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— To maximise data recovery from every metre
— Understand core heterogeneity
— ldentify key geological/engineering horizons

Why are Core Scanning Instruments Required?

« Drilling/sampling core material is expensive

« Basic or advanced laboratory testing is
expensive

* Therefore there is a need:

But...core analysis must be in a time-efficient
and cost-effective way

Under-Utilized
Resource of Information




Standard Multi-Sensor Core
Logger (MSCL-S)

Hyperspectral Core
Imaging System (HCIS)

XZ Multi-Sensor Core
Logger (MSCL-XZ and
MSCL-XZXRF)

laser jcan

Geotek LCIBS
Core Scanner
Arriving in

XYZ Multi-Sensor Core
Logger (MSCL-XYZ and
MSCL-XYZXRF)

X-ray CT Machines (XCT,
RXCT, VXCT, PXCAN)

17/08/2022

flood gcan

Core Analysis Instruments




(D
7:0

. T

Mim

Sensor Compatible MSCL

Physical Properties

Available Sensor Technology for MSCL Systems

Attenuated Gamma Density and Porosity MSCL-S
P-wave and S-wave Transducers MSCL-S
Non-Contact Electrical Resistivity MSCL-S

Magnetic Susceptibility

MSCL-S, MSCL-XZ, MSCL-XYZ,

BoxScan

Spectral and Total Natural Gamma

MSCL-S

Color Spectrophotometer

MSCL-S, MSCL-XZ, MSCL-XYZ

Olympus Vanta XRF

MSCL-S, MSCL-XZ, MSCL-XYZ,

Geotek linescan camera (Visible and UV)

2 - BoxScan
S
> & | He-flushed Geotek XRF MSCL-XZ, MSCL-XYZ
+ @©
) -
' 2| Laser Induced Breakdown Spectroscopy (LIBS) MSCL-XZ, HyperScan*
o=
c =
© VIS and VNIR/SWIR Point Sensor MSCL-S, MSCL-XZ, MSCL-XYZ,
BoxScan
= SpecCam 4 VNIR/SWIR Hyperspectral Camera MSCL-S, HCIS-S, HCIS-B
c
> | 3D Laser Core Imaging BoxScan, HCIS, CIS
£

MSCL-S, MSCL-XZ, MSCL-XYZ,

BoxScan, HCIS, CIS

Multiple sensors can be
installed onto one MSCL
system

MSCL systems are
modular and sensors can
be added or removed as
required

MSCL systems can be
upgraded with sensor
technology in the future

MSCL-S with 9 sensors incl.
XRF



CE0 A Core Digitisation Workflow

Manage Visualise

Consultancy and training Advanced core
services to establish visualisation tools to

best practise display all data in one viewer
procedures

Archive Discover

Cloud or local Map-based queries
network database and web browser
for new and platform for simple
archived data access and searching
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How to Rationalise a Big Data Scanning
Program?

Multi-Sensor Core Digitisation

Exploratory Level Scanning

Practical resolution that is fit for purpose to create the digital archive
High throughput (50 to >100 m per day) with low data volumes (<1GB per m)

Detailed Level Scanning

Enhance the understanding of the geological strata

High resolution (<5 cm per point) with lower throughput (10s m per day) and higher data volumes
(>>1Gb per m)




Core or Cuttings — Geotek can scan It!

Geotek core scanning equipment is
capable of scanning:

— Whole Core

— Slabbed Core

— Core still in liners (Metal or Plastic)

— Chips / Cuttings

— Soils / pulps
The form factor of the material and its
competence will have an effect on:
compatibility of sensor technology and
guality of data output.

Geotek guide customers through the
process of establishing the scope of
work using our 30 years of core
scanning experience




ek Core Scanning Services at the Lab

Full laboratory spaces available at Daventry, UK; Salt
Lake City, USA; and Rio De Janeiro, Brazil

Lab services also available in Stavanger, Norway;
College Station, Texas; and Perth, Australia

17/08/2022 Core Analysis Instruments 9



Core Scanning Services in the Field

Geotek have decades of experience of bringing core scanning labs
to the core. We can install equipment into customers facilities,
onboard offshore vessels, fit-out container labs, or within
temporary buildings.

« Field-based services are perfect for core repositories for large

core volume scanning, or where customers want to have a rapid
data turn around

+  Geotek field-based services include Geoscientists who

commission, operator and process the data in the field.
17/08/2022 Core Analysis Instruments 10
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L ease Services: box{can

* BoxScan is a field-deployable multi-sensor core scanning
system that is available for lease on a day rate basis

- Modular sensors and pricing structures. Only lease what you
want!

- BoxScan can be fully remotely installed and training is
remote (where good internet connection is available)

* Onboard ML and interpretation software for:
— Automated core curation and extraction of rock quality parameters
— VNIR/SWIR mineral interpretation

sf 0 o v & £

UHD VNIR/SWIR RGB Structural  Core boxes/

eoraane  Mineralogy  profies logging Chips

pXRF Magnetic
chemistry susceptibility




¢E0 Added Data Value

. 1 x 1.5” core plug per ft over a 3ft 4” core

. 3 discrete measurements per m

Core Scanner data - Provides stratigraphical context for
discrete measurements

. Measurement every 10 cm would give 3 times the number
of data points per ft

= Image colour, resolution, and depth registration improved
. X-ray images to identify hidden features
. Mineralogical maps to improve understanding of clay

distribution and composition




CEO Calibration and QAQC

- Calibration and QAQC are a fundamental part of Geotek
core scanning services

- Geotek use a range of reference materials, rock standards,
and CRMs to create a calibration and QAQC set that is
suitable for each project and the core type

White photographic
card
Known Reference

Laser Profiler . N/A
height

Geoscan V Linescan Camera N/A

20s per point (10s per beam)
Olympus Vanta M XRF Factory calibration using Geochem mode and 9
mm collimator

ASD VNIR/SWIR Labspec . ) 100 measurements per point
White spectrolon tile .
Spectrometer (c.10s) using contact probe

Point Magnetic Susceptibility Factory calibration 10s per point
Gamma Density Stepped aluminum bar  10s per point
P-wave Velocity Factory calibration 100 measurements per point
Loop Magnetic Susceptibility Factory calibration 10s per point

Electrical Conductivity Factory calibration 10s per point

Rock calibration .
Natural Gamma 30s per point
standards

SpecCam 4 VNIR and SWIR

White tile N/A
hyperspectral spectrometer
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Core Imaging Systems

=
O

Linescan Imaging for wet/dry visible imaging
or UV

3D Laser scanning for core for core curation
and rock quality parameters

VNIR and SWIR hyperspectral imaging for
mineralogy

Onboard core curation software and
mineralogical interpretation software
(MINSPEC)

Fast — visible imaging in 30s/m

Superior sensitivity for hyperspectral with up
to 1nm spectral resolution

Flexible — single or core box platforms

HCIS - Single
Dry Wet Dry Wet

PN



HCIS-B

SpecCam VI HSC
(VNIR + SWIR) with
Fully automated
MINSPEC live data
processing

Scanning laser for
core curation with
onboard ML for core
segmentation

Flexible measurement
bed for core or
cuttings

Hyperspectral Imaging for Boxes of Core & Cuttings

GeoScan VI Linescan
Camera for wet/dry or
VIS/UV core photography
(100-400 ppcm)

Integrated QAQC bar
with automated routines

Fully automated motors
with accurate positioning
to 0.01 mm




Onboard Automated Core Curation Software

Using onboard segmentation algorithms to separate the core into lengths that can be measured. Core depth information added to
allow for instrument depth to be converted to borehole depth. Perfect to broken or archived cores

Segmentation of the core enables rock quality parameters and geotechnical metrics to be calculated (RQD, Fracture Freq,
Fracture spacing etc)

Segmentation also identifies fractures and laser returns from the surface of the fractures enables planes to be fitted so that
orientation of fractures can be calculated if the orientation of the core is know.
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MINSPEC: Onboard Mineralogical Processing Software

MINSPEC software to be deployed onto HCIS and BoxScan systems for automated processing of VNIR and
SWIR spectra from either SpecCam IV or ASD Labspec/Terraspec instruments

Data are automatically sent to MINSPEC during acquisition where in near-real time data will be processed into
mineral maps, mineral classification maps, false colour images

Laser scans will automatically create masks to ensure that any erroneous data are removed from the final data
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¢Ee Scanning Outputs — Core Imaging

| ) i \

- High resolution core | ! a i _‘
images in Tiff and i g | i
JPEG format | J !

* Hyperspectral data t - H
outputs: Mineral b ‘ E

~ classification maps, : | f
Mineral abundance g ; E
maps (vol %), * i :
model (vol %) data | E
and log profiles :‘ |

- Laser imaging e 5 :
providing: core ] ﬂ : :
curation, RQD, ; ~ ] i
fracture frequency, : | 1 i
alpha and beta T T - B
angles BuocAbodo . """ The brightness of R ight refected hom the sampis -

- Data delivered
digitally : -




with
continuous
downhole
mineralogy

to be
used in the field to
provide valuable
information to

support field
interpretations.

Mosaiced logs,
modal outputs,
mineral abundance
map per cutting
sample

Cuttings Imaging Output
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No sample prep ' Mineralogical
services

200+ i in the lab
Ol at the

Minerals Quantified wellsite

Make informed
decisions in
real time to

guide projects

L. S Reveal subtle
Imaging Services changes in
. chemistry

for Cuttings Near

continuous
data

Output

mineralogical l0gs Up fo

10,000

spectra in
each image
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Geotek X-ray CT System Product Range
For Industry and Academia

Core Plug and
Sidewall Core
Scanning

2D Radiography and  Horizontal Rotating Vertical Rotating Horizontal Stationary
Laminography Core Core Core

g

Geotek's versatile X-ray product range provides valuable high resolution 2D and 3D X-ray images
from whole and split core samples. The Geotek product range system are affordable and
practical instruments ideal for geological and Industrial research laboratories.

Co@BAGYsis Instruments 20



gER Scanning Outputs — X-ray CT

« 2D X-ray Radiography
« Transmission X-ray imaging to produce an averaged
projection

» Conducted at 3 (0,45, 90) angles to visualize 3D
structure

» Data delivered as Tiffs, Jpegs and with report to ASTM

+ 3D X-ray Laminography
* Image processing technique using the 2D X-ray
radiograph to produce multiple slabs along the core
axis
« Optional unwrapped circumferential images
» Data delivered as Tiffs, Jpegs and with report to ASTM

Radiography;

« 3D Computed Tomography (CT)
* Image processing technique to produce axial slices

» These slices can be used to create orthogonal slabs
and unwrapped images and 3D volumes

« Data delivered as stacked Tiff segence, Jpeg
orthogonals

* Optional report

Unwrapped Laminography
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Dlug/ (S®1aN CORE PLUG SCREENING SERVICE

N
L~

Outputs: Stacked tiff sequence, orthogonals
and summary plates per plug



AMRESOLVE MORE

p\ug/ CQ

Medical CT
300pm x 625um

Medical CT
300pm x 625um

plug é:m

100pm x 100pum

plug é:m

100pm x 100pum
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2 Case Study: British Geological Survey

670 km of core stored within National Geological Repository
(NGR) with an estimated replacement cost of £175 billion GBP!

The BGS view "automated core scanning as an essential
technique [core analysis], minimising the need for destructive
sampling, whilst providing much higher resolution data.

BGS Core Scanning Facility have installed:
RXCT: Rotating X-ray CT

MSCL-S: density, P-wave, magnetic susceptibility, natural
gamma

MSCL-XYZ XRF: ASD VNIR/SWIR Spectroscopy, XRF, Imaging



Case Study: Vale, Brazil

Vale estimated that 230 km are
acquired each year and most of
this material was hardly
Investigated

Geotek provided a 20ft
containerised lab to the core
repository in Belo Horizonte,
Brazil

Geotek trained in country
providers and Vale staff to operate
the equipment and then supported
remotely

Iron-ore deposit, using the MSCL
to identify new reserves and to
help

17/08/2022 Core Analysis Instrumenfs 25




(S0 NAGRA

« MSCL-S purchased and Geotek staff e | neore. |
conducted all the scanning e

» Data depth curated to hole depth

« Data delivered in non-proprietary formats with
each parameter depth co-registered

. Data delivered digitally alongside borehole
logs showing selected data and factual report

- 5
e BEERE:
‘ B

 NAGRA using the data to interpret lithology
through ML approach. This was used to
complement the wireline data.
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S0 ONDRAF/NIRAS
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Case Study: Sediment Core, ONDRAF/NIRAS, Belgium
IBSS 10 mm Multi-Parameter Stratigraphy Acquired using a MSCL-S

« Whole plastic lined unconsolidated

i GAMMA P-WAVE MAGNETIC ELECTRICAL NATURAL
Sedlment cores DENSITY VELOCITY SUSCEPTIBILITY RESISTIVITY GAMMA
. - . [g/ecm?] [m/s] [SI x 10%) [ohm.m] [cps]
« Sediments are a clay transitionir 19 21 231850 1750 1950 1
to a underlying sand/silt/clay ‘ = 3
sequence

« Natural gamma and electrical
resistivity show fining upwards
sequence from0Omto40 m

B o
’fv“\'ﬂ\/‘\.h"}‘/vy o

« Erratic gamma density and P-wav
velocity profiles from O m to 32 m
from authigenic precipitates

LOGGING DEPTH [m]

» Magnetic susceptibility and densit
highlight changes in sediment
lithologies below 40 m

17/08/2022 28
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Enhanced characterisation of radiologically contaminated

sediments at Sellafield by
MSCL core logging and X-ray imaging

Oliver Kuras?, James Shreeve?, Nick Smith3, James Graham?3, Nick Atherton?

British
Geological Survey

NATURAL ENVIRONMENT RESEARCH COUN CiL

(=)

‘e
NATIONAL NUCLEAR ‘.
LABORATORY @
@

3National Nuclear Laborat.ory

0O




Geological Setting

Quaternary geological setting of Sellafield site, showing field
locations

Stage 8 ¢.14 500" C yrs BP Lowar Wasdale Laka [
—— ‘
Whitehaven

Out,wash
sandur

St Bees
Head

@ ( ron Crag
/ | -
Lank Rigg | @
NXO1 A ANY1T A

Nethertown

\ -

=0 7d
Swainson A(//
4 Knott ~ !
A~ Seatalian

(modified after Smith and
ol aana| pe Merritt, 2008)
Sellafield site

25
BH7*

Irish Sea Ice Stream [ forth/ &4

\ngo \ Seascale 1,

Ssa level c.8m>00? \
N\

(modified after Merritt &

Auton, 2000)
margin
Stage 9. 14 K years BP




MSCL and X-ray results

ERT BH 7

Engineering MSCL Unitisation: Integrated Lithology
Log

b¥robe

Nat gamma I Resisthrity Mag Sesc | Powave Amp Densky | Frac Porosity
e 0o 12000 202 20

e CLTTTE ] Ll xeee

X Ray — T e

Gomen (norm)

yecod

Unit Subunit Description

Made Ground

U Deptn (Meters

Very siff to hard dark brown gravelly cobbley CLAY Gravel is
medium to coarse, subvounded to rounded, cobbles are
subrounded up 1o 60-80mm (damp)

Py

i A

Orange brown very stiif sightly sandy gravelly cobbéey CLAY

Gravel s medium 1o coarse subiroundead 10 rounded, cabbles

are subroundad up 1o SOmm Increased sand content shown in
Unitl- X.ray and densty

Gluchl T Pale brown, very Stilf gravesly CLAY with frequent cobbies,

gravel t5 subanguiar to subrounded, fine to coarse. Cobbles

are subanguiar up to S0mm (dry) Becomng progessively

e sandy from 5 05m. MSCL shows sedment is Tar denses

therefore probably strongear

oQ°

EXOR )
e

Q)

= 86 g | Orange brown sightly clayey SAND. Sand is fine becomng
ie— coarses with depth (moderately compactad) (ary) MSCL & X

7| ray show clayey (Tine-graned) sand wih cross bedding!?) and ’
I-'loeelv spaced thin laminae |

-1 Simitar Ihooges 1o overlyng unit. Xty & MSCL show
b ncreased gravel contant, gravel streamers, pockets of sand
s (7)., thinty interbedded. Denser beds are thinly laminatad
Unitl - Contacts are gradatonal It s possibie 1o idenbfy each of the
=y Glacial inarbads on X-ray & MSCL
] ™ M M oranga/brown SAND AND GRAVEL Sand is medum
1 e for 50, graved is fine 10 coarse with occasional cobbles
gravel and cobbles are subrounded 1o rounded, cobbles up fo
70mm, gravels less frequent with depth (Damp) MSCL & X
ray show increased gravel content :
\
e Bd | Simitar [thoiogy 1o overying unf, but MSCL & X1ay show
ol decreased graved content, with sand cordent incCreasing with o

Gapth

Grawvedly CLAY (UA?) Graved 1sfine 10 coarse, sutyounded 10
rounded with occasional rounded cobbies up 1o 90mm,
becomng sandiec with depth (damp) MSCL & X ray show
decreased gravel content, with sand content increasing with
dopth
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1 Depth (meters)
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E

A AV

Spikey and non-
uniform density
signature typical of
gravelly sediments

Elevated magnetic
susceptibility

wd 0¢

Sharp top and

bottom contacts




bProbe | Natgamma | Resistivity
| 1h eped 15000 |

P-wave A
0.06 olo

100000 |[== == == =01 Kerm 1000|320
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P-wave Vel

A0

Frac Porosity

1.0

1000 0wl 5000

=2
Wit

Low natural gamma
activity and Mag.

g Depth (Meters)

P LY WS

Variable density
profile reflecting
thick interlaminated
sediments

Decreasing density,
and becoming
increasingly uniform
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Cornish Lithium

BoxScan and Phical rores

2 boreholes, 76 m of Core samples
covering a two base metal-rich and vuggy
intervals of core

Understand how Geotek core scanning
technology can be deployed

Can BoxScan provide information on
granite alteration and base metal deposits?

Can we use CT or X-ray imaging to
determine if vugs are interconnected to promote
lithium-brine permeability

Core scanning using multiple sensor
technologies and different logging platforms.
Therefore, Geotek demonstrated our new
BoxScan system and hyperspectral camera
technology alongside existing MSCL scanning
systems.
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IrER data for a combined stratigraphy

MSCL-S Phymcyl Sroperties Specyyl Matisai Saowng =T ASD NR Weerogy Ly Rgorescence

;o BoxScan and MSCL-S: Depth co-registered

Chlorite-rich rocks have the highest density, Mag Susc.
And Fe-content. Also highest accumulations of As and Sn
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BoxScan and MSCL-S: Depth co-registered
data for a combined stratigraphy

MECLS Phwmcal Properties Specyyl Matsal Gaoeng
SWIR
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The Kaolinite-rich rocks have lower density, Vp and MS and
higher K content (muscovite mica). But there is a difference
from 786.90 m the kaolinite-rich rocks are muscovite-rich
where as the rocks overlying are muscovite-poor.
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X-RAY CT ORTHOGONAL,
CIRCUMFERENTIAL AND RENDERED IMAGES

PHYSICAL PROPERTIES,

GEOCHEMISTRY AND

MINERALOGY

IMAGES
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Hyperspectral
Imaging
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