCan 219
Lower Mcv'an 2654
Olcese -
Freeman-lewett 3430
sedder 1 4417
Yedder 2 4654
Wedder3 -
sedder 4 5400
edder S 5776
Famosza 3941
Wallker 5983
Bazement -

;

Results

Difference (ft)

234
-88
127
110
-111
-3’7
34
-82
-105
-23
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Case Study onshore UK

Energy Catalyst — Early Stage Feasibility — Round 3

Feasibility study for innovative remote sensing to
Increase onshore UK gas production
(completed October 2017)

Innovate UK IGas -&l

El'l-E[g}' www.paetoro.com

© Adrok Ltd. 2018 A 2



drok

Project’s Purpose

2 For Adrok to deploy their Atomic Dielectric Resonance (ADR) technologies to detect and
map subsurface Oil and Gas deposits in various locations across the UK by collecting and

processing 11 Virtual Boreholes to 3000m depth.

The main questions to be answered by this project are as follows:

S
M

Can the tool identify changes in lithology?

e

Can the tool identify Oil and Gas deposits?

S
M

Are the results within reasonable error?

e

Are the results reasonably repeatable?

M
M

Is the tool operationally sound?

© Adrok Ltd. 2018

Gainsborough Trough

East Midlands Province
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drok Technology development

Well name. Gansborough-2 (H9)

2* Development of hardware g B e “—“l“-”l = e
2= Development of rock database e o 13 b § |5 it
3l3k 8 Bl g
3 o e T PP il I
", . . . e 1 8 |
2: Development of data processing techniques o g e e 1=t
" a0 ; g. |
i e
M Shale, Clay, Mudstones |« | g
Sandstone
™ silt ]
I Limestone
Gypsum and Anhydrite oo |
- Coal = - E% 988 {-omp 11
W Ironstone o i ) o
I Fireclay/ fireclay with silt '_ o £ [l
M Igneous Intrusion oo 5 i - e N
M Gas H: §|§
Water e ks
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Bdrok Quality controlled

2= Second fieldwork excursion to prove reliability and
repeatability of Adrok’s field data collection methods

2* Independent competent persons report verified and validated
robustness of Adrok’s processing methods and results

© Adrok Ltd. 2018 32



Aol Final Results — Cheshire Basin
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Colour Chazgs
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Final Results — Gainsborough Basin
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Final Results —
Weald Basin
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dr Final Results — Blind Tests

0
A.

Colour Class

0 - Unknown

1 Sandstone
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3 [ shale
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£
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Odrokk  |ndependent Competent Person’s Assessment

— Dr Dave Waters, Paetoro Consulting UK Ltd.

“After detailed analysis, | have little doubt that the Adrok scanners are
seeing real and important subsurface geological boundaries. This is
evident in the consistency of response through time, in different
locations, and across different curves and associated metrics that
combine and visualise the data in different ways. Real geology is
being seen by these tools. That makes them important — because
they are managing to do so at a tiny fraction of the cost of drilling a
well, and on a much quicker time frame.”

© Adrok Ltd. 2018 A 37
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Case Study in Saskatchewan, Canada with

Gensource

POTASH CORP
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- dB3
KL-244

252

"
thicker than 150m)

402 Tugaske & C25'e S8 et

KL 245 *

Tugaske

K § SB2Ap

Regina 8.81km “{Eyebrow

Figure 2: (right) location map displaying the location of Adrok’s V-bores in relation to Gensource’s two Potash leases in the Tugaske
area of Saskatchewan. The pink stars denote training holes H1 (C1) and H2 (C2), and the orange stars represent the semi -blind V-
bores H3 (SB1) and H4 (SB 2). (top left) Geological map highlighting the area of study in relation to Potash extent in the area (picture

sourced from http://www.saltworkconsultants.com/phanerozoic-potash.html).
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http://www.saltworkconsultants.com/phanerozoic-

Correlation Method Bandwidth Harmonics Elog WMF Zone Genso Correlation Method Bandwidth Harmonics Elog WMF Zone
-5MH; urce 1-5MHz e
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Figure 7: Lithological zonations for H3 (SB1) and H4 (SB2). These were interpreted “blindly” without any training lithology. The Gensource lithology displayed above was supplied to
Adrok after interpretation was complete so that Adrok could determine the accuracy of the interpretation method.

[l shale [H Siltstone Sandstone [ Limestone [l Chert [l Dolomite [l Anhydrite [ Halite [l Potash Mineralisation
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H3 (SB1) Halite Interpretation
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Figure 9: Example from H3 (SB1) of the full integrated interpretation approach for the presence of halite in the section.

Il shale [l Siltstone
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Figure 8: Example from H3 (SB1) of the full integrated interpretation approach for the presence of the potash zone and individual potash members in the section.
[l shale [H Siltstone Sandstone [ Limestone [Jl] Chert [l Dolomite [Jj Anhydrite [ Halite [Jl] Potash Mineralisation
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Exploration

Team

(technical &
operational)

G&G S
Innovation, adequately
Integration funded

Not every exploration challenge
can be solved by Seismic or _
airborne surveys alone, due to: Exploration
2% Physical constraints of
surface terrain onshore
3% Permitting issues with Focus on
landowners discovery
= Near-surface statics

2= Depthing uncertainties

Balance
caused by subsurface geology

Risk/reward

© Adrok Ltd. 2018 44
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Accelerating Discovery

"= Adrok provides geophysical survey services, usually for a pre-agreed fixed-price during our
client’s Exploration and/or Appraisal activities as a complementary survey to Seismic or as a

cost-effective alternative. We typically aim to save our clients up to 90% of the cost of physically
drilling the ground using a borehole.
A

L

Generative Geophysical Definition / Field Development Field Production
(Plays, Leads, Surveys / Appraisal Plan &
Prospects) Exploration Wells implementation

Value

ANIVA

e"'g
“ \ Risk
PROJECT MATURITY B
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Adrok Conclusions

2= ADR is m scale resolution at km scale depth without wells or seismic

2* Three projects using the ADR deep subsurface measurements have been
presented as Case Studies
2+ Chevron — Kern River oilfield, California, 6600ft depth
2* lgas — UK onshore oil basins, 3000m depth
2* Gensource Potash — Saskatchewan, 1700m depth

2 Results are very promising and warrant further research and fieldwork to
help improve these techniques

.= “Digitally drilling” into the subsurface is the future of exploration

© Adrok Ltd. 2018 ¢ 46
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