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Court File No. T- 24

LIEL

FEDERAL COURT

BETWEEN:

VERACIO CANADA LTD., VERACIO LTD. and
MINALYZE AB
Plaintiffs

GEOLOGICAI INC. and ENERSOFT INC.

Defendants
STATEMENT OF CLAIM

TO THE DEFENDANTS:

A LEGAL PROCEEDING HAS BEEN COMMENCED AGAINST YOU by
the plamntiffs. The claim made against yvou is set out in the following pages.

IF YOU WISH TO DEFEND THIS PROCEEDING. vou or a solicitor acting
for vou are required to prepare-a statement of defence in Form 1718 prescnbed by the
Federal Coawts Rules. serve 1t on the plaintiffs’ solicitor or, if the plaintiffs do not

wve & sclicitor. serve 1t on the plamtiffs, and file 1t with proof of service, at a local
office of this Count

WITHIN 30 DAYS afier the day on which this statement of claim 15 served on
vou, if you are served in Canada or the United States; or

WITHIN 60 DAYS after the day on which thiz statement of claim s served on
vou, if vou are served outside Canada and the United States,

TEN ADDITIONAL DAYS are provided for the filing and service of the
statement of defence if vou or 2 solicitor acting for vou serves and files a notice of
infention to respond in Form 204 1 prescnibed by the Federal Courts Rules.

- Copies of the Federal Couwrts Rules, information concermng the local offices of
the Court and other necessary information may be obtamned on request to the
Adminsstrator of this Court at Ottawa (telephone 615-992-1238) or at any local office.
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[F YOU FAIL TO DEFEND THIS PROCEEDING. judgment may be given

agaimnst vou m your absence and without further notice to you

Date: [ssued by:
(Regstry Officer)
Address of local office
30 MeGill Street
Montréal. Quebec
H2Y 3Z7
TO: GEQLOGICAI INC.
#120, 4838 Richard Road SW
Calgary, Albera T3E 6L 1

AND TO: ENERSOFT INC,
£120, 4838 Richard Road SW
Calgary, Alberta, T3E 6L1
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1. The Plamtiffs claym-

(a)

(b)

(c)

1198583751

a declaration that

(1) the Plantiff Veracio Ltd. 18 the owner of Canadian Patent No.
3.099 3563 (the "365 Patent") and No. 3.033 978 (the "978 Patent");

and

(u)  the Plamuff Mmnalyze AB 1s the owner of Canadian Patent No.
2,835.395 (the "395 Patent") and No. 3.016,136 (the "136 Patent");

a declaration that each of the Defendanis has infringed. contrarv 1o Seciion

42 of the Parent Act, RSC 1985, ¢. P4 as amended (the “Patent Act™):

(1) the claims of the 565 Patent, mcluding claims 1-18, and 20-25
thersof

(11) the claims of the 978 Patent, including claims 1, 19-23_ and 11-44
thereof

(11)  the claims of the 395 Patent, including claim 9 thereof, and

{iv)  the claims of the 136 Patent. including clamms 1. 2, 4-10, and 12-14
thereoatf

an mnfenm, interlocutory. and'or permanent mjunchion pursupant to Section
57 of the Patent dcr restramming the each of the Defendants, and sach of their
respective officers. directors. emplovess. agents. servanis, successors,
subsidiaries, affiliates. licensees: assigns and all other persons over whom
they exercise lawful authority, and all other persons who have knowledge of
this inmjunction, from:

(1) infringing any of the nghts of the Plamtiffs under the 563 Patent the

978 Patent, the 395 Patent, and'or the 136 Patent (collectively, the
"Infringed Patents");



(d)

(e)

(0
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(11} manufactunng, constructing, distnibuting. offering for sale. or
supplying in Canada, importing mio Canada experiing from
Canada, and otherwise making available or using in Canada the GAI
System as described below or any similar tools.

(m) mducing. procuring. or causing others to manufacture, distmbute,
offer for szale, or supplv m Canada impont wuto Canada,
export from Canada. or otherwise make available or use m Canada
the GAI Svystem_ as defined below, and anv similar tools; and

(iv) operating any equipment, systems, of devices in accordance

with the methods desenbed in the Infringed Patents:

an order requiring sach of the Defendants to forthwith deliver up to the

Plammnffs or destrov under oath the GAT Svstems; as defined below, -and

any similar tools, the Improved Al Model, as defined below, all matenals
used, made or being made i infiingement of the Infringed Patents or any
other materials that offend i any way agamnst any Order which may be
made herein, including any injunction sought m paragraph (c) above. that

are i the power, possession, cdre, custody or control of either of the

Defendants:

damages for the mfnngement of the Infringed Patents suffered by the
Plamtiffs 1n an amount in excess of $30.000 pursuant to section 33(1) of
the Petent Acr, said damages including lost profits from convoyed sales and
rentals of tools and sérvices. or in the altemative, an accounting of each of
the Defendants’ profits resulting from mfnngement of any of the Infringed
Patents, which the Plamtiffs may lect after due inguiry and full discovery.
mcludmg profits resulting from convoysd sales and rentals of tools and

SErVIcEs:

compensation pursuant to subsection 35(2) of the Parent Act resulting from
gach of the Defendants’ infringing activities betweesn the daie the



application for each of the Infringed Patents was laid open to public
wmnspection and the date of 1ssue of said Infrinsed Patent;

(=) pre-judgment and post-judement interest on all monetary awards;
(h) the Plaintiffs’ costs of this action on the highest possible scale;
(1) all applicable taxes: including the harmomzed sales tax: and,

() such further and other relief as the Plaintiffs may request and this

Honourable Court may deem just.
THE PARTIES

2 The Plainitiff, Veracto Litd. ("Veracio”) 1s a company incorporated under the laws of
the State of Delaware, USA and s the owner of the 563 and 978 Patents. Veracio markets
and sells XRF core samphing equipment under the brand name TruScan (the “TruScan
Equipment™),

3 The Plainuff, Minalvze AB ("Minalyze") 15 a company incorporated under the laws
of the country of Sweden and is the owner of the 325 and 136 Patents. Minalyze markets
-and sells XRF core samplinie equipment under the brand name Minalvzer (the “Minalyzer
Eguipment™).

4. The Plamtiff, Veracio Canada Ltd. ("Veracio Canada") 15 a company incorporated
under the faws of the Province of Alberia and havine an office located ar 24300-855 2
Street, SW. Calgary Alberta. Among other things. Veracio Canada camies on the business
of providing equipment and services for the assessment and analysis of orebodies. Veracio
Canada 15 the exclusive distnbuter in Canada of the TruScan Equipment and the Minalvzer
Equipmeni

5. The Defendant, GeologicAl Inc. ("GeologicAl”), 15 a company incorporated under
the laws of the Province of Alberta and havirig an office located at #120, 4838 Richard
Road SW, Calgary. Alberta. GeologicAl is engaged in the business of supplying hardware

-and software used for core sample scanning.
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. The Defendant. Enersoft Inc. ("Enersoft”) 15 a company incorporated under the laws
of Alberta and kaving an office located at =120, 4838 Ruchard Road SW, Calgary. Alberta
GeologicAl 15 a wholly owned subsidiary of Enersoft Prior to the imcorperation of
GeologicAl, Enersofi carried out the business of supplving hardware and software for use
1 core sample scanming under the name of GeologicAl or a substantially similar name:

THE 565 PATENT
1 A copy of the 365 Patent 15 attached as Schedule "A".

8 The 565 Patent is -entitled SYSTEMS AND METHODS FOR ANALYZING
CORE USING X-RAY FLUORESCENCE. Pursuant to section 42 of the Patenr Act.
Veracio has the exclusmve right, privilege_ and liberty of making, constructing, and using the
invention of the 565 Pateni and sellng the mvention to others.

9. The application for the 365 Patent was filed on September 2, 2017, claiming
prionty to US Application No. 62/385,641 filed on September 9, 2016 and was lad
open to public inspection on March 15, 2018 The 565 Patent issued on January 2, 2024,
The 565 Patent will expire on September 9, 2037,

14, The inventors of the 365 Patent are Peter Kanck and Ry Zawadzka

11. The 363 Patent 15 1n full force and effect. The Plaintiffs relv on the presumption of
validity of the 363 Patent pursuant to section 43(2) of the Patent Act.

12.  The Plamuffs assert claims 1-18, 20, 21, and 22-25 against the Defendants (the
"Asserted 565 Claims"). Claims | and 22 are independent
13. Claim 1 clams:

A system compnising,

an analyvsis assembly, wherein the analysizs assembly compnisas:

an X-ray Fluorescence (XRF) detection subassembly dafiring a
sample analysis area, wherein the XRF detection subassembly

1198583751



COMprises:

an X-ray source configured to deliver radiafion to a core
or fock sample posttioned withuin the sample analysis
area and

an XRF sensor confipured to detect X—=ay fluorescence
in response to the radiation deliverad to the cors or rock
sample by the X-ray source;

a sample movement pathway comprising a sample loading
location where the core or rock sample 1s presented to the sample
movement pathway, wheremn the :ample movement pathway
defines a path for the core or rock sample fo be advanced from

the sample loading locanon to the sample analysis area:

an imaging assembly configured fo acquire an image of the core

or rock sample;

a first actuator coupled to the XBF detection subassembly and
configured to effect vertical movement of the X-ray source and
the XRF zensor to modify vertical spacing of the X-ray source

and the XRF sensor from the core or rock sample; and

at least one processor commumicanvely coupled to the XRF
detection subassembly and the first actvator, whersin for each
delivery of radiation to a core or rock sample positionsd within
the sample amalysis ar=a. the at least one processor 1s confisured
to recarve at least one output from the XRF sensor. wheretn the
at least one output is indicative of the measured XRF of the core

or rock sample positioned within the sample analysis area.

14. Claim 22 claims:

1198583751

A method comprising:

acquinng, by an imaging assembly, an image of 2 cote or rock sample;

a
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receiving the core or rock sample within a sample analysis area of an
analvsis assembly. the analysis assembly compnsing:
an X-ray Fluorescence (XRF) detection subassembly defining a sample
analysis area. wherein the XRF detection subassembly comprises:

an X-ray source; and

an XRF sensor; and
a first actuator coupled to the XRF dstection subassembly and

configured to effect vertical movement of the X-ray source and the XRF

SETSOr,

at least one processor communicatively coupled to the XRF detection
subassembly and the first actuator;

using the first actuator to adjust verncal spacing of the X-ray source and
the XRF sensor from the core or rock sample;

activatmg the X-ray source while the core or rock sample 1= positioned
in the saimple analysis area. thereby delivering radiation to the cor= or
rock sample;

detecting. by the XRF sendor, X-ray fluorescence m response to the
radiation delivered to the core or rock sample by the X-ray source; and
recerving, by the at least one processor, for each deliwverv of radistion to
the core or rock sample positioned within the sample analysis area. at
least one output from the XBF zensor, wherein the at [east one output 15
indicative of the measured XRF of the core or rock samgle positioned
within the sample analysizs area

THE 978 PATENT
13, A copy of the 978 Patent is attached as Schedule "B".

16.  The 978 Patent 1s entitled SYSTEMS AND METHODS FOR ANALYZING CORE
USING X-RAY FLUORESCENCE. Pursuant to section 42 of the Patenr Act. Veracio has

g
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the exclusive nght. privilege. and liberty of making. constructing. and using the invention

of the 978 Patent and selling the invenfion to others.

17 The application for the 978 Patent was filed on September 9. 2017 claimmng prionty
to US Application No. 62/385.64] filed on September 9, 2016 and was laid open to
public mspection on March 13, 2018, The 978 Patent issued on May 18, 2021 The 978
Patent wall expire on September 9, 2037

18 The inventors of the 978 Patent are Peter Kanck and Ry Zawadzki

19 The 978 Patent 15 1 full force and effect.  The Plamiffs relv on the presumption of
validity of the 978 Patent pursuant to section 43(2) of the Parenr Act.

20. The Plamnnffs assert clamms 1, 19-23. and 41-44 against the Defendants (the
"Asserted 978 Claims"). Claims | and 23 are independent

21 Claim 1 claims:
A core analysis system compnsing:
a traler; and
an analysis assembly secured to the traler. wherein the analysis
assembly comprnises:
an X-ray Fluorescence (XRF) detection subassembly dafiring a

sample analysis area, wherein the XRF detection subassembly
comprnses:
an X-ray source configured to deliver radiation to core

samples posmoned within the sample analveis area; and

an XRF sensor confizured to detect X-ray fluorescence
in response to the radiation deliverad to the core samples:
by the X-ray source:

a convevor subassembly configured to selectvely deliver ons or

more core samples to the sample analvsis area of the XRF

_g.
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detection subassembly. wherein the convevor subassembly 1=
configured to selechively advance one or more core samples
betwsen a sample loading location and the sample analvsis area
and between the sample analysis area and a sample unloading

location;

a processor commurucatively coupled to the XRF detection
subassembly, wherein for each delivery of radiation to core
samples posihoned withn the sample analvas area. the
processor is confisured to recerve at least one output from the
XEF sensor, wherem the at least one output 1= indicative of the
measured XRF of the core samples posimioned within the sample

analvsis area; and

at least one contamner configured to recerve one or more core
samples, wherain the convevor subassembly 13 configured to
selectively deliver the at least one contamner to the sample
-analysis area of the XRF detection subassembly

22 Claim 23 claims:
A core analysis method comprising:

positioning an analysis aszembly in a selected posmion relative

to a drll location. whersin the analysis assembly compnises:

an X-ray Fluorescence (XEF) detection subassembly
defining a sample analysis area, wherem the XRF
detection subassembly comprizes an X-ray source and an
XRF sensor..

a conveyvor subassembly; and

a processor commumicatively coupled to the XRF

detection subassembly;

posttioning one of mofe core samples on the conmvevor

-0 -

1198583751



subassembly;

activaiing the conveyor subassembly to electively deliver the
one or more core samples to the sample analysis area of the XRF

detection subassembly; and

actrvanng the XRF detection subassembly while the one or more
core samples are positioned in the sample analysis arca, wherein
the X-ray source delivers radiation to the one or more core
saniples posihoned within the samiple analysis area_and wherein
the XRF sensor detects X-rav fluorescence in response to the
radiation delivered to the core samples by the X-rav source;

recerving, using the processor, for each delivery of radiation to
core samples positioned withun the sample analvsis area at least
one output from the XRF sensor, wherein the at least one output
15 indicative of the measured XRF of the core samples positioned
within the sample analysis area, wherein the convevor
subassembly selectively advances the.one or more core samples
between a sample loading location and the sample analysis area
-and between the sample analysis area and a sample unloading
location, wherein the one or more core samples are postioned
within a confamer. and wherein the conveyor subassembly
selectively delivers the at least one comainer to the sample

analysis arca of the XRF defection subassembly.
THE 395 PATENT
23, A copv of the 395 Patent iz attached as Schedule "C".

24.  The 395 Patent 1s entitled DEVICE AND METHGD FOR ANALYSING SAMPLES
WHILE PROSPECTING. Pursuart to section 42 of the Patert Aet, Minalyze has the
exclusive right, pnvileze. and liberty of making. constructing, and using the invention of
the 395 Patent and salling the invention to others.

-0:§-
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25 The :application for the 395 Patent was filed on Mav 20_ 2011, claiming priority 1o
Sweden Application No. 1000337-2 filed on May 20, 2010 and was Iaid open to public
mspection on November 24, 2011, The 395 Patent 1szsued on December 3. 2017, The 323
Patent wall expreon May 20, 2051

26. The wventors of the 395 Patent are Anncehe Blomdahl Mikael Artursson. Veno
Krpo, Matt: Halonen Nicklas Bragsjo_ Almiur Smajic, Class Sernevy, and Card Johansson

27 The 393 Patent 15 in full force and effect  The Plamuffs rely on the presumption of

validity of the 395 Patent pursuant to section 43(2) of the Parent Acr.

28, The Plaintiffs assert claim 9 against the Defendants (the "Asserted 395
Claim"). Claim 9 1s independent.

29, Claim 9 claims:

A method for analvsis of samples extracted during the exploration of
natural resources, components of munerals and rocks in the bedrock,
with an analvsis device compnsing a control umt, a receiver for one or
more samples and an analyvsis unit for scanning of the sample or
samples. following a scanming path. including the method steps

- placing at least one sample on the recerver

- scanming the sample or samples by the analvsis unit while the
analysis unit and the recesver with the sampl= or samples move
relative 1o each other characterized thereof. that the method
further comprises the staps

- determining the position of the analysis unit in relation 1o the
zample or samples on the recerver by a position determimng
mms':

- generating an output position signal defining a ndge position
path corresponding to a ndge on the sample surface by the

position determining means,

. e
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- feedmg the ndge position path signal to the control un1t.

- guiding the receiver with the sample or samples and analysis
umt by posittoning unsts, controlled by the control umt, so that
the scannmng path is following the ndge path

THE 136 PATENT

30. A copy of the 156 Patent 1s attached as Schedule "D,

3] The 136 Patent 15 entitled SYSTEM AND METHOD FOR ANALYZING DRILL
CORE SAMPLES. Pursuant to section 42 of the Parenr Act. Minalyze has the sxclusne
right. privilege, and liberty of making. constructing, and vsing the wmvention of the 136

Patent and selling the investion to others.

32 The application for the 136 Patent was filed on March 6_ 2017 claiming priotity to
Sweden Application No. 16300531-2 failed on March 5. 2016 and was laid open to public
inspection on September 14, 2017 The 136 Patent 1ssued on June 20, 2023 The 136
Patent will expire on March 6, 2037

33 The inventors of the 136 Patent ars Mikasl Artursson and Axel Sjoqvist

34 The 136 Patent 1s in full force and effect  The Plamnnffs rely on the presumption of
validity of the 136 Patent pursuant to section 43(2) of the Patent Act.

33. The Plamnnffs assert claims 1, 2. 4-10, and 12-14 agamst the Defendants (the
"Asserted 136 Claims”). Claims 1 and 10 are indspendent.

36, Claim 1 claims:

A system for analyzing a dnll core sample, said dnll cors sample
mncluding a planar discml..limlit}f and beins provided with a reference hine
ndicating an ongmnal rotational posttion of the dnll corein a bore hole,
which system compnises a confactless analytical apparatus, a camer for
holding the dnill core sample such that the reference line is visible to the
contactless amalytical apparatus, the contactless analytical apparatus

1%
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being configured to generate a pluralitv of curve point clouds. sach
curve point cloud includine distances to a number of pomnts located
along a line on an outer surface of the dnll core tramsverse 1o &
lonzitudinal axis of the drll core_and data about color or grevscale of
each point, a data-storing means for stonng a 3D representation based
on the pluraly of corme pomnt clopds, said 3D representation
corresponding to a field of view covering nearly 180 degrees of the
circumference of the dall core, a processing unit confizured to analvze
the drill core sample by-

- presenting the 3D representation as a picture on a display. sad
planar discontimuty being visible in the picture,

= allowing 2 user to indicate three pomnts (A B, C) located along
said planar disconfimusty,

- calculating an acute angle (alpha) between the longitwdinal axis
and a major axis of an elliptical mtersection of the drill core and
the planar discontinuity and/or a rotational angle {(beta) between
the reference line and said major axis.

37 Claim 10 claims:

1198583751

A method for analyzing a dnll core sample, said drill core including a
planar discontinurty and being provided with a reference line indicating
an original rotational position of the dnll core in a bore hole, the method
COMPHSINgE:
holding the dnll core sample such that the reference lme 13
visible to a contactless analytical apparatus. using the
contactless analvtical apparatus to generate a plurality of curve
point clouds, sach curve point cloud including distances to a
number of pomnts located along a line on an outer surface of the

drill core transverse to a lonzitudinal axis of the dnll cors, and

- 14 -



data about color and’or prevscale of sach point. stonng a 3D
representation based on the plurality of curve point clouds mn a
data-storing means. said 30 representation corresponding to a
field of view covering almost half of the circumference of the
drill core, localizing said planar discontinuity by:

- presenting the 3D representation as a picture on a
display, said planar discontunuity being visible in the
picture,

- allowmmg a user to indicate three pomnts (A, B. C)

located along said planar discontimmty,

- caleulating. 1n a processing unit. an acute angle (alpha)
between the longitudinal axis and a major axis of an
elliptical intersection of the dnll core and the planar
discontinuity and a rotational angle (beta) between the

reference line and said major axis.
THE GEOLOGICAI PRODUCT

38 From a date unknown to the Plamtiffe. but smee at least June 30, 2023 the
Defendants have marketed. made, constructed. used and/or sold in Canada core analysis
devices under the brand name of "GEOLOGICAT” (or other devices hasving the same or
simular features but known by different names) (collectively the "GAI System").

39, The GAIT System:

(a) wncludes_ or 1s intended to be used wath, an analysis assembly or method that
incorporates the use of an x-ray source and an x-ray fluorescence ("XRF")
detector that articulates along a vertical axis to measure XRF of core
samples advanced mto the analysis assembly;

(b} wncludes, or i infended to be uwsed as part of a device or means
incorporating a trallermounted assembly thar advances cors samples

through an XRF detection sub-assembly by means of a convevor;

-1
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(e) incorparates. or s inteaded 1o Incorporate. 2 means 10 SCan ONg Of MOre cors
samples along a scanning path determined by a ridge path corresponding to
aridge on the sample surface; and/or

{d) incorporates. or is intended to incorporate. a device or means for presenting
3D representations of core samples that include a planar discontinuity by
way of a picture on a display perminng localizanon of the plamar
discontimuity by performing calculations based on user input.

40.  In some cases, the Defendants operate the GAI System using the Defendants' own
employees to analyze core samples supplied by third parties. In other cases. the Defendanis
sall or lease GAI Systems to third parties who use the GAI Systems to analyze core

samples.

41 Through the mfringing use of the GAI System, the Defendants capture or receive
data associated with each core sample which 1s then used as an input to train an Al sofiware
model so as to mmprove the speed and accuracy of the Al model. thereby mcreasme the
commercial value of said Al model (the "Improved Al Model"). The Defendants obtain
this data 1in both cases where the GAI System is operated directly by the Defendants'
emiplovees as well as in cases where the GAI System 15 operated by third parties who have
leased or bought the GAI System from the Defendants.

42 The GAI Svstem and 1ts use falls squarely within one or more of the Aszertad 363
Claims, the Asserted 978 Claims, the Asserted 323 Claum. or the Asserted 136 Clams

43.  The Defendants do not have the permission or license of ather of the Plamnffs 1o
engage in the conduct pleaded at parasraphs 28 to 42 above

44 The GAI System directly competes with the TruoScan Equipment and the Minalyzer
Equipment that 15 marketed. offered for sale, sold and’or rented in Canada by Veracio
Canada

-16-
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43, The full parnculars of the mfringing activities of the Defendants are within the
knowledge, possession. and control of the Defendants.

INFRINGEMENT OF CLAIMS 1-18. 20 and 21 OF THE 565 PATENT

46 The GAI System comprises a system for analyzing core samples using XRF that
falls within the scope of each of claims 1-18&, 20 and 21 of the 5635 Patent.

47 The GAI System compnises at least-
A svstem comprising.
an anatysis assembly. wheremn the analvsis assembly compriges:

an X-ray Floorsscence (XRF) detection subassembly definmg a
sampls analveis area, wherem the XRF detection subaszembly
comprises:
an X-ray source configured to deliver radiation to a core
or rock sample positionsd withm the sample analvais

area: and

an XRF zensor configured to detect X-rav fluorescence
1 response to the radiation deliversd fo the core or rock

sample by the X-rav source;

a sample movement pathway comprising a sample loadine
location where the cors or rock sample 15 presented to the sample
movement pathway, wherein the sample movement pathway
defines a path for the core or rock sample to be advanced from
the sample loading location to the sample analysis area;

an imaging assembly configured to acquire an image of the core

or rock sample:

1198583751



a first actuator coupied to the XEF detection subassembly and
configured to effect vertical movement of the X-ray source and
the XRF sensor to modify vertical spacing of the X-fav source
and the XRF sensor from the core or rock sample; and

at least one processor commumnicatively coupled to the XEF
detection subassembly and the first actuator, wheremn for each
delivery of radiation to a core or rock sample positioned within
the sample analysis area, the at least one processoris configured
to recerve at least one output from the XRF sensor, wherain the
at least one output 15 indicative of the measurad XRF of the core

or rock sample positioned within the sample analysis area

as described by claim 1 of the 365 Patent

48, The GAI System also further compnises at least

(a)

(b)

()

1198583751

a user interface configured to display the image of the core or rock sample.
wheremn, when the user interface displavs the image of the core or rock
sample. the user interface 1s configured to provide visual indicanions on the
displaved image of the core or rock sample that reflect areas of mterest of

the core or rock sample, wherein the at least one processor 1s configured to

-analyze the core of rock sample 1in accordance with the areas of interest of

the core or rock sample, wheremn the areas of interest compns= ar l=ast one
area of the core or rock sampies that 15 excloded from analvsis by the at least

one processor as descnbed by claim 2 of the 565 Patent;

the wser wmterface 1s confipured to receive inputs from A user that are
wdicative of the at least ons area of the core or rock sample that 15 excludad
from analysis as described by claim 3 of the 363 Patent;

the user interface 15 confizured to allow the usér to assign a portion of the
mmage of the coare or rock sample to a corresponding depth within a drall
hole as desenibed by claim 4 of the 563 Patent,

-18 -



(d)

(e)

(B

(=)

(h)

(1)

@

1198583751

bazed upon the corresponding depth assigned to the porton of the image of
the core or rock sample. the processor is confizwred to determine
corresponding depths for other portions of the core or rock sample as

describad by claim 3 of the 565 Patent

the at least one processor 1s configured to exclude the at least one area of the
core or rock sample during determination of comresponding depths for the
other portions of the core or rock sample as descnibed by claim 6 of the 563

Patent

the areas of interest comprise at least one area of the core or rock sample that
1z included in analysis by the at least one processor as desenbed by clawim 7
of the 565 Patent:

the user mterface 15 configured to allow the user to-assign 2 portion of the

image of the core or rock sample to a corresponding depth within a dnll
hole. and wheremn. based upon the comespondmg depth assigned to the

portion of the image of the core or rock sample. the at least one processor is

configured 1o assign comresponding depths to areas of the core or rock
samples that are included n the analysis by the at least one procsssor as

described by clamm & of the 565 Patent

the areas of interest compnse a voud area within the core or rock sample that
15 excluded from analvsis by the at least one processor as described by claim
9 of the 363 Patent:

a trailer, wheremn the sample movement pathway is at least parfially defined
within the trailer, whersin the analvsis assembly 12 positioned within the
trailer, wherein the trailer comprises oppoesing first and second sides, each of
the first and second sides compnising at least one panel and wherein a first

panel of the at least one panel of the first side of the tratler comprises a

door that is configured to be selectvely opened to pemmit access to the.
sample loadmg location as described by clamm 10 of the 565 Patent,

a trailer, wherein the sample movement pathway 15 at least parmially defined

-1



(k)
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within the trailer, whersin the analvsis assembly 12 positioned within the
tratler. wherein the trarter comprises opposing first and second sides. each of
the first and second sides compnising at least one panel and wherein a first

panel of the at least onepanel of the first side of the trailer comprises a door

that 15 configured to be selectrvely opened to permit access to the sample
loading location as described by claim 11 ofthe 565 Patent;

the XRF detection subassembly 1s configured to sequentially detect X-ray
flucrezcence 1n respective sections of the core or rock sample as desenbed
by claxm 12 of the 365 Patemt

wheremn the core or rock sample compnises a plurality of sampls porhions
arranged withm a plurality of rows. and wherein the XRFE detection
subasszembly is configured to continuously detect X-ray fluorescence of
sample porfions within a respective row of the plurality of rows as descnibed
by claim 13 of the 363 Patent:

a housing that i1s configured to receive at least a portion of the X-ray source

and at least a portion of the XRF sensor, wheremn the housing defines an

-aperture that 15 configured to allow therethrough X-ravs from the X-ray

source and reflected X-rays from the core or rock sample as descnbed by
claam 14 of the 565 Patent:

the XRF sensor comprises a silicon dnfi detector as desenbed by claim 15 of
the 2623 Patent

the sample analysis area is configured to recerve a core box or core tray
having an upper surface that defines at least one core or rock sample
recerving porfion that recerves the core of rock sample, and wherem the X-
ray source 15 configured to debver radiation to the core or rock sample when
the core or rock sample 13 recerved within a core box or cors tray withun the
sample analysis area as descnibed by claim 16 of the 565 Patent;

the core box of core tray as descnibed by claim 17 of the 365 Patent;

the core box or core tray, wherein the at least ons core or reck sample
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recemving portion defined by the core box or core trav comprises a ploralioy

of receiving poriions as descnibed by clamm 18 of the 565 Patent:

() the at least one processor s configured to leam to categonze different pomnts
of the imapge of the core or rock sample to be associated with different core

or rock sample conditions as described by claim 20 of the 565 Patent; and

(=) the different core or rock sample conditions comprse at least on of an
inclusion tag, an exclusion tag, or a void tag as described by claim 21 of the

565 Patent.
INFRINGEMENT OF CLAIMS 22-25 OF THE 565 PATENT

49 The GAI System 15 used according to a method for analyzing core samples using
XRF that falls within the scope of each of claims 22-25 of the 565 Patent.
300 The method described m paragraph 49 above comprises at least:

A method comprising:

acquiring. by an imaging assembly. an image of a core or rock sample;

receiving the core or rock sampls wathin a sample analysis area of an analy=is
assembly, the analysis assembly comprising:
an X-ray Fluorescence (XRF) detection subassembly defining a sample
analysts area, wherein the XRF detection subassembly comprises:
an X-ray source; and
a first actoator coupisd to the XEF detection subassembly and
configurad to effect verfical movement of the X-rav source and the XRF
3Ensor;
at l=ast one proceszor communicatively coupled to the XRF detection

subassembly and the first actuator;

using the first actuator to adjust vertical spacing of the X-ray source and

. | .
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the XRF sensor from the core or rock sample;

activating the X-rav source while the core or rock sample 15 positioned

in the sample analvsis area. thereby delivenineg radiation to the cors or
rock sample:

detecting, by the XBF sensor, X-ray fluorescence in response to the

radiation delrvered to the core or rock sample by the X-ray source: and

recerving, by the at least one processor, for each delivery of radiation te

the core or rock sample posmoned withun the sample analvsis area at

least one putput from the XRF sensor. wherein the at least ons output 15
indicative of the measured XRF of the core or rock sample positioned

within the sample analysis area

as descnibed m claim 32 of the 363 Paremt

51 The method desenbed in parazraph 49 above further compnises at least:

(a)

(b)

1198583751

displayinz. by a user interface. the image of the core or rock sample;
displaving by the user interface, visual indications on the displayed imape
of the core or rock sample that reflect areas of interest of the core or rock
sample, and analvzing_ by the at least one processer, the core or rock sample

i accordance with areas of interest of the core or rock sample, wherein the.

-areas of wterest compnise at least one area of the core or rock sample that 15

excluded from analysis by the at least one processor as described by claim
23 of the 363 Patent:

the analysis assembly is posthoned within a trailer, wherain the traler
comprises opposmeg first and second sides. each of the first and second sides
comprising at least one panel and wherem a first panel of the at least one
panel of the first side of the traler comprises a door. wheremn the method
further compnses:

opening the door; and

inserting, through the door, the core or rock samiple into the trailer,



as described by claim 24 of the 563 Patent; and
{c) the analysis assembly is posthoned within a trailer, wherain the traler

compnses opposing first and second sides, each of the first and second sides
comprising at least one panel and wherem a first panel of the at least one
panel of the first side of the traler comprises a door. wheremn the method
further compnses:

opening the door: and

inserting, through the door, the core or rock samiple nto the

trailer
-as described by claim 25 of the 3635 Patent.

INFRINGEMENT OF CLAIMS 1 AND 19-22 OF THE 978 PATENT

52 The GAIT System 1s configured or is mtended to be configured as trailer- mounted
svstem for analyzing core samples using XRF and falls within the scope of each of claims 1
and 19-22 of the 978 Patent.

53 The GAI Svstem compnses at least
A core analysis svstem compnsing:
a tratler; and

an analysis assembly secured to the trailer. wherein the analysis

assembly comprises:

an X-ray Floorsscence (XRF) detection subassembly defining a
sample analysis area, wherein the XRF detection subassembly
comprises:
an X-ray source configured to deliver radiation to core
samples positoned within the sample analveis arsa’ and
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an XRF sensor confipured to detect X-ray fluorescence
in response to the radiation delivered to the core samples.
by the X-ray source:

a conveyor subassembly confisured to selectively deliver one or
more core samples to the sample analysis area of the XEF
detection subassembly, wheretn the conveyor subassembly s
configured to selectively advance one or more core samples
between a sample loathing location and the sample-analysis area
and between the sample analysis area and a sample unloading

location:

a processor communicatively coupled to the XRF detection
subazsembly, wherein for each delivery of radiation to core
samples posiioned withuin the sample analysis area, the
processor 15 configured to recerve at least one output from the
XRF sensor, whersmn the at least ene output 15 indicative of the
measured XRF of the core samples positionsd within the sample

analvsis area; and

at least one contamner configured to recerve one or more core

samples, wherain the convevor subassembly 15 configured to
selectively deliver the at least one contamner to the sample
analvsis area of the XRF detection subassembly.

as descnibed by claim 1 of the 978 Patent.

34, The GAI System further compnises at least:

(=)

(b)

1198583751

the analysis assembly further comprises a first wireless transmitter-recerver
communicatively coupled to the processor as descnibed by claim 19 of the

978 Patent:

a databaze and a second wireless transmitter-recetver commumicatively

coupled to the database. wherein the second wireless transmitter-receiver 1s
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confipured to recerve information from the first wireless transmitter-recerver
and to transmut information from the database to the first wreless

transmitier-receiver as descnbed by olamm 20 of the 978 Patent:
{c) the database 15 selectively remotely accessible as descnbed by claim 21 of
the 978 Patent; and

(d) -a opser interface, wheretn the processor 1z communicatively couplad fo the
user mterface and configured to recerve one or more mputs from the user

interface as descnibed by claum 22 of the 978 Patent.
INFRINGEMENT OF CLAIMS 23 AND 41-44 OF THE 978 PATENT

55, The GAI System 15 used according to a method for analyzing core samples using
XRF that falls within the scope of each of claims 23 and 4144 of the 978 Patent.
56. The method described in paragraph 33 above comprises at least

A core analysis method comprising:

positiorning an analysis assembly m a selected position relatve
to a drll location. wherein the analysis assembly compnses:
an X-ray Fluorescence (XRF) detection subassembly
defimng a sample analvsis area wherein the XRF
detection subassembly comprises an X-ray source and an
XRF sensor:
a conveyor subassembly, and

a processor communicatively coupled to the XRF
detection subassembly;
positioning one of more core samples on the convevor

subassembly;

activanng the convever subassembly to electively deliver the

one of more core samples to the sample analvsis area of the XEF

[
Ly
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detection subassembly; and

activating the XRF detection subassenmbly while the ong or more
core samples are positioned mn the sample analysis arca. wheremn
the X-ray source delivers radiation to the one or mote core
samples posittoned within the sample analysis area. and wherein
the XEF sensor detects X-rav fluorescence m response to the

radiation delivered to the core samples by the X-ray source;

recerving, nsmg the processor, for each delivery of radation to
core samples positoned within the sample analvsis area. ar least
one output from the XRF sensor, wherein the at least one output
1s indicative of the measured XRF of the core samples positionsd
within the sample analysis area. wherein the convevor
subassembly sslectively advances the one or mors cors samples
betwsen a sample loading location and the sample analvsis area
and between the sample analvsis area and & sample unloadme
location. wherein the one or more core samples are posttioned
within a contamner, and wherein the convevor subassembly
selectively delivers the at least one. container to the sample
analysis area of the XRF detection subassembly.

as deseribed m clam 23 of the 978 Patent.

(a)

(b)

1198583751

57. The'method descnbed in in parasraph 55 above further comprises at least:

a first wireless transmitter-receiver commumcatively coupled to the
‘processor as descnbed by claim 41 of the 978 Patent:

a second wireless ransmitier-receiver s communicatively coupled to the
database, and wherein the method further comprises using the second
wireless transmitter-receiver to recerve information from the first wireless
transmftter-recatver and to transmit information from the database to the first
wireless ransmitter-receiver as descoibed by claim 42 of the 978 Patent;
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(e) salectively accessing the database from at least one remote location as

describad by clamm 43 of the 978 Patent. and

id) using a user interface to recetve one or mors inputs from a user, wherein the
processor 15 communicatively coupled to the user interface as descnibed by
claim <44 of the 978 Patent

INFRINGEMENT OF CLAIM 9 OF THE 395 PATENT

38.  The GAI System 1s used according 1o a method for analyzing core samples that
falls within the scope of claum 9 of the 393 Patent and compnse at least

A method for analysis of samples extracted during the exploration of
natural resources, componernts of minerals and rocks m the bedrock,
with an analvsis device comprising a control unit, a receiver for one or
more samples and an analysis umit for scanming of the sample or

samples, followmng a scanning path. including the method steps
- placing at least one sample on the recetver

- scanning the sample of samples by the analysis unit while the
analysis unit and the receiver with the sample or samples move
relative 1o 2ach other characterized thereof that the method
further compnses the steps

- determining the posrtton of the analvsis unit 1 relation to the
sample or samples on the recerver by a posihon determining
means,

- generating an output position signal defining a ndge position
path correspondmng t0 a ndge on the sample surface by the
position determining means,

- feeding the ndge posimon path signal to the control vt

(]
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- guiding the recerver with the sample or samples and analysis
unit by positioning umis, controlled by the control unit, so that
the scanming path s following the ndge path.

as described by claim 9 of the 395 Patent
INFRINGEMENT OF CLAIMS 1. 2, AND 4-9 OF THE 136 PATENT

39,  The GAI Svstem compnses a system for analyzing core samples that falls
within the scope of =ach of claims 1, 2. and 4-9 of the 136 Patent

60 The GAI System comprises at [=ast:

A sysiem for analyvzing a dnll core sample, said dnll core sample
including a planar discontumuty and bemg provided with a reference line
indicating an ongmal rotational position of the drill core in a bore hole_
which system comprises a contactless analytical apparatus, a camer for
holding the dnill core sample such that the reference line 15 visible to the
contactless amalvtical apparatus, the contactless analyncal apparatus
being confipured to generate a plurality of cuorve pomnt clouds, each
curve point cloud includine distances to a number of pomnts located
along a line on an outer surface of the drill core transverse to a
lonsitudinal axis of the dnll core. and data about color or greyscale of
each pomt, a data-storing means for storing a 3D representation based
on the plurality of curve pomt clouds, said 3D representation
corresponding to a field of view coverme nearly 180 degrees of the
circumference of the dsll core. 2 processing unit confipured to analvze
the dnll core sample by:

- presenting the 3D representation as a picture on a display, smd
planar discontinuity being visible in the picture,
- allowing a user to indicate three points (A B, C) located along

said planar discontinuity.

_a8 .
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= calculating anacute angle (alpha) berween the longrtudinal axis
and a mayjor axis of an eiliptical intersection of the dnll core and
the planar discontinuity and or & rotational angle (beta) between
the reference line and said major axis.

as described by claim 1 of the 136 Patent

61.  The GAI System further compnses at [east:

(a) the contactless analytical apparatus is configured to generate data about
color and grevscale of each point as deseribed by claim 2 of the 136 Patent;

(b) the 31} representation 15 stored as a pownt cloud in the data-storing means as
descnibad by clamm 4 of the 136 Patent.

{c) the 3D representation is stored as a polvzon mesh generated from the curve
poimnt clouds as descrabed by claim 3 of the 136 Patent;

(d) the system comprises means for creating an image of the core and
means for overlaving the image on the polyvgon mesh as described

by clamm 6 of the 136 Patent;

() the system comprises a component analyzing unit for analyzing
zlements in the core samplss, the component analyzing unit bemng
movably arransed and dependent on a distance controlling means
for control of the distarice between the component analvzing unit
and the cores being analyzed. whersin information from the
processing umt 15 used to calculate the distance imput to the
distance controlling means as described by claim 7 of the 156
Patent:

(D the elements in the core samples amalyzed by the component
analyzing umit comprise minerals as descnibed by claim 8 of the

136 Patent; and

(=) the component analyzine unit 15 of an X-ray type as described by
claim 9 of the 136 Patent.

_ag_
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INFRINGEMENT OF CLAIMS 10 AND 12-14 OF THE 136 PATENT

62 The GAT System 15 used according to'a method for analvzing core samples that
falls within the scope of each of claims 10 and 12-14 of the 136 Patent.

63.  The method desenibed in paragraph 62 above comprises at least:

A method for analyzing a dnll core sample. said dnll core mcluding a
planar discontinuity and bemg provided with a reference line ndicanng
an onginal rotational position of the dall core i a bore hole, the method

COMPIISg:

holding the dnll core sample such that the reference line 1=
visihle to & contactless analytical apparatus, using the
contactless analvtical apparatus to generate a plurality of curve
point clouds, each curve pomt cloud includmg distances to a
mumber of points located along a line on an outer surfacs of the
drill core transverse to a longitudinal axis of the dnll core, and
data about color and'or greviacale of sach point. storing a 3D
representation based on the plurality of curve point clouds m a
data-stonngz means. said 3D representation corresponding to a
field of view covenng almost half of the drcumference of the
dnll core, localizing said planar discontimunty by:

- presenting the 3D representation as a picture on a
display, saxd planar discontinuity being vistble in the
picture,.

- allowing a user to mdicate three pomnts (A B_ C)

located along said planar discontmuaty,

- calculating, i a processing unit, an acute angle (alpha)
between the lonpitudinal axis and a major axis of an
elliptical intersection of the dnll core and the planar

discontinuity and a rotational angle (beta) between the
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reference line and sa1d major axis,

as described by claim 10 of the 136 Patent.

64 The method described in paragraph 62 above further compnses at least:

(a) the 3D representation is stored as a point cloud 1n the data-storing means as
described by claim 12 of the 136 Patent;

(b) the 3D representation is stored as a polvoon mesh generated from the curve
point clouds as described by claim 13 of the 1536 Patent; and

(c) creating an image of the core and overlaving the image on the polygon mesh
to a combined visualization representation as described by claim 14 of the
136 Patent.

ALTERNATIVE INFRINGEMENT ALTEGATIONS
63. Since at least June 30, 2023, the Defendants have supplied GAI Svstems for use mn
Canada a= part of a svstem for analvzing core samples that
(2) includes all of the features of
(1) each of claime 1-18, 20_and 21 of the 565 Patent;
(1)  each of claims 1 and 19-22 of the 978 Patent; and 'or
(111) each ofelatms 1, 2 and 4-2 of the 136 Patent
(b) employs a method that includes all of the features oft
(1) each of claims 22-25 of the 3635 Patent;
(11) each of clatms 23 and 4144 of the 978 Patent;
(1) clmm 9 of the 395 Patent; and/or
(v}  each of claims 10.and 12-14 of the 136 Patent
66. The Plaintiffs repeats the particulars to paragraph 38 10 42 above and alleges that

the third parties to whom the Defendants have supplied GAI Systems have used same as
part of a system for analyzing core samples that:
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(2) wncludss all of the features of
(1) each of claims 1-18. 20_ and 21 of the 5635 Patent;
(11) each of claims | and 19-22 of the 278 Patent: and or
(11} each ofclaims | 2 and 4-9 of the 136 Patent
(k) employs a method that imncludes all of the features of:
(1) each of claime 22-25 of the 563 Patent;
(11) each of claims 25 and 41-44 of the 878 Patent:
(t1) claim 9 of the 395 Patent; and/or
(iv)  each of claims 10 and 12-14 of the 136 Patent

67. The Defendants do not have the permussion or license of ether of the Plainniffs to
engage i the conduct pleaded at paragraphs 65 and 66 above

68, The above-noted systems are directly compentive to XRF core sampling
squpment marketed and sold by Veracio Canada in Canada under the brand names of
"TruSecan"” and "Minalyze".

69. The full particulars of the Defendants’ infninsing actions are within the knowledge.

possession and control of the Defendants.
INDUCED INFRINGEMENT OF THE 565, 978, 395, AND 136 PATENTS

70,  The Defendants induce third parties such as mineral exploration companies to use
the GAT Systern The use of the GAT Svstem by third parties directly infringes the asserted
claims of the 365, 72 395, and 136 Patents and would not occur without the mnfluence of
the Defendants. The influence exercised by the Defendants on third parties includes, mter
alia, the sale and rental of the GAI System. the publication and distribution of operational
manuals. promotional mztenals, instrucnonal videos, and other technical mformation
concernming the operation and use of the GAI Svstem, and the provisien of on-sit= and off-
site technical support from individuals acting on behalf of the Defendants. The Defendants
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knowmgly and intentionally exercize thewr influsnce to canse third parties to use the GAI

System.

Tl Since at least June 30. 2023, the Defendants have, in Canada. given or published
wistructions for the use of GAI System. The GAI System has been used in accordance with
those mstructions and m the manner that falls within the scope of the Asseried 565 Claims,
the Asserted 978 Claims, the Asserted 393 Claim, or the Asserted 1536 Claims.

7o The full parmiculars of the Defendants' induced infringement of the 565 Patent, the
978 Patent, the 395 Patent, and the 136 Patent are within the knowledge, possedsion and
centro] of the Defendants,

RELATIONSHIP OF DEFENDANTS

73, GeologicAl 15 a wholly owned subsidiary of Enersoft and thers 1s commonality in
ownership. direction. and control of the two corporate entitiezs. GeologicAl and Ensrsoft
both carry out the business of conducting core sample scanming using hardware and
artificial intellizence software and have acted in concert fo minnge the 363 Patent, the 978
Patent, the 395 Patent, and the 136 Patent As such, by virtue of the aforesaid acts, the
Defendants are joint tortfeasors and are jointly and severally liable for all of the aforesaid

acnvities

74, In addihion, the infnnging actions of GeologicAl have been done at the direction
of Enersoft warranting the: piereing  of the corporate wveil to attnbute GeologicAls

mnfnnging actions to Enersoft.
RELIEF SOUGHT

73,  The Plaminffz are unaware of the full extent of the specific actvities of the
Defendants. Full particulars are within the knowledge, possession and conmtrol of the
Defendants and the Plaintiifs claim to recover full compensation n respect of all of them.

76,  As aresult of the foregoing activities of the Defendants, the Plamnuffs have incurred
lozs and damage and will continus to inour loss and damage, and the Defendants have

-33-
1155583751



made unlawiful profits. and will continue to make unlawful profits. unisss the Defendants
are enjoined from the making constructing, importing, using, offenng for sale and remt,
selling and or renting of the GAI System, and inducing others to use the GAI System_
cach in or into Canada until the expiry of the 565 Patent, the 978 Patent the 395 Paient
and the 136 Patent

17 The Plamtiffs’ loss and damace mmcludes lost profits from comvovyed sales and
rentals of other cors sample analysis products.

18. The Plamntiffs claim relief in respect of all acts of infnrigement commirtad by the
Defendants.

19 The Defendants have also achieved additional conveyed sales and remtals of core
sample analvsis tocls and services, Without limiting the generality of the foregoing, the
betterment of the Defendants’ Improved Al Model was the ‘direct result of the Defendants:
use of data derrved from the nfningement of any of the 563 Patent, the 978 Patent, the 395
Patent, or the 136 Patent by either the Defendants or by infringement of said patents by
third parties induced by the Defendanis The Plaintiffs claim @e&es i respect of all
convoyed sales and rentals. including the betterment of the Defendants’ Improved AT Model

80. The Plawnuffs forther claim all reasonable compensation from the date the
application for each of the 563 Patent, the 978 Patent, the 395 Datent. and the 136 Patent were
lz1d open to public inspaction unhl the date of their respactive 1ssuance.

81 The Defendants have caused harm including harm of an irreparable pature. The
Defendants have further recerved a financial gam as a result of thewr mfrinpement of the
3635 Patent. the 978 Patent, the 395 Patent. and the 136 Patent. The Defendants are liable to
the Plainn ffs for damages or, at the Plamtffs’ election. an accounting of profits obtained as a
consequence of the infringement, including any profits realized through all convoved sales
and rentals, mcludmg the betterment of the Improved Al Model

82 The Plamtiffs respectfully request that this action be allowad, with costs to the
Plainniffs at the highest possible scale, together with all disbursements, inclusive of expent
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witness fees and taxss.
23. This action 1s not being pursued as a simplified proceeding.
B4 The Plamntiffs proposes that this action be tried at Montreal. Québec.

Dated at Montréal Québiec the 22™ day of August, 2024,
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Montréal, Québec
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Jonathan Ausrbach
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Kzvin Graham
KGraham@stikeman com
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Phone: (514) 3973000
Fax: (314) 3973222
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SYSTEMS AND METHODS FOR ANALYZING CORE USING X-RAY
FLUORESCENCE

CROSS-REFERENCE TO RELATED APPLICATION

[001] This applicaticn claims prionty 1o and the benefit of the Gling date of US. Provisional
Patent Application No, 62/385 64| filed September 9, 2016,

FIELD

[002] The disclosed mvention relates 1o core analysis systems and methods and, more
particularty, to systems and methods for analyzing core samples using: X-Ray Fluorescence
(XRF).

BACKGROUND

[003] Typically, analysis of core or rock samples requires shipping of the samples to a
distant laboratory, where the samples are cut and then cither crushed or scanned i a
controlled environment by specially trained personnel. This analysis process is frequently
associated with lengthy sample tmmsport times, delays caused by limited access to the
laboratory or limited mrained personnel, and delays caused by detailed analysis and reporting.
Consequently, from the time the core sample is obtained, it often takes months 1o complete
the analysis of 0 core or rock sample. Thus, the core or rock analysis process is not integrated
into the conventiondl drilling worklow process, Rather, it is a  seéparnle process  that
frequently encounters extensive delays.

[004] Additionally, existing systems {or analyzing core or tock sumples typically require
extensive user training and cenification before the systems can be used. Further, although
comparative core analysis methods rely on the objective consistency of the location of sample
points, existing core analysis sysiems make it nearly impossible lo repeat sumpling [rom a
consistent location, Still further, existing portable core analysis systems lack appropriate
methods and sufficient precision to produce meamnefol data, whereas larger, more powerful
core analysis systems require installation in laboratories with controlled environments, where
only trained technicians are authorized (o work,

[005] Thus, there 15 a need for systens and methods that address one or mare of the
deficiencies of known systems and methods for analyang core or rock samples. For
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example, there is a need for core analysis systems and methods that are integral 1o the overall
drilling workflow process and designed for operation by & member of the dnlling team. As
another example, there is a need for fully integrated, autonomous core analysis systems and
methods that provide repeatable, location-identified, quantifiable sample data thal can be
produced in a time window (e.g., within minutes or hours) that is far less than that required to
camplete conventional core sample analysis.

SUMMARY

[006] Described herein, m various aspects, 15 a core or rock analysis system. The system
comprises an X-ray Fluorescence (XRF) detection subassembly defining a sample analysis
area, wherein the XRF detection subassembly comprises an X-ray source conligured 1o
deliver radiation to a core or rock sample positioned within the sample analysis area; and an
XRF sensor configured to detect X-ray fluorescence m response to the radiation delivered to
the core or rock sample by the X-ray souwrce; a sample movement pathway compnsing a
sample loading location where the core or rock samiple is presented Lo the sample movement
pathway, wherein the sample movement pathway defines a path for the core or rock sample
to be advanced from the sample loading location 1o the sample analysis area; an imaging
assembly configured to acquire an image of the core or rock sample; a user interface
conligured Lo display the image of the core or rock sample; and o processor communicatively
coupled to the XRF detection subassembly, wherein for each delivery of mdiation to a core or
rock sample positioned within the sample analysis arca, the processer is configured 1o receive
ot least one output from the XRF sensor, wherem the at least one outpul is indicative of the
measured XRF of the core o rock sample pesitioned within the sample analysis arca,
wherein the user interfice is configured 1o provide visual indications on the displayed image
of the core or rock sample that reflect respective arcas within the core or rock sample,
wherein the visual indications include a visual indication of at least one area within the core
or rock sample that is selected for scanning and/or analysis, and wherein the processor is
conligured o include, in scanning by the XRF detection subassembly and/or analysis the by
processor, the at least one areéa within the core or rock sample that is selected for scanning

and/or analysis.

[007] Also described hercin, in further aspects, is & method for analyzing a core or rock
sample. The method compnses positioning an analysis assembly in a selected position

relative (o a dnill location, wherein the analysis assembly comprises: an X-ray Fluorescence
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(XRF) detection subassembly defining a sample analysis area, wherein the XRF detection
subassembly comprises an X-ray source and an XRF sensor; a sample movement pathway
comprismg & sample loading locaton where the core or rock sample is presemied o the
sample movement pathway, wherein the sample movement pathway defines a path for the
core or rock sample to be advanced from the sample loading location to the sample analysis
arca; @ processor commumnicutively coupled to the XRF detection subassembly; a user
interface communicatively coupled to the processor; and an mput imoging assembly
communicatively coupled 1o the processor, positioning the core or rock sample on the
conveyor subassembly at the sample loading location; acquiring, by a camera of the input
imaging assembly, in image of the core or rock sample; displaying, by the user interface, the
image acquired by the input imuaging assembly; providing, by the user interface, visual
indications on the dispiayved image of the core or rock sample that reflect respective arcas
within the core or rock sample, whereimn the visual indications melude a visual mdication of ot
least one ares within the core or rock sample thal is selected for scanning and/or analysis;
advancing, along the sample movement pathway, the core or rock sample 1o the sample
onalysis nrea of the XRF detcction subassembly: and activating the XRF detection
subassembly while the core or rock sample is positioned in the sample analysis area; wherein
the XRF sensor detects XRF in response to radiation delivered 1o the core or rock sample by
the X-ray source, wherein the processor is confligured 1o include, m scanming by the XRF
detection subassembly, the at least one area within the core or rock sample that is selected for
scanming and/or analysis; receiving, usmg the processor, ot least one output from the XRE
sensur, wherein the a1 least one output is mdicative of the measured XRF of the core or rock
sample positioned within the sample analysis area, wherein the processor is configured to
mclude, in analysis by the processor, the at least ome arca within the core or rock sample that
is selected for scanning and/or analysis; and advancing, along the sample movement pathway,

the core or rock sample from within the sample analysis anca 10 a sample unleading location.

DESCRIPTION OF THE DRAWINGS
|DOE] Figure 1 15 a rear perspective view ol a core analvsis svstem as disclosed herein.

[009| Figure 2A ig a top view of a ¢ore analysis system as disclosed herein. Fipure 2B
is a side perspective view of the core analysis sysicm of Figure 2A, Figure 2C is a lefl side
eleyational view of the pore analysis syster of Figure 2A. Figure 2D is a front elevational

&
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view of the core analysis system of Figure 2A. Figure 2E i5 a cross-sectional view of the
core analysis system of Figure 24, taken at lime A-A depicted in Figure 2D,

[0016]  Figure 3 is a schematic diagram depicting clectnical communication botween a

sample analysis assembly, a central database, and consumers as disclosed herein.

[0011]  Figure 4 is a schematic disgram depicting the Qow of core samples through an

exemplary core analysis system as disclosed herein,

[0012] Figure 5 15 a schematic diagram depicting an exemplary dada network armngemént
for use with the core analysis svstem as disclosed herein

|0013]  Figure 6A is 0 schematic diagram depicting the commumication between
components of an exemplary core analysis system s discloseéd herem.  Figure 6B is a
schematic diagram depicting the communication between the processing components of an

exemplary core analysis system and various actuators positioned throughout the system.

[0014]  Figures 7A-7B arc images of exemplary displays of core sample segments on a
core box as disclosed herein.  As shown, & svstem operator can use a human machine
mierlice O select or “lag” porhiens of the core sample segments (or exclusion Fom mnaly sis

as further disclosed herein.

[0015]  Figwes RBA-8B are lefl and nyht pesspective views of an exemplary trailer for

enclosing and ransporting an analysis assembly as disclosed herem.

[0016]  Tigure 9A is a side perspective view of an exemplary verification assembly as
disclosed herem, with the arm of the verilication assembly positioned in an operative
“presentation” position. Figure 9B is a side perspective view of the verification assembly of
Figure 9A, with the arm of the venfication sssembly positioned in a rest position (and the
actuator associated with the arm in an extended position). Figure 9C is an end perspective
view of the arm and the cover of the verification assembly of Figure 9A as the arm
approaches the cover (and prior to movemeni of the cover to enclose the recoplacles of the
arm).

[0017) Figure 10A is an mmage depicting a stop projection and a locator pin of an
exemplary tray adapter assembly as disclosed herein. Figure 108 is an image depicting the

placement of an adapter relative to the stop projection and the locator pin such that the locator
pin extends through an alignment opening of the adapter.
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[0018]  Figure 1A is a top plan view of an exemplary adapter as disclosed herein. Figure
11B is a side elevational view of a longiludinal edge of the adapler of Figure 11A, Figure
I 1€ is a side elevational view of a transverse edge of the adapter of Figure 11A. As shown,
euch edge of the adapter can be folded inwardly toward an interior portion of the adapter.

[0019]  Figure 12A is an imape depicting an exemplary adapter extending across (wo
spaced inpul rollers as further disclosed herein. Figure 128 is an image depicting a container
(e.g., care tray ) positioned within an exemplary adapter as disclosed herein.

[0020]  Figure 13A is a perspective view of an exemplary analysis assembly having a tray
centering subassembly as disclosed herein. Figure 13B is a perspective view ol the tray
centering subnssembly of Figure 13A. As shown, the tmay centering subassembly can
comprise [irst and second guides thal are activaled by respective acluptors.

[0021]  Figures 14A-14C show the progression of movement of o gude of the tray
centering subassembly as a core tray (shown in phantom line) approaches the tray centering
subassembly. More particularly, Figure 14A depicts the trav in an elevated position and the
guide in o lowered position, Figure 148 depicts the tray in a lowered position and the guide in
a raised position (o elfect engagement between the guide and ihe iray), and Figure 14C
depicts the tray in the elevated position and the guide in the raised position.

DETAILED DESCRIPTION

[0022]  The present invention now will be described more fullv herenafler with reference
to the accompanying drawings, in which some, but not all embodimenis of the invention are
shown. Indeed, this invention may be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein: rather, these embodiments are
provided so that this disclosure will sausly applicable legal requirements. Like numbers refer
to like elements throughout. 1t is to be understood (hatl this invention is not limiled to the
particular methodoelogy and protocols described, as such may vary. Tt is also to be understood
that the terminology used herein 1s for the purposc of descnbing particular embodiments
only, and is not intended 1o limit the scope of the present invention.

[0023] Many modifications and other embodiments ol the invention set Torth herein will
come to rind 1o one skilled in the art fo which the invention pertains having the benefit of the
teschings presented in the foregoing descripuon and the associated drawings. Therefore, it is
to be understood that the inventien 15 not to be limuted to the specific embodiments disclosed
and that modificatons and other embodiments are intended (o be included within the scope of
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the appended claims. Although specific terms are employed herein, they are used in a generic

and descriptive sense only and net for purposes of limitation.

[0024]  As used heroin the singular forms "a", "an®, and "the” include plural referents
unless the context clearly dictates otherwise. For example, use of the term “a user mterface™
can refer to one or more of such user interfaces, and use of the torm “a sensor” can refer (o

one or more of such sensors.

[0025) All technical and scientific terms used herein have the same meaning as
commaonly understood to one of ordinary skill i the art to which this imvention belongs
unless clearly indicated otherwise.

[0026) Ranges epn be expressed heremn as from “about”™ one particular value, andf/or 1o
“about™ another particular value. When such a mange is expressed, another aspect includes
from the one particular value and/or to the other particular value, Similarly, when values are
expressed as approximations, by use of the antecedent “nbout,” it will be understood that the
particular value forms another aspect, [t will be further understood that the endpoints of each
of the ranges are sipnificant both in relation to the other endpoint, and independently of the
other endpoint.

[0027]  As used herein, the terms “optional” or “optionally™ mean that the subsequently
described event or circumstance may or may nol occur, and that the description includes

instances whete said event or eircumstanee oceurs and instanees where 1t does not,

[0028]  The word “or” as used herein means any one member of a particular list and also
includes any combination of members of that list.

[0029]  The term “substantially perpendicular™ 1s meant to mdicate that clements (c.g..
axes) are perpendicutar within a given plane or oriented at an angle of less than 15 degress
(optionally, less than 10 degrees) relative to each other within the given plane.

[0030]  The ferms “core box™ and “tore tray™ are used interchangeably herein,

[0031]  The following description supplies specific details in order to provide a thorough
understnnding. Nevertheless. the skilled artisan would understand that the apparatus and
associated methods of using the apparatos can be implemented and used without employing
these specific details. Indeed, the apparatus and sssociated methods can be placed mto
practice by modifying the illustmied apparatus and associated methods and can be used in
conjunction with any other apparatus and techniques conventionally used i the industry.
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[0032]  Dhisclosed herein, in various aspects and with reference to Figures 1A-14C are
core analysis systems and methods that are confligured to provide qualitative analysis of
drilled rock cores using a high-specification X-roy Fluorescence (XRF) system. In use, itis
contemplated that the disclosed systems and methods can scan drlled core at required spatal
intervals and within a reasonable time to permit desired on-site workflow while alse
providing meaningful chemo strati graphical data, which can be used by geologists and other
personnel o interpret the region of drilling for additional drill argets. [t is further
coniemplated that the analysis described herein can be completed by a member of the drilling
team (e.g., a driller’s assistant) in between core sampling sequences (e.p., sample pulls).
Thus, it is contemplated that the disclosed system can be readily and selectively deploved in
in the field and operate i ot least a partially autonomons (optionally, fully auonomous)
manner. In contrast to exisung core analysis systems, the disclosed systems and methods can
provide site-specific matrx calibration and permit the tatloring of XRF setlings to clements
of interest.  Additionally, it is contemplated that the use of helium gas as disclosed herein can
reduce X-ray attenuation, particularly for light elements (Na-Ti), More gencrally, itis
contemplated that the disclosed system can function in an automated fashion o permit real-
time acquisition of data without impacting drillmg workflow.

[0033]  Although gencrally disclosed herein as core analygis systems and methods, it is
contemplited that the disclosed systems and methods can be used (o analvee other material
samples, such as, for example and withowut limitation, chips produced dunng reverse
circulation drilling operations.

Core Analvsis Svsiems

[0034]  Inexemplary aspocts, and with reference to Figures 1-2D, 4, and 6, a core analysis
system 10 can comprise an analysis assembly 20, The analysis nssembly 30 can comprise o
frmme 32 and a plurality of components as further disclosed herein, One or more of the
components of the analysis assembly can be supporied by and/or secured to the frame 32 as
shown m FIGS. 1A-2E. Optionally, in some aspects, the analysis assembly 30 (e.g., ot least
the frame 32 of the analysis assembly) can beé secured (o a trailer 20 using conventional
means, including fasteners such as bolts, scrows, clamps, and the like. In these aspects, it is
contemplated that the trailer 20 can comprise conventional means for securing the trailer to a
piece of drilling equipment, such as drill rig, or 1o a support vehicle, such as a truck, ractor,
and the like. Exemplary means for securing the trailer include a hitch, one or more bolts, one

or mere pins, one or more arms, and the like, It s contemplated that the trailer 20 can be
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selectively detachable from the drilling equipment or vehicle. Thus, in use, it is contemplated
that the trailer 20 can be detached from the dnlling cquipment or vehicle, Aliernatively, it is
contemplated that the trailer 20 can be permanently secured to the dnlling equipment or
vichicle to form a unitary or monolithic structure. In exemplary aspects, the trailer can
comprise one or more [ront panels 22, one or more side panels 24, one or more rear panels
(nol shown), and one or more roof panels. In these aspects, il is contemplated that the panels
can enclose the analysis assembly 30 during transport. Prior to use of the analy sis nssembly
30, it is contemplated that at least one side panel 24 can be removed or opened to provide
access to the conveyor nssembly or user interface as further disclosed herein. Optionally, i1
conlemplated that at least one panel 24 on each opposing side of the trailer can be removed or
opened. In some exemplary aspects, at least one panel 24 on ench side of the wailer can
comprise a door 26 (e.g., a slide door) that can be selectively opened or closed.

|0035] Although the disclosed mnalysis assembly 30 is preferably secured o the wailer
20, it 18 contemplated that the analysis assembly 301 can also be used scparntely from a trailer.
For example, it is contemplated thal the analysis assembly 30 (e.g., ot least the frame 32 of
the analvs1s assembly) can be secured or mounted at a particular fixed location, such asa

laboratory seiting or other location where core samples are routinely received or delivered.

[0036]  In oneaspect, the analvsis assembly 30 can comprise oo X-ray Fluorescence
(XRF) detection subassembly 40 and a conveyor subassembly 30, In this aspect, the XRF
detection subassembly 40 can define a sample analysis arca 42, and the conveyor
subassembly 50 can be configured to sclectively deliver one or more core samples to the

sample analysis arca.

[0037]  Inexemplary aspects, the XRF detection subassembly 40 can comprise an X-ray
source 44 and an XRF sensor 46. In these aspects, the X-ray source 44 can be configured to
deliver radintion to core samples positioned within the sample analysis area 42, and the XRF
sensor 46 can be configured to detect X-ray fluorescence in response to the radiation
delivered o the core samples by the X-ray source. Optionally, the XRF subassembly 40 can
comprise 8 housing 49 that receives al least a portion of the X-ray source 44 and_ optionally,
at lcast a portion of the XRF scnsor 46. The housing 49 can also include a distal aperure 45
and o window (not shown), such as a beryllium window as is known the art, which can be
positioned between the aperture 45 and the XRF sensor46 relauve 1o a verucal axis. In
exemplary aspects, it is contemplated that the XRF subassembly 40 can comprise an XRIF
spectrometer/analy et us is known in the art. Optionally, in these aspects, the XRF

Date Regue/Date Recsived 2020.11-18



subassembly 40 can comprise a sithcon drfi detector (SDD )-based XRF
spectrometer/mnalyzer. In exemplary aspects, the aperture 45 of the housing 49 of the XRF
subassembly 40 can receive (and deliver) X-rays from the X-ray source to a core sample and
then receive reflected X-rays for acquiring XRF spectra using the XRF sensor 46 as further
disclosed herein, Optionally, in these aspeets, the XRF subassembly can further comprise a
proximity sensor 47 positioned within the sample analysis area 42 for detecting the presence
of a core sample in an operative position within the sample analysis area thmt is suitable for
detecting X-ray Muorcscence as further disclosed herein. Upon detecting the core sample in
the operative position, the proximity sensor 47 can provide a signal (o processor 80 (as
further disclosed herein) that is indicative of the presence of the core sample in the aperative
posttion. In response, the processor 80 can be configured 1o itiate movement and activation
of the components of the XRF subassembly 40 to acquire XRF spectra for the sample.
Allernauvely, rather than refving on the proximity sensor, the processor BO can be configured
to initiate the acquisition sequence as pan of the standard movement sequence of the various
actuators disclosed herein (c.g., using a PLC as further disclosed herein). In exemplary
aspects, as the acquisition cycle begins, actuators 192 that are coupled to the XRF
gubassembly 40 can be configured 1o effect movement of the housing 4% until the aperure 45
(and the X-ray source, the XRF sensor, and the window) is positioned at a selected
oricntation relative 1o the sample (for example, in alignment relative W a vertical axis).
Optionally, the actuntors 192 can be configured 1o effect downward movement of the XRF
subassembly 40 until the portions of & housing 49 of the assembly surrounding the aperture
45 contact the sample. Following acquisition of XRF spectra for the sample, the actuators
can be configurad to lift the housing 49 relative to the sample, and the housing (and aperture
45) can be translated |aterally (relative 1o the first or second axes 52, 54) to align the aperture
45 with a second sample within the sample analysis area 42, [l all samples within the sample
analvsis area 42 have been analy zed using the XRF subassembly 40, then the housing 4% (and
aperture 45) can remain in a raised “rest” position while the conveyor subassembly 50, in
response to instructions from the processor 80, iniiates movement of the samples away from

the sample analysis arca 42 (¢.g.. toward the rear of the trailer).

[0038]  In further excmplary aspects, it is contemplated that the XRF subassembly 40 can
c¢omprise software drivers Lo permit communication with other components of the system as
further disclosed hercin, Optionally, in these aspects, the sofiware drivers can be configured
to monitor o connection status with a processor as further disclosed heremn (e.g., by
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monitoring an XRF subassembly broadcast packet sent periodically by the processing
compenents). 1115 contemplated that the X-ray source can be controllable according (o
known protocols. In exemplary aspects, the voltage, amperage, or filter characteristics of the
X-ray source can be selectively controllable. In exemplary aspects, the voltage of the X-ray
spurce can range from about 6 to SO KV, In other exemplary aspeets, the amperage of the X-
ray source can range (rom about 5 1o 200 pA. 1t is contemplated that the filier of the X-ray
source can be a film of known concentrations of clements that can be selectively adjusted. In
usg, it is contemplated that the voltage, amperage; and filter characteristics can be selectively
adjusted to modify the emitted X-ray spectrom.

[038) In further exemplary aspects, it is contemplated that the X-ray source 44 and the
XRF sensor 46 can be placed as close as possible to the core sample. Optionally, in these
aspects, it 1s contemplated that the X-ray source 44, the XRF sensor 46, and the window can
be positioned or conligured to contact (or be positioned proximate 10) & core sample:
Optionally, in additional exemplary aspects, it 15 contemplaied that the X-ray source 44 and
the XRF scnsor 46 can be oriented and positioned such that the emitled X-rays follow a
tangential path relative to the face of the core sample (at a central position on the core
sample). In exemplary aspects, it 15 contemplated that the at least one of the X-ray source 44,
the window, and the XRF sensor 46 can be at least partially received within the aperture 45 of
the housing 49,

[0040]  In further aspects, the conveyor subassembly 50 can be configured to sclectively
advance one or more core samples between a sample loading location and a sample unloading
location. In these aspects, the XRF detection subassembly 40 can be positioned between the
sample loading location and the sample imloading location,

[0041]  In additional aspects, the conveyor subassembly can be conligured to selectively
advance the one or more core samples relative to a first axis 52 between the sample loading
location and the sample unloading location. In these aspects. the XRT detection subassembly
40 can be positioned between the sample loading location and the sample mlonding loeation
relative to the first axis 52. In other aspects, the sample analysis orea 42 of the XRF detection
subasscmbly 40 can be spaced from the first axis 52 relative 1o a second axis 54, In these
aspects, it is contemplated that the conveyvor subassembly 30 can be configured to selectively
advance the one or more core samples relative 1o the second axis 33 10 deliver the one or

more core samiples to the sample analysis area 42 of the XRF detection subassembly 440
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Optionally, in further aspects, within a plane 56 containing the first and sccond axes 52, 54,
the second axis 54 can be perpendicular or substantinlly perpendicular (o the lirst axas 52,

[0042]  As mentioned above, in funther aspects, the core analysis system 10 can further
comprise a processor 80 that is communicatively coupled to the XRF detection subassembly
40. In these aspects, [or each delivery of radintion to core samples positioned within the
sample analysis area 42, the processor 8() can be configured to receive at least one output
from the XRF sensor 46, Itis contemplated that the al least one output can be indicative of
the measured XRF of the core samples positioned within the sample analysis area 42. In

exemplary aspects, the processor 80 can be commumeativelv coupled (o a memory 85.

|43 In exemplary aspects, the core nnalysis system 10 can further comprise ot least
one contamer 90 configured Lo receive ane or more core samples. In these aspects, the
conveyor subassembly 50 can be configured to selectively deliver the at least one container to
the sample analvsis arca 42 of the XRF detection subassembly 40. In further exemplary
aspeets, each container 90 can comprise indicia 92 of at least one charactenistic of the one or
more core samples positioned within the container. In these aspects, it is contemplated that
the core nualysis system 10 can further comprise an inpul imaping assembly 100 that 1s
communicatively coupled to the processor 80 and configured to detect the indicia 92 of each
contaner 90 Optonally, in some aspects, the inpul imaging assembly 100 can be posinoned
proximate the sample loading location. Optionally, in some aspects, the indicio of cach
contaimer can comprise at least one bar code, such as, for example and without limitation, a
onc-dimensional barcode or a two-dimensional barcode that nses QR codes. In these aspects,
it 1s contermnplated that the input imaging assembly 100 can comprise a bar code scanner.
Optionally, in some aspects, the indicia of each container can compnse n radiofrequency
wlentificauon (RFLD) tag, such as, lor example and without imilation,  clese-proximity
READ/WRITE card with a capacity to store at lenst 2 KB of dnta. In these aspects, it is
contemplated that (he input imaging assembly 100 can comprise an BRFID scanner.
Optionally, in further aspects, the indicin of each container can comprise standard characteérs
(text, numbers, symbols, etc.) that are printed on or applied to the container. In these aspects,
it 15 contermplated that the innt imaging assembly 100 can comprise a camera assembly that
has conventional camera hardware and image capture software for compieting optical
character recognition (OCR) processing of the characters positioned on the contamer. In use,

it is conternplated that the system operator can use the user interface Turther disclosed herein

10
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to associate the core images produced by the camera assembly with a comresponding core
samyple.

[0044]  In addition to detecting the indicia 92 of cach container 20, the input imaging
assembly 100 can acquire core images that can be used for initial processing by a system
operator. Optionally, it is contemplated that the system can be configured to operate in a
“Teach™ mode in which the system operalor uses the user interface (o select arsas of interest
on the core images acquired by the input imaging assembly 100 lo accomplish one ar more of
the following: (1) “Exclusion” Tagging, which excludes selected scan points while
caleulating or determining site sample points and point depth (Le_, appending depth), thereby
addressing situations in which portions of the core samples are unscannable or otherwise
deficient; (2) “Inclusion” Tagging, which selects pomts lor a scan; or (3) “Void" Tagging,
which excludes selected scan points and sample points (i.e., non-appending depth), thereby
addressinge situations in which the core samples melude voids or core blocks: 1Lis
contemplated that the “Teach” mode can employ ealculations that are performed by the
application lo assign the X and Y pixels inside the bounding lines 1o a corresponding depth
(in mim). 1t is further contemplated that the “Teach” mode can allow for addressing a vanicty
of different core sample conditions while maintaining quality and accuracy in depth scries
data. Inuse, it is contemplated that the operator can manipulate the selected zones using &
touchscreen, stylus, or mouse, with the selected zone being depicled on the display of the
huaman machine mterface. Exemplary images of a “Teach™ mode display are provided in
Figures TA-7B. After completing the “Teach” mode cycle, the contamer-specific tgging can
be used o conrelate datg olwained during downsiream analy sis and processing as disclosed
herein with corresponding depths that are of interest (o the system operator.

[0045]  Optionally, the a1 least one contmmer 90 con be a core box or gore tmy with an
upper surface that defines at least one receiving portion 95 for supporting and receiving a
portion of respective drill cores during (he core analysis process disclosed herein. In
exemplary aspects, each core box 90 ean comprise a plurality of receiving portions 95, In
these aspects, it is contemplated that the plurality of receiving portions of each core box can
range from about two receiving portions 1o about eight recciving portions, n forther
exemplary aspects, each receiving portion of a core box can define a diameter that is
complementary to the size of a core sample obtained using conng rods of a particular size
(e.g., HQ coring rods, PQ coring rods, BOQ coring rods, NQ conng rods, and the like). In

8

Date Regue/Date Recsived 2020.11-18



these aspects, it 1s contemplated that each core box can be shaped for use with core samples
obtained from a comespondmg conng rod

|0046] In some exemplary aspects, it 15 contemplated that the core analysts system 1) can
include a plurality of core boxes that are designed for use with a varniety of different coring
rod sizes. That is, it is contemplated that at least one of the core boxes can have a roceiving
portion with a diameter that is different than the dinmeter of the receiving portion of al least
one other core box of the system. For example, in some exemplary aspects, the system 10
can compnise ot least one core box that 15 configured for vse with an HOQ conng rod and that
delines one or more receiving portions having o diameter ranging from about 60 W aboul 70
mm (and, more preferably, being about 65 mm). In some exemplary aspects, the system |0
can comprise at least one core box that is configured for use with 2 PQ coring rod and that
defines one or more receiving portions having n dinmeter ranging from about 80 to about 90
mm (snd, more preferably. being about 86.5 mm. In some exemplary aspects, the system 10
can comprise at least one core box that is configured for use with a BQ coring rod and that
defines one or more receiving portions having a diameler ranging from about 35 to aboul 45
mm (and, more preferably, being about 38 mm). In some exemplary aspects, the system 10
can comprise al least one core box that is configured lor use with an NQ conng rod and that
defines one or more receiving portions having a diameter ranging from about 50 to about 60

mm (and, more preferably, being about 52.5 mm),

[0047)  Inexemplary aspects, itis contemplated that a plurality of core boxes provided
with the system can have a consistent length (relative to a longitudinal axis of the core box)
and a consistent width while having a varying haight depending upon the size (¢.g., diameter)
of the receiving portions defined i the core box. Optionally, m theése aspects, it is
conlemplated that the length of each core box con mnge from about 1,000 mm (o about 1,200
mm and mare preferably, from about 1,030 mim to about 1,100 mm, while the width of each
core box can range from about 300 mm o about 300 mm and more preferably. from about
150 mm 1o nbout 400 mm. In exemplary aspeets, it is contemplated that core boxes
configured for use with HQ coring rods can have a height ranging from about 70 mm (o about
20 mm and more preferably, ranging from about 75 mm to about 85 mm. 11 is further
coniemplated that core boxes configured for use with PQ coring rods can have a height
ranging from about 90 mm to about 120 mm and more preferably, ranging from about 100
mim Lo about 110 mm, 10is further contemplated that core boxes conligurad for use with BQ)

coring rods can have a height ranging from about 50 mm 1o about 70 mm and more
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preferably, ranging from about 55 mm (o about 65 mm. It is still further contemplated that
core boxes configured for use with NQ coring rods can have a height ranging from about
S5mm to about 5 mm and more preferably, mnging from abowt 65 mm to about 73 mm.

[0048]  Optionally. in exemplary aspects, it 13 further contemplated that cach of the
recciving portions defined in the core box can be gencrally alipned with or parallel 1o the
lomgitudinal axis of the core box, with the diameter of the receiving portions determining the
maximum number of receiving portions that can be defined within a given core box. For
example, it 15 contemplated that core boxes configured for use with HQ coning rods can
optionally have from three (o five receiving portions thatl are spaced apart relatve o the
width of the core box, with the receiving portions of such core boxes being configured 1o
receive, im combination, from about 3 m to aboul 5 m (in 1wtal combined length) of core
sample segments. 1t is further contemplated that core boxes configured for use with PQ
coring rods can opionally kave from two o four receiving portions that are spaced apan
relative 1o the width of the core box, with the receiving portions of such core boxes being
configured to receive, in combination, from abowt 2 m 1o aboul 4 m (i total combimed
length) of core sample segmemts. 1t s further comtemplated that core boxes configured for
us¢ with BQ coring rods can optionally have (rom six to eight receiving portions that are
spaced apart relative to the width of the core box, with the receiving portions of such core
boxes being configured to receive, in combination, lrom about & m to about & m (in (otal
combined length) of core sample sepments, 1t is further contemplated that core boxes
configured for use with NOQ coring rods con have [rom four 1o six receiving portions that are
spaced apart relative w the width of the core box, with the receiving portions of such core
boxes being configured Lo receive, in combination, from about 4 m to about 6 m (in tolal

combined length) of core sample segments.

[0049] In exemplary aspects, the core boxes can comprise plastic. Optionally, in some
cxemplary aspecis, the core boxes can comprise DISCOVERER® Series 2 and 3 core sample
trays manufactured by Yandina Plastics Mining, Products / Total Plastics Solutions {Kunda
Park, Queenslond, Ausiralia). Optionally, in other exemplary aspects, the core boxes can
comprise CORITE core trays manufactured by Strength International (Keswick, South
Australin). Optionally, in still further exemplary aspects, the core boxes can comprise
IMPALA core trays (series 1, 2,3, or 4) by Impala Plastics (Maddington, Western Australia).

[0050]  Optionally, in exemplary aspects, the analysis system can comprise gripping

elements that secure the core boxes 1o the conveyor subassembly 50 to permit axial
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movement of the core boxes as disclosed herein. In exemplary aspects, the gripping elements
can be secured to portions of the conveyor subassembly 50 such that movement of the
conveyor assembly effects a comesponding movement of the gripping elements (and a core
box engaged by the gripping elemenis). Optionally, it 1s contemplated (hat the pripping
elements can be provided as part of an intermediate section 68h of the convey or agsembly (as
further disclosed herein) o ensure thal each core box remains securely positioned in desired
locations relative to the XRF detection subassembly 40 as the core box translates relative to
axis 34. In these aspects, it 15 further contemplaoted that the gnpping elements can be
configured for selective, releasable engagement with a core box such that the core box can be
selectively secured into place on the conveyor assembly and then disengaged from the
conveyor assembly at an appropnate ime {e.g., ol the conclusion of a eyvele through the XRF
detection subassembly ). It is contemplated that the gripping elements can comprise any
conventiongl fastener, such as, for example and withowt limitation, bolts, serews, lies,
projections, hooks, latches, loops, and the like, while each core box can comprise
complementary engagement portions that are configured to receive or effect engagement with
a portion of carrespondimg grippme elements. Optionally, it is contemplated that the gnipping
clements can be selectively moveable from a disengaged position (0 an engaged position, in
either a manual or an automated manner (e.g., by activating an actuator under processor
control). In further exemplary aspeets, il is contemplated that the gripping elements can
comprise a plurality of guides that can be configured (o apply pressare (o (e.z., apply a
clamping force 10) outer portions of the core box 1o secure the core box in a desired location

and orientation,

[DOST) As Turther disclosed herein, the disclosed analysis system can comprise
mechanisms that prepare the core samples for analysis. These mechanisms can include, for
example and without limitation, clearing mechanisms, drying mechanisms, and wetting:
mechanisms. In further aspects, the analysis system can compnse mechanisms for imaging
the: core samples umder both dry and wel conditions.  As further disclosed herem, it is
contemplated that the sysiem can provide selectable and fully automated and repeatable
analysis mtervals, automated data collection, and remote delivery of the completed sample
analysis. A database as disclosced herein can permit storage of data corresponding 1o or
indicative of a particular sample container (¢.g., core box), a drill hole location, a snmple
collection date and time, calibration, sample depth, lemperature, or Rh scatter intensity. In
further exemplary aspects, and as disclosed herein, the svstem can permit remote uploading
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and file retrieval using a cloud-based server. The software can also permit replication of both
mdusirial process controller (IPC) and industnial data concentrator (1DC) databases (o an
external UUSB storage option. This can then be uploaded by other (standard) means to the
cloud-based server. This option can be useful in remote situations where the trailer (and the
analysis assembly) is not within access of a WAN (wide area network) authentication [ aceess

service.

[0052]  In further exemplary aspects, and with reference 1o Figures 1A-2E and 4, the core
analysis system 10 can further compnise a drying assembly 110 positioned between the
sample loading location and the sample analysis area 42 of the XRF detection subassembly
40, Optionally, in exemplary nspects, the drying assembly 110 can comprise a high-velocity
air knife drying system as is known in the art. Opticnally, as shown in Figure 4, in
exemplary aspects, the drying assembly | 10 can be placed in an elevated position proximate
an cntrance o the sample analysis area 42, In use, 1t is contemplated that the drving
assembly 110 can ensure that the core samples are dry and clean before they are scanned by
the XRF detection subassembly, In exemplary aspects, it is contemplated thal the processar
#0 can be communicatively coupled to the drying assembly 1160, 1t is further contemplated
that the processor 80 can be configured (o selectively activate and deactivate the drving
assembly. In further exemplary aspeets, the processor 80 can be configured to activate the
drving assembly such that the drying assembly operales at a selected fixed speed and at a
selected fixed temperature output. Optionally, m still further exemplary aspects, the
processor 80 can be configured 1o selectively control activation of the conveyor assembly 1o
advance the core samples through the deving assembly 110 at o desired speed that 15 optimal
Tor drving of the core samples.

[0053]  In additional aspects, and with reference 1o Figure 4, the XRF delection
subassembly can comprise a dry-core imaging assembly 48, In these aspects, it is
contemplated that the dry-core imaging assembly 48 can be confligured 1o produce an image
of ¢ore samples received within the sample analysis aren 42, preferably aller drying of the
core samples by the drying assembly 110, Optionally, in exemplary aspects, the processor 80
can be confipured to selectively activate the dry-core imaging assembly 48 to produce nn
image of dry core samples within the sample analysis avea 42, prior to activation of the X-

Ray sowrce.

[0054]  In other aspects, and with reference (o Figure 4, the XRF detection subassembly
can [urther comprise an XRF imaging assembly 190 that is positioned to image the core
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samples (and their containers) after the core samples are positioned in a desired location for
activation of the X-Ray source and XRF detection, 1115 contemplated that the rmages
produced by the XRF imaging assembly 190 can be stored and used to determine the specific
location of the core samples when XRF was detected.

[0055]  In further aspecis, and with reference o Figures 1-2D and 4, the core analysis
system 10 can comprise a weiting assembly 120 positioned between the sample analysis area
42 and the sample unloading location. Optionally, in these aspects, the wetting assembly 120
can comprise 8 water sprty mechanism as 15 known in the art. 115 contemplated that the
wetling assembly 120 can apply water (or other Liguwid) (o the core samples o prepare the core
samples for high-resolution wet imaging as further disclosed hercin. In exemplary aspects, it
is contemplated that the processor #0 can be communicatively coupled to the wetting
pssembly 120. Ttis further contemplated that the processor 80 can be configured 10
selectvely activate the wetting assembly 120, Optionally | in exemplary aspects, il s
contemplated that the processor 80 can be confligured to activate the wetting assembly 120
such that the welting assembly produces o desired fixed water Mow rate.  Optionally, in still
further excmplary aspects, the processor 80 can be configured to selectively control
activation of the convevor assembly to advance the core samples through the wetting
assembly 120 at a desired speed that is optimal for wetting of the core samples. In exemplary
aspects, the wetting assembly 120 can comprise al least one arm and at least one nozzle
positioned in fluid communication with a conduit defined within the at least one arm. in
these aspects, il 1s contemplated that the conduil can be positioned in (luid communication
with a Mid sowree (e.g., a pump) that 1s configured (o pump Duid 1o the wetling assembly

120 in response (o instructions received from the processor 80,

[0056]  Oplionally, m exemplary aspects, and with reference (o Figure 4, the core analysis
system 1) can comprise a wet-core imaging assembly 130) positioned between the wetting
assembly 120 and (he sample unloading location. In these aspeets, it is contemplated that the
processor Bl can be communieatively eoujpled o the wet-core imnging assembly 1300 1t is
further contemplated that the processor 80 can be conligured to selectively activate the wet-
core imaging assembly 130 In use, it 15 contemplated that the wet-core imacing assembly
can be activated 1o record an image of the core samples after wetting of the core samples by
thie weiting assembly 120 as further disclosed herein.

[0S7]  In exemplary aspects, the input imaging assembly 100, the dry-core imaging

assembly 48, the XRF imaging assembly 1940, and the wet-core imaging assembly 130 can
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each comprise o respective camern assembly, such as, for example and without imitation, an
IP camera, Exemplary IP comeras that are suitable for this spplication include LIFECAM
web cameras manufactured by Microsoft Corporation (Redmond, Washington), As farther
disclosed herein, the camera of the inpul imaging assembly 100 can be used 1o acquire an
image of & core box that allows the svstem operator to “tap”™ eore images using an HMI (user
interface) us further disclosed herein. As further disclosed herein, the camera of the dry-core
imaging assembly 48 can be used to acquire an image of a dry core box, with the image being
stored in o database as described herein. As further disclosed herein, the camera of the XRF
imaging assembly 190 can be used to acquire an image of a location where XRF
measurements are performed. with the image being stored in the datubase as described herein.
As further disclosed herein, the camera of the wet-core imaging assembly 130 can be used to
acquire an image of a core box afier the core box has been wetted by the wetting assembly
120, with the image being stored in a dwabase as deseribed herein, As shown in Figures 1A-
2D, ivis contemplated that cameras of the input imaging assecmbly 100, the dry-core imaging
asscmbly 48, and the wet-core imaging assembly 130 can be mounted (o the frame 32 at
respective locations above the core box movement pathway. As shown in Figore 2E. it is
conlemplated that the camern of the XRF imaging assembly 190 can be positioned within the
sample analysis area (optionally, within or coupled to housing 49). In furthér exemplary
aspects, the disclosed 1P cameras can be controlled through Ethemel conncelion using &
trailer control network (“TrailerControlNet™) as disclosed herein and shown in Figure 5,

[0058]  In exemplary aspects, wid with reflerence 1o Figures 1A-2E, 4 and 4, the conveyor
subassembly 50 can comprise input and cutput sections 58, 62. Opuonally, m these aspects,
the input and output sections 58, 62 can comprise respective roller assemblics 60, 64, which
can be positioned in commumication with respective inlermediate conveyor sections as further
disclosed herein. It is contemplated that each of the roller assemblies 60, 64 can be
confipured 1o receive a single container 90 (c.g., a single core box) or an adapier 440 as
further disclosed herem. Optionally, in exemplary aspects, the roller assemblies 60, 64 can
have operative widths that are at least slightly greater than the longitudinal lengths of the
containers 90 (e g., core boxes). Insome aspects, as shown in FIGS. 1A-1C, the roller
asscmblics 60, 64 can cach have a single roller that delines the entire width of the roller
assembly. Alternatively, in other aspects, as shown in FIGS. 2A-2D, the roller assemblies 60,
64 can cach have a pair of spaced roller arrays 61, 65 that cooperale 1o define the width of the
roller assembly. In use, it can be advantageous to first and second spaced roller armays 61, 65
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positioned at the input and output séctions of the conveyor subassembly 50, For example, it
is contemplated that the use of two spaced roller assemblies 61 can reduce the total weight of
the system (compared to a single continuous roller assembly of the same widih). 1t 1s further
contemplated that the use of lwo spaced roller assemblies can reduce the chance of breaking
or disenpagement of the pins used to hold the roller assemblies in o transport (e.g., folded)
position.

[0059]  Optionally, it is contemplated that the input section 58 can define the sample
loading location. Optionally, it is contemplated that the output section 62 can define the
sample unloading locavon. In additonal aspects, the conveyor subassembly 50 con [urther
comprise a plurality of intermediate sections 66 positioned between the input and output
scctions 58, 62. In further aspects, the conveyor subassembly 50 can further comprise a drive
mechanism 70 configured to power movement of the intermediate sections. [n exemplary
aspucts, cach intermediate section 66 can comprise at least one actustor and a plurality of

rollers, one or more conveyor bilts, or combinations thereof.

[0068]  In excmplary aspects, it is contemplated that the drive mechanism 70 can
comprise o plurality of actuntors that are opermtively coupled to portions or sections of the
conveyor subassembly 30 to selectively control movement of core samples and their
contamers relative o a plurahity of axes. Opuonally, it is contemplated that the drivie
mechanism 70 can be configured to control movement of the core samples and conlainers
relative to the first and sccond axes 52, 54 and a vertical axis as {urther disclosed herein, In
cxemplary aspects, and with reference 1o Figure 6B, the plurality of actuators can compnise at
least one actuator 72a that is configured 10 effiect movement of the core contamer relative o
the first axis 52, at least one actuator 72b that is configured to effect movement of the core
conlamer relative to the second axis 54, and at least one actustor 72¢ that is conligured Lo
effect movement of the core container relative to a vertical axis that is perpendicular or
substantially perpendicular to the first and second axes 52, 54. In further exemplary aspects,
the actuntors of the drive mechanism 70 can comprise linear actuators, such ns for example
and without limitation, electrical actustors, mechanical actuators, electro-mechanical
actuators, hydraulic actuntors, pneumatic actuators, and combinations thereof. However,
depending upon the armangement of each conveyor section, it is contemplated that the drive
mechanism 70 can further comprise at least one rotational nctuntor.

[M61]  In further exemplary aspects, as further disclosed herein and depicted in Figures
1-21) and 4, the plurality of imtermediate sections 66 can comprise at least one intermediate
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section 68n, 68c¢ configured to advance the one or more core samples relative to the first axis
52 and al Jeast one intermediate section 68b configured to advance the one or more core
samples relative to the second axis 54. In these aspects, and as shown in Figures 1 A-2D, the
first intermediate section 68a can comprise at least one convevor belt that is operatively
coupled to an acluator 724 1o permit selective movement of a core sample relative 1o the first
axis, In these aspects. it is contemplaied that the first intermediate section 684 of the
conveyor assembly can be configured to deliver the core box (containing the core sample) to
the second intermediate section 68b of the conveyor assembly. Upon delivery of the core box
to the second mtermediate section 63b, an actuator 72¢ can selectively raise and lower the
core box to parmil engagement or coupling between the core box and at least one linear
actuator 72b as disclosed herem. Upon coupling between the core box and the lincar actuntor
72b; the linear actuator can be configured to effect axial movement of the core box relative to
the second axis 54, with the core box being suppornted by rolless posivoned withun the
imtermediate conveyvor section 68b. In exemplary aspects, and with reference to Figure 4, the
infermediate conveyor section 68b can extend through the sample analysis arca 42, and the
linear actuator 72b can move the core box about and between three distinet locations along
the second axis 54, imcluding an nitial pesition (labeled “37 in Figure 4) before the core box
t§ delivered (o the analysis area, an intermediate imaging position on an opposing side of the
XRF assembly (after the core box passes through the XRF ussembly, labeled 47 in Figure 4),
and an analysis position (within the XRF assembly, labeled “5" in Figare 4). Although
disclosed herein as comprising at least one linear actuator 72b, it is contemplated that the
intermediate conveyor section 68b can comprise, in addition or altematively, a plurality of
vertically oriented rollers that enpage edge portions of the core box (or adapter as disclosed
herem) and are driven by one or more rotational actuators to effect movement of the core box
along the sccond axis 54, Afler the imaging/analysis process within the XRF assembly 15
completed, the actuatar 72b can retum the core box 1o its intial position (labeled =371, It is
contemplated that the intermediate conyevor section 68b can further comprise al least one
lincar actuator 724 that 15 coupled to at least ene conveyor belt and configured to advance the
core box to the third intermediate conveyor section 68c, which in turn, can have at least one
linear actuator 72a that is coupled 1o at [east one conveyor belt and contlipured 1o elfect
mavement of the core box to the output roller assembly. In exemplary aspecis, as shown in
Figures 2A-2B, the conveyor belis of the first and third conveyor sections 68a, 68¢ can be
staggered relative 1o the conveyor belis of the second conveyor section 68b.
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[0062]  Optionally, in exemplary aspects, the conveyor assembly can further comprise a
slop plate that is positicned at a distal end of the output section (¢.g., roller assembly 64), In
these aspects, the stop plate can extend across at least o portion of the aperative width of the
oulpul seclion (o prevent the contaimers 90 (e.g., core boxes) from advancing beyvond the
disial end of the output seetion and falling from the canveyor assembly . In further éxemplary
aspects, it is contemplated that the core analysis system 10 can comprise a sensor configured
to detect the presence of a container (¢.g., core box) within the output section. In these
aspects, il 1s contemplated that box sensor can be & conventiona! proximily sensor or encoder
as 15 known in the art. In further aspects, it 1s contemplated that the box sensor ean be
communicatively coupled to the processor 80, and the processor can be configured to
selectively control activation or stopping of the drive mechanism 70 of the conveyor

assembly.

0063 In operation, the dnve mechamsm 70 can drive axial movement of a first
container (core box) from the input section (e.g., roller conveyor 60)) onto o first intermediate
conveyor section 68a (c.g., roller). As lurther disclosed herein, afler the first container (core
box) is positioned on the first intermediate conveyor section 68a (c.g.. roller), it is
contemplated that the input imaging assembly 100 (e.g.. camera assembly) can be activated to
identify the core samples within the first container and permitl setup of the system paramelers.
In exemplary aspects, the drive mechanism 70 can drive movement of the container from the
first intermediate conveyor section 68a (e.g., roller) 1o the second mtermediate conveyor
section 68b. Optionally, 11 1s contemplated that the drive mechanism 70 can comprise a
hifting actuator (or other lifting mechanism) that is configured to pall the comamer upwandly
from the [irst intermediate conveyor section 684 (o place the conlainer in a staging position in
which the contaner can be clamped or otherwise coupled Lo at least one actuator of the drive
mechanism 70 that is configured to effect axinl movement of the contaimer relative to the
second axis 54 1o control entry and positioning of the container within the sample analysis
area 42 As furiher disclosed herein, it 15 contemplated that the dove mechanism can
comprise additional acluators that are conligured (o move the contaner relative (o al least one
of the first axis 52 and a vertical axis. In further aspects, after completion of the XRF
scanning process, the drive assembly 70 can be operated to return the container to the inital
position on the second intermediate conveyor séetion 68b, [n another exemplary aspeet, the
third intermediale conveyor section 68¢ can be powered by the drive assembly 1o pull the
contamer from the second intermedinte conveyor section 68b through the wetting assembly
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and mto a desired position under imaging assembly 130 to permit wet imaging of the core
samples, After the wel image is captured. the powered belt conveyor at the third infermediaie
conveyor section 68c¢ can be configomed to push the contmner ento the output section (eg.,
roller conveyor 64), where the contamner can oplionally rest against o siop plate as further

disclosed herein until it is removed by a svstem operatot.

[0064]  In exemplary aspects, and with reference to Figures 10A-12B, the system 10 can
further comprise a tray adapter assembly 400, [n these aspects, the tray adapter assembly 400
can allow the sysiem to be compatible with difTerent types and sizes of containers (e.g.,
dilferent tvpes and sizes ol plastic core trays). The adapler assembly 400 can comprise an
adapter 440 comprising @ steel plate having inwardly folded longitudingl and transverse walls
442, 444 and defining a1 least one alignment opening 446 cxiending through the thickness of
the plate. Optionally, the adapter 440 can comprise at least two openings that are positioned
proximate opposing corners of one end of the plate. In use. 1t is contemplated that the adapter
440 can be used with any core container (e.g., core tray) that is caompatible with the disclosed
system, with the folded edges allowing different trays to fit and convey within the system. It
is contemiplated that actuator and data acquisition controls on each respective type of core
box can be controlled and set by the methods engineer through use of the sofiware or
databases disclosed hereim.

[0065) In use, the adapter 440 can be positioned at the input section 58 (e.g., the roller
asscmbly 60) of the conveyor subassembly, and the core box can be positioned on the
adapter, with the longitudinal and rransverse edges of the adapter surrounding the core box.
Dug to the folded construction of the longitudinal and transverse edges, it is contemplated
that the edges can be biased toward a center portion of the adapter such that, in a resting
pasitien (belore eeeipt of core box), the edges define o minimum diameler of the adupler.
Upon receipt of a core box, the edges can be configured to deform in-an outer direction as
necessary 1o accommodate the operative dimensions of the core box. In exemplary aspects,
when the adapter is positioned at the input section 5%, it is contemplated that the longitudinal
edges of the adapter can be oriented perpendicular or substantially perpendicular to the first
axis 52 (and paralle! ar substnntially paralic] 1o the second axis 54), This gencral orientation
can be maintained as the adapter 1s advanced along ihe first axis by the dnve mechanism 70
as disclosed herain,

[0066]  As shown in Figures 10A-108, the tray adapter assembly 400 can further

comprise at least one stop projection 410 and at least one locator pin 420 that are sccured (o,
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coupled to, or integrally formed with a linear actuator 72b that is configured to effiect
movemeni of the adapter 440 (and the core tray on the adapter) relative to the second axis 54
as disclosed herein. In use, the locator pin 420 can be received withm and throngh an
alignment opening of the adapter 440 when the adapter (and the core teay) is received by Lhe
second intermediate conveyor section 68b, In these aspeets, the lift actuator 72¢ ean
selectively raise and then lower the adapler 44() such that the locator pin 420 passes through
and projects upwardly relative to a comesponding alignment opening 446, and a corner
portion of the adapter 440 is positioned between the locator pim and the stop projection 410 to
thereby secure the adapter in place. Optionally, in exemplary aspects, the tray adapter
assembly 400 can comprise first and second stop projections 410 and first and second locator
pins 420, with the first pin being received through a first opening of the adapter and the
second pin being received through a second opening of the adapter posiuoned on an opposing
side of the adapter relative (o the first axis 52 In further aspects. the adapter assembly can
further comprise a proximity sensor 430 that is configured to detect placement of the adapter
tray over the locator pin 420 such that the adapter is securely engaged by the locator pin and
the stop projection 410, After the processor 80 receives confirmation of proper positioning of
the adapter 440 from the proximity sensor 430, the system can proceed with advancement of
the adapter 440 (and the core box 90) relative 1o the second axis as further disclosed herein,

and further processing can proceed as further disclosed herein,

[0067]  In further exemplary aspects, and with reference to Figures 13A-14C, the system
10 can compnse a tray cenlenng assembly 500 that can be positioned to cooperate with the
second inermediate conveyar seetion 68b, which as further disclosed herein, can comprise o
lifting table for permitting verlical movement of an adapter and core box. In use, the ray
centering assembly 500 can ensure that the adapter 440 (and the core boxes on Lhe adapter) is
consistently and precisely oriented relative to the second axis 34. Tt is further contemplated
that the eenterimg of the adaprer 440 can help ensure alignment between the locator pins 420
of the adapter assembly 400 and the alignment apenings 446 of the adapter 440, In
exemplary aspects, the tray centering assembly 500 can comprise fist and second puides 510,
520 that are positioned on opposing sides of the intermediate conveyor section 68b relative to
the first axis 52. Each guide 510, 520 can be operatively coupled to a respective actuator
512, 522 that is configured to pivot the puide from a lowered, disengaged pasition to a raised,
engaged position (lo contact the longitudinal edges of the adapler (and/or portions of the core
box ) and adjust the orientation of the adapter and core box as necded 1o continue further
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processing. Tt is contemplated that, in response to a signal from the processor 80 that the
atlapter (and core box ) 15 being lowered, the actuators 512, 522 can be configured (o effect
movement of the guides from the lowered position to the raised position. Upon engagement
between the guides and the adapter, the adapter and the core box can be properly aligned
refative to the seeond axis 54, and thereby prevent undesired contact or alignment defeets and
mike the system more robust, relisble, and repeatable, Afler proper alignment of the adapter
and core box are estnblished, the actuator 72¢, using the lifting table, can raise the adapter 1o
&n operative height at which the adapter can be axially ndvanced relative to the second axis
54. Itis contemplated that the guides can be positioned sufficiently below the ratsed position
of the adapier such that the guides do not interfere with movement of the adapter and core
box relative to the second axis 54, In use, it is contemplated that the cenlening process can be
performed in an automated fashion as part of the typical lowering process for the adapier and
core box. In exemplary aspects, this automation ean be driven by the PLC 80b disclosed

hercin.

|068] In still further exemplary aspects, and with relerence 1o Figures 3-6A, the core
analysis systcm 10 can further comprise a first wireless transmitier-receiver 140
communicatively coupled to the processor 80, In still further exemplary aspects, the core
analysis system 10 ean further comprise a database 150, In still further exemplary aspécts,
the core analysis system 10 can further comprise a second wircless transmitler-receiver 160
communicatively coupled to the database 150, In these aspects, it is contemplated that the
second wireless transmitier-receiver 160 can be configured to receive mformation from the
first wireless transmutter-recever 140 and 1o transmil information from the doabase 150 w
the first wireless transmitter-recgiver 140, Opuonally, in exemplary aspects and as shown in
Figure 3, it is contemplated that the database can be selectively remotely aceessible o

consomers 200,

[0069] In still further exemplary aspects, and with reference 1o Figures 1-21 and 4, the
core analvsis system 10 ean further comprise a user interface 170, In these aspeets, it is
contemplated that the processor 80 can be communicatively coupled to the user interface 170
and configured 1o receive one or more inpuits from the user interface. 11 is further
contemplated that the user interface 170 can comprise a display that is configured to present
information to o system user related to the core sample analysis and the performance of the
system. In exemplary aspects, the user interface 170 can comprise a Single human-machine
interface thal is installed on an outer portion of the trailer. [n these aspects, it is contemplated
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that the user interface 170 can be shaped such that it can be protected by a cover during
transport operations, 1 1s lurther contemplated that the user interface 170 can be weather-
resistant such that it can be used in a vanety of weather conditions. In exemplary aspeets, the
user interface 170 can be touchsereen-enabled and natively support a desired screen
resolution (e.g., 1280x 1024 resolution with 4:3 Aspect ratio). In these aspects, it is
contemplated that the user interface 170 can comprise a display that permits data mput and
display via textual references and drop down lists rather than input of coded values 1o make
for a more user-friendly interface. Optionally, it 1s further contemplated that the uscr
interface 170 can provide point-and-click options and/or automated data entry to minimize
typing and/or keyboard entry.

[0070]  Incaemplary aspects, itis contemplated that the user interface 170 can be
provided as a component of a computer workstation. However, in other aspects, it is
conlemplated that the user interface 170 can be provided as a portion of a remole compating

device, such as a smartphone, tablet, pérsonal data assistant (PDA), or laptop computer.

[0071]  Tn further exemplary aspects, and with reférence to Figure 4, it is contemplated
that the core annlysis system 10 can comprise o power source 184 that is configured to supply
electrical power to other components of the system. Optionally, in these aspects, the power
sowree 154 can comprise a landline electrical supply, an on-board penerator, and s battery-
backed unintermuptable power supply (UPS). In these aspects, it is contemplated that the
clectrical supply can accept a commercial ¢lectric supply while providing load-side circuit
protection. 1t s further contemplated that the clectrical supply can transform a commercial
clectrical input (e.g., 230 V at 50 Hz) imo a desired output (e.g., 24 VDC a1 160 Amps) with
approprinte load-side circuit protection. It is contemplated that the on-board penerator can
have a locul generator control panel that enables slarting, control, and operation of the
generalor. Optianally, the generator com include a monitaring device that is configured to
produce an alarm or an output signal that indicates the penerator has stopped working or is
not funetioning correetly. 1t is contemplated that the battery-backed unimterruptable power
supply can supply power to the processing components of the system. In use, it is
contemplated that power can be provided to the imaging, and camera assemblics for a selected
period of time (c.g., at least 30 mmutes) before a shutdown command is signaled 1o their
comresponding processing components. When the uninterruptable power supply (s supplying
power (o the processing components, il 15 coalemplated that the control functions of the

processing components can be halted.
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[0072]  In further exemplary aspeets, and with reference to Figure 4, it is contermplated
that the core analysis system 10 can comprise an HVAC unit 180 that is conligured (o
maintamn the temperature within the sample mmalysis area 42 at a desired level, as may be
stipulated by manufacturers ol the components of the XRTF detection subassembly 40,
Optionally, it is contemplated that the HVAC unit can be configured 1o maintain the
temperatlure within the sample analysis area 42 al a temperature ranging from about 20°C 1o
about 24°C under normal operating conditions. In cxemplary aspects, it is contemplated that
the HVAC unit can be powered from the domestic clectrical supply to the trailer, which may
be derived from a landline power source or an onboard generator as further disclosed beren,
In use, it is contemplated that digital XRF imoging equipment can be sensitive to ambient
temperature vanation, and mpid changes in temperature and extromes of temperature can
severely domage digital detectors. Accordingly, it is contemplated that temperature control
within the sample analvsis area 42 (particularly within the XRF sensor enclosure) is eritcal 1o
ablaining accurate data and protecting the system components. In exemplary aspects, the
corc analysis system 10 can further comprise an environmental monitoring device that logs
temperature vanations within the sample analysis area 42 or, more particularly, within the

XEF sensor enclosure.

[0073]  Instill further exemplary aspects, and with referénce to Figure 4, it is
contemplated that the core analysis system 10 can comprise a gas (e.g., Helium) supply
source 182 that is configured to supply 2ns to the XRF detection subassembly 40,

Opuonally, in these aspects, the gas supply source can be an onboard Helwm supply
subsystem that s configured 1o provide a dry helivm cover gas 1o the XRF instrument (¢.g.,
X-ray source). In use, itis contemplated that the processor 80 can be configured 1o
selectively intiate and cease delivery of gas to the XRF nstrument. Optionally, in exemplary
aspects, the gas supply source 182 can comprise a 2-stage botile regulator that reduces bottle
pressurc from above 2,000 psi to about 60 psi (+/« 10 psi), [n further aspects, the gas supply
saurce 182 can optionally comprise a pressure swilch on an outlet side of the bottle regulator
than delivers a signal 1o the processor 800 when the pressure falls below a selected level, such
as for example and without limitation, 50 psi. In still further aspects, it is contemplated that
the core analysis system 10 can compnsc an instrument regulator that is conligured to reduce
the: pressure at the outlet side of the 2-stage regulator pressure 1o 15 psi (- 5 psi). In still
further excmplary aspeets, the gas supply source 182 can comprise an instrument flow control
device that enables flow from the outlet side of the instrument regulntor 1o the XRF
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instrument. In these aspects, it is conternplated that the instrument flow contro) deviee can be
communicalively coupled to the processor 80 such that the processor can selectively control a
rate of gas flow between the outlet of the instrument regulator and the imlet of the XRF
instrument. Optionally, it is contemnplated that the rate of gas Dow can range from about 0.0
Liters per minute (LPNM) to about 1.0 LPM.

[0074]  In use, the disclosed core analysis system can provide on-site analysis and data
collection capabilitics for drill core samples. Optionally, in exemplary aspects, it 15
contemplated that a plurality of core analysis systems can be operated in parallel from distinet
locatons, with respective data sels from each core analysis system delivered 1o a centralived

server system for further analysis as disclosed herein

[0075]  In use, it is conlemplaled that the disclosed core analysis systems can reduce the
costs associnted with processing assays, including costs conventionally associated with
sample preparation, sample twransporl, sample tracking, and data processing. 101s further
contemplated that the disclosed core analysis systems can provide improved data quality in
comparison to existing core analysis svstems. More particularly, it is contemplated that the
dhsclosed core analysis systems can preserve heterogeneaty and objectivity whule also
associating time and depth data with gach core sample and providing systematic collection
and linking ol data sets. 1t is further contemplated that the disclosed core analysis svslems
can provide an increase in the speed of decisions by dnlling system operators or remole
customers, More particularly, it is contemplated that the disclosed core analysis systems can
provide near real-time access to core data via a centralized databasc, which can be acoessed
by any networked computing device (optionally, computing devices, from multiple users or
customers). In exemplary aspeets. as further disclosed herem, the processor 80 can be
configured 1o provide custenuzable threshold notifications associated with vanous core
parnmeters 1o System users or customers.

[#76]  Tn exemplary aspects, and with reference to Figures 4-6B, the processor 8() can
comprise o processimg assembly comprising a plurality of processing components.
Optionally, in these aspects, the processor 80 can comjwise at least one industrial process
controfler (1PC) B0a and at least one programmable logic controller (PLC) 80b, In cxemplary
aspects, the TPC can be an industrial grade computer, and the system operator can mterface
with the IPC through the user interface 170 disclosed herein. In exemplary aspects, it is
contemplated that the 1PC can be configured to perform a variety of functions, including one

or more of the following: momitormg for loss of power and halting control functions when a
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power loss is detected; controlling system restart using operator confirmation after
reestablishing power, signaling o shutdown command (o an industrial data concentrator (IDC)
when the UPS indicates backup power is exhausted; performing a shutdown when the UPS
indicates backup power is exhausted: interfacing with the PLC by operating as a Modbus
Master, which enables communication among many devices connected to the same network;
moniloring activation of the PLC over industrial network communications (Maodbus) 1o
determine if communications arc established and operating; halting control functions when a
PLC comnwunications loss is detected; processing logie to indicate activation or readiness of
the IPC over industrial network communications (Modbus), reading/writing status data to one
or more PLC Modbus Slave registers during evele operations, interfacing with three (3)-axis
motion controllers 80¢, 80d, 80e¢ (c.g.. X-, Y-, and Z-uxis controllers) of the convevor
assembly by operating as a Modbus Slave: monitoring a Modbus connection with each axis
motion controller and halting control functions when a comoumicatons loss is detected,
reading and writing values into an interface block used by Modbus that reads and writes from
each Axis Motion Controller; interfacing with an operator through the user interface 170 (o
mdicate status of the system; interfocing with an operator through the user interface 170 to
collect and authenticate login credentals and set application privileges; interfacing with the
operntor through the user inteérface 170 to eollect information required by the sysiem during
sclup opcrations, mterfacing with the XREF Instrumeni (o query, configure, and command the
unit during cyvele aperations; interfacing with the image files captured by the imaging
assemblies during cycle operations; processing images to extract and parse OCR data from
image files during cycle operations; interfacing with the central database to retricve
information required by the system durnng startup, setup, and cycle operations; interfacing
with the memaory 85 to store information collected by the system during startup, setup, and
cycle operations; interfacing with the memory 85 to transfer imformation collected by the
system during cvele operations to the IDC; interfacing with the memory 85 1o perform
database maintenance functions, and processing XRT data vsing calibration files stored in the

memory 85.

[0077]  In exemplary aspects, the PLC of the processor 8() can camprise an Allen-Bmdley
MicroLogix 1400 Small Programmable Logic Controtler. Optionally, the PLC can be
configured to provide input/output contral 1o the core analvsis system 10, In exemplary
aspects, the PLC can comprise one or more of the following; 24VDC inputs, relay outputs, an
expansion PNP output chassis, a 10/100 EtherNet/IP Pont, EtherNet/IP Messaging, DNP3
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over IP, and Modbus TCP/TP as are known in the art. In further cxemplary aspects, the PLC
can operaie 65 2 Modbus Slave and host Bit and Word registers 1o support required interfuces
with the Modbus Master (TPC). In further exemplary aspects, the PLC can comprise om axis
control system that is configured (o provide multi-axis (e.p.. three-axis) control of the
movement of the components of the core analysis system. In exemplary aspects, the axis
control system can comprise three Festo CMMO-ST Moltion controllers that are conligured lo
provide axis control for a Trailer Core Scanner module as shown in Figure 5.

Data Networks

[0078]  Incxemplary aspects; and with reference to Figures 5-6, two data networks can be
installed and confipured mside the core analysis system. A first data network. shown as the
TrailerControlNET in Figure 5, can provide network services for aulomation compenents. It
is contemplated that the TratlerConfrolNET can be isolated from other networks to ensure
seeurity and deterministic performance aunbues necded by control networks, A second data
network, shown as the TraiferDaraNET in Figure 5, can supply a data network required to
push large data sets from the [PC to the IDC at designated evele points. The IPC can use the
TralerDalaNET network Lo retrieve calibration and setup files delivered to the IDC by a
system engineer. In use, it 15 contemplated that remote access connections o the IPC and
IDC also pass over the FrailerDaiaNET

[007Y9] In exemplary aspects, the core analysis system can further compnse a
CorporateServiceNET network that provides VPN aceess from the Network Router bn the

TratlerDataNET to a WAN authentication / peoess service.

[0080]  Optionally, in exemplary aspects, the IDC can be an industrial grade computer
confipured to operate as a “Data Concentrator” node on the TrailerDataNer. Inuse. it s
contemplated that the operater does not directly interfnce with the IDC through the local user
interface 170 bul can monitor logs that show transfer of core daty (vom the IPC to the IDC. In
use, itis further contemplated that the database vsed on the 1DC can bridge data from each

remote XRF Trailer system into a centralized data warchouse,

Core Analvsiy Methods

[0081]  Inuse, and os further disclosed heren, the core unalysis system 10 can be used to
perform a core analysis method. [n one aspect, a core analysis method can comprise
posttioning the trailer in a selected position relative to a drill location, In this aspect, and as
further disclosed herem, the analysis assembly can be secured to the trailer. In another
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aspect, the core analysis mothod can further comprise positioning one or maore core samples
on the conveyor subassembly, In an additional aspect, the core analysis method can comprise
activating the conveyor subassembly to selectively deliver the one or more core samples to
the sample analysis-area of the XRF detection subassembly. In a lurther aspect, the core
analysis method can comprise activating the XRF detection subassembly while the one or

more core samples are positioned in the sample analysis area

[0082]  Inexcmplary aspects, and as further disclosed herein, when the XRF detection
subassembly compnses an X-ray source and an XRT sensor, the X-ray source can deliver
radiauon to the one or more core samples posttioned within the sample analysis ares. o
these aspects, the core analysis method con comprise using the XRF sensor to detect X-my

fluorescence in response 10 the radiation delivered to the core samples by the X-ray source,

[0083]  In further exemplary aspects, the core analysis method can comprisc using the
conveyor subassembly 1o selectively advance the one or more core samples between the
sample loading location and the sample unloading location, In these aspeets, the XRF
detection subassembly can be positioned between the sample loading location and the sample
wiloading location

[0084]  Instill further exemplary aspects, the core analysis method can comprise using the
conveyor subassembly 1o selectively advance the enc or more core samples relutive (o the
first axis between the sample loading location and the sample untoading location, In these
aspects, and as further disclosed herzin, the XRF detection subassembly can be positioned
between the sample loading location and the sample unloadimg location relative to the first

AX1S.

[0085] 1o stll further exemplory aspects, and as lurther disclesed hiorein, the sample
analysis area of the XRT detection subassembly can be spaced from the first axis relative toa
second axis. In these aspects, the core analysis method can comprise using the conveyor
subassembly 1o selectively advance the one or more core samples relative to the sccond axis
1o deliver the one or more core samples 1o the sample analysis area of the XRF detection

subassembly.

[0086]  In further exemplary aspects, the core analysis method can further comprise, for
cach delivery of radiation to core samples positioned within the sample analysis arca, using

the processor to receive at least one output from the XRF sensor. In these aspects, and as
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further disclosed herein, the at least one output can be indicative of the measured XRF of the

core samples positioned within the sample analysis arca.

[0087| In further cxemplary aspeets, the core analysis method can comprise positioning
one or more core samples within a container. Tn these aspects, the core analysis method can
further cornprise selectively delivering the at least one container (o the sample analysis arca
of the XRF delection subassembly. Optionally, in additional aspects, ¢ach container can
comprise indicia of a1 least one characteristic of the one or more core samples positioned
within the container, and the method further comprises using an inpul imaging assembly (o
detect the indicia of each contamner, wherein the mpul imaging assembly is communicatively
coupled to the processor. Optionally, in some aspects and as further disclosed herein, the

inpul imaging assemiby can be positioned proximate the sample loading location,

[0088]  Instill further exemplary aspects, the core analysis method can further comprise
using a drving assembly to dry the one or more core samples. In these aspects, and as further
disclosed herein, the drving assembly ean be positioned between the sample loading location
and the sample analysis area of the XRF detection subassembly. Tn additional aspects, when
the processar is communicatively coupled to the drying assembly as disclosed herein, the
core analysis method can further comprise using the processor to selectively activate the
drving assembly 1o dry the one or more samples.

[0089]  Instill further exemplary aspects, when the XRF detection subassembly comprises
a [irst imaging assembly as further disclosed herein, the core analysis method can {urther
comprise using the first imaging assembly to produce an image of core samples received
within the sample analysis area. In additional aspects, the core analysis method can comprise
using the processor to selectively activate the first imaging assembly to produce an image of

core samples within the sample analvsis area.

[0090]  Instill further exemplary aspects, the core analysis method can further compnise
using a weiting assembly 1o wet the one or more samples. Optionally, in these aspects, the
welling assembly can be positoned between the sample analysis arca and the sample
unloading location. In additional aspects, when the processor is communicatively coupled to
the wetting assembly as further disclosed herein, the core analysis method can comprizse using
the processor to selectively activate the wetting assembly. Optionally, in further aspects, the
core analvsis method can further comprise using a second imaging assembly to produce an

image of the one or more core samples following wetling of the one or more core saimples. In
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these aspecis, and as further disclosed herein, 1t 15 contemplated that the second imaging
assembly can be positioned between the welting assembly and the sample unloading location.
In excmplary aspects, and as further disclosed herein, when the processor 15 commumicatively
coupled 1o the second imaging assembly, the core analysis method can comprise using the
processor 1o selectively activate the second imaging assembly.

[0691]  Instill further exemplary aspects, the core analysis method can further comprise
using the dnve mechanism of the conveyor subassembly to power (and effect) movement of
the imiermediate sections ol the conveyor subassembly. Opuonally, i these aspects, usmg
the drive mechanism o power movement of the intermedinte sections can comprise. using gl
least one intermediate section to advance the one or more core samples relative 1o the first
axis; and using at least one intermediate section to advance the one or more core samples

relative to the second axis.

[0092) In still further exemplary aspects, and as further disclosed herein, the core analysis
method can further comprise wsing the second wireless transmitter-receiver (o receive
information from the first wireless transmitter-receiver and to transmit information from the

database (o the first wireless transmutler-receiver.

[0093]  Instill further exemplory aspects, and as further disclosed herein, the core analysis
method can further comprise selectively accessing the database from al leasl one remole
location,

[0094]  In still further exemplary aspects, and as further disclosed herein, the core analysis

method can further comprise using the vser interface 1o receive one or more inputs from a

U5ET.

[0095]  Inuse, it is contemplaied that the processing elements of the diselosed core
analysis methods can accomplish one or more of the following tasks; managing the orderly
startup and shutdown of control and data collection functions; collecting system setup
information from the operator using the user mterface (e.g , touch-panc! interface);
controlling the movement of containers (2.g . core boxes) into and oot of the system;
identifying containers (e.g., core boxes) along with atinbules associated with the contents of
the containers; associating containers {e.g., core boxes) o images, XRF resulls, and
instrument status information collected by the data acquisition components of the system;

transmitting data sets to a central database using wircless networks; providing diagnostics (o
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assist rapid detéotion and correction of upset conditions and failed components of the systeny,
and controlling and moniloring tradler utitlitics (Power, HYAC, Helium Supply ).

[0096] In exemplary aspeets, it 1s contemplated that the disclosed systems and mothods
can permit processing of core samples in an automated or semi-autormnated manner. For
example, in some optional aspects, automatic analysis eyeles can be processed for a core
sample container (e.g., core box) in the Tollowing sequence. First, a core container can be
manually positioned by an operator at the mput section {e.g.. roller canveyor 60)). Second, if
the first intermediate conveyor section is emply, the core container can be indexed into the
first intermediate convevor section. With the core contaner positioned on the fist
intermediate conveyvor section, the input imaging assembly 100 can be triggered to caplure a
core container image.  The core comtainer image can be presented to the operator through the
user interface, and the operator can use the user interface to provide one or more of the
followmg picces of mlbrmaton: drill site project name (opuonally . from drop-down List);
core depth {at Reference 0 on the ¢ore contmner); and depth information associated with
selecied scan arcas on the oblained image, Afler this information is collected, the operator
can initiate the processing sequence (e.g., by clicking or selecting a “Process Core Box™

button or equivalent.

[0097]  Prior 1o use of the disclosed svstems and methods (e, during commissionimg), il
is contemplated that the following data can be associated with éach type of core container
(c.g., core box) 1o be used with the core analysis system. Thus, when the system operator
seleets a particular core container type, the followmg data can be referenced during operation
of the system: core length (maximum length of an individual row of core); number of core
sogments (nmmber of core segments i a core contamer); core X-axis starting position; core
X-mxis endmg positon; core Y-axis segment position (laueht for cach segment m core
container); core Z-axis slow position; and core Z-axis max position. Upon entry of this
information, the information can be inserted mto a log lable within the memory 85, and the
profile of each core container type can be selectively aceessed lor each care contamer that 15
passed through the sysiem.

[0098]  When processing begins, a record can be inseried into the memory with the
operator-supplied information. If the second imermediate conveyor section 68b is empty,
then the processor can imitigle indexing of the core comaingr onto the second intermediate
conveyor section 68b. The processor can then aclivate the drying assembly, and upon

detection of the core contamner on the second intermediate conveyor section 68b, the core
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containgr can be clamped such that the care container is coupled to the actuators of the drive
assembly 70 that advance the core container within the sample analysis arca. The processor
can initiste movement of the core contaner into the sample analysis area relative to the first
axis al a speed that is configured for optimal drving. As the core container exits the drying
assembly and enters the core sample analysis area, the processor receives a signal indicative
of the presence of the core container within the sample analysis area (e.g., through a
proximity switch, encoder, or other sensar), and the processor can then activate imaging
assembly 48 to capture a dry core sample image. The acquired image can then be provided to
the memory and associated with the core container record. The processor can then send a
signal that initintes the cycle ol the XRF delection subassembly. The processor can be
configured to activale a first actuator o move the XRF sensor and X-Ray source relative o
the first axis 52 toan operatve position proximate a st sample segment. The processar can
b conlipured o then activale a second actuator 10 move the core container 1o a sampling
location relative to the X-Ray source and XRF sensor, The processor can then activate
imaging of the sample location using imaging assembly 190, I the particular analysis
method emploved requires helium, then the processor can be configured to activate flow of
helium into the sample analysis area. Wilh the core container in the sample locaton, the
processor ean be configured (o activate an actuator to effect downward movemnent of the XRF
sensor and other analysis componenis relative 1o a verlical axis unul the core is contacted (or
nearly contacted). Upon contact, the processor can initinte an assay with associated filter,
energy, and duration parameters. The transmitted live spectrum can be collected and
processed into a display, When the assay is completed, the processor can deactivate helium
flow. RAW spectrum data can be requested, processed with the specified calibrations, and
stored into the memory along with the sample tmage. Next, the actuator(s) can retumn the
XRF sensor and other processing componenis 1o 11s mnitial (home) position. The sequence of
movement relative to the first, second, and vertical axes can be repeated for each sample

segmenl on the core container until all sample scgments are processed.

[0099]  After processing is completed, all core contamer data can be sent o the [DC as
further disclosed herein. The processor cam then send a signal 10 prepare the system for
unloading of the core container. The processor can cause the core contamer to be retumed 1o
the second intermediate convevor section, and the processor can receive 4 signal (from a
sensor as disclosed herein) that is indicative of the presence ol the core container al the

second intermediate conveyor section. Upon receipt of o signal indicative of the presence of
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the core container, the processor can activate the wetting assembly 120 and mitiate movement
of the core container through the wetting assembly (from the second intermediate conveyor
section to the third intermediate conveyor section 68c). The wetting assembly can then be
deactivated, and the imaging assembly 130 can be triggered (o caplore a wel core sample
image. The image can then be inserted into the memory and associated with the core
container record. 11 the oulput section (roller conveyor 64) is empty, then the processor can

cause indexing of the core container to the output section.

[00100)  Thus, in use, the core analvsis process can be fully automated from the point
where the core container 18 loaded ot the wmput section 58 10 the pomt where the core
container is retrieved at the output section 62, In exemplary aspects, it is contemplated that
the system operalor can input & depth range (“Depth From™, “Depth To™) and scan imteryal
that are determined and disclosed to the drlling team. As further disclosed herein, the “ficld
rendy” amomated scanner can be compatible with PQ, HQ, NQ and BQ core conlainers,
which can be provided with drill rigs that make use of the XRF technology disclosed herein.

[00101]  To monitor instrument drift, it is contemplated that variations of XRF
concentrations of mtemationally recognized standards o that of refined laboratory methods
can be monitored. In exemplary aspects, a vanety of recognized standard core compositions
can be used. It is contemplated that gquality assurance/qualily control protocols can be
emploved on a regular basis and constant with depth. In exemplary aspects, the standard core
compositions can comprise any site matrix that 15 matched to required standards for a
particular client. In these aspects; the standard core compositions can further comprise any
refetence standards used 1o create an empincal calibration as further disclosed herein,
Optionally, the standard core compositions can be provided as pressed pellets that are formed
by pressing pulverized rock material (al pm sizes) under pressure (e.g., 20 tonnes (metne
tons) ) to produce a solid briquetie.

[80102]  Tn exemplary aspects, and with reference to Figures 9A-9C. a venfication
assembly 300 can be used (o preserve the quality of dota obtained by the system. In use, and
a8 further deseribed herein, the verification assembly 300 can be operated automatically with
the XRF detection subassembly @t regular imtervals determined by a methods engmeer. 1t is
contemplated that the verification nssembly 300 can be used as part of a formulated “Quality
Control/Quality Assurance” program implemenied on each project in an attempl 1o preserve
data integrity, It is further contemplated that the data related 1o the analysis of “standard™

trays (e.g., clemental concentration, name, location relative (o the XRF detection assembly)
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can be recorded and nssociated with the verification assembly 300 in data tables for further
processing and analysis, In exemplary aspects, the verification assembly 300 can be
configured to periodically analyze a selection of one or more pellet samples (e.g., from one
petlet up tosix pellets) using the XRF assembly 40, The presentation of these pellets can be
controlled by the datnbase and software programs disclesed herein. Although the process can
be selectively run in response lo a manuil input through the user interface, it is conlemplated
that the verification process can be scripted into an “Analysis Method” tha includes the X-
ray parameters, Project Metadata, and Machine parameters (c.g.. Scan spacing), which can be
linked through a “standards™ table in the database. It is contemplated that the “standards™
tuble can associate data for a particular “standard” sample with specific instruments, analysis
methods, and other site chamelenstes. The disclosed verification method can optionally be
initnted using the PLC 80b and the Trailer Services bloc in the network topology further
disclosed herein. In use, the processor 80 can compare the parameters recorded during a
given verification process 1o “standards™ data or previously measured paramelers to evalunte

accuracy, precision, instrument drifi. and contamination of the analysis assembly.

[00163]  In use, the verification method can be a part of the normal use of the system,
between box runs (normal operation scanning trays). In exemplary aspects, at least one
pressed pellet (e.g, at least one 6 x 32 mm pressed pellet) can be positioned within receptacles
312 (optionally, axially aligned receplacles) ol an arm 3 10 of the verification assembly 300,
Asused herein, the term “pellet” refers to “standard”™ material compositions, which can
optionally compnse pulvenized rock (80% passimg proms less than 75um) pressed into a small
circular briguette 1o produce a sample that is rcﬁus‘cmmjm ol rock density for XRF analysis
purposes. Each receptacle 312 can be in communication with a biased spring such that biases
the pellets away from the receptacle (opposite the dircetion of gravity ). Opuionally, the
receptacles 312 can be provided with an ncrylic backing. In use, the receptacles ensure the
pellet makes contact with the XMS apparatus by applving a reactionary force against the
XMS pressmg (dus to gravity),

[00104]  Thearm 310 can have a proximal end 214 that is pivotally coupled toa
pin/projection 322 of a support bar 320, The pin/projection 322 can extend upwardly from
the support bar 320, and the srm 310 can pivot relative to a rotational axis that extends
through the pin/projection and is parallel 1o a vertical axis. The arm 310 can be operatively
coupled Lo an acluator 330 (e.g., a lincar actuntor) that is conligured Lo effect pivolal

movement of the arm about and between an operative “preseniation” position and a rest

35

Date Regue/Date Recsived 2020.11-18



position, As shown in Figures 9A-98, it is contemplated that the actuator 330 can be
retrneted o pivol the arm 310 m the operative “presentation” position in which the XRF
sensor can contact (or be positoned proximate) the receptacles 312, With the arm 310 in the
“preseniation” position, the pellets within the arm 310 can be individually and sequentially
seanned as further disclosed herein, Tt is contemplated that the scans of the pellets con be
performed at predetermined lime inlervals in accordance with the disclosed sutomated
methods. In use, it is contemplated that the proximity sensor 47 of the XRF subnssembly 40
can be configured to detect the presence of the arm 310 i the “presentation™ position, at

which point scanning of the pellets can be initinted.

[0105]  Afier scanning of pellets is completed, the actuntor 330 can be extended to pivet
the arm 310 away Irom the operative position until reaching (the rest position, In exemplary
aspects, the verification assembly 300 can comprise a cover 340 that is configured for
movement about and between a closed position and an open position. In the closed position,
thi cover 340 ean be configured for placement over the recepiacles 312 of the arm 310 when
the arm is in the rest position.  In operation, when the arm 310 reaches the rest position, the
arm can press against a spring-loaded flange, which effects movement of the cover from the
open position to the closed position. Alternatively (or additionally), a proximity sensor 342
can detect the presence of the arm 310 in the rest position, and in regponse o receipt of &
signal from the processor 80 indicating the presence of the arm 310 in the rest position, a
cover actuntor 344 can effect movement of the cover 340 from the open position to the closed
position. therchy enclosmg the receptacles 312, Optionally | the cover 340 can be pivotally

coupled to & portion of the frame 32, such as through a mount as shown in Figure 9C.

[00106] In exemplary aspects, the pellets can reflect matrix-matched stimdards, such ns
cerlified reforence materals (CRMs) or other reference materials used duning calibmtion of
the analysis assembly 30, thereby permitting monitoring of accumcy and instrument drift. In
exemplary aspects, one of the pellets can comprise a silica blank that can be used for
moniloring of contamination. Verification data can be stared in the database (e.g., 0 SQL
database) and exported as part of Quality Assurance/ Quality Control summary reports
separate from the data recorded during recular core sample analysis. 1t is contemplated that
the program can be modular, allowing for use of the verification process in accordance with

the wants and needs of the customer.

0107} In exemplary aspects, the pellets can refleet matrix-matched standards, such as
centified reference matenials (CRMs) or other reference matenals used duning calibration of

36

Date Regue/Date Recsived 2020.11-18



the analysis assembly 30, thereby permitting moniloring of accuracy and instrument drift. In
exemplary aspects, ong of the pellets can compnise a silica blank thal can be used for
monitoring of contamination.  Verification data can be stored n the database (2o a SQL
database) and exported as part of Quality Assurance/ Quality Control summary reporis
separnte from the data recorded during repular core sample analysis. It is contemplated that
the program can be modular, allowing for use of the verification process in accordance with

the wants and needs of the customer,

[00108]  In opemtion, it is contemplated that disclosed venificanon methods can provide for
monitorng of seeuracy, precision, mstument drifl, and contamination of the svstem to
ensure that quality assurance/ quality control standards are met. During use, the processor 80
can mitiate the yvenfication method and present at least one pressed pellet sample to the XRF
sensor. This is done at periodic intervals set by the Methods Enginecr. When verification is
mitinted, dorme normal operaton 10 1s contemplated that the HMI user interlace con display
a message such as “Verification In Progress ™ Next, the actuntor 330 can retmet, thereby
preseating the pressed pellets to the sensor. As shown in Figure 9A, the arm 310 ¢an be in
line with the XMS opening 45 when in the presented position. The proximity sensor 47 (or a
separate proximily sensor within the sample analysis area) detecis this, and the actuator 192
of the XRF subassembly 40 can lower the XMS housing 49 in a “Slow™ speed to the arm 310,
with the spring-loaded pellets pressing against the sensor andfor the housing, to a preset end
point, The XMS assembly can then acquire XRF spectra from the pellet(s) and stare data
jmeta data in appropnate tables. The actuators 192 con then Lifl the XMS housing and move
the XMS housing along the first axis 52 1o the next pellet (i any, up to 6 pellets), The total
number of pellets will depend upon the number of pellels required for the particular QA/QC
program. The analysis process can be repeated for cach respective pellet. Afier all pellets are
scanned, the actuator 330 can be extended to retum the arm 310 to the rest position as shown
in Figure 9C, thereby effecting movement of the cover from the open position 1o the closed
position, in which the pellets are protected contamination, damage and loss ol the verification
“Pellets” as further defined herein. During the transport of the analysis assembly 30, it is
contemplated that the set of pellets can be provided as a verification shide that can be
transporicd scparately from the XMS assembly (e.g., in a pelican casc), thercby eliminating
any possibility of lost pellets, pellets being in the incorrect location for purposes of
verification, and damage during transport, Afler the spectra acquisition data/parameters are
recorded for the pellets, the processor can be configured to compare the recorded
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data/parameters to “standards™ data/paramceters or to previously recorded data/parameters for
the pellets, and the processor can use this companson (o defermine the accuracy, precision,

instrument drifi, and contammation of the analysis assembly.

[06109] Optionally, the disclosed system con provide a continuous scanning method (Drag
Mode) as an alternative to the stop and start “Spot Scaun™ method diselosed herein. When a
continuous scanning method is used, a selected row of core within a core box can be scanned
in @ continuous manner without halting the XRF acquisition process. The acquired data will
therefore be representative of a full scanned meter (or other distance) of core rather than a
series ol single spot seans. To help per{orm the continuous scanning method, i1 1s
contemplated that the disclosed system can be provided with an ulirasonic transducer (UT)
sensor that feeds a digial signal of “height™ to allow for loop control of the £ axis W account
for varying core heights. In addition, it is contemplated that a Z-axis actuator can be
modified to be a *slow™ or more precise actuator 1o permil mainlenance of a precise vap

betwoen the core face and the instrument face.

Exgmplary Aspects

[00110] In view of the described core analysis systems and methods and vanations
thereof, herein below are described certnin more paricularty deseribed aspects of the
invention. These particularly recited aspeets should not kowever be interpreted 1o have any
limiting effect on any different claims containing different or more general teachings
described herein, or that the “particular™ aspects are somehow limited in some way other than
the inherent meanings of the language literally used therein.

[00111] Aspect 1: A core analysis system compnsing: a trailer; and an analysis
assembly secured (o the trailer, whercin the analysis assembly comprises: an X-ray
Fluorescence (XRF) detection subassembly defining a sample analysis area; and a conveyor
subassembly configured to selectively deliver one or more core samples (o the sample
analysis arca of the XRF detection subassembly.

[00112] Aspect 2: The core analysis system of aspect |, wherein the XRF
detection subassembly comprises: an X-ray source conligured to deliver mdintion 1o core
samples positioned within the sample analysis area; and an XRF sensor configured 1o detect
X-ray fluorescence in response {o the rmdiation delivered to the core samples by the X-my

BOUrce.
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[00113] Aspect 3: The core analvsis system of any one of the preceding aspects,
wherein the conveyor subassembly is configured to selectively advance one or more core
samples between a sample loading location and a sample unloading location, and wherein the
XRF detection subassembly is positioned between the sample loading location amd the
sample unloading locanon.

[dD114] Aspect 4 The core analysis system of aspect 3, wherein the conveyor
subassembly is configured 1o selectively advance the one or more care samples relative to a
first axis between the sample loading location and the sample unloading location, and
wherein the XRF detection subassembly is positoned between (he sinple loading localion

and the sample unloading location relative to the first axis.

[00115] Aspest 5 The core analysis system of aspect 4, wherein the sample
analysis arca of the XRF detection subassembly is spaced from the first axis relative to a
second axis, wherein the conveyor suhassembly is configured to selectively advance the one
or more core samples relative to the second axis to deliver the one or more core samples o

the sample analysis arca of the XRF detection subassembly.

[00116] Aspect 6: The core analysis system of aspect 5, wherem, within a plane
contaiming the first and second axes, the second axis is substantially perpendicular to the first

BXIS,

[0D117) Aspeet 7. The core analysis system of any one of aspects 3-6, further
comprising a processor communicatively coupled to the XRF detection subassembly, wherein
for each defivery of radintion to core samples positioned within the sample analysis arca, the
processor 15 configured to receive at least one output from the XRF sensor, wherein the at
least one outpul is indicative of the measured XRF of the core samples positioned within the
sample analysis area.

[00118] Aspect B: The core analysis system of aspeet 7, Turther comprising at
least one container configured to receive one or more core samples, and wherem the
conveyor subassembly 15 configured 1o satectively deliver the at lenst one container to the

sample analysis aren of the XRF detection subassembly.

[00119] Aspect O: The core analysis system of aspect 8, wherein each container
compnises mdicia of ot least one characienstic of the ore or more core sumples positioned

withim the container, and wherein the core analysis system further comprises an mput
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imaging assembly that is communicatively coupled to the processor and configured (o detect
the indicia of each container,

[00120] Aspect 10;  The core analysis system of aspect 9, whergin the input
imaging assembly is positioned preximate the sample loading location.

[00121) Aspect 11: The core analysis system ol aspect 9 or aspeet 10, wherem the
indicia of cach container compriscs at léast one bar code, and wherein the input imaging

assembly comprises a bar code scanner,

[00122] Aspect 12:  The core analysis system of aspect Y or aspect 10, wherein the
indicia of each container comprises a radiofrequency identification (RFID) tag, and wherein
the input imaging assembly compnses an RFID scanner.

[123) Aspect 13: The core analysis system of any one of aspects 7-12, further
comprising a drying assembly positioned between the sample loacing location and the sample
analysis arca of the XRF detection subassembly.

[00124) Aspect 14 The core analysis sysiem of aspect 13, wherein the processor is
commumentively coupled to (he drying assembly, and wherein the processor 1s conligured o
selectively nctivate the drying nssembly.

[00125]) Aspect 15:  The core analysis system of aspect 13 or aspect 14, wherein the
XRF detection subassembly comprises a first imaging assembly, wherein the first imaging
assembly 15 configured 1o produce an image of core samples received within the sample
analysis arca.

|00126) Aspect 16;  The core analysis system of aspect 15, wherein the processor is
configured to selectively activate the first imaging assembly to produce on image ol core
samples within the sample analysis area.

[00127) Aspect 17: The core analysis system of aspect 15 or aspect 16, lurther
comprising a welting assembly positioned between the samiple analysis arca and the sample
unloading location,

[00128] Aspect 18 The core analysis system of aspect 17, wherein the processor is
communicatively coupled 1o the wetting assembly, and wherein the processor 1s configured to

selectively activate the wetting assembly.
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[00129] Aspect 19:  The core analysis system of aspect 17 or aspect |8, further
comprising a second imaging assembly positioned belween the welting assembly and the

sample inloading location.

[00130] Aspect 20:  The core analysis system of aspect 19, wherein the processor is
communicatively coupled to the s¢cond imaging assembly, and wherein the processor is
configured to selectively activate the second imaging assembly.

[00131) Aspect 21: The core analysis system of any one of the preceding aspects,
wherein the conveyor subassembly comprises; input and output sections comprising roller
conveyors, wherem the input section deflines the sample loading location, wherein the output
section defines the sample unloading location; n plurality of intermedinte sections positioned
between the input and outpul sections; and a drive mechanism conligured to power
movement of the intermedinte sections.

[00132) Aspect 22:  The core analysis system of aspect 21, wheremn the plurality of
imtermediate seetions comprises: at least one intermediate section configured o advance the
one of more core samples relative o the first axis; and at least one intermediate section

configured to advance the one or more core samples relative lo the second axis,

|00133] Aspect 23:  The core analysis system of any one of the preceding aspects,
wherein the analysis assembly (urther comprises a first wireless ronsmitler-receiver

communicatively coupled 1o the processor.

[r134) Aspect 24: The core analysis system of nspect 23, further comprising: a
database; and a second wireless transmitter-receiver communicatively coupled (o the
dntabase, wherein the second wireless transmitter-receiver is configured to receive
information from the first wircless transmitier-receiver and o transmit information from the

database o the Orst wiréless transmiller-receiver.

[00135) Aspect 250 The core analysis system of nspect 24, wherein the dotabase is
selcetively remately accessible.

[0136) Aspect 26; The core analysis system of any one of aspects 7-25, further
comprising a user interface, wherem the processor 1s commumicatively coupled o the user
interface and configured (o receive one or mote inpuls from the user interface.

[0 137) Aspect 270 A care analysis method comprising: positioning a trailer in o
selected position relative to a doll location, wherem an analysis assembly is secured to the
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trailer, wherein the analysis assembly comprises: an X-ray Fluorescence (XRT) detection
subnssembly defining a sample analysis area; and a conveyor subassembly, positioning ong
or more core samples on the conveyor subassembly . activating the canveyor subassembly to
electively deliver the one or more core samples 10 the sample analysis area of the XRF
detection subassembly; and activating the XRF detection subassembly while the ane or more

core samples are posiioned in the sumple snalysis area.

[00138] Aspect 28;  The core analysis method of aspect 27, wherein the XRF
detecnon subassembly comprises an X-ray source and an XRF sensor, wherein the X-ray
source delivers radiation 10 the one or more ¢ore samples posiioned within the sample
analysis area, and whercin the XRF sensor detects X-ray Muorescence in response (o the

radiation delivered to the core samples by the X-ray source.

[00139] Aspect 290 The core analysis method of any one of aspects 27-28, wherein
the convevor subassembly selectively advances the one or more core samples between a
sample loading location and 8 sample unloading location, and wherein the XRF deteetion
subassembly is positioned between the sample loading location and the sample unloading

location.

[00140) Aspect 30:  The core analysis method of aspect 29, wherein the conveyor
subassembly selectively advances the one or more core samples relative to a first axis
between the sample loading location and the sample unloading location, and wherein the
XRF detection subassembly is positioned between the sample loading location and the

sample unloading location relative to the first axis.

[00141] Aspect31:  The core analysis method of aspect 30, wherein the sample
analysis arca of the XRF detection subsssembly is spaced from the first axis relstive to a
second axis, wherein the conveyor subassembly selectively advances the one or more core
samples relative Lo the second axis wo deliver the one or mare core samples to the sample

analysis arca of the XRF detection subassembly.

[00142] Aspect 32 The core analysis methed of any one of aspects 30-31, wherem,
within a plane comaming the first and second axes, the second dxis 15 substannally

perpendicular (o the hirst axis.

[00143] Aspect 33 The core analysis method of any one of aspects 27-32, further
comprising a processor commumicatively coupled to the XRF detection subassembly, wherein
for each delivery of radiation 1o core samples positioned within the sample analysis area, the
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processor recgives at least one output from the XRF sensor, wherein the at least ong output 15
mdicative of the measured XRF of the core sumples positioned within the sample analysis

area

[00144] Aspect 34 The core analysis method of aspect 33, wherein the one or more
core samples are positioned within a contaimer, and wherein the conveyor subassembly
selectively delivers the ot least one container (o the sampie analysis area of the XRF detection
subassembly.

[00145) Aspect 351 The core analysis method of aspect 34, wherein cach contamer
comprises indicia of at least one characteristic of the one or more core samples positioned
within the container, and wheromn the method further comprises using an mput imaging
assembly (o deiect the indicia of each container, wherein the inpul imaging assembly is
communicatively coupled to the processor.

[D0146] Aspect 36: The core analysis method of aspect 35, wherein the mput
imaping assembly is positioned proximate the sample loading location.

[00147] Aspect 37: The core analysis method of any one of aspects 35-36, wherein
the indicia of each container comprises at least one bar code, and wherein the input imaging
assembly comprises a bar code scanner,

[00148] Aspect 381 The core analysis method of any one of aspects 35-37, wherein
the indivia of each contamer comprises-a radiofrequency identification (RFID) tag, and

wherein the input imaging assembly comprises an RFID scanner,

[00149] Aspect 390 The core analysis method of any one of aspects 33-38, further
comprising using a dryimg assembly to dry the one or more core samples, wherein the drying
assembly is positioned between the sample loading location and the sample analysis area of
thit XRF detection subnssembly.

[00150] Aspect 40 The core analysis method of aspect 39, wherein the processor is
communicatively coupled (o the drying assembly, und wherein the processor selectively

activates the drying assembly to dry the one or more samples.

[00151) Aspect41:  The core analysis method of any one of aspects 39-40, wherein
the XRF detection subassembly comprises a lirst imaging assembly, and wherein the method
further comprises nsing the first imaging assembly to produce an image of core samples
received within the sample analysis area.
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[00152] Aspect 42: The core analysis method of aspect 41, wherein the processor
selectively activates the first imaging assembly to produce an image of core samples within

the sample analysis aren

[00153) Aspect 43: The core analysis method of any one of aspects 41-42, further
comprising using a wetting assembly to wet the one or more samples, wherein the wetting
assembly is positioned between the sample analysis area and the sample unloading location.

[00154) Aspect44:  The core analysis method of aspect 43, wheren the processor is
communicatively coupled 1o the wetting assembly, and wherein the processor selectively

activates the weiting assembly.

[00155] Aspect 45 The core analysis method of aspect 44, Turther comprisimg
using & second imaging assembly to produce an image of the one or more core samiples
following wetting of the one or more core samples, whercin the second imagmy assembly 13

positioned between the wetting assembly and the sample unloading location.

[00156] Aspect46:  The core analysis method of aspeet 45, wherein the processor is
communicatively coupled to the second imaging assembly, and wherein the processor

selectively activates the second imaging assembly.

[0015T] Aspect47:  The core analysis method of any one of aspects 31-46, wherein
the conveyor subassembly comprises: input and output sections comprising roller conveyors,
wherein the input section defines the sample loading location, wherein the output section
defines the sample mnloading location; a plurality of intermediate sections positioned between
the input and outpul sections, and o drove mechanism coupled to the intermediate sections,
whercin the method further comprises using the drive mechanism to power movement of the
mfermediate seclions.

|[00158| Aspect 48 The core analysis method of aspeét 47, wherein using the drive
mechanism to power movement of the intermediate sections comprises: using al lenst one
mntermediate section o advance the one or more core samples relative to the rst axs; and
using at least one intermediate section 10 advance the one or more core samples relative 1a the

second axis,

|pD159) Aspect 49: The core analysis method of any one of aspects 33-48, whergin
the amalysis assembly further compnises a first wireless (ransmiller-receiver communicatively

coupled to the processor.
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[0160) Aspect 50: The care analysis method of aspect 49, wherein a second
wireless rnsmitter-receiver 15 communicatively coupled to the database, and wherein
the method further compnses using the second wireless transmitter-receiver to receive
information from the first wireless transmitter-receiver and to transmit information from

the database to the first wireless transmitter-roceiver,

[D161] Aspect 510 The core analysis method of aspect 50, Further comprising
selectively accessing the database from at least one remote location.

[00162) Aspect 520 The core analysis method of any one of aspects 33-51, further
comprsing using a user interface 1o receive poe or more inpuls ffom o user, wherein the

rodessor 18 commumicatively coupled to the user interface.
[00163]  Aspect 53: A core analysis assembly as disclosed herein.

[00164]  Aspect 54: A core analysis assembly compnsing: an X-ray Fluorescence (XRF)
detection subassembly definmg o sample analysis area; and a comveyor subassembly
configured 10 selectively deliver one or more core samples to the sample analysis area of the
XRF detection subassembly as disclosed hergin,

[00165]  All publications and patent applications mentioned in the specification are
indicative of the level of those skilled m the art 1o which this invenlion pertains.

[00166]  Although the foregomng mvention has been desenibed in some detml by way of
illustration and example [or purposes of clarity el understanding, certain changes and

modilications may be practiced within the scope of the appended claims,
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What is claimed i5:
L. A system comprising;
an analysis assembly, wherein the analysis assembly compnises:

an X-ray Fluorescence (XRF) detection subassembly defining a sample analysis
area, wherein the XRF detection subagsembly comprises:

an X-ray source configured to deliver radiation to a core or rock sample

positioned within the sample analysis area; and

an XRF sensor configured 1o detect X-ray fluorescence in response o the
radiation delivered to the core or rack sample by the X-ray source;

a sample movement pathway comprising a sample loading location where the core or rock
sample is presented to the sample movement pathway, wherein the sample movement pathway
defines a path for the core or rock sample to be advanced from the sample loading location to the

sample analysis areq;
an imaging assembly configured to acquire an image of the core or rock sample;

a first actuator coupled to the XRF detection subassembly and configured to effect vertical
mavement of the X-ray source and the XRF sensor to modify vertical spacing of the X-ray source

and the XRF sensor from the core or rock sample; and

at least one processor communicatively coupled to the XRF detection subassembly and the
first actuator, wherein for each delivery of radiation to a core or rock sample positioned within the
sample analysis area, the at least one processor is configured to receive at least one output from
the XRF sensor, wherein the at least one output is indicative of the measured XRF of the core or

rock sample positioned within the sample analysis areg.

& The system of claim 1, further comprising a user interface configured to display the image
of the core or rock sample, wherein, when the user interface displays the image of the core or rock
sample, the user interface is configured to provide visual indications on the displayed image of the
core or rock sample that reflect areas of interest of the core or rock sample, wherein the at least
one processor is configured to analyze the core or rock sample in accordance with the areas of
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interest of the core or rock sample, wherein the areas of interest comprise at least one area of the

core or rock sample that is excluded from analysis by the at least one processor.

3. The system of claim 2, wherein the user interface 15 configured 1o receive inputs from a
user that are indicative of the at least one area of the core or rock sample that is excluded from

analysis.

4. The svstem of claim 2, wherein the user interface is configured to allow the user to agsign

a portion of the image of the core or rock sample to a cormesponding depth withm a dnill hole.

5. The system of claim 4, wherein, based upan the corresponding depth assigned to the
portion of the image of the core or rock sample, the processor 1s configured to determine

corresponding depths for other portions of the core or rock sample.

0. The system of claim S, wherein the al least one processor is configured to exclude the at
least one area of the core or rock sample duning determination of cormesponding depths for the

other portions of the core or rock sample.

7. The system of claim 2, wherein the areas of interest comprise at least one area of the core

or rock sample that is included in analysis by the at least one processor.

8. The svstem of clamm 7. wherem the user mterface is configured to allow the user to assign
a portion of the image of the core or rock sample to a corresponding depth within a drill hele,
and wherein, based upon the corresponding depth assigned to the portion of the image of the core
or rock sample, the at least one processor 15 configured to assign corresponding depths 1o areas

of the core or rock samples that are included in the analysis by the at least one processor.
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. The system of claim 2, whergin the areas of interest comprise a voiud area within the core

or tock sumple that is excluded from analysis by the at least one processor,

10.  Thesystem of claim |, further comprising a trailer, wherein the sample movement pathway
19 at least partally defined within the trailer, wherein the analysis assembly is positioned within
the trailer, wherein the trailer compnses opposing first and second sides, each of the first and
second sides comprising at least one panel, and wherein a first panel of the at least one panel of
the first side of the trailer comprises a door that is configured to be selectively opened to permit

aycess 1o the sample loading location.

11, Thesystem of claim 2, further comprising a trailer, wherein the sample movement pathway
18 at least partially defined within the trailer, wheremn the analysis assembly 15 positioned within
the trailer, wherein the trailer comprises opposing first and second sides, each of the first and
second sides comprising at least one panel, and wherein a first panel of the at least one panel of
the first side of the trailer comprises a door that is configured to be selectively opened to permit

access to the sample loading location.

12.  The system of claim 1, wherein the XRF detection subassembly is configured to

sequentially detect X-ray flucrescence in respective sections of the core or rock sample.

13, The system of claim |, wherein the core or rock sample compnises a plurality of sample
portions arranged within a plurality of rows, and wherein the XRF detection subassembly is
configured to continuously detect X-ray Muarescence of sample portions within a respective row
of the plurality of rows.

14.  The system of claim |, further comprising a housing that is canfigured to receive at leasta
portion of the X-ray source and at least a portion of the XRF sensor, wherem the housing defines
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an aperture that is configured to allow therethrough (a) X-rays from the X-ray source and (b)

reflected N-rays from the core or rock sample.

15, The system of claim |, wherein the XRF sensor compnises a silicon drift detector,

16,  The system of ¢laim 1, wherein the sample analysis area is configured to reccive a core
box or core tray having an upper surface that defines at least one core or rock sample receiving
portion that receives the core or rock sample, and wherein the X-ray source is configured to
deliver radiation to the core or rock sample when the core or rock sample is received within a

core box or core ray within the sample analysis area.
17.  The system of claim 16, further compnsing the core box or core tray.

18,  The system of claim |6, further comprising the core box or core tray, wherein the at least

one core or rock sample receiving portion defined by the core box or core tray comprises a

plurality of receiving portions.

19.  The system of claim 16, further comprising a user interface configured o
display the image of the care or rock sample;, and

receive container-specific tapoing basad on an arrangement of the core or rock
sample within a core box or core way, wherein the container-specific tagging is
associated with one or more areas of interest of the image of the core or rock sample,

wherein the at least one processor is configured to correlate container-specific lagging
with data obtained by the XRF detection subassembly.
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20, The system of claim 1. wherein the at least one procesgor is configured to leam to
categorize different points of the image of the core or rock sample to be associated with different

core or rock sample conditions.

21.  Thesystem of claim 20, wherein the different core or rock sample conditions comprise at

least one of; an inclusion tag, an exclusion tag, or a void tag.

22, A method comprising:
acquiting, by an imaging assembly, an image of a core or rock sample;

receiving the core or rock sample within a sample analysis area of an analysis assembly,

the analysis assembly comprising:

an X-ray Fluorescence (XRF) detection subassembly defining a sample analysis

area, wherzin the XRF detection subassembly comprises:
an X-ray source; and
an XRF sensor: and

a first actuator coupled to the XRF detection subassembly and configured to effect

vertical movement of the X-ray source and the XRF sensor;

at least one processor communicatively coupled to the XRF detection

subassembly and the first actuator:

using the first actuator to adjust vertical spacing of the X-ray source and the XRF sensor

from the core or rock sample;

activating the X-ray source while the core or rock sample is positoned in the sample

analysis area, thereby delivering radiation to the core or rock sample;

detecting, by the XRF sensor, X-ray fluorescence in response to the radiation delivered 1o

the core or rock sample by the X-ray source; and

Teceiving, by the at least one progessor, for each delivery of mdiaton 1o the core or rock

sample positioned within the sample analysis area, at least ane output from the XRF sensor,
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wherein the at least one output is indicative ol the measured XRF of the core or rock sample

positioned within the sample analysis area.

23, The method of clarm 22, further comprising:
displaying, by a user interface, the image of the core or rock sample;

displaying, by the user interface, visual indications on the displayed image of the core or

rock sample that reflect areas of interest of the core or rock sample; and

analyzing, by the at least one processar, the core or rock sample in accordance with areas

of interest of the core or rock sample,

wherein the areas of interest comprise at least one area of the core or rock sample that is

excluded from analysis by the at least one processor.

24, The methed of claim 22, wherein the analysis assembly is positioned within a trailer,
wherein the trmiler comprises opposing first and second sides, each of the first and second sides
comprising at least one panel, and wherein a first panel of the at least one panel of the first side

of the trailer comprises a door, wherein the method further comprises:
opening the door; and

inserting, through the door, the core orrock sample into the railer.

25,  The method of claim 23, wherein the analysis assembly is positioned within a trailer,
wherein the trailer comprises opposing first and second sides, each of the fust and second sides
comprising al least one punel, and wherein a first panel of the at least one panel of the first side

of the trailer comprises a door, wherein the method further comprises:
opening the door; and

inserting, through the door, the core or rock sample into the trailer.

DMFIRR #4901 502063 o1 51
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SYSTEMS AND METHODRS FOR ANALYZING CORE USING X-
RAY FLUORESCTENCE

CROSS-REFERENCE TO RELATED APPLICATION

|no1j This application claims priority to and the benefit of the filing date of US.
Provisianal Patent Application No. 62/385,641, [iled Seplember 9, 2016

FIELD
[002] The disclosed mvention relates o core analysis systems and methods and, more

particularly, 1o systems and methods {or analvzing core samples using X-Ray Fluorescence
(XRF).

BACKGROUND

[IR]] Typically, analysis of core or rock samples requires shipping of the samples (o a
distant laboratory, where the samples are cut and then either crushed or scanmed m g
controlled environment by specially trined personnel. This analysis process 15 frequently
associated with lengthy sample transport times, delays coused by limited access to the
labomtory or limited trained personnel, snd delavs cnused by detailed analysis nnd reporting.
Consequently, from the time the core sample i< oblained, it often 1akes months (o complete
the analysis of a core or rock sample. Thus, the core or rock analvsis process is not integrated
into the conventional drilling workfow process. Rather. i1 15 a  separate  process  that
[requently encounters extensive delays.

|D04| Additionally, existing systems for analyzng core or rock samples typically
requite extensive user training and certification before the systems can be used, Further,
although comparative core analysis methods rely on the objective consistency of the location
of sample points, existing core analvsis systems make it nearly impossible 1o repeat sampling
from a consistent location. Sull further, existing ponable core analysis systems Iack
appropriate methods and sufficient precision to produce meaningful data. whereas larger,
more powerful core analysis systems require installation in laboratories with controlled

environments, where only traimed 1echmicians are authorized w work.

|00S] Thus, there is a need for systems and methods that address one or more of the

deficiencics of known systems and methods for analyvzing core or rock samples. For

Dnte Regue/Date Recoived 2020-05-20
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esumple, therz s o peed o core aralvsis svsleme pnd mgthods ol ars intggral Lo (he ovarall
drilling workflow process and designed for eperation b a member of the drilling team. As
mwnother example, there s a need for Tully integrated. auonomous core analvss svslems and
methods that provide repeatabie, location-identified, quantifiable sample daa that can be
produced in a tme window (e.g., within minutes or hours) that is far less than that required 1o

complete conventionnal core sample analysis,
F" iy b

SUMMARY

[06| Desaribed hersin, [f vafious pspects, iz 0 chre analy Sis svstem having o trules
and an analy sis assembly that 15 secured 1o the triler. The analyvsis gssembly can include an
XRF detection subassembly and a convevor subassembly.  The analvsis assembly can define
a sample analysis arez, und the convevor subassembly can be configured to electively
deliver one or more core snmples to the sample analysis aren. The XRF deteclion
subassembly can define a sample analvsis area. Upon posttioning of a core sample on the
conveyvor assembly, the convey or assembly can be activated 1o deliver the core sample 1o the

saniple analysis area. ot which pomt the XRF detection subassembly cin be activated.

|007| Also deseribed hereing in farther aspects, 1s o core analvsis method. The method
can include positioning a traiter in o selected position relative 1o o dnll location, An analysis
pssembly @im be secured fo the tratler, and the analyvsis assembly can have an XRF detechion
subnssembly omd aconveyor subassembly. The XRF detection subassembly can define a
sample analy sis.aren. The method ean also include posinoning one or more core samplas on
the convevor subassembly  The msthod can furiher include activating the conveyar
subassembly w selecuvely delver the one or more core samples (o the sample analvsis aren
of the XRF detecion subassembly. The method can sull further include notivating the XRF
derection subassembly while the one ar more core samples are positionad in the sample

malysts aren
DESCRIPTION OF THE DRAWINGS

[008] Figure 1 1s a rear perspechive view of a core analvsis systam ns disclosed herem.

L Friore 2400 atop view of o core analysis svsiem as disclosed herem Figure ZB
is a side perspective view of the core analysis svstem of Figure ZA. Figure 2C 15 a lefl side
alevaional view of the core analvsis syatem ol Fiaure 240 Figure 2D 45 a fron elevationg]

b
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view ol thie tore onalvsis system of Fusure A0 Figure 2F 15 0ooross-sectional view ol the

core analvsis svstem of Figuee ZA, tnken at line A-A depicted in Figurs 21

[Do0] Flgure 3 15 a schemane diagram depicting élecliical communication betweean o
sample malvas assémbly, a ceniril database, and consumers ng disclosed héren,

(LR Firure 4 is p schematic diagram dapicting the Now of eore samplas through an

exemplary core analvsis sy slem as disclosed herein,

[D012] Figure 5 1% a schemalic diawram depiching an exemplars doty nétwork armangement

Far yse swith the core mnalvsis gvstem ns disclosesd herain

[DO13] Fioure 6A is n schematic dugrm deprcting the communication barween
components of an etemplory core malvais svalem ps disclosed harein.  Figure 68 is g
schematic diagram depicling the communication between (he processing components of an

exemplany core analysis svsiem and various setuators pesstioned hroughout the svsiem

[0014]  Figures TA-TB are imnges of exemplany displavs of core sample segments on a
core box as disclosed hergsin As shown, a sysiem operalor can use 4 human machine
imterlace to select or “ng” portions of the core sample segments for exclusion {rom analvsis
as further disclosed hercin

[0015]  Figures SA-RSB are left and right perspective views of an exemplary traler for
enclosing and transportng an analvsis assembly as disclosed herein,

[0016]  Figure YA is g side perspectuve view ol an exemplory venfication nssembly as
disclosed herem, with the arm of the venification assembly positioned in an oparabve
‘presentition” posilion. Figure 9B 15 a side perspective view of the verification sasembly of
Figure 9A, with the amm of the venfication assembly positioned in 2 rest positon Gmd (he
actuntor asseciated wih the armon an extended positigny. Figure 90 15 an end perspective
view of the arm mnd the cover of the verficanon assembly of Figure YA as the arm
approaches the cover (and prior to movement of the cover 10 enclose the receptacles of the

)

D017 Frgure 10A 5 an image depicting a stop projection and a locator pio of an
exemplary tray adoprer assambly as disclosed herein: Tigure: 108 s anoimage. depicting the
placement of an adapter relative to the stop projection and the locator pin such that the locator
o esiends theoueh an allonment opening ef the adapter,
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| DS Fiuwm 11A s o top plan vies ol mnoexemplory adapler as diselosed bersin Figurs
LB s aside elevational view of a longitudinal edge of the adaprer of Figure 1A, Figure
LT 15 @ gide elevanonal view of & trunsverse edge of the adapier of Figure 11A. As shown,

cach sdye of the adapter can be lolded inwardly toward an intemor porion of the adapter

[O9) Figure 12A 45 an image depicting an exemplany adopler extending acrogs 1wo
spaced input rollers as further disclosed herein. Figure [2B s an image depicting a container

(g, core av) positioned within gn exemplan adapter as discloved heren.

[0020)  Figure 13A 65 a perspective view of an exemplary analvsis assembly having a tray
centening subassembly as disclosed heretn Figure 138 15 o perspective view of the tay
centering subassembly of Figure |3A As shown, the trmy centering subasembh can

comprise first and second guides that are activated by respective aciuators

0021  Figures [4A-140 show the progression of movement of & gpwde of the tray
centering subassembly as a core tray (shown in phantom ling) approaches the tray centering
subsssernbly. More particularty, Fieure 14A deplets the tray in an elevated position and the
guade in a lowered position, Figure 148 depicts the tmye i alowered position and the guds in
n maused position (1o effect engagement between the guide and the trav), and Figure 140
depicts the try in the elovated posinon and the guide o the rused position,

DETAILED DESURIPTION

[0022]  The present invention now will be described more fully hereinafler with reference
to the sccompomying drowmaes. in which some. but not all embodiments of the invention me
shown Indeed. this mvention mav be embodied in manv different forme and should not be
comshoued s lmted w e embodiments set Torth berems wmther, these embodiments ane
provided so that this disclosure will satisfy appheable legal requirements  Like numbers refer
o hke elements hroughour 1018 to be understood that this amvenion s ool Tmeted o the
particular methodoloev and protocols deseribed. as such may vary (1 is also 1o be undarstood
that the terminology used herein 15 [ur the purpose ol describing particular embodimenis

only_and = mot miended 1w limal the seope 6F the prasent invention

|D023] Marny modifications and other embodiments of the inventon ser forth heram waill
come to mimd to one skillad in the art (0 whieh the invantion pertaims having the benafit of the
teachings presentéd in the oregomg desenption and the assbeated drowings Therefdre, ol 1s
tor be understood that the mvention ig not to be limited (o the specilic embodimants diseloszd
bnnd thitt modificatipng and other embodiments are intended (o be included within the scope of
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the nppended cluims Although specific terms are emploved hergn, (hey are used in a genenc

mned descriptive s2nse only and not for purposes of limitation

[0024]  As used herewn the singuler forms ", "an”, and "the” include plural referents
unless the cantex] clearly dictates plherwise  For eximple, use of the term “a uger interlaee”
can refer to one or mare of such user inlerlaeed, and vse of the term "a sengor ean reler 1o

gne ar mire af such seisors,

[0025] ANl technical and scientific termis wsed herin hove (he same meaning as
commonly understood 16 one of ordinary skill in the art 1o which this mvention belongs

tnless clearly indicated atharwise

[0026]  Ranges can be expressed hemein as from “about” cne particular value, and'or 1o
“abowt” another particulr value. When such a range 15 expressed, another aspect includes
fram the one pariicular value and 'or 1o the other particular value  Sumilarly, when values are
avpressed as approsimations, by use of the antecedent “about,” it will be understood thal the
particular value forms another aspect. Tt will be further imdersiood that the endpomis of each
ol the ranges are sienilicant both i relation (o the other endpoint, and indepandently of the

nther endpomt

[0027]  As used herzin, the terms “optional™ or “optionally™ mean that the subsequently
deseribed evenl or arcunstance may or may nol oceur, and that the désenphion meludes

instances where said event or circumstance oceurs and mstances where it does not.

[DU2S| The word “or” as used herein means any ong member of a particular hst and also

includes any combination of members of that list

[DO29] The term “substaniially perpendicalar” 15 meant (o mdicate thot elements (e .
mxes) are perpendicular within o given plane or ofented at an angle of less than 15 deprees

toptionally. less than 10 degrees) relative to.each other within the given plane
[0030]  The terms core box™ and * core trav™ are used interchingeably herein

[0031]  The following descnplion supplies specilic detmls i order 10 pronide a thorough
undersianding. Nevenheless, the skilled armsan would understand that the npparatus and
msocinted methods of using the apparans can be implemented and used without emploving
these specific detals. Indead, the npparatus and associnted methods can be placed into
praciice by modifying theallesirated apparatos and associued methods and can be used in

compunenon with amy other apparatos and techmngees convennona iy used m the industry
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|DO32) Disclosed herzin, in vanious aspedis and with relérence (o Figures 1A-14C are
core analvsis systems and methods thia are conligurad to provide qualitative analvsis of
drilled rock cores using a high-specification X-rov Fludrescence (XRF ) svslem, [nose, il s
contemplated that the disclosad svsiems and methods can scan drillsd core at required spatial
interyals and within a reasdnable time to permit desired on-site workflow while also
providing meaningful chemo suati graphical data. which can be used by genlogists and ather
persormel to interprel the region of dlling for additonal dnll rargets  10is further
contempimed that the unalysis deseribed herain can be completed by a member of the dnlling
tenm (e . o driller's assistant) m between core sampling sequences (2.0, sample pulls),
Thus. it 15 contemplated that the disclosed svstem can be readily and selectively deploved in
i the field and operate in ol least a parnally autonomous topuonally, lully autenomous)
manner. In contrast io existing corg anolvsis systems: the disclosed svstems and methods can
provide site-specific mairix calibration and permit the tadoring of XRF settings to elemenis
of interest Addinonallv, it contemplated that the use of helium pas as desclosed herwn can
reduce X-rav allenuaton. parocularly For Tight elements (No=T1). More eenerally_ it 1s
contemplated that the digelosed system ean funetion in an automated fashion W permul real-

me acquisition of data without impacting drlling workflow

[0033] Although generally disclosed herein as core analvsis systems and mathods, 1015
contemplated that the diselosed svsiems and methods can be usad 1o analy 2e other material
samiples. such me Tor example mud withool linotaten, chips produced dunng feyerse

cireulgtion drilling opemtione

g Angfivis Sysdemy

[0034]  Inexemplany aspects, and with reference 10 Figurey 1-20, 4 and 6, a core snalysis
svetent 10 ean comprise an analvsis assembly 30 The analv<is assembly 30 can cormprise a
Frame 32 and a plurality of componznts o8 further disclosad herein One or more &f the
compaenents of the analvsis:assembly can be supported b and’or sscured |o the rame 32 as
shown in FIGS 1TA-2E. Optionally, in some aspeécts, the analysis assembly 30 (2.2, at least
the frame 32 of the analvsis assemblyv) can be secured 1o a trailer 200 using conventionnl
means, including fasteners such s bolis, screws. clamps. and the bke In these aspects, it1s
contemplated that the tmiler 20 can comprise conventional means [or securing the frailér o a
piece of drlling equipment. such as drill rig. or 10 2 suppon vehicle, such as a truck, tractor,
anid the like  Exemplany means for secuning the trmiler inelude a hitch, ane or more balis, one

or mire pins, one or more arms, and the hike. Tt is contemplated thal the tratler 20 can be

f
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sglectively detachablz from (he drlling egquipmient ar vebicle Thus, in use, it is contemplatad
that the trafler 200 can be detached Tom the drilling equipment or vehicle, Altematively, it is
contemplated that the truiler 20 can be permunently seedred 1o the drilling equpmen or
vehigle to form a umitary of monohithic strugiuse In sxemplary aspects, the traller can
camprise one or mare front panels 22, one or more side panels 24, ane or more rear panels
(not shawn), and ene or more wof panels. Tnthese nspects. it Is comemplated that the panels
wan enclose the analysis assembly 30 dunng Iransporl. Prior to use of the analv s assembly
30, 1t 1 contemplated that at least one side panal 24 can be removed or opened 1o provide
pccess 1o the conveyor assembly or user imerfice as further disclosed herain. Optionally. itis
contemplated that at least one panel 24 on each opposing side of the trailer cim be removed or
opened In some exemplary ospects, ot least one panel 24 on each swde of the trailer can

compose o door 26 (e g nshde door) that can be selecuvely opened or closed.

[035] Although the diselpsed analysis assembly 3015 preferably secared to the tradler
201 it 1s contemplated that the mnalysis assembly 30 gan also be used separately from o troiler
For example: 1 is contemplated that the analvsis assembly 30 (2p at least the frame 32 of
the unaby sis assembly ) can be secured or mowned w o paricotar ixed locanon, such as a

laboratory setting or other lncation where core samples are routinely recenved or delivered.

[0036]  In oneaspect. the analysis assembly 30 can compnse an X-ray Fluorescence
(XRF) dotectuion subassembly 40 and o convevor subassembly 30, I ilis aspecl. the XRF
detection subassembly 40 can define a sample analvais area 42 and the convevaor
subussembly 50 can be conlgured (o seleciively deliver one or more core samples 1o the
sample anulysis area

[0037] In exemplary aspects, e XRF delection subassembly 40 can comprise an X-fm
source 44 and on XRI sensar 36, In these aspects. the X-ray source 44 can be canfigured 1o
deliver radhation 1o core samplés positened within the sample analysis aren 42, and the XRF
wensor 46 can be conligured o delect X-rav (luorescende in response 1o the mdiation
delivered 1o the core samples by the Xony cource Optionally, the XRF subngsambly 40 can
comprise a housing 49 that receives at Tenst a portion of the X-rav source 44 and, optionally
al least a portion of the XRF sensor 46 The housing 49 can also include a disial aperture 45
and a window (not shown), such as a bervlium window as'is known the arf, which ean be
posiioned berween the aperure 45 and the XRF sensor 40 relative 1o a vernical axis, In
avemplary aspects, i1 is contemplated that the XRF subassembly 40 can comprise an XRF

spectrometer analv zer as 15 known m the art. Opticnally, i these aspects., the XRIF
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subnssembly 40 can comprise asilicon dnilt detecior (SDD)-based XRF
spectrometaranalvrer  In exemplary aspects, the apertore 45 of the honsing 49 of the XRF
subassambly A0 con recéive (and deliver) X-rinvs [rom (he X-rav sourcé 10 4 core ample and
then recei ve reflected X-ravs lor acquiring XRF spectm using the XRF sensor 46 as further
disclosed herein Optionally, in these aspects, the XRF subassembly can further comprise a
proximity sensor 47 positioned within the sample analy sis area 42 for detecting the presence
ol a core sample in an operative posibon within the sample analy sis area that s suitable for
detecting XN-rmv (uorescence ay furiher disclosed hersin. Upon detecting the core sampla in.
the ppermtive position, the proxinily sensor 47 can provide a signal 1o processor 80 (as
farther disclosed herzin) that is indicanye of the presence of the core sample in the opertive
postion. 1o response, the processor 80 can be configured to initinte movement and activation
of the componenis of the XHF subassembly 40 1o acquire XRF spectra Lor the sample
Alternatvely, rather than rely mg on the proxinuty sensor. the processor 8() can be configured
lo Iritinge Lthe aeguisilion ssquf:née ns part of the stundurd moyvemen! ssguence ol the vinous
netuators disclosed heremn (e using a PLC as Turther disclosed herein). T exemplan
mspects, o5 the acquisition cvele begms, actuators 192 thal are coupled 1o the XRF
subassembly 40 can be configurad 10 affeet movement of e howsmy 49 untl the aparturs 45
(and the X-rav source, he XRF gensor, and the window) 1s positoned ol a selected
orantation relahive (o the samples (for expmple. 10 plipnment relative 1o a vertical pxis)
Optionally. the actuators 192 can be configured (o effect downward movemint of the XRF
subngsambly 40 until the portions of a howsing 49 of the @sambly surounding the nperturs
45 conlact the sample  Followimg acgusition of XRF spectra lor the sample, the actuators
i be configirad w0 G the housing 49 relative (o the sample, and the bousmg (and aperture
45} can be translated |aterally (refatye to the first or second ases 52, 54) to align the aperture
15 with a second sample withmn the sample analysis arep 420 1 all amples within the sample
analysis ares 42 have been analy ced wsing the XRF subgssembly 40, then the housing 49 (and
aperiure 45) can remam o n aresed “rest” postion whil@ the conyvey or subimssembly 54, 1n
response 1o mstroctions from the processor 80, mitintes movement of the samples away from

the sample analvaig area 42 (e.g . toward the rear of the trailer)

|DO3S| In lurther exemplany aspecis, 11 15 contemplated that the XIAF subassembly 40 can
pompnse software drvers 1o permit communication with other epmponents of the svstem ns
further disclosed heretn Opuonally. in these aspects, the sofiware drvers can be configured
to menitor o connection siatus wilh a processoras further disclosed herem (e.g . by
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momilanng an XRF subassembly brondenst packat senl peniodically by the processing
components). It is contemplated that the X-rav sturce can he controllable according o
known protocols  In exemplany aspects, the volizge, amperuge, or lller characlerisnes of the
Neray gouree can be selectively controllable: In exemplary aspects, the volinge of the Xy
source can ronge from about & w30 kY. In other exemplany aspects, the amperage of the X-
ray source can range from about 5 to 200 p A Ttis contemplaed that the filizr of the X-ray
source can be a film of known concentranons of elements that can be selecuvely adiusted. In
u=e, 1115 contemplated that the vollage, amperage. and filter chamelensiics can be selecuyely

adjusted 1o modify the emined X-rm spectrum

[0039]  In further exemplary aspects, it is contemplated thal the X-ray source 44 and the
XRE sensor 46 cun be placed 45 close as possible o the core sumple: Optionally, in these
aspects, it 1= conternplated that the X-mmy source 44, the XRF sensor 46, and the sandaw can
be posimoned or configured 1o eomtact (or be posmioned prosimate to) o core sample
Optionally. in addinonoal exemplary aspects. 1015 contemplated that the X-rv source -4 mand
the XILF sensor 46 can be onented and posinoned such that the emittad Xeravs {ollow g
tngentral path relatve o the faoe of the core smmple (o central posiion on (he core
sample). In exemplary aspects. it is contemplated that the at least one of the X-ray source 44.
the window, and the XRF sensor 46 con be ol leas) partially received within the aperture 45 of

thi housing 49

|D00] In further aspects, the conveyor subassembly 500 can be eonfigured o selectively
wivance one of more core samples belween a sample loading locaton and g sample unlosding
location. In (hese aspects, the XRF detecuon subassembly 40 con be positioned belwéen the

sample lopding Iecation and the somple unldadmg location

[0041]  Inadditionsl aspects, the convevor subassembly can be canfigured to selectively
tdvanee (he one or more eore sumples relative 16 a first s 52 belwéon the snmple loading
loeaton and the sample unloading location. In theze agpects, the XRF deteéction subassembly
M) can be positioned bitween the sample loading location and the sample unloading location
relative to the first axis 52 In other aspects. the sample analvsis area 42 of the XRF detection
aubazsernbly 40 can be spaced from the first wxas 32 relative o a second axis 54, In these
mwpects, it is contemplated (hal the conyevor subassembly 50 can be configured Lo seleclively
advanee the one or more core somples relative 1o the second axis 54 1o deliver the ong or

mare core samples 1o the smnple analysis area 42 of the XRF detection subussembly 40

1
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Optionally, m Turther aspects, within o plase 36 contwmng the Brst and second aves 52, 54,

the sécond axis 54 can be perpendiculas or substantially perpendicolar 1o the first axis 52

[0042]  Asmentioned above, in funher fspecis, the core analvsis svstem 10 can lirther
comprige a proceszor 80 that is commumeatively coupled 1o the XRT delection subnscembly
41 I these aspects, Tor cach delivery of radintion (o core samples positioned within the
sarnple analvsis area 42, the processor 80 can be configured to recerve at least oné oulpul
from the XRF sensor 46 11 s contemplaled tha the at least one outpul can be indieative of
the measurad XRF of the core samples positioned within the sample analy sis area 42 In

exemplany aspects, the processor $0 cun be commumigatively couplad Lo o memon KS

[0043]  [nexemplary aspects, the core analysis svstemn 10 can further comprise at least
ane contamer Y0 conligured to recelve cne or more core samples. In these aspecis, the
conyevar subassambly 50) can be confipured to selectively deliver the nt lenst one container 1o
the sample analy sis area <2 of the XRF deteclion subassembly 40, In further exemplany
pspects, each contamner N can compnse indicia 92 of at least one charactenstic of the one or
more ¢ore samples posinoned withun the contuner  In these nspects, 1115 contemplated tha
the core analvsis svstem 10 cm Further compnse an nput magimg assembly (00 that s
communicatvely coupled to the processor 80 and configured to detect the indicia 92 of each
contmner N0 Optionatly, in some aspects, the mput tmazing assembly 100 can be positioned
prosimate the sample londing locaton. Optionally . in some tspects. the mdicws of each
contmaer can comprige at least one bar code, such as. for example and withoul limitation. 4
tme-dimensional barcode or o two-dimensiond) baroode thit uses QR codes: In these uspacts,
Il 12 vontemplated tat the mpat mnging wedembly TOO can cormprise & bar code scanniér.
Oplromally, in somie aspects. the indiein of each contiiner can compnse a radiofrequency
Identification (RFID) tag. such as, for example and without limitation, a close-proximiny
READ/WRITE card with a capatit 1o store an lenst 2 KB o da Tn these aspects, il is
contemplated (hat the fnput Imaging assembly 100 can comprise an RFIDY scannes

Optionadly | in Murther aspects, the indiclg ol gach contimner can comprise standard characters
(text, numbers, symbaols. ele bihat are printed on or opplied 1o the contaimer  In these nspects.
it is contemplated that the input imaging assembly 100 can compirise a camera assembly that
has comventiond damier hardware and mmage caplure soltware for compleling optical
character recegnition {OCR) processing of the characters posttioned on the container In use

it 15 contemplated that the svstem operator can use the user interface further disclosed herain

iy
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Lo mssoclpte the corz Images prioduéed by (e camern asvembly wilh o corresponding core

sainple

[0044]  In addition 1w detecting the indicia 92 of each contaimer 200, the inpul imgging
meSembly 100 can nequire éore images that can be used [ur initinl processing by o svatem
aperntor Optionally it is contemplated that the system ean be conligured 1o dperate in o
Teach™ mude in which the svstem operator uses the user interface to select areas of interest
o the core imsgey sequired by the npul imagmg dssembly 100 10 aeeormnplish one o1 mare of
fhe following (1) “Exclusion™ Tagging, which excludes selected scan points while
caleulanng or determining site sumple points and pont depth (e, appendmg depth), thereby
addressmg situanons i which portions of the core samples are unscannable or otherwise
deficient; (2) “Inclusion” Taguing. which selecls poins for a sear, or (3) “Void™ Thgping,
which excludes selectad scan pomnts and snimple pomnts (1 e non-appending depth), thereby
addressing situations in which the core samples include voids or core blpcks. Itis
contemploied thal the “Teach™ mode can emplov calculations that are performed by the
application to assign the X and ¥ pixels inside the bounding lines 10 a corresponding depth
(o mmery 1 es Torther contemplaed ta the “Teach™ mode con allow for addressing avanely
of different core sample conditions while mamtaining quality and accuracy in depth series
dutg. Inouse, is contemplated that the operator can mampulate the selecled zones using o
loucheereen, stvlus, or mouse, wilh the selected zone bemg depicted on the displav of the
huwman machineg imterface. Exemplary inages oF o “Teoch”™ mode disploy are provided i
Figures 7TA-TB After completing the “Teach™ mode evcle, the container-spacific tageing ean
be used 10 eorrelnte datn obtnined during downsirenm analvsis and processing as disclosed

herein with corresponding depths that are of interest 1o the system opertor.

jO0a5] Opticnally. the at least one ¢ontaingt 0 cin be n core box or core tay with an
uppar surface that definss m least one raceiving portion 95 for supporting and recéiving a
portion ol respectiyve dall cores duning the core analvsis process disclosed herem, In
evemplans aspects, ehch core bow 90 can comprise a plurality of receiving portions U5 In
these aspects, it 1s contemplnted that the plummlity of receiving portions of each core box can
range [rom about 1w recelving portions 1o abowt efght recelying portions. In further
axemplary aspects, auch receiving porton of a core bos can deline a dismeter g is
complemantany 1o the size of acore sample obtained wsine corng rods of & particular sie

ez HO corme rods. PO coring rods, BO coning rods, NQ conng rods. and the hke), In
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these sspects, 114 contemmplated (hat each eore bey coni be shaped for use with core samples

dbtained from a corresponding coring rod

[D0465] I some exemplary aspects, i is contemplaied that the core analvas svslem 10 can
include o plumlity ol care boses that are désigned lor use with o variely al different corng
rod slees That s, it s conemplated that at lenst one of thee core boses can have o récaiving
poriion with a diameter that is different than the diameter of the receiving portion of at least
aive wher core box ol the svsiem. For example, in some exermplany aspects, the s slem 10
cin comprise al least one core box that |s configured Tor use with an MO conmg rod and that
dalimes one or more recarving portions having o digmeter ranging from aboud &0 10 about T
mir (and, more preferably. being about 63 nmm), In some exemplary aspects, the system 10
cant comprise 2t feast one core box thiy is conlipured for use with a PO coring rod and thal
delines one or more recainving porbons having o diameter ranging from about 86 10 abour ‘M
mm (and, more preferably. being about 86,5 mm In some exemplany aspects, the svstem 10
can compnse of teast one core box that 15 configured Tor use with & BO corme-rod and that
defines one or more receiving portions having a digmeier ranging (fom about 35 to about 45
i (s, morne prefembly . bemg obool 3% mm) losome exemplany mspects, thesystem 10
can eomprse at least ane cora box that s confgured for use with an NG corng rod and tha
delnes one or more recerving porions having o diameler ranging fram ghoul 50 1w aboul 6
mn (arid. more preferably . being aboul 525 mm).

(0047 In exemplany aspects. 11 1s contemplated thata pluraliny of core hoxes provided
with the gvstem can have o consistent lenuth (relative 1o a longitudingl aas of (he core box)
md a consistent width while havine g varving hierpht depending upon the s (op | difimetery
ol the receiving porlions delingd i the core box. Opuonaliv, in (hese nspec, il s
contemplated that the length of esch core box can range from about OO0 mm to about | 2000
mm and more preferably, from about 1.030 mm w0 about 1,100 mm. while the widih of each
core box can range from aboul 300 men (o abdut 300 mum and more preferably | rom aboul
350 mim to aboul 400 mm 1o exemplary aspects. s conjemplated that core hixes
canfigured for use with HOQ coning rods can have a helght ranging (rom about 70 mmt te about
i) mm and more prelecibly, ranging from about 75 mm o about 85 mm, 108 further
contemplated thial core buxes conligured for use with PQ coring ruds can have a height
ranging [rom about 20 mm 1o ahout 120 mm and more preferably, manging from abow 10
mm to-about | [0 mm. 11 15 further contemplatad that core boxes configured for use with B()
coring rods can have a height rangmg from about 30 mm to about 70-mm and more

12
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preferably, rmngmg lrom aboul 55 mim Lo about 65 mr 10 sUll Gertber contemmplated that
core hoxes configurad or use with NO conng rods cad have a height ranging Fram aboul 55
e to about B3 mum and more prefembly, mngng from aboul 63 mm 1o aboul 75 mm.

[N048] Opticnally, in exemplary aspects, i iS further contemplated thal cach of the
receiving portions defined in the eore box can be generally ahigned with ar parallel fo the
loagitudinal axis of the core box, with the diameter of the receiving portions determuning the
inaximim number of receiving portiony thisl can be delined within a given ¢orz box: For
axample, 1115 contemplited that core boxes configured for use with HQ conng rods can
optionally have from three to five reegiving portions that are spaced apart relatve Lo the
width of the core box. with the receiving portions of such core boxes bemu confleured 1o
receive; 1o combization, from aboul 3 m to abowt 5 m (ot combined leneth) of core
sample segments: s further comtemmplated that core boxes configared for use with PG
pormg rods can optionally have from two o fowr receiving portions that are spaced apart
relanive 1o the widih ol the core:box, with the receiving portions of such core boxes bang
configured 1o regerve: i combination. from about 2 m o abewut 4 m (0 1oal combined
lenyeth) of core sample segments 10 s further contemplated that core boxes configured (o
usewith BD corng reds can eaptionally have (ronsix 1o eight receiving portions that are
spaced gpart relanve 1w the width of the core box, with the receiving portions ol such core
boxes being conligured (o receive, in combinantion, from about 6 oy o about 8 m (in wial
vombined length) of core sample segments 18 Tuther contemplated that core hoses
configurad for use with NQ cormy rode can have from ldar to six recarving portions that are
spoced apart relative lo the width of the core box, with the receiving portions of such core
boxes being conlisured 16 receive, in combinntion, from about 4 mi (o aboul 6 m (in to1al

combined Tength) ol core sample ssemenis

[0049]  Inexemplary pepects, lhe core boxes can comprise plastic  Optionally, in some
sxemplun aspects; the core boses can comprise DISCOVERERE Sevies 2 unil 3 core sample
fravs manufactured by Yondita Plasues Mining Products * Total Plastics Solutions (Kunda
Park, Queensland, Auvstralin) - Oprionalty, m other exemplary nspects, the cors boves can
comprise CORITE core travs manufactured by Strength Intemational (Keswick, South
Austealia), Optionally, i stll Turther exemplany aspecis. he core boxes can comprise
IVIPALA core trmvs dsenies 1 2 3 or <) by Impata Plastics (Maddington, Western Australia)

[0050]  Optonally, in exemplars aspects, the analy sis svstem can comprise gripping

slements that secure the core bowes 1o the convey or subassembly 50 1o permit axial

13
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muoterreni of ihe core boves ps disclosed heérgin. In exemplarny aspects, the gnppmg elements
can he secured 1o portions of the convevor subassembly S0 such that movament of the
convevor assembly elTeets d cdrresponding movement of the enpping eleménls (and a core
bos engiued by the gripping slements). Optionally, it 15 contemplated that the gripping
2laments can be provided as part of an (ntermediale section 68b of the convey or assembly (as
further disclosed heremn) to ensure that each core box remaing securely positioned in desired
locations relative (o the XRF detection subassembly 40 as the core box ranslates relative lo
wxis 54 In these aspects. it s funther contemplated that the grpping elements can be
configurad for selective, releasible engavemant with a core box such thar the core box can be
selectively secured into place on the convevor pssembly and then disengaged from the
conveyor ssembly gt an appropoate tme (e:z., at the conclusion of a cvele through the XRF
detection snbassembly ). 1115 contemplated that the gnpping elements can comprise any
canventional fastener. suchas. forexample and withowt linuiation. bolis, scrows. ties
projections, hooks, latches, loops. and the like, while each corz box can comprise
complementiany enpaveiment porions that are conligured o receive ar elfect engaeement with
i porton ol eorrespondmg grigping elements. Opbonally, s contemplated that the gripping
elamenis cim be seleenvely moveable from a disengnged position © on engacad position. m
either o munugl or an auomated manner (eg by activaling an aciugtor under processor
contril ) In Turther exemplary aspecis, i 15 contemplated that the gnpping elemanis con
comprise a plurality of guides that can be eonfigurad 1o apply pressure to (22 apply o
clamping lorce 10) outer portions of Ihe core boxs W secure the core bos in i desired location

and arientabion,

[00st)  Ag funther disclosad herein, the digclosed analvsic svslem can comprise
mechanisims thal prepare the core samples [or analvais These mechanisms can melude. for
evample and without Hmitation, clearing mechanisms. drving mechanisms, and wetting
mechanisms In [urther aspects, the analysis system can compnse mechamsms for imaging
thie core sumples under both drv and wel conditions. As further disclosed heram, 11
contemplated that the svstem can provide selectable and fully automated and repeatable
amalvsis inters s, sutomated data collection, and remote delivery of the completied sample
malvsis A ditabase as diselosed herem can permil stornze of data cormespending to or
indicanve of a particular sample confaner (2 . core boxk a dnl| hole locanon. asample
collection dote and time, calibration. sample depth, remperoture, or Rh scatter intensity. In
further exemplar aspects. and as disclosed herein, the svstem can permit remoie uploading

14
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mid il retmeval using a Cloud-bused sérver. The soltware can alvo permt replication ol both
indusinial process controller (IPCY and indusimal data concentratar (1IDC) databases o an
externnl USE storaee Gplion. This can then be uplodded by other (standard) means (o the
clowd-based server. This option can be useful in remote siuations where the truler (and the
analysis assembly) is not within access of a WAN (wide area network) authentication . access
service

[0052]  Iu furiher exemplary aspects, and with reférence 10 Figures TA-2E and 4, (he core
analysls vstem 10 can further comprise a diving assembls 110 posttioned between the
samiple loading locahon and the sample analysis aren 42 of the XRE delecton subassembly
40, Optianally, in exemplary aspects, the drving assemblv 110 can comprise a high-velociv
air knife drving systen as s known o the are. Opuonelly, us shown in Figure 4,
exemplary aspacts, the drying nssembly 110 can be placed i on elevated posinon proximagie
myentrance 1o the sample anelvais area 42, Inuse, 1115 contemplated that the diving
pssembly 110 can ensure that the core samples are drv and clean before theyv are scanned by
the XRF deiection subassembly In exemplany aspects. 11 15 contemplated that the processor
80 cun be commumcatvely coupled 10 the doving nssembly 1100 10 further contemplated
that the processor B0 can ba confipured o selecnvely activate and deactivate the diving
mssembly In lurther examplary aspecls; the processor B0 can be configured 10 activate Lhe
drving assembly such that the drving assembly operates al aselectad Dxed speed ond ot a
selectod lixed wmperature outpul Opbonally o sl furthier exemplosy dspects. the
processor B0 can be configured to selecuvaly contmal acdtivatim of the convevor assembly 1o
ndianee the core sumples through the drving assembly 110 at o desired speed that is optimal
for drving of the core samples

053] In additional aspects, and with reference to Figute 4. the XRF detection
subassembly can comprize o dn -core imaing assembly 45 In these aspects, itis
contempluted thal the dny -core imaging assembly 48 can be conligured lo produce an imoge
al core samples tecerved within the sample analysis area 42, preferably after deving of the
core samples by the dryving assembly | Optionally, in exemplary aspects, the processor 50
cian be configurad 10 selectively activate the dnv-core imaging assembly 48 1o produce an
image of drv core samples withm the sample analysis arga 42, pnor o setivation ol the X-

Ray source

[0054] [0 other aspeets, and with reference 1o Figure 4, the XRF detection subassembly

gan further compnse an XERF imagiog assembly 190 that 15 pasiioned (o image the core

15
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sammples (and their contpiners) aller (he core samples are posihoned in a desimed locabion Tor
nctivadion of the N-Ray source and XRI detection 11 ie contemplatzd that the images
produced by the XRF imaging assembly 190 ¢an be stored and used (o deternune (he specific

locaton of (he core samples when XRF was detected

[00S5] 1o Turther aspects, and with reference to Frgures 1-2D and 4. the core analysis
svatem LU can comprise dwelling assembly 120 positioned between the sample analvsis area
42 und the sumple unloading location. Oplionally, in (hese aspecls, the welting assembly 120
cin comprise o water sproy mechamism as 15 knpwn in the art. 1 contemplated thal the
watting assembls 120 can apply water (or other liguid) to the core samples o prepare the core
samples for high-resolution wet imaging as further disclosed herein. In exemplary aspects, i
is contermplated that the processor 80 cin be communicatively coupled to the wetling
assembly 120 11s further contemplated that the processor 8t can be configured 1o
selectively activaie the wetting assembly 120, Opnonally, in exemplary nspects, its
contemploied thal the processor 80 can be configured o activale the wetling assembly 20
such that the wetting assembly produces a desired [ixed water flow raie.  Opnonally. m sull
finthin exemplary aspects, the processor 80 can be configwed (o selectviely comrol
actvauon of the convevor assembly o advance the care samples through the wetting
wssembly 120 a1 a desired spead thal s optimal [or v.-emn_g.cir Lhe core spmples. In exemplany
epects, the weiting assembly 120 can compnise at least one anm and al least ong nozde
posiioned i Awd communication with o conduit defined within the al least onearm. o
these aspects, 1t 15 contemplated that the conduit can e pesitoned m Tud communieaton
with n fuid source (e g, a pump) that is configurad 16 pump Duid (o the wetting assembly

120 in response 1o instructions received lrom the processor 8

jO0EG) Optienally. in exemplary aspects. and with refoerance 1o Figure 4. the core analvsis
avetem 1) can comprise o wel-core imaging nssenbly 130 positioned between the welling
ssembly 120 and the sample unloading location. Tn these aspects, i1 is contemplated that the
processor 80 can be commumicatively coupled to the wet-core imaging assembly 1300 [1is
further contemplated that the processar 80 can be configured to selectively aclivate the wet-
core imaging assembly 130, In use. it is contemplated that the wel-core imaging dssembly
can be activided o record an image of the core samples alier wening of the core sumples by

the wetting assembly 120 as further discliosed herein

[0057)  In exempliny aspecis, the inpul imagme nssembly [0, the dny-core imaging
assembly 48, the XRT imaging assembly 190, and the wet-core imaging assembly 130 can

Ity
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cach comprive gorespechve camers aisembly, sichooe Tor evgmople anil withoul himitation, o
IP camera Lxemplary IP camerns that are suitable for this application include LIFECAM
web camerss manulaciured by Miceogoll Comporation (Redmiond, Washigton), As further
disclosed herein, the camera of the inputl imaging assembly 100 can be used 10 acquire an
image of & core hox that allows the system operator o “tag” core 1mages using an HMI {user
interface) as further disclosed herein. As further disclased herein, the camera of the dev <ore
imaging assembly 44 can be used (0 acquire an image of a dnv core box, with (he image being
stored (0 @ dwtabase @ desenbed hersine As furiber disclosed herein, the ciumern of the XRF
imaging assembly 190 can be used 1o acquire an image of a locanon where XRF
measurements are performed, with the image being stored m the database as described herem.
As lurther disclosed herein, the camera ol the wet-core imaging assembly 130 can be used 1o
nequire an image of a-core box after the core box has been wetted by the wetting assembly
120, with the image being stored in a database as described harein. As shown in Figures | A-
200 comermpioted thot cameras of the input imaging assermbly 1000 e drv-cors imaging
mssembly 48, and the wet-core imaging assembly [ 30 can be mounted o the [tame 32 a1
tespeciive locations above tha core box movement pathway, As shown in Figure 2E 1t s
contemplated that the camera of the XRF smaging assembly 190 ean be positionad within the
samiple andlvsig area (oplionully. within or coupled 1o housing 49). In further exemplay
mepecis, the diselosed 1P cameras con be contralled through Ethermat conrection usmg a
tratler control netwark (PrailerControlNet™) as diselosed herein and shown in Figure §

[0058]  Inexemplary aspects, and with referente (o Figures |A-ZE. 4 and 4, the eonvevar
subassembly 30 con éomprige Input nnd outpul séctions S8, 620 Optionally, in these aspects,
the inpul and vutpul sections S8, 62 can comprise respective rallér assemblies 60, 64, which
can be positioned in communication with respective mlermeadiate com evor sections as Tunther
disclosed herein 1115 contempluled thal each of the roller assemblies 60, 64 can he
configured o recerve o single conlmner 90 (e 2., o single core box) or an adapler 440 as
further disclosed herain Optionally . in exemplary aspecis, the roller assemblies 60, 64 can
have operative widths that are o1 least slightly greater than the longindinal lengths of the
containers 90 (e, core boxes). In some aspects, as shovwn in FIGS. |A-1C, the roller
nssemblies 600, 64 can each have a sigle roller that defines the entire width of the roller
mssembly  Altematively, in pther aspects, as shown in FIGS. 2A-2D, the roller pssembilies 641,
64 can-each have a pair of spaced roller arrays 61, 63 that cooperate to define the widih of the

roller assembly . In use. it can be-advantageous 1o first and second spaced rofler amravs 61, 63
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positicned ot the input and ouipul sections of the convey or subissembly 500 For example, it
is contamplated that the wse of two spaced roller assembilies 6] can rédice the wotal weight of
the svstem (compared 1o a single continucus roller assembly of the sume wadth). 1is lTurther
contemplated that the use ol (woe spaced roller assemblies can reduce the chanee of breaking
ar disengagement of the pins used to hold the roller assemblies in o trunsport (2 4., folded)
positian

[0039]  Opuonally, itis contemplated that the tput section 58 can deline the sample
loading locatton Optionally, it is contemplated that the outpul section 62 ean define the
sample unloading locanon  In addisonal aspeets, the conves or subassembly 30 cun further
comprise a plurality of intermediate sections o6 positionad between the mput and output
seetons 58, 62 1o further aspects, the convey or subassembly 50 can further comprise a drive
mechanism 70 configured to power movement of the infermediate sectioms. In exemplary
mspects. each intermediate section (6 can comprise of least rne actuator and » plurality of

rollers, one or more conveyor belts, or combinonons thereof

[0060]  Inexemplary aspects, 1 s contemplated that the dove mechamsm 70 can
comprise o plurality of actuntors that are operntively coupled 1o porions or sections of the
convevor subassembly 30 to selectively control movement of core samples and their
contmners relative to a pluraliy of axes: Optionally . 1115 contempl med that the dnve
mecharmsm 70 ean be confipured Lo control movement ol the core snmples wnd contumners
relative 1o the first and second axes 52, 54 and a verucal axis as further disclosed herem. In
exemplary gspeets, and with reference to Figure 6B, (he plurality of aclumtors can comipriss ol
least one actuator 72a that 1s conligured to elTect movemeént of the core contimer relative 1o
the First axis 52 ol least ore deluntor 720 thot is conligured 1o effect movemant of the cere
contpnear relative 1o the second axis 54 and o beast one netuator 72¢ that is eonfigursd 1o
ffect movernent of the core contiingr relabive 1o o vertical axis thal is perpendicular or
substantially perpendicular W e st and second axes 52, 54 In further exemplaty aspects,
the actuntors of the drive mechanism 70 can comprise hnear aciuntors, such as for example
and without limitation, electrical actuntors, mechnmenl actuators, electro-machanical
actuators, hydrauhic actuators. pneumatic acluators, and combinations thereol. However,
depending upon the armangement of each conyeyor seclion, il s comemplawed tha the drive

mechanism 70 can further comprise at least one mlational actuator,

[0061]  In further exemplany aspects, as [unher disclosed herein and depicted in Figures

1-2D and 4, the plurality of inlermediate sections 6 can comprise @t least one intermediate

s
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sechon 68, G8e conligured 1o aldvance the ang or more core samples relaiive (o the st avis
52 and at least one intermadiate sechion OEb configured 10 advance (he one ar miore core
sainples relative L the second axis 34, In these aspecls, and o5 shown in Figures | A-2D, the
first imtermediate segtion G8n can comprise al least ane convever ball that 15 aperatively
caupled 10 an actuntor 72a 10 permit selective movemen of a core sample relative 1o the first
axts In these aspects, it 15 contemplated that the first inteimediate section 68a of the
convevor assembly can be conligured to deliver the core box (contaming the core sumple) lo
the second intermediate section 68b of the conyevor assembly. Upon deliveny of the core box
1o the second imermedine section 6%h, an actuator 72¢ can selectively mise and lower the
core o to permit engagenient or coupling between the core box and at least one limear
pctuator T2b as disclosed herein. Upon coupling between the core boy, and the lmear actuator,
72h. the hnear nciunter can be configured to-effect noal movement of the core box relniive io
the second axis 34. with the core box being supporied by rollers positioned within the
imtermediate convavor section G8b In exemplary aspects. and with reference 1o Figure . the
intermediate convevor section G8b can-extend through the sample analvsis area 42, and the
linear actuntor 72b can move the core box aboul and beiween three distmet locations along
the sseond sxae $4. including an iminal position (labeled ~537 in Figure 4) before the core box
Is delivered to the analvars area [ intermedigie imaging posinon on an opposing side of the
XRF assemibly (afier the core bok passes through the XRF assembly, lnbeled =47 m Figure 4),
bl an Anndvais positon (within the XRF azsembly, labelod =57 in Figure 4) Although
disclosed herain as comprising i 12ast one linear actuster 726, it is contemplated that the
intermadiate convevor section 68b can compnise, in additon or altematively . o plurality of
vertically onented follers that engiee edge portions of the core box (on adapiler as disclosed
Irerein) and are driven by one or more rotational actumors to effect movement of the core box
along the secand mxis 34 Alter the imaging/analvsis process within the XRF assembly is
completed, the actumor 72b can reiwm the core box 1o s imitil position (labeled =537) Tis
contemplated that the imtermedinle convey o sechion 68h can funher comprise al least one
Imear actuator 720 that 15 coupled to at least one conveyor belt and confizured 10 advance the
core box to the third intermedinte convevor section H8e. which in turn, can have at least one
limesr actugier 720 thal s coupled (o at least one conveyor belt and conlizured 1o ellec
movement of the core box 1o the outpu roller nssembly, In exemplary aspects. as shown in
Figures 2A-Z0. the conveyor belis of the first and thard convevor sections O8a. O8c can be
staggored relative 1o the convevor behs of the second conveyor section G,
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|D062) Opnonally, in exemplany wspects, the conves or assembly can Turlber vompnse o
stap plate that is pasinoned at a distal end of the oufput Section (e.g | roller assembly 64) In
these aspects, the slop plate can extend aeross al least a portion of the operative widih of the
output seclicn 1o prevanl the conlainers 90 (¢ g . core boxes) from advancing beyond the
distal end of the output section and Falllng from the convevor assembly I further exemplan
aspects, It is contemplated thal the core analysis system U can comprise a sensor configured
lo deteet the presence of a contamer (e.g., core boa) within the oulpul secuon  In these
mspects, i 15 contemplated that box sensor can be a convantional proximily sensor or encoder
s s ktown an the art. In further aypects, it 15 eomtemplated that the box sensor can be
communicatively coupled to the processor 80, and the processor can be configurad to
selectively control activation or stopping of the drive mechanism 70 of the convey or

mssembly

D063 In pperation. the drve mechamsm 70 can doive asial movernent of o first
contmner {core box) from the mpul secnon (e roller convevor 66) onto.a st imiermediole
convevaor sechion O8a (e roller), As further disclesed herein. afier the lirsi container (core
box) 1s postnoned on the Grst migrmediate conveyor sechion 68a (g, roller). it
contemplated that the input imaging assembly (00 (2 g camera assembly) can be activared 1o
identily the core samples within the lirst contmner and permml selup of the gvstem parameters.
I exemplary aspects; the dnve mechanism 70 ¢an dove movemeni of the contmner from the
Mest imtermediate oy edvor seebion 68a (e roller) o thesecond witermed e conves or
sechon GRb. Optionally, it is contemplated that the drve mgchamiam 70 can comprise a
lifting actuator (or other Lifting méchanism) thal is configured 16 pull the container upwardly
Frism the firgt intermedinie conveayor section H8a W place the conlainer in a staging position in
which the contmmer can be clomped or otherwise coupled 10 al least one actualor of the drve
mechanism 70 that is conligured (o effect axial movement of the coblainer relative 1o the
second axis 34 10 control entry and positoning of the conlaner within the sample anolysls
area 42, As further disclosed herein, it s comemplated that the drive mechanism can
comprise additional actuatars that are configured 10 mave the comainer relativa (o at east one
of the first axis 32 md a vertical axis. In further aspects, after completion of the XRF
seaniung process, the dnve assembly 70 can be opernted 1o teturn the contmmer to the milial
posion on the second infermadinte conveyor section 68b. In another exemplary nspect. the
third intermediate convevor section G¥c can be powerad by |he drive assembly 1o pull the
coneuner from the second intermediale convey ar section O8D through the wettng assembly
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i inlo a desired position under imaging assembly 130 0 pérmmt wel imogme of the cone
samples Aftar the wet imnge is caprurad, the powered belt convevar at the thivd intermediate
vonveyor section 68¢ can be conligured to push the container onlo the outpul seclion (e.g .
raller eonvevor 64), where the contamer can optionally rest against a stop plate as lurther

disclosed herein until 1t 1s removed by a system aperator.

[0064]  Inexemplary aspects, and with reference (o Figures 10A- 128, the svstem |0 can
further comprise  tray udapler assembly 4000 Ln (hese avpects, the v adaplen ussembly 400
cian allow the sy stem 1o be compatible with different ty pes and sizes of conlainers (e g,
dilferent types und sizes of plastic core truys). The adapter assembly 4K can comprise an
adapter 440 comprising a steel plate havimg mwardhv folded lonmtudmal and transverse walls
442, 444 ynd defining at least one alignment opeing 446 extending through the thickness of
the plate. Oprionatly | the adapter 440 can compnse a1 least two openings that are positionad
prosimate opposme comers of one endof the plate I use. 1115 contemplated that the adapter
440 can be used with any core contmumer (e.g.. core tray ) that 15 compatible with the disclosed
svsten, with the [olded edges sllowing differemt travs o it and conyey within the system. Tt
Is-cortermplated that aotuoor and dos scguisttion controls on egoh respacive (vpe of come
b ean he controlled and set by the mathods engineer through use of the sofiware ar
dutabases disclused herem

[D065]  Inuse the adapter 449 can be positoned at the mpul secuon 58 (g the roller
assembly 60) of the convevor subnssembly, and the core box can be positioned on the
wiapter, with the longiudingl and rangverse edues of (he adapier surrounding the core box.
Duse (o (hie folded construction of the longiudinal and transyerse sdges. il 18 contemplated
thot the edges can be bingad 1oward a center portion ol the adapter such that, in o medling
position (bafore raceipt of core bex). the edges define a minimum diameter of the adapter,
Upon receipt of a core box, the edeey can be configured 1o deform in an outer diregtion as
necessuny lo secommaedate the op2ialive dimensions of (he core bus. Tn exempluny aspects,
whien the adapter is pasitioned ab the inpul séetion 3K, 11 4s contemplated that the longudinal
adges of the adapter can be orented perpendicular or substantially perpendicular to the first
axis 52 (and parallel or substantially parallel to the gecond asis 34) This general onentation
can be maimtmned as the adapter is advaneed along e frstoaxis by the drive mechapism 70

ms disclosed heren

[0066]  As shown m Fizurss 10A- 0B, the try adapter assembly 400 can further

compnse at least one slop projection 410 and at least one locator pin 420 that are secured 1o,

21



Ba oaniseTe 3w e-as-he

SO0 IR 2 POTUS2 T/ 0S0EY

coupled 1o, or mtegeally formed with o lmeur actuator 720 thd iv conligursd o elTeel
mavement of the adapiar 440 (and the core tray an the adapter) relative 1o the sacond axis 54
s disalosed herein. Inouse, the locitor pin 420 can be received withun and through an
alignment opening of the adapter 440 when the adapter (and the core trav ) is received by the
second intermediate convevor section 68b. In these aspects, the lift actuator 72¢ can
selectively raise and then lower the adapter 440 such that the locator pin 420 passes through
and prajects upwardly relative o a corresponding alignmenl opening 446, and a comer
portien of the adapter 440 1s posinoned between the locator pin and the stop projection 410 1o
thereby secure the adapier in place Optionally. in exemplary aspecis, the v adapter
mssembly 4000 can compnse first and second stop prajections 4111 and first and second locator
pins 420, with the first pin being recerved through a first opening of the adapter and the
second pin bemng recerved through o second opening of the adopier posimioned on an opposing
stde of the-adapiar relative 1o the first nxis 32 In further aspects. the adaprer aszemhly can
farther compnse @ proximity sensor <30 that is configured o delzcr placement of the adapler
lray over the locator pin 420 such (hat the adapter 1s securely engaged by the locator pin and
the stop projection 4100 Alter the procossor 8O receves conlirmation of proper possionimg of
the adapter 440 from the proximaty sensor 430, the svstem e procaed with advancement of
the adgproy Lbid fand the core biox 90) relagive 1w the second avis e furlher disclosed hervm,

mid Turther processing can procesd as further disclosed harsin

|DOGT) In Turther exetoplary aspects, and with relerenoe b0 Figu'es 13A-14C, the system
|1V can comprise A trey centering assembly 500 that ean be posinémed 1o cooperate with the
second inlermedinie conyiyor séclion 68b, which as further disclesed herein, can comprise n
lifting 1able for permitling veértical movement of an adapler and core bos. In uge, the tray
centering assembly 500 can ensure that the adopter 440 (and the core bixes on the adapler) 15
consistently and precisely onented relative 1o the second axig 54 1115 further contemplated
that the gentgring of the adaprer 440 can help ensure alignment between the lecator pins 420
af the adapter assembly 400 and the alicnment openmgs 446 of the adapter 440 In
axemplars aspects, the tray centering assembly: 500 can comprse first and second guides 510,
520 that are positioned on opposing sides of the intermediate canvey or section H8b relative to
the lirst axis 52 Each guide 311, 520 cim be operatively coupled to a respective actuator
$12. 522 that 15 configured to mvor the gde from a lowered, disencared position to nrased.
angaged position (1o contact the longiudinal edges of the adaprer (and'or portions of the core
box) and adjust the orentation of the adapier and core box as needed to conlinue further
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processing. 1L is contemplated thay, in response o a signal from (e processor 80 that the
ndapiter fand core hox) is being Iowered, the actuators 512, 322 can be configured (o effect
movenen] of the guides ram the lowered posttion o the ralsed position, Upon engagemenld
between the puides and the adapier, the adapter and the core box can be properly aligned
relative to the second axis 34, and thereby prevent undesired contact or alignment defects and
make the systam more robust, reliable. and repeatable After proper alignment of the adapter
and core box are established, the actumtor 72¢, using the lifting table, can raise the adapter 1w
an operative height at which the adapler can be axially advanced relauve (o the second uxis
54 It comtemplated that the suwdes ean be pesitioned sufficiently below the mised position
of the adapier such that the guides do not interfers with movement af the adapter and core
box relative to the second asis 34, In use, 1115 contemplated thal the centenng process can be
performed in an sutomaied fashion os part of the ymenl lowsnng process {or the adapter and
core hox. In exemplary aspects, this autamation can be drivan by the PLC $0b disclozsed

herem

[0068]  Insull further exemplary aspects. and with reference to Fipures 3-0A. the core
ey ses svstent 10 can Turther comprise 2 frst wireless tnmsmitier-recerver 130
communicatively coupted to the processor 80. In still further exemplary aspscts. the core
malysis svstemn 10 can lurther comprise o datobase 130 Tn sull further exemplany aspects,
the core analvsis svslem 10 can lurther comprise o second wireless transmitisr-réceiver 160
communeativiely coupled o the dotabase 150, In these aspocis. it is contemplated that the
seeond wirsless transnutier-recener 160 can be configured to receive information from the
[irsl wirgless transmitler-receiver 140 and o tansmit information from the dulnbase 150 lo
the first wireless wangmitter-receiver 140 Optionally . in exemplary aspeets and ng shown in
Figure 3. it is contemplated that the datnbase cun be selechively remotely aceessible (o

copsumers 2040,

[006%]  [ostill wther exemplany aspeots, and with relerence (o Figues |20 and 4, (he
core analvéis svstem 10 can further comprise a userinterfoce 170, In these aspects, it
cantemplated that the processor 80 can be communicotively coupled Lo the user interface 170
and configurad 19 raceive one or more inputs from the user interface 11 is Turther
comemplated that the user interfiacs |70 can comprise o display thit is confligured (o pressnt
information fo a system wser related to the eore sample analysis and the performance of the
svstem. In exemplary pspects. the user mterface | ) can compnse o single humaon-machmne
interface that is installed on an outer poruon of the wailer In these aspects, it is contemplated

i
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that the wsér inlerfaee 170 can b shapad such that it ean be protected by o cover during
transport operations 1t is further eontemplated that the user interface 170 can be weather-
regratant such that i can be used an g variely OF weather conditivons, Tn exemplan aspeciy, the
tsel inlerface 170 can be touchscreen-enabled and natively support a desired screen
resolution (e, 1280x 1124 resolution with 4.3 Aspect ratio), In these aspects, it is
contemplaied that the usér interface 171) can comprise a display that permits data input and
display via textual relerences and drop down lists rather than mpul of coded values 1o make
fior 5 more user-Mmendls interface. Optionally, i11s further comtemplated that the user
interface 170 can provide point-and-click options and 'or avtomated dota entry @ mimimize
tvping and or kevhoard entry

[0070]  In exemplany aspects, it is comtemplated that the user interfauce 170 con be
provided as a component of a computer worksiation. However, m other aspects, i11s
pontemplated that the user mterface |70 can be provided ns a portion of o remote computme
device, such as a smariphone, tablel. personal data pssistant (PDA or laplop computer

0078 In further exemplany aspects, and with reference to Figure 4, 1115 contemplated
that the core analvais system | can compnse o power source 184 that 1s configured to supply
electrical power o other componenis of the system. Optionally. in these aspecis. the power
sooroe B4 can compnse a landline elecincal supply. an on=hoard senarator. and a banery-
backed uninterruptable power supphy (LIPS). In these aspeets. 11 1s contemplated that the
electrical supply can accept o commercial electric supph while providing load-side circuin
protection. il 18 Murther contempluted that the elecineal supplv can transform o commercial
elactrical inpul (ee, 230 Voar 50 He) mto a desired output {2 24 VDU at 160 Amps) with
appropriale load-side crreuil protecton. 11 s contempladad (hat the On-board veremlor can
hovaa local generator contral pangl thar enables staming. control. and operation of the
tapzrater. Optionally, the genatalor can include a monioring deviee that is configured 1o
produce an alnem or an outpul signel thal imdicates the genertor has stopped warking or s
not functioning correctly 1 is contemplated thal the batlery-backed uninterruptable power
supply can supply power to (he processing components of the svstem In use. it is
contemplated that powar can be providad 1o the imaging and camera assembliss (or & selecled
period of time (e g, at lenst 30 miniles) before ushuidown command is signuled w their
corresponding processing components When the unimtermoptahle power supply 15 supplyving
power 1o the processmg components, it 15 contemplated that the control functions of the

processing componenis can be halted.
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| D072 In Turther examplary aspects, mid with relerence to Figure 4, 1115 contemplated
that the core analyeis svateny [0 can comprize an VAL unil TRO that 85 configured 10
maintiin the lemperalure within the sample analvsis ared 42 al o desired levid, as mmv be
stipulated by manulacterers of the components of the XREF detection subassembly 40
Optionally, it 1z contemplutad thar the HY AC unit can be configured to maintain the
temperature within the sample analysis area 42 ot a temperature ranging from about 20°C to
about 24°C under normal operanng condibions, In exermplany aspecis, 15 contemplated thal
thie HV AC unit can be powarad from the domestic electrical supply 1o the trailer, which may
be derived from o landline power source or an onbonrd gengrator & (anther disclosed hermin,
In use. it is contemplated that digital XRF imaging equpment can be sensitive 10 ambient
temperaiure vanation. and rapid changes o temperoture and exiremes ol lemperatuse can
severely damage digrtnl detectors. Accordingly. 1115 vonlemplaied that temperature control
within the sample analvsiz arca <42 {paricularly within the XRF sensor enclosure) is critical 1o
obimmnmge accurate dalgmd proweciing e svsiem components: nexemplan pspecis. the
core anplvsissvsiem 10 can [urther compnse an environmental moniorng device that logs
lemprerature vanntions withen the sample analyaes area 42 or, more particatardy, within the

XRF sgnsor enclosure

[DO73] T sull further exemplary aspects, and with reference 1o Figure 4, 1115
contemplated that the core analvsis system 10 can comprise a vas (e, Helium) supply
souroe 182 that s conlgured 10 <upply ens o the XEF detection subassembly 40,

Optionally. i these aspects, the gns supply source can be an onboard Tehiom supply
subsystem that |s conligured o provide ndry helium cover gos o the XRF instumoent (eo
Xergw gource) In use, it is contemplated that the procesgor 80 can be configured 1o
selectively initiale and cease delivery of gas to the XRF instrument. Oplionally, in exemplary
aspects, the gas supph' source | B2 can compnige a 2-5lage boltle regulator that reduces botile
pressure rom aboye 2,000 psi Lo abowt 60 psi (/- 10 psi). In [urther aspects, the gas supph
source 182 can optionally comprise a pressure switch on an outlet side of the botile regulatar
thiat delivers a signal 1o the processor $1) when the pressure falls below a selected leval, such
s for example and without limitation. 50 psi. In still further aspects, i1 15 contemplated thal
the core analy s1s svstem 10 can compnse an mnstrument regulator that 13 conligured to reduce
the pressure at the outlet sido of the 2-stage regulator pressure to 15 psi (+/< 5 psi). In sull
further exemplan aspects, the gas supply source 132 con comprise an instrument flow conirol
device that enabies (low from the cutler side of the instrument regul ator 1o the XRF
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instrument. In these sspects, i is contermipluted thal the mstrument Dow eontrol device can be
communicatively ¢oupled 1o the processor 80 such hat the processor can selectively contral a
rate of gas Now between the putlet of the fnstrument regulator and the inlet of the XRF
instrument. Opliooally, it is contemplated thal the rate of gas Qow can range (rom about 0.0

Liters per minute (LPM) 1o about 1.0 LPM,

[0074] |1 use, the disclosed core analysis svstem can provide on-site analvsis and data
collection cupabilities fon dill core sumples. Oplionally, in exemplary aspecls, it i
contemplated that a plurality of core analysis svstems can be operated in parallel from distine
locations, with respechive data sets from each core analysis system delivered (o a centralized

sgrver svstem for further analysis as diselosed herein.

[0075] L use, 10 is contemplated that the disclosed core analysis systems can reduce the
costs mssocimted with processing assavs, including costs conventionally associated with
sample preparation, sample transport, sumple tracking, ad data precessing. 101s further
contemplated that the disclosad core analysis svstems can provide improved data quality in
COMPANSoN 10 existing core analvses svstems, More particularly, 1115 contemplated that the
disclosed coreanalysis svstems con preserve heterogenaty and abyectvity while also
mssociating time and depth dota with each core sample and providing systematic collection
mel linkane of data sets 11 further contemplated (hat the disclosed core analysis svsiems
can provide an inerease in the speed of decisions by dolling svstem eperalors or remote
customers. More particularly . 11 is contemplated that the disclosed core analysis svstems can
provide near real-time aceess 10 core data via 8 centralized dombase, winch can be acesssed
b any netwbrked compuiing deviee (optionally, computing devices, from muluple users or
cusiomers) In exemplan aspects, s lurther disclosed herein, the processor B0 can be
configured 1o provide custamiizable threshold notifications associated with variaus core

(ArAEErs 1o SVslen usert Or CustomieTs,

[0076]  ln exemplary aspects, and with reference 1o Figures 1-6B. the processor 80 can
comprise a processing assembly comprising a plurality of processing compaonents

Optionally, in these aspects. the processor 80 can comprise at least one Industial process
controller (IPC) Bia und ai least one programmable logie controller (PLC) 80b. In exemplary
mwpects, the TPC can be an industrial grade computer. and the system operalor can inlerface
with the IPC threugh the user interface | 70 disclosed hergin In exemplany aspects, i115
contemplated that the 1PC can be configured 1o perfarm a varien of functions, including ane

or more of the following monitoring for loss of power and halting control functions when a

7
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power loss is detected. contralling svsiem restart using opemtor conlimation alier
reestablishing power, signaling a shutdown command 1o an industrial data concentrator (IDC)
when the LUPS indicates backup power is exhausted: performing a shutdown when the UPS
indicnies backup power i€ exhausted, (nterfacing with the PLC by operating as a Modbus
Master, which enables communication among may devices connected to the same network:
monitaring ativation of the PLC aver industrial netwerk communications (Modbus) o
determine i communicanons are established and operating, halling control lunctions when a
PLC communications luss is detectad, processing logic to indicate activation or readiness of
the 1PC aver industrial network communieations (Modbus): reading/writing status dat 10 one
or more PL.C Modbus Slave registers duning cvele operations; mterfacing with three (3)-axis
motion contrellers 80c. &0d, 80 (e g, X-, Y- andl Z-axis controllers) of the convevor
mssembly by opernting as a Modbus Slave; monitonng a Modbus connection with each axjs
maotion controfier and halting control functions when a communications loss is detected:
resding and writing values mto an migrface block used by Modbus tha reads and wrides from
cach Axis Motion Controller: iterfacing with an operator through the user mterface 170 10
indicate statug of the sysiem) interlacing with an operatir through the user imerace 170 10
collect and authenticate login credentials and set application privileies: interfacing with the
operator through (he wser interfaee 170 to collect information reqiured by (e svsiem dunng
selup openshons nterfncing with the XRF Insirument (o query, eonfigure, and commond the
vt during ev'ele operations; interfacing with the imago files captured by the imaging
mssemblies during ¢vele operntions: processing images 10 extract and parse OCR dala from
image files during ov'cle operations, interfacing with the centrul database 1o retieve
information requined by the svstem during st ip, setup, and evele operations, imterlacng
with the memon 83 o store imformation collected by the svstem during siarup. setup, and
avele operations. interfaeing with the memory 85 (o transfer information collected by the
system dunng ey ele operations 1o the 1DC. imerfacing with the megmory 85 e perfomm
ditabase meantenance functions, and processing XRF datn using calibrptson les stored in the

memory 85

[0077]  In exemplary aspects. the PLC of the processor 80 can comprise an Allen-Bradle
Whcrologis 1400 Small Programmable Logic Controller, Optionally | the PLC can be
ponfigured 1o provide mput output control to the core analysis system 10 In exemplary
pspedcts. thePLC can comprise one or more of the following 24VDC mputs. relay outputs, an
expansion PNP output chassis. a 10/100 EtherNev1P Port. EtherNet' TP Messagmg. DNP3
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over IP, gnd Modbus TCPIP a2 are kaownom the arl, [n further exemiplons aspecis, (he PLC
can aperate ns a Madbus Slayve and host Bit and Word fegisters (0 support required interfaces
with the Modbus Magter (IPC). In Turther exemplary aspects, the PLC can comprise an axis
control svstem that is configured te provide multi-axis (e g thres-asis) conirol of the
movemen! of the components of the core analvsis sysiem  In exemplany aspects, the avis
control system can comprise three Festo CMMO-ST Motion controllers that are configured (o
provide axs control [or a Trarler Core Scanner module as shown in Frgure 5

Daa Networks

[0078] In exemplany aspects, and with reférence to Figures 50, (wo data networls can be
installed and configurad ingide the corz analysis system. A first doto retwork, héwn oy the
Prafle#ConiteaINET 0 Figure 5, can provide nétwork serviced (o gulomation compongnis, 12
is eomtemplated that the DroflerC andrad NET can be solaled from other networks 1o ensure
security and deterministic performance attributes needed by control networks. A second data
etwork, shown as the TralerDataNET in Figure 3, can supply a data network raquired 1o
push large data sets from the IPC 10 the IDC at desiznated oy cle pointe. The IPC can use the
PratferixaNET netwaork 1o retneve calibration and setup files delivered to the IDC by a
svstem engineer In use, 1l is contemplated that remole access commections to the TPC and
IDC also puss over the frailerDataNET

DTy In exemplary aspects, the core analysis system can further comprise a
CorporateServiceNET network that provides VEN pceess from the Network Router on the
TraleDataNET 1o a WAN authenticalion ( access service.

[0080| Optionally, in exemplary aspects, the 120 can be an industnal grade computer
onfigured (o ppermte as o “Data Concentrator” node on the PratlorDataNer. Inuse, 118
contemplated that the operator does not directly mterface with the 1DC through the local pser
mterface 170 bul can momitor lags kot show iranster ol core data from the IPC w0 the 1DC. In
use, 11 18 further contemploted that the database used on the IDC can badpe dawa from each
remaote XRF Tratler svsiem o a centralized data warshouse

Core Anghwis Meithixds

[0081] In use, und as further disclosed herzin. the core maly sis system 10 can be psed 1o
perform a core analvsis method. [n one aspect a core analvais method can comprise
positionmg the irafer in a setected position refative to a dnll locatton In this aspect, and as

lurther disclosed herau. the analvsis assembly can be secured o ietrdler. o anoller
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pect, the core andlysis method ¢an furher comprise pesaliomny one or mare core samples
on the conves or subassembly  In an additional aspect, the core analysis methed can comprise
netivating the convey or subassembly (0 selectively deliver the dne or more core samples 10
the sampie analy =is area of the XRF delection subassembly. In a funher aspect the core
analysis method can comprise activating the XRF detection subassembly while the ane or

more core samples are positioned in the sample analvsis area

[0082] L exemplany aspects, wd as funher disclosed herew, when the XRF detection
subassembly comprises an Xeray source and an XRF sensor, the X-rmy source can deliver
radiation 10 the one or more core samples positioned within the sample analvsis wrea. In
these aspects, the core analvsis method can comprise using the XRF sensor to detect X-ray

Mutrescence In response o the mdiation delivered 1o the ¢ore siumples by the Xty souree

[0083]  In further exemplary aspects. the core analysis method can comprise using the
convey or subassembly to selectively advance the one or more core samples between the
sample loadimg locanon and the sample unloadmg location  Tn these aspects. the XRF
detection subassembly can be postnencd between the sample fosdme location cnd the sample
unloading locntion

[ous4]  Inosull further exemplary pspects, the core analysis method con comprse using the
conveyvor subassambly 1o selectvely advance the one or more core samples relaove o the
firsi aas berween the sample loading location and the sample unloading focaton. [n (hese
mspects, and ns further disclosed heremn. the XRF detecuon subassembly can be posifioned
betwesn the sample loadime locanon and the somple unloading location relanve 1o the firs:

i [

|(HIBS] In sull further exemplany aspects. and os further disclosed berein: the sample
mnalysis area of the XRF detecuon subassembly can be spaced from the first axis relatve 1o o
secomd wus: Tn these aspects. the core analvss megthod can comprise usmg the convevor
subassembly o selectively advance the one or more ¢ore samples relutive (o the second axis
tor deliver the oné or more eore samples (o the spmple analy<is aren of the XRF detdction
subassembly

[D086] In [urther examplan aspecis, the core analysis mathod can Turther comprise, Tor
cach delivery ol radiation w core samples positionad within the sampls analvais argd, using

the provessor to receive at least ope output fom the XRF seasor In these aspects. and as



Ba oaniseTe 3w e-as-he

SO0 IR 2 POTUS2 T/ 0S0EY

Further disclosed heraim, the ol lesst one outpul can b indicative of the measured XRF of the

core samples postticned within the snmple analy sz area

[D087) In further examplary aspects; the core analy sis method can comprise positioning
g or mers core samples wiilun o contniner. In these nspedts, (he core analy sis method dan
further comprise selectively delivering the at least one conthiner (o the sample analysis area
of the XEF detection subassembly Optionally, in additional aspects, each container can
comprise indicia of al lesl vne charpetensie of the ong or more core sumplis positioned
within the epntainer, and the method Farther compnises using aninput imaing assembly (o
deteet the indiein of cach container, wherain the input maging asserbly 18 communieaisely
coupled 1o the processor. Optionally, m some aspects and as further disclosed heremn. the
inpul imeging sssemlby can be positionsd prosimate the sample loading location

[0088]  Insull further exemplary aspects, the core analvsis method can lurther comprise
wang a dry g assembly 1o dry the one or more core samples. In these @pects. and as (urther
disclosed herein, the drving assembly can be positioned between the sample loading locarion
md the sample analys:s aren of the XRE detection subgssembly - In additsonal aspects, when
the processor 1s communieaively coupled 1o the drving assembly as diselosed herain; the
core analvsis method can further compnse using the processor to selecuvely activate the

drving sssembly 1o dnv the one or more samples.

[0089]  Insull further exemplany aspects, when the XRF detecion subassembly compnses
a first imagmg assentbly as further disclosed heren, the core analysis method can further
comprse using the first imoging nssembly to produce an miage of core samples recerved
within (he smmple analves area. Insddioenal aspects; e core analvers method can comprise
usiriy the processor o selectively nelivate the lrst imoping sssembly 10 producs un image of

core samples within the sample analvsis area

[0090]  Tnostll further exemplary aspects, the core analvsis method con further compnse
using o wetting assgmbly o wet the one of mors samples. Optionally . in these aspects, the
wetting assémbly ¢an be pogitioned botween the sample annlvsis aren and the sample
cnloading location, In additional acpects, when the processor s commumicativaly coupled 1o
the watting assemnbly s further disclosed herein, the core analy$is method can comprise using
the processor to seléctively activale the wetting assembly. Optionally, in funther aspects, the
core analy s method can further compnise using o second imagmg assembly 10 produce an
image of the one or more core samples following wetong of the one or more core samples  In
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these sspects, and as Tuither diselosed heram, 1t i contenmplated (hat (he second imaging
asseimblv can be positioned between the weiting assembly and the sample unloading location
It exemplary aspects, and as lurther disclosed herain, when the processor 1 communicabyely
coupled o the sevond imaging assembly, the core analvsis methed can compnise using the

processor 1o selectively acuvate the second maging assembly

[0091]  Insill further exemplary aspects, the core analvsis method can further comprise
using the drive mechanism of the convey or subpssembly (o power (md elTect) movemeni of
the inlermediate sechions of the convevar subassembly. Optionally, in these aspects, using
the drive mechamsm to powser movement of the infermediale sections can comprise: using al
least one mtermediate section 1o advance the one or more core samples relative 1o the first
s, aeid using ot legst one intermedinte section o advinee the one or more core spmples

relativa to the second mxs

[0092]  Instill further exemplary aspects, and ay futther disclosed hesen, the core analysis
method can further compnse usmg the second wireless transamttar-receiver to receive
inlormanon from the st wireless transmutier-rocerver and 1o ransmol information itom the

datibase tothe Girst wiredess trans rattersrecaver

100931 Instll further exemplars aspects. ond as further disclosed herein, the core analysis
method can further compriza selectively ageessing the duiabise from o least one remole

locauon

[009:4] In snll further exemplary aspects, mnd as further disclosed herein, the core analysis
method can further compnse using the user interface 10 recelve one of more inputs froma

=T,

[0095] In use. 1t 15 comtemplated that the precessing elemenis of the disciosed core
nnnlysis methods can accomphsh one or more of the followmg 1asks: managing the orderfy
startup and shutdown of control ind data coliection functions: collecting svstem setup
Informauen fom the operator using e ser mterface (e, (ouch-pangl nlerfmee);
contralling thie movemen! of containers (¢ @ coris boxes) o and oul of the svstens.
identifving containers (e.g , core boxesh alohg with attributes nssociated with the conténts of
the conmuimers: ggeocintne conbungrs (ey | tore bosad) w imaess, XREF raqule, and
Instrument status informntion coltected by (he dain acquisition componants of the svsiem,

tramemitting data sels (o a cantml datnbase using wireless networks, providing diagnostics 1o
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st rapid detection and Correction of upset conditions and Laled comparents of the sy slem,

mnd contralling and monitoring trailer utilities (Powar, VAT Helium Supply),

[0096]  Inexemplary pspects, it is contamplatzd that the disclosed svsiems ond methods
can permil processing of core samples in an automated or semi-automated manner. For
example, in some optional aspeals, aulomntic annlvsis cveles can be processed lor a core
sarmiple container (e 4., core box) in the following sequence. First. a core container can be
inanually posittoned by an opesstor ol the npul section (e.g,, rollen convevon 60y Second, if
fhe first intermediate conyeyor sechion 15 empty, the cone contaner can be imdesed into the
first intermedinte cormvevor section. With the care conlamer positioned on the first
inmtermediate convevor section. the input imaging assembly 100 can be mgeered (o capture 2
core conutner image. The core contatner imuge can be presented w the operator through the
user imterface, and the gpemator can use the vser interfnee to provide gne ar more of the
following preces of informanon dnll sre project name (nphonally, from drop-down Lst),
gore depth (a1 Reference 0.on the core contamer), ond depth mlarmanon associotad with
selected scan areas on the obtmned image Alter this information 1s collected, the operator
G niliate thee processing sequence (e, by clickiyg or selectmg a “Process Core Box™

hutton orequivalent

[0097]  Pror o use of the disclosed svstems and methods (e g . dunng commissioning ), 11
Is cortemgplated thar the following dun can be gssoimted with each vpe ol core contmner
(e.g. core box) to be used with the core analvsis svstem Thus. when the svstem opetator
selects a particular cure container tvpe; (he ollowing dals can be referenced during cperation
of the svstém cone length (maimum length ol an idividual row of caré), number of core
segments (number of core segments in o core contmner), corg X-nxis starting posilion. core
N-ouis ending position: core Y-axis segmoent pesition (taught for each Segment in core
container), core Z-axis slow pesiton; and core Z-axis max position. Upon eniey of this
infGrmanon, the nformation cun be inserted o a log Gable within the megmory 85, and the
profile of each core container type can be selectively accessed lor each core contmner that %

passed thiough the system

[0098] When processing begins, a record can be inserted into the memon wath (he
uperator-supplied Information. 15 the second intermedinte conveyvor section 68b is emply.
then the processor can initiate indexing of the core container onto the second infermediate
consey or saction 680 The processor can then activade the drying assembly. and upon

detsction of the core container on the second mtermediate conyever section 68h, the core



Ba oaniseTe 3w e-as-he

SO0 IR 2 POTUS2 T/ 0S0EY

vembner can be clamped such that the core contgingr i€ coupled (o the actuslons ol the dnve
masembly 70 that advance the dore container wilhin fhe sample analvais area. The processor
cant inibiale movement of the core contamer inlb the sample analvsis area relalive o the hirst
anis al aspead that = conligured for optimal drving As the core contmner exits the dnying
assembly and enters the core sample analysis area, the processar receives a signal indicative
af the presence of the core comtainer within the sample analy sis aren (e.g , through a
proximuly swilch, encoder, or other sensor), and the processor can Lhen activale imaging
mssembly 48 o capture wdny core sample image The nequired image cin then be provided 1o
the memory and associated with the core container record. The processor cant then send a
signal that initiates the cvele of the XRF detection subasszmbly  The processor can be
configured 1o scovate a first actugtor to move the XRT sensor and X-Bay source relanve 1o
the first s 52 to an operative posion proximate a [irst sample segmeni, The processor can
he configured 1o then actival a second actuales to move the core confamer 1o asampling
locuuon relative o the X-Ray sourceand XRF sensor. The processor ¢on then aclivie
irmaging of the sample location using imaging assembly 190, 10 the parucular analvsis
method erplaved eequires behum, thon the processor can be conlgured Lo activate Mow of
helium into the sample analvsis orea. With the cora contuner m the sample loeation. the
processor can be conbBgured o scuvate an actuator W effect downward movement of the XRF
sensor and other gnoaly sis components relative 1 o vertical nxes imnl the cors bs contacted Gor
nearly contacted)  Upon eontact the processor can initinle an assay with nssociated filter,
enerey, and durabion parpmeters. The transmined live spectrum can ba collectad and
processed in1o a displiy. Whan the assuy is completed, the processor can deactivite helium
flow BAW spectiam dits can be requested. processed with the speci Ged calibrations, and
stored Into the memaony along with the sample image. Next the actuator(s) can return the
MRF sensor and other processing components 1o s imibal (home) posiion The sequence of
mieyement relative to the fst, second. and vertienl axes can be repeated or eich sample

seermenl on the core conbwner unti] ol sample semrents are prooessed

[0099)  After processing 18 completed, all core contaner data can be sent to the 1DC as
further disclosed hereln The processor can thert send a sipaal W prepare the sy stem for
unloading of the core contniner. The processar can cause the core contamer 1o be retumead to
the second imtermediote convevor section. and the processor can receve a sienal (froma
senson as disclosed herein) that s indicative of the presence of the core-contmner af the

second intermediate convey orsecton. Upon receipiol asinal indicative of the presence of
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the core contiiner, (e processor can activite the wetting assernbly 1200 and inilide movemen|
of the core contninar through the wetting assembly {(from the second intérmédiate conveyor
deClidn Lo the third intermediale convevor section Gle)  The welting assembly curl thén be
deactivated, and the imaging assembly 130 can be riggered to caplurz a wal core sample
image. The image can then be inserted into the memory and associated with the core
container record 1 the output section Eroller conves or (-4) is enpty, then the processor can

cause indexing of the core contamer (o the output sechion,

[00100]  Thus, i use. the core malysis process can be fully automnied from the point
where the eore conamer 15 loaded at the npm sechon 58 1o the pomt where the core
container is retrieved at the output section 62 In exemplary aspects. it 1s contemplated that
the svalem openilor can input a depib runge (Depth From™, “Depth To"™) and scan intarval
that are deterrmined and disclosed to the dnthing team As further disclosed herein, the “fisld
ready” automatad scanner can be compatible with PO, HQ, NOQ ond BQ core contamers.
whieh can be provided with doll ngs that make wse of the XEF technology disclosed herain,

00101 Lo momitor mstrament drlt, i1 s contemplated that vanations of XRF
concentratons of memationally recopmzed stondords to that of refingd Inbormony methods
can be monitored  In exemplary aspects. a varety of recopnized standard core composinons
con he used. 111 contempliated th guality assurince'qualin control protocoels can be
cmiployed on o regular basis and constmt with depthe In exemplory aspects, the sumdurd core
COMPOSIONE can comprise any site matrix that 1s matched 1o required standards for a
particular clienl T (hese nspeets, the standird core compositions can Turther comprise any
reference standards used 1o create an empirical calibration as Munher diselosed hierein.
Orpliomally, the stundord core compositions can be proyided ns pressed pelle thal are lormed
by pressing pulverized rock mnterinl (at wm izes) undor prassure (e g 20 tonnes (metric

lons1) to produce o sohd brigquetle

[00102]  In exemplary aspects, and with referente 1o Figures DA-OC, a verilication
agsembly 300 can be used 1o preserve (he qualitv of data obtained v the system  In use, and
as further deseribed herein, the venfication assenibly 300 can be operated autamiatically with
the XRF detection subassembly al regular intervals determined by a methods engineer. [1is
comtemplaied thm the verificalion assembly 300 can be used as parl of a formulated “Quality
Control Qualine Assurance” program implemented on each praject in an mempt (o preserve
dana imtegrity. v is Turther contemplated than the data related 10 the analy sis of “standard™

iriyvs (22 . elemental concentration, name, location relative to the XRF detection assembly)

34



Ba oaniseTe 3w e-as-he

SO0 IR 2 POTUS2 T/ 0S0EY

can b recorded and associnted with the verifeation assemhly 300'in data ables lor furiker
processing and analvsis In exemplany aspects, the verification assembly 300 can he
conligured 10 pertodically analyse a gelection O one or more pellé] samples (e.0., [rom ong
pellet up to six pellets) using the XRF assembly 40 The presentation of these pellets can be
cantrolled by the database and software programs disclosed herein, Although the process can
be selectively run in response to a manual input through the user interface, it s contemplated
Uhat the verlication process can be seripted into an “Analysis Method™ thal includes the X-
my parametes. Project Metdata, and Machine parmmeters (e.e. Scan spacing), which ¢an be
hinked through & smandards” 1able in the database. 1t is comemplated that the “standards”
tahle can associate data for o particular “standard” sample with ipl:ciﬁc instruments, analysis
methods, and other site characterstics. The disclosed verification method can optionally be
minnted using the PLC $0b and the Trader Services bloc in the network topology further
disclosed heremn  In use: the processar 80 can compare the parameters recorded duning a
wiven verification process Lo “standards” data or previously messured parameters 10 evalune

peeuracy. pracmsion. mstrument dofl and comamnation of the analvsis nssembly.

[00103])  Inouse the venficaton method can be o part of the normal use of the sy stem,
herween box runs (normal operanon seammng travs) In exemplary aspects: at least cne
pressed pellet (e g al leastone 6 x 32 nun pressed pellel) can be positioned within recepacles
312 (optionaily axiallv alipned receptocles) of on arm 3 10 of the verification assembly 300,
As used hetein, the term “pellet™ relién 1o “standard™ nilenal compasibons, which can
optionally comprise pulvenized rock (BO% passing prama less than 75um) pressed into a small
circular brigudtie w produce o simple that is representative of rock dénsity for XRF analvsis
purpises. Each receplacle 312 can be in communication with a binged spring such that biases
the pellats awan from the receplacle (oppesite the direation of gravity). Optionally, the
receplacles 312 can be provided with an acryhic backing In use, the receplacles ensure the
pellet makes coptact with the XMS apparatus by applying g reactionary lores agamsi the
XMS pressing (due 1o grisvity ).

[OOT04]  The arm 310 can have a proxaimal and 314 thatis prvotalls coupled to n
pin/projection 322 of a suppon bar 320, The min ‘projection 322 can extend upwardly from
Uhe support bar 320, and the arm 310 can prvol relatve o @ rotatonal axis that extends
throneeh the pindprojection and 15 parallel (oo vertical axis. The arm 3 10 can be operatively
couplad toan actuntor 330 (2 2., a hinear actuator) that 15 configured to effect pivotal

movement of the arm about and between an operntve “presentation” position and a rest
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positicn As shown i Figures 9A-98 1t contermplated that the sctualor 330 ¢an be
rafracted o pivot the arm 310 in the operative “presentation” pegition in which the XRF
dengor can conlact (or be pésitioned prosimnte) he recéplaclés 312 With the arm 310 in Lhe
“presentation” posinan, the pellsts within the arm 310 can be individually and sequentinlhy
seanned as fuither disclosed herein. 1tis conteniplated that the scans of the pellets can be
performed st predeterminad time intervals in accordance with the diselosed atomared
methods, Inuse, itis contermpliled thal the prosimnty sensor 47 of the XRF subassembly 40
can be configurad 1o detecl the presence of the wrm 310 in the “presentation” posiion, &t

which paint seaning of the pelles can be initinted.

[00105]  Afier scanning of pellets is completed. the actuator 330 can be extendad o pivor
the grmm 310 away from the opeentive position until reaching the resl position, In exemplun
aspects, the venfication assembly 30 can comprse a ooser 341 that 15 configured for
mavement about and between nelosed posmon and an open pesiton. In the closed posihon,
the cover 30 can be configured for plecement over the recepiacles 312 of the arm 310 when
the nrm 15 i the rest posinon. In opertion. when the arm 310 reaches the rest position, the
arm can press sgamst gspong-loaded Bange, which effects movement of the cover fram 1he
apen position to the-clesed position. Alternatively (or addinonally). a praximty sensor 342
can detect the presence of the arm 310 i the rest position, and m respanse W receipl of a
signal rom the processor 80 indiepting the prasence of the arm 310 in (he rest position, o
civier gotumton 344 tan elTect movesdent of De govir 340 Trom the pan posidwn o the elosed
posititm, thereby enclosing the recepincles 312 Opnonally, the eqver 340 can be prvatally
coupled 10 o portion of the frame 32, such as through a mount a8 shown In Figure 9C.

|D0106] I examplany aspects, the petles enun rellecl matns-ratchad standords, such oy
certified referance materials (CRMzs) of cther reference materials used during calibmtion of
the analysis assembly 30, theraby parmitting moniloring of accuracy and instrumeni dall In
exemplun aspects, one ol the petlets can comprse a silics bluok that can be used [y
momtonng of contamination, Venhcation data con be stored n the database (e g, 0 SOL
database) and exported as part of Quality Assurance’ Qunlies Control sunimary reports
separate from the data recorded during regular core sample analysis. 1 is contemplated that
Uhe prosrum can be modular, allowing ot use of the verification process in accordance wilh

the wants and needs of the costomer

[00107T] In exemplary aspects, the pellets can reflect matr-matchied standands, such as
certified reference materials (CRMs) or other relerence matenials wsed during calibration of
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the pnalysis assembly 30, thersby permilimg momioring of sceuracy nd instrumant dioll In
exemplary aspects, ane of the pellete can conprise a silica blank that can be used for
mumilonng of conlamination. Verlcation dald can be stored in the database (e2, 0 SOL
database) and exported as part of Quality Assuranee’ Qualiey Control summan repotts
separate from the dma recordad during regulor core sample analysis, 1 is contemplated thal
the program can be madular, allowing for vse of the yvenficanon process in accordance sith

lhe wants and needs of the cuslomer

[00108]  In operntion. it Is contemplated that disclosed verification methods ean provide for
memlormg of aceurney, precision, mgtrument dnfl, and contgmination of the system to
ensure that quality assurance quality control standards are met During use, the processor K0
can iniliate the venficution method and present al least one pressed pellel sample o the XRF
sensor This is done at periodic intervals set by the Methods Engineer,. When venfication s
imuated. dunng normal operation, if 15 contemplated that the HMI user interface ean display
o messaee such as “Venfcaion ln Progress.” MNexd, the actunior 330 can refrocl. thereby
presenting the pressed peliets o the sensor. As shown m Figure 94 the arm 310 con be in
line with the XMS opeing 45 when m the presented posiion. The proxomiie sensor 47 (ora
separate proximity sensor within the sample analysis area) detects this. and the actuator 192,
G the XRF subassembly 40 can lower the XMS housmg 49 in a “Slow™ speed 16 the arm 310,
with the spring-loaded pellels pressing npninst (he sénsor nnd/or the housing, (o o presel end
ot The XMS assembly con then acquire XRF spectra fram the pellei(s) and store data
‘meta datn in appropmate inhlés, The actuitors 192 can then it the XMS hossing and move
the XMS housing nlong the first axis 52 1o the nest pellet (i anv, up 1o 6 pellets), The total
number of pellets will depend upon the number of pellets required for the paticular QA/QC
program, The malvsis process can be repeated for epch respective pellet. Afier all peliets are
seanned, the actualor 330 can be extended to relum the arm 310 1o the rest position as shown
in Figure 9C, thereby elfecting moyvement of the cover from the open pesitien to the closed
position, swhich the pelles are protected compmunation. damage and loss of the verification
Pellets™ as further defined hergin. Dunng the transport of the analvsis assembly 30, 1115
contemplated thint the set of pellets can be provided as a verification slide that can be
transported separatehy Trom the XMS assembly (eg. i a pelican case), thereby eliminatmg
any possibility of lost pellets, pellets bemng m the incomect location for purposes of
verification, mnd dompee dunng transport. Afier the spectra pequisition data’parnmelers are

recorded for the pelleis, the processor can be conligured to compare the recarded
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duta pardmeters Lo “slandards” data'prrmeters o (o praviously recorded dulapasarmeters Tor
the pellats. and the processor can use this companson 1o determine the accuracy. precision,

instrurent drifl, and contamination o the analysis assembly

[00109]  Oplicanlly, (he disclosed svstem can provide a continuous scanming meélhod (Drag
Mode) as an altemative 16 the Stop and stard “Spot Scan’ method disclosed herein. Whena
contiuous scanning method is used, aselected row of core within a core box can be scanned
in i contnuows mannes withoul hlling the XRF sequisition process, The scquired dats will
{herelore be representative of a full scanned mater (or other distance) of core rather than a
series of single spot seans. 1o help perform the contmuous scanning method, it 15
contemplated that the disclosed svstem can be provided with an ulimsonic transducer (UT)
sensor il feeds a digil sigeal of “heieht™ o allow or loop control of the Z axds (o account
tar varvmg core heights, In addition. it 13 contemplated that a Z-axis actumor can be
mndified 10 be a “slow or more precise actuator 10 permit mumtenance of o precise gap

betweean the core Mmee and the mstrument Mce.
Esemplary A 1

DO 10 In view of the descnibed core analysis sysiems and methods and vanatons
thereof, herain below are descnbed certain more pamculardy descnibed aspects of the
wvention, These paricuburly reciizd aspects should not however bamigrpreied whoyve am
limuting effect onany difTerent claims commmng different or more general weachings
described heremn, or that the “panticular™ nspects are somehow limited i some way other than
the inherent meanmies of Be lonpuage lnerally used (therem:

[ooran Aspect | A core analysrs svstem comprisme: a rader: and an anakvsis
assembly securad 1w the railer. wherain Lhe analvsis assembly comprises: an X-ray
Fluorescence (XRF) detécuon subassembly defining a sample analysss area; and a convevor
subasserbly confivtred (o selechively deliver one or more core samples 1o the sample
analvas area of the XRE detetuon subassambly |

[D0112] Aspect 2 The core analysis svstem of aspect | wheran the XRF
detection subassembly comprises: an X-rav source confizured to deliver radiation to core
samiples posinoned within the sampie analy s aren, and an XRF sensor conligured (o detact
Neray lusreseence in response to the radintion defivered to the core samples by the X-ray

SULCE
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[0S Aspect 3 The core annlyvsis svstem ol any one of the precading aspects,
wherein the convevor subassembly s configuried o selectivelvadvance one ar mong core
samples bebween o sample loading location and a sample unloading [ocation, and w hercin the
XRF detection subassembly is positioned batween the sample loading location and the

sample unloading location

[00114] Aspect 4 The core analvais svgtem of aspect 3, wherein the convevor
subassembly i configured lo selectively advance the one or more core samples relative w3
[irs1 s between [he sample loading location and the sample unlsading locntion, and
wherem the XRFE detection subassembly 15 posthioned between the sample loading locanon
and the sample unloading location relative to the first axis.

[00115] Aspect 3. The core analysis sy stem of aspect 4, wherein (he sample
anulysis area of the NRF detection subassembly is spaced from the first axis relative 1o a
second axis. wherein the convey or subussembly is confizured (o selectively advance the one
or more core samples relative to the second axis to deliver the one or more core samples to

the sampie analys:s arca of the XRE detection subassembly

DO 16] Aspect f The ¢ore analvsis system of aspect 5, wheremn. within a plane
containing the first ond second axas. the second axis 15 substntinlly perpendicular to the first

i L

[D0117] Aspect T The core analvsis system of any one of aspects 3-6, further
comprange 0 processor commumentively couplad to the XRF detection subassembly. wherzain
for each delivery of radiation 1o core samples positioned within the sample analvsis aren, the
processor s configured o receive o least ong output from the XRE sensor. wheremn the
lanst o outpul 15 mdicative of the measured XRT of the core samplies postioned within the

sample analveis area

[00118) Aspect & Tha core analveis svstem of aspect 7. further comprising al
least ore container configured 1o recelve one or more core samples, and wherein the
convevor subnzsembly s configured to selectivaly deliver the al least one container o the

samiple analvsis area of the XRT detection subassembly.

[0 19 Aspect O The core mnalves system of aspact §, wheramn esch conininar
compnses indied ol al least one chntacténstic ol the one or maore core samples poesitioned
within the contuiner, and wheraim the core analysis svstem further comprisss anmput
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imaging assembly thal i commumcatyvely couplad to ke processor and configirsd o detegt

the indicia of eacl coniainer.

[ D01 207 Aspeact 10, The core analvsis svsten of aspisct 9. wherein the inpul

imaging assembly is positioned proximaute the sample loading location

[O0121| Aspeact |1 The corz annlysis svatem of aspact Y or aspect 10 wherzin the
indicia of each container comprises af least one bar code. and wherein the input imaging
asgembly comprises a bar code sconner

[DO12Z) Aspect |2 The corg analvsis svatam of aspect D or aspeel [ whersin the
indicin of each contalner comprises a radiofrequency wentification (RFID) tae, and wherein

the inpul imaging assembly comprises an RFID scanner

[n0123] Agpect 13 The core analvsis svstem of any one ol agpects 7-12, lurthar
comprizing o diying nssembly positioned between the sample leading location and the sample

anplysls aren of the XRF detection subassembly

[00124] Aspect 14 The core annlvas svetem of aspect 13, wherein the procassor is
communicatively coupled to the drving assembly, und wheremn the provessor s configured 1o

selectively acuvare the drving assembly.

[00125] Aspect 15 The core analyvsis svstem of aspect 13 or aspect 14, wherem the
XRF detection subassembly comprises o first imaging assembly, wherein the first imoging
assembly is confipured to produce an image of core samples receis ed within the sample

anulysis anen
[00126] Aspect 160 The core analysis sy slem of wspect LS, whereln (he processor is
configured (o sglecuvely activate the first imagmg assembly 1o produce an image of core

sample within the sample analy sis aren

[00127] Aspect |7° The core analysis svstem of aspect 13 or aspect 16, further
comprising o wetting assembly positioned between the sample unalysis area and the sumple
unloading location,

|00124) Aspeat |8 Ihe core analyvsis system of aspect |7, whergin the processor is

communicaively coupled 10 the watting assembly. and wherein the processor is confizured 1o

selectively activate the wetting assembly
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[00129] Aspect 19 The core annlysis svstem ol dspaét 17 or aspact 18, Tunther
comprising asecond imaging assembly positioned between the wetting assembly and the

satnple unloading location

[M0130] Aspect 20 The core annlyvsis svatem of aspect 19 wherein the processor is
communicatively coupled lo the second imaging nssembly, and wherein the processor s
configured 10 selectively activate the second imagmg assembly.

00131 Aspect 21 The core analvis svslem OF any ane of the precading aspects,
wherein the conves or subassembly comprises: mput and oulpul sections comprising roller
canvevors, wherein the input section defines the sampile loading location. wherein the suiput
section defines the samplie unloading location: a plurality of miermediate sections pesitioned
between the inpuwt and output seclions, and o drive mechanism conligured to power

moyvemeni of the imtermediaie sectiony

[00132] Aspect 22 The core analvsis system of aspect 21, wherein the plurality of
imtermediate sections comprises: ai laist one intermediate section configured 1o advance the
ang of more core samples relitive (o the st axes. and al least one intermediole section

configured to advance the one or mare core samples relatye to the second axis.

[DO133] Aspect 23 The core annbysis system of any one of the precading aspects.
wherem the analysis assembly lurther compnises a lirst wireless ransmijler-recaver

communicaiively coupled o the processor,

[DU134] Aapeet 24 I'he core anabysts system of aspect 23, further compnsing: a
daidbase; and a second wireless transmutter-recelyer communicatively coupled 1o the
dutebase; wheremn he second wireless transolte-recey e s conleored 1o regeve
mformanon from the first wireless rransmitier=receiver and to trimsmit information from the

dutnbose o the Frest wirglesstransnufter-recerver.

[00135] Aspect 23 The core analvsis system of aspect 24, wherein (he database 1s
selectively remolely accessible

100136 Aspect 26 The cors analyvsis svstam of any one of aspects 7-25. further
comprsme o user injerface; wherein the processor (s communicatively coupled to the user

imterfice and configursd 1o receive one or more mpuls rom the wser inerTice.

[00137) Aspect 270 A core analyas method compnsing: positioning & trader i a

selected postbon relatrve tooa dnll locanon, whersm an analvis assemblyv is secured o the

d1
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trbiler, wherzin (b anglysis assembly comprises: m X-my Fluorzscence (XRF) deteclion
subasseribly defining a sample analysis area: and a convey or subassembly. phsitioning ane
or mere core sumples on the convey Or subassembly . aetivating the conyeyor subassembly 16
dleglively deliver the one or more core sumples Lo the sample analy sis area of the XRF
detection subnssembly | and activating the XRF detection subassenbly while the ane or more

core samples are positioned in the sample analysis area,

[00138) Aspect 280 The core analvsis method of aspect 27, wherein the XRF
deteclion subassembly comprises an X-ray 2owee and an XRF sensor, wherein the X-rm
source delivers radiation to the anc or more core samples positioned within the sample
anabyvsis aren; and wherem thie XRF sensor detects X-rav fluorescence in response to the
radiation deliversd o the core samples by the Xeray souree

[D0139] Aspect 29 The core analyvsis method of wy one of aspects 27-28, wherzin
the convey or subassembly selectively advances the one or more core samiples between n
sample loading locanon and a sample unleadmg location, and wherein the XRF detection
subassembly 15 posiioned betwean the sample loading location and the sample wnloading

loeanon

[LLLEE ] Aspect 3 I'he care analyvsis method of aspect 249, wherain the convevor
subussembly selectively advances the one or more core samples relative (o a first axis
between (he sample loading locaion and 1he sample unloading location. and wherein the
XRF derccnion subassembly is posifioned batween thesample loadmg location mnd the
samiple unloadmg locaton relatve 1o the Arst wxas

(00141 Aspect 21: The core analvers method of aspect 30, whergmn the sample
analvsis aren of the NRF detection subassembly is spaced from the Tirst nas:relative 1o
second axis. wherein the convevor subassembly selectively advances the one or more core
samiples refative 10 the second axis 10 delives the one or more core sumples (o the samyple
analvais area of the XRE detetuon subassembly |

|00142] Aspect 32 Thie corz analysis mathod of amy one of aspects 30-31 wherain,
within a plane contamng the first and second axes, the second axis s substantally
rempendicular o the first axis.

[DU143] Aspoat 33 Ihe core analvsis method of any ond of pepeets 27-32, Tutther
comprising i processor eommunicatively couplad o the XRE delection subassembly . wheéten
for each delivery of radiation o core samiples positioned within the <ample analysis aren, the



Ba oaniseTe 3w e-as-he

SO0 IR 2 POTUS2 T/ 0S0EY

processor receives ol Feast ong outpul [rom the XRF sensor. wherem the of least onz output iy
indicative of the measured XRF of the core samples positioned within the sample analysis

iy

[00144] Aspect 34 The core analysis method of aspect 33, wheret the one or more
core samples are positioned within a container, and whenein the convey or subassembly
selectively delivers the mt Teast one container to the sample analysis area of the XRF detection

subussembly

[00145) Aspect 33 The core annlvsis method of aspect 34, whersin each conjainer
comprises indicia ol ul Teast one chasicteristic of he one ar maore core samijles positioned
within the container, and wherem the method further compnses using an mput imaging
agsembly o detect the indicia of each container, whereun the inpul imaging assembly 15

communientivaly coupled 1o the provessor

{00 146] Aspect 36 The core annlvsis method of aspect 35, wherein the input
imaging assembly is positionad prosimate the sample loading location

[00147) Aspect 37 The core analysls method of any one of aspects 33-36, wharein
thie indicin of each contamer comprises o lest one bar code, and wherem the mput tmagmyg

assembly comprises a bar code scanner

[00145] Aspect 38 The core analysis method of wny one of aspects 35237, whersin
the indicia of each contamer comprises a rbolrequency identifigation (RFLD) 1, and
wherem the mput imagmg assembhy compnses on RELD scanner

[00149] Aspect 39 The core anabvsis method of any one of aspects 32-35, further
compnsmg using o dnving assembly lo dov the one or more ¢ore samples, wherem the dnving
assembly 1 posinoned botween the sample loading |ocation and the sample analysis area of
the XRF detection subassambly

[00150] Aspect 40 The core annlvsis method of aspect 39, wherein the processor is
commumuentively coupled 1o the diyimg assembly, aod wheremn the processor selectively
acovates the drving assembly Lo dry the one or mare samples.

[0151] Aspect 41 The core imalvsis method of amy one of nspacts 3440, whersin
the XRI detection subassembly comprnses & first imaging assembly, and wherein the method
further comprses using the Tirst imaging assembly 1o produce an image of core samples
receivied within the sumple analvsis area
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LU B Aspect 42 The core analysig method of nspect 41, wherzn the processor
selectively activites the first imaging assembly 1o produce an image of core snmples within

|he sumiple analvsis area

[DO1E3) Aspeet 43, The care analvsis method of any one of nspects 4142, lunher
comprising using o wetling assembly 1o wel the one or more samples, whersin the wétling
assembly |5 posintned betwesn the sample aralysis ares and the sample unloading localion.

[DO154] Aspect 4 The core anulvsis method ol nepect 43, whergin the processor is
communicatively couplad 1o the wettng assombly, and wherein the processor seleatively

activates the wetting assembly

{00125 Aspect 45 core analvsis method of aspect 44, furthar comprising
tesing a secand imaging sssembly 1o produce an image of the one or more cone sumples
fallowing wetting of the one or mere core samples, wherem the second imaging assembly s

positioned between the wetting assembly and the sample unloading location.

[00156] Aspect 460 The core annbvsis method of aspect 45, wherein the processor 14
commuicativals coupled 1o the second imaging assembly, and wherain the processor

selectively activives the second imagmg assembly

|0015T) Aspect 47 The core analysls method of amv one of aspects 31-46, whatzin
the conveyor sulmssambly comprises inpul and oulpul sections comprising roller conveyors,
whenen the mput section delines the sample loading location, wherein the autput sechion
defines the sample unloading location; a plurality of imtermadiate sections positigned between
the input and owput sections; and a drive mechanism coupled 1o the intermediate secuons,
wherein the method further comprses using the dove mechunsm o power moyvemen) of the

mermediaie secthions

[DO158] Aspect 44 The core mnalysis method of uspect 47, whergin using the dove
mechanism to power movement of the intermadiate sections compnsas: using af lenst one
intermediate section 1o advance the one or more core samples relative 1o the first axis; and
wsing at ledst one imtermedigte secthion 1o advance the ong or mor core samples relative to'the

gecond axis.

[00159] Aspect 49 The cor inalvsis mathod of anv ongol aspacts 33458, whearsn
(e cnalvsis nssensbly Turther comprises o lirsl wirgless tradsmnller-recenyer commumeziin ely

coupled 1o the processor



[00160] Aspect 50. The core analysis method of aspect 49, wherein a second
wireless transmilter-receiver is communicatively coupled to the database, and wherein
the method furthier comprises using the second wircless ransmitter-receiver o receive
information from the first wireless transmitter-recerver and to transmit information from
the database to the first wireless transmitier-receiver.

[00161) Aspect 51t The core analysis method of aspeet S0, Turther comprising

selectively accessing the database from at least one remote logation,
|[00162) Aspect 32 The core analysis method of any one of aspects 33-51, further

comprising using a user interface 1o receive one or more inpuis from a user. wherein the

processor 15 communicatively coupled o the user interface.
[00163] Aspect 53: A corc analysis assembly as disclosed herein,

[00164] Aspect 54: A core analysis assembly comprising: an X-ray Fluorescence
(XRF) detection subassembly defining a sample malysis arca; and a conveyor subassembly
configured to selectively deliver one or more core samples to the sample analysis aren of the

XRF detection subassembly as disclosed herein.

|0D165| All publications and patent applications mentioned in the specification are

indicative of the level of these skilled in the art to which this invention pertains.

|00 166] Although the foregomg invention has been desenbed in some detail by way of
tHustration and  examiple for purposes of clarity of understanding, certain changes and

modifications may be practiced within the scope of the appended c¢laims,
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What is ¢laimed is:

L. A core analysis system comprising:

a trmler; and

an analysis assembly sécured 1o the imiler, wherein the analysis assembly
compriscs: an X-ray Fluorescence (XRF) detection subassembly defiming a sample analysis
aren, wherein the XRF detection subassembly comprises:

an X-1av source configured to deler radiation to core samples postlioned
within the sample nnalysis area; and

an XRF sensor configured to detect X-rav (luorcseence in response (o the
rodintion delivered to the core samples by the X-ray source;

a conyeyor subassembly configured (o selectively deliver one or more core saniples
o the sample analysis area of the XRF detection subassembly, wherein the conveyor
subassembly 1s configured to selectively advance one or more core samples between a
sumple loading location and the sample analvsis area and between the sample analysis arca
and a sample unloading location,

a processor commumicatively coupled to the XRF detection subassembly, wherein
for each delivery of radiation to core samples positioned within the sample analysis area, the
processor s conlipured to receive wt least one outpul from the XRT sensor, wherem the an
léast one output is indicative ol the measured XRF of the core samples positioned within the
sample analysis area; and

at least one container configured to receive ane or more core samples, wherein the
conveyvor subassembly is configured 10 selectively deliver the at least one contaner 1o the

sample analysis area of the XRF detection subassembly.

2 The core analysis systiem of ¢laim |, wherein the conveyaor subassembly is
configured (o selectively advance the one or more core samples relative (o a lrst axis
berween the sample loading locnton mnd the sample unloading location, and wherem the
XRF dewection subassembly is positioned between the sample loading location and the

sample unloading location relatve to the first axis,

i The core analysis system of claim 2, wheretn the sample analysis area ol the XRF
detection subassembly is spaced from the first axis relative to a second nxis, wherem the

conveyor subassembly 15 configured (o selectively advanee the one or more core samples
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relative to the second axis 1o deliver the one or more core samples to the sample analvsis
aren of the XRF detection subassembly,

4, The core annlysis system of ¢laim 3, wherein, within a plane contaming the first and

second axes, the second axis is substantially perpendicular to the first axis.

5. ‘The core analysis system of claim |, wheretn each contminer comprnises indicia of at
Icast pne charactenistic of the one or more core samples positioned within the container, and
wherem the care analysis system further comprises an input imaging assembly that is
communicatively coupled (o the processor and configured (o detect the indicia of cach

conlainer,

0. The core analysis sysiem of claim 3, wherem the input imaging assembly 1s

positioned proximate the sample loading location.

T The core analysis system of claim 5, wherein the indicia of each container compriscs
at least one bar code, and wherein the input imaging assembly compnises a bar code

scanner.

&, The core analysis system of claim 3, wherein the indicia of each contaimer comprises
a radiofrequency identification (RFID) tag, and wherein the inpul imaging assembly

comprises an RF1D scanner.

9. The core analysis system of claim |, further comprising a drying assembly
positioned between the sample loading location and the sample analysis aren of the XRF

delection subassembly.

1L The core analysis system of claim 9, wherein the processor is communicalively
coupled 1o the drying assembly, and wherein the processoris configured o selectively

activate the drying assembly.

L. The core analysis system of elaim 9, wherein the XRF delection subissembly
comprises a first imaging assembly, wherein the fitst imaging assembly is configured 1o
produce an image of core samples recerved within the sample analysis area.
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12 The core analysis system of ¢lamm 11, wherem the processor is conligured lo
selectively activate the first imaging assembly to produce an image of core samples within

the sample analysis arca.

13 The core analysis system ol claim 11, Turther comprising a welting assembly

positioned between the sample analysis ares and the sample unloading logation,

4. The core analysis system of claim 13, wherein the processar is communicatively
coupled to the wetting assembly, and wherein the processor is configured to selectively
activate the wetting assembly .

5. The core analysis system of clazm 14, further comprising a second imaging assembly

positioned between the wetting assembly and the sample unloading location.

16, The core analysis system of claim |5, wherein the processor is communicatively
coupled to the second imaging assembly. and wherein the processor s configured to

selectively activate the second imaging nssembly.

17, The core analysis system of claim 3, wherein the conveyor subassembly comprises;
inpul and output sections compnising roller conveyors, wherein the mput seetion delines the
sumiple londing loeation, wherein the outpat section delines the sample unloading location:

a plurality of infermediate sections positioned between the input and outpul sections,
and

a drive mechanism configured to power movement of the intermediate sections.

18, The core analysis system ol ¢laim 17, wherwin the plurality of intermediate sections
compriscs.

at least one intermediate section configured 1o advance the one or more core samples
relative 1o the st axis; and

at least one intermediate section confipnred 1o advance the ong or more core samples

relative to the sccond axis,
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19, The core analysic system of claim 1, wherein the analysis assembly further

comprises a first wireless rmnsmitler-recetver commumeatively coupled to the processor,

20, The core analysis system of claim 19, {urther compnsing:

g doabase; and

a second wircless transmitter-receiver communicatively coupled to the database,
wherein the second wireless transmitter-receiver is configured to receive information from
the first wireless transmitter-receiver and to transmit information fram the daiabase to the

first wircless transmitter-receiver:

21, The core analysis svstem of claim 20, wherein the database is selectively remotely

accessible.

22, The core analysis system of claim 1, further comprising o user interface, wherein the
processor is cemmunicatively coupled 1o the user imterface and conligured to receive one or

more inputs from the user imterface.

23, A core analysis method comprising:

positioning an analvsis assembly in a selecied position relative 1o a drill location,

wherein the analysis assembly comprises:

an X-ray Fluorescence (XRF) detection subassembly defining g sample
analysis arca, wherem the XRF detection subassembly comprises an X-ray source

and on XRT sensor:

a conveyor subassembly ; and

a processar communicatively coupled o the XRF detection subassembly,
positioning one or more core samples on the conveyor subassembly:

activaning the conveyor subassembly to electively deliver the one or more come

sumples 1o the sample analves srea of the XRF detection subassembly ; and

activating the XRF detection subassembly while the one or more core samples ate
positioned in the sample analysis arca, wherein the X-ray source delivers mdiation to the

one or more core samples positioned within the sample analysis arca, and wheran the XRE
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sensor detects X-ray Nuorescence in response Lo the radiation delivered to the core samples
by the X-my source;

receiving, using the processor, for each delivery of radiation to core samples
positioned within the sample analysis area. at least one output from the XRF sensor,
wherein the at least one output is indicative of the measured XRF of the core samples
positioned within the sampie analvsis arca,

wherein the conveyor subassembly selectively advances the one or more core
samples between a sample loading location and the sample nnalysis arca and between the

sample analysis arca and a sample unloading location,

wherein the one or more core samples are positioned within a contamer, and wherein
the convievor subassembly selectively delivers the at least one container to the sample

analysis arca of the XRF detection subassembly,

24, The corcanalysis method ol elarm 23, wherem the conveyor subassembly

selectively ndvances the one or more ¢ore samples relative 1o a first axis between the sample
loading location and the sample unloading location, and whercin the XRF detection
subasscmbly is positioncd between the sample loading location and the sample unloading

focation relative o the first axis.

25 The core analysis method ol claim 24, wherein the sample analysis area ol the XRF
detection subassembly 1s spaced from the first axis relotive 1o a second nxis, wherem the
conveyor subassembly selectively advances the one or more core samples relative 1o the
second axis to deliver the one or more core samples w the sample analysis area of the XRF

detection subassembly .

26, The core analysis method of claim 25, wherein, within a plane containing the first

and second axes, the second axis 15 substantially perpendicular 1o the first axis.

27, The core unalysis method of claim 23, wherein cach conlnmer comprnses indicta of
at least one charactenstic of the one or more core samples positioned within the container,
and wherein the method Turther comprises usimg an input imaging assembly o detect the
indicin of each container, wherein the inpul imaging ngsembly 15 communicatively coupled

i the processor.
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28, The core analysis method of claim 27, wherem the mput imaging assembly is
positioned proximate the sample loadmy location:

20, The care analysis method of claim 27, wherein the indiciz of each container
comprises at least one bar code, and wherein the input imaging assembly comprises o bar

code scanner,

3. The core analysis method of claim 27, wherein the indicia of each comtamer
comprises a radiofrequency identification (RFID) tag, and wherein the input imaging

assembly comprises an RF1D scanner,

31, Thecome analysis method of claim 27, further comprising using a drving assembly 1o
dry the one or more core samples, wherein the drying assembly is positioned betwizen the

sample loading location and the sample analysis arca of the XRF detection subassembly.

32 The core analysis method of claim 31, wherein the processor 1s commumcatively
coupled to the drying assembly, and wherein the processor selecavely activates the drving
assembly 1o dry the one or more sumiples,

33, The core analysis method of claim 31, wherein the XRF detection subassembly
comprises a first imaging assembly, and wherein the method further comprises using the
lirst imaging assembly o produce an image of core samples received within the sample

analysis arca.

34, The core analysis method of elaim 33 whenem the processor selectively activales
(he first imaging assembly (o produce an image of ¢ore samples within the somple analysis

aren.
35, The core analysis method of clamm 33, fwrther comprising using a welling asscmbly

to wel the one or more samples, wherein the wetting assembly is positioned hetween the

sample anilysis arca and the sumple unloading location,
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36.  The core analysis method of claim 35, wherein the processor is communicatively
coupled to the wetling assembly, and wherein the processor selectively activates the welling
assembly,

37 The core analysis methed of claim 36, further comprising using a second imaging
assembly 1o produce an image of the one or more core samples followmg wetting ol the one
or more core samples, wherein the second imaging assembly is positioned between the

weitimg assembly and the sample unlonding location.

38, The core analysis method of claim 37, whersin the processor is communicatively
coupled to the second imaging nssembly, and wherein the processor seleetively activates the

second imaging assembly.

39, The core analysis method of claim 25, wherein the conveyor subassembly

COmMpPrises.

nput and output sections comprising roller conveyors, wherein the input section
defines the sample loadme locanon, wherein the output seciion defines the sample
unloading location;

a plurality of intermediate seetions positioned between the input and output sections,

and
a drive mechnmsm coupled to the intermediate sections,

wherein the method further comprises using the drive mechanism to power

movemenl ol the inlermediale seclions,

41, The core analvsis method of cloim 39, wherem wsing the dove mechumism o power

movement of the mtermedinte sections comprises:

using at lenst one intermediate section to advance the one or more core samples
relative to the [irst axis, and

using at least one intermediate section to advance the one or more core samples

relative (o the second axis
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41.  The core analysis method of claim 23, wherein the analysis assembly further

comprises a first wireless trmnsmitler-recetver commumicatively coupled to the processor,

42, Thecore analysis method of clam 41, wherein a second wireless transmuties-
receiver is communicatively coupled to the database, and wherein the method further
compriscs using the second wircless ransmitler-receiver (o reecive information [rom the
first wircless transmitter-recerver and (o transmit information from the database to the first

wireless transmitier-receiver.

43.  The core analysis method of claim 42, further comprising selectively accessing the

database from at least ane remote location.
44, The coreanalysis method of claim 23, further comprising using a user terface 1o

receive one or more inpuls from a user, wherein the processor is communicatively coupled

1o the wser interface.
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recefver for at loast ane sample and an analysis unit armanged to follow 2 scanning path along the sampie and to produce a
spanned data output The anaiysis unit and the receiver of the sample are movably arranged relative to esch other, whereby the
receiver of the sample s movably arranged relative 1o the support structure by mieans of afirst posiioning unit for movement in a
first direction, X-direction, and the analysis unit s movably arranged refatve to the suppor structure by means of a second and a
third pesitioning unit for meving the analyss unit in a second and a third direction, Y- and Z- direction. The positioning units are
controfled by & control unit. Further, the device comprises a position determining means arranged for determining the poaition of a
tidge path of the sample during the analysis scanning and generaiing 2 conresponding ridge path signal. The refative position
batwesn the analysis unit and the sample is controlled by means of the contro| unit in dependence of the ndge path signal so that &
coincidente of the scanning path and the sample ridge path ig continuausly established and maintained duting the analysis
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Device and method for analysing samples when prospecting

Technical area.

The prasant invention relates 10 a device and a method to improve and speed up the process
of exploration of natural resources such as ore, oll and gas. Exploration in these respects
includes analysis of elements which are components of minerals and rocks, stc. in the
bedrock.

The device is of the kind that includes ‘a supporting structure, a receiver for at least one
sample and an analysis unit arranged to follow a scanning path along a sample, such as a
care or cuttings, and to produce a scanned data output, revealing the sample properiies of
interest. The analysis unil and the recelver of the sample are movably arranged relative to
each other in the supporting structure. The method is of tha kind that performs analysis of
samples extracted during the exploration of natural reésources. such as. ore, oil and gas.
using an analysis device with a receiver for one or more samples and an analysis unit for
seanning of the sample or samples, following a scanning path, Including method sieps where
at least one sample is placed on the receiver, the analysis unit scans the sample or samplas
while the analysis unit and the receiver with the sample or samples move relative to each
othar.

Backaoround.

Exploration of the above-mentioned type has long been parformed in such a way that, after
having found a location with an indicated deposit through well known methods, an
exploration drilling Is performed in order to obiain a better basis for a subsequen! decision on
a full investment in further mining operations, During exploration drilling, cores and/or
cuttings are extracted and lhen later analyzed in detasil.

When having extracied drill samples in the figld in the form of drill cores, from boreholes, the
cores are usually divided into samples of typically around 1 meter long, which are stored a
few pieces together In purpose-made boxes. The number of samples in each box is usually
4-8, and they are usually separated in separale compariments. Some of the samples are
selected manually and sent to traditional laboratories, where they usually underge chemical
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analysis of its mineral contenis. It is obviously important that the cores are always
documented with respect to borehole, depth, and the arder in which they were exiracied.

Mormally, since the amount of cores is extensive, causing the following analysis 1o become
fime-consuming and cumbersome, it Is preferred to have a geologist present in the field
already al the drilling site. in order to make a visual Inspection of tha coras, and lo make an
initial decision as lo whether the results look promising, or perhaps choose particularly
interesting specimens of the cores to be shipped to a laboratory. However, there are
problems with this. & number of elemenls and compounds cannot be seen with the naked
eye, 50 a more exhaustive analysis would be desirable.

The big problem with the above approach is that it may take a long time from when you
axtract the cores until a full analysis has been made, sometimes up 1o six months.

Ancther problem with \raditional analysis is that the samples require preparation, Le. the
samples ars irreversibly affecled physically before the analysis is carried outl. It is sometimes
also a problem to keep the identity of the individual samples and to document exactly where
on.a sample a valuable indication js found.

To obtain more complele and quicker analysis than by visual inspection, instruments have
been developed thal can perform a longitudinal sample analysis, at the dril siie. Such an
instrument, which uses X-ray fluorescence detector lechnology, called XRF technology, is
markated by, among olhers the company Thermo Scientific with their product NITON XRF
Analyzer. The instrument 1s poriable and designed for hand-held operation during the scan.
The analysis of this type of instrumenl Is cerdainly better than visual inspection, but accuracy
suffers when an instrument is hand-held. One of the problems with hand held scanners is the
unceriainty of the measured data due to variations in the distance between the analyser and
the scanned sample. Evaluations of the Niton XRF Analyzer have shown that unwanted
variations in the resulting data depend on variations in the maasuring distance to the object,
which in turn resulls in uncertainty in the properties of the surface, giving unreliable analytical
resulls,

Further in the Finnish patent no. 120 164, a device and a method for analyzing cores is
generally described, which Is intended for detalled analysis at drill sites. The patent
description does not elaborate on the design of the scanning device or on how the scanning
or decumentation is parformed in detall, bul it Is nevertheless clear that an expert Is required
to handle this equipment. This means that narmally the handling is performed by a party thatl
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is considerad exiernal in relation to the exploration company. This js perceived as a problem.
The result of the exploration drilling is sensilive information and a prospector is therefore
reluctant to share this information with external parties.

Summa the invention and its advantages.

According to the present invention the above mentioned routines and Insufficiencies are
improved with a device in which the receiver of the sampla is movably arranged relative 1o
the support struciure by means of a first positioning unit for movement in a first direction, X-
direction, and the analysis unit |s movably arranged relative to the support struclure by
means of a second and a third positioning unit for moving the ‘analysis unit in a second and a
third direction, Y- and Z- direction. The positioning unils are controlled by a control unit. The
device further comprises a paosition determining means arranged for determining the position
of a nidge path of the sample during the analysis scanning and generating a conmespanding
ridge path output signal, where the relative position between the analysis unit and the sample
is controlled by means of the control unit in dependence of the ridge path output signal, so
that a coincidence of the scanning path and the sample ndge path is continuously
established and maintained during the analysis scanning process. The invantion enables the
crealion of a mobile device, manageable and easily transportable onto the field, which in turn
enables a direct analysis of matarial frem the bedrock at or in the vicinity of an area where
exploration is being performed or in areas where the material is stored,

Through the use of the present invention it is possible to receive an automated, thoroughly
documented analysis of drill cores or cuttings aiready in a field envionment, which analysis
process does nol require external experise. With the use of the present invantion, the time
for the analysis of cores and drill cuttings can be substantially shoriened. Instead of having lo
wait several manths or weaks, analylical results can be obtained shortly after the drill core ar
drill cuiiings have been examined al ground level. This brings great advantages over other
known methods, and especially the time saving is considered valuable, One of the
advantages is thal it can quickly stear the drilling program based on drilling results, Another
acivaniage is that the present invention makes it possible to use 2 non-destructive analysis of
the cores or drill cuttings. In the traditional analysis, the samples would have to be prepared
before analysis is camed out. This is not needed when analysing using the present invention,
which contributes to both time savings and cost reduction. Thus the invention allows a non-
destructive analysis and thus other importani information can be extracted from cores and
drill cuttings at a later stage, such as micro-structure of the surface.
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In one embodiment of the invention, the position determining means is of a lype that
performs non-contact measurement. This allows a fasl and reliable position contral with
direct dependence on how the surface of the sample may vary in appearance and location,

In a further embodiment of the prasent invention, the position determining means is arranged
on the analysis unit. This allows the relative position between the unit of analysis and
position measuring body to be fixed and it does not need to be computed separately.

The device preferably also includes a housing, and inside the housing, the design with the
combination of a first movement path of receiver with its sample and a second and third
movement path of the analysis unil creates a space which can cantain auxiliary device
equipment such as a climate control unit, cantrolling the climate inside the housing and also
the control unit and cther supply aggregates like power or coaling means, for example, which
do nat interfere with either the movable analyzer unit ar the moving receiver.

The device can aiso be deasigned to receive multiple, longer samples, thal are amanged
essentially in parallel and equidistant to each other on the receiver, the samples being
located mainly along the Y-direction. In this respect, it is advantageous to arranae the conirol
unit so that when changing the sample for scanning, the control unit is arranged to move the
recelver al predeiermined steps in the X-direction, whereby one step essentially corresponds
to the spacing betwaen two samples located on the recelver, This will spead up the process
and minimize the flow of pasition data for the control unit.

The device according to the invention is preferably equipped with a data storing unit for
storing the scanned data outpul from the analysis unit and corresponding position
coordinates for the analysis unit and the receiver with its sample respestively. These are
valuable documentation for future follow up of the samples and exploration. In addition
heralo, the device can be equipped with 2 marking equipmeant, which is set up to mark the
painils on the scannad sample commesponding fo the posilion coordinates slored in the data
storing unit. This provides a further valuable addition to the data thal have been scanned.

in order to optimize ihe scanning process, the sample receiver is arranged with intemnal
guiding means for accurate orienting of the sample. This assists in having an automated,
welldocumented and permanently secured analysis of cores and cuttings, already in the
field, without involving external personnel.
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The invention also includes a method for analysis of samples extracled during the
exploration of naturel resources, such as, ore, oll and gas using an analysis device
comprising a recever for one or more samples and an analysis unit for scanning of the
sample or samples, following a8 scanning path, including method steps that at least one
sample Is placed on the recewver. the analysis unit:scans the sample or samples while the
analysis unit and the receiver with the sample or samples move relative to each other. The
invention method also comprises the following steps. The relative position between the
analysis unit and the sample or samples on the receiver is determined by a position
determining means, and the scanning position determining means generates an output
position signal defining a ridge position path corresponding to a ridge on the sample surface.
The ridge position path signal is fed to the control unit. The relative motion between the
receiver with the sample or samples and analysis unit are guided by pasitioning units
controlled by tha conirol unit so that the scanning path is following the ridge path. With this
method, guality-assured measurements that form the basis for the evaluation of potentially
valuable deposits at the drill site are obtained.

Summsa; F d

The invention will hereinafler be further described and explained in connection with
embodiments shown in the altached drawings, wherein

Fig. 1 schematically shows a device according 1o the present invention;

Flg. 2 shows the overview of the principle of scanning in the device according to the present
invantion,

Fig. 3 shows a principle for the measurement of multiple cores in a series,

Fig. 4 schematically shaws a position scanning in order to find an optimal. ridge scanning
position,

Fig. 5 shows some examples of how a receiver of mulliple cores can be arranged in order to
with a good accuracy guide the cores to an optimal oraentation relative to the receiver and

Fig. 6 shows a more detailed example of a device according to the present inventlon,
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Description of embodimants.

From figure 1 it Is underslood that a device according to the invention includes a first housing
1 that contains all the eszential componenis comprised in the device. The housing 1 is In the
figure only schematically shown with four walls bul is arranged in such a way, that it mests
certain reqguiremeants as listed below. The first housing 1 has a supporting structure, a lattice
ar framework (not shown in the figure) which is set up to carry the components housed in the
heousing. The entire device is designed as a mobile unit, possible to transport to a drilling
lecation in order to perform analytical work in the fisld.

The device further comprises of a receiver, a platform 2. which is intended to receive a box 3
which is storing drill samples, drill cares or cuttings (not shown). The shawed box has several
parallel companmenis for recsiving drill samples.

The platform 2 1s in lurmn arranged on linear guides 4, which control the displacement of the
platform in 2 one-dimensional direction. the X-axis. For this purpose. the platform s
interacting with a first pesitioning unit of a known type, described |n detail further down. The
first positioning unit is electrically controlled and can be operated forward or backward with
respect to its displacement output. The first positioning unit is equipped with a first pasition
sensor with respect to its platiorm displacement position state. The first positioning unit is
thus arranged o displace the platform 2 in desired directions during scanning to desired
positions on the guides by an oulput from a control unit (net shown), which is arranged 1o
recaive an output from the first posifion sensor.

As shown in the figure 1. and in normal use, an analysis unit & is positioned above the
recelvar 2, the analysis unit camprising a schematically shown scanner 6, preferably by XRF-
type, for evaluation of properties of the drill samples. The scanning analysis unit 5 and thus
the scanner 6 is arranged so that the scanning takes place in the Y-axis direction, |.e.
substantially perpendicular o the displacement direction of platform 2, with the help of a
second positioning unit 7, which in the figure is shown with a toothed rack 8 and rack-wheal 9
combination, whereby the rack-whse! 9 is grranged on a shaft of a sarvo motor drive of
known type (not shown), which Is included in the second positioning unit. The analysis unit 6
is displaced along a guide 10.
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The analysis unil § also contains a third positioning unil of a known type, comprising a third
position sensor (not shown) for displacemant of the analysis unit 5 in a direction substantially
perpendicular o the plane defined by the directions X and Y, i.e: in the Z direction, L.e. up or
down In the figure. The third positloning unit is controlled by the control unit which also
recgives position data as an oulput from the second and third position sensor.

In order to secure an optimal distance and position betwean the analysis unit 5 and the
sample and and optmal scanning path, a position determining means for non-confact
measuring of the distance has bean arranged on the analysis unit 5. During the analysis
scanning procadure, an output is generated from the position determining means in the form
of a ridge path signal, derived from scanning the surface of the sample and simultaneously
avalualing & path following the points along the sample that rises highest towards the
analysie unit 5. The distance measurement means will be elaborated further later in this
descriplion.

In the control unil, which Is controlling the positioning units, from the input generated by the
position sensors and from the position determining device, an optimal scanning position can
be caleulated and accomplished bstween the scanning unit 5 and the sample.

Figure 2 shows. cleared from surrounding components, with three arrows pairs, how the
analysis unit 5, comprising the scanner 6, is moving mainly in three orthogonal directions
relafive the platform 2, holding the bex 3, intended for drill core samples.

Figure 3 shows a3 schematic of 2 box 3 comprising three compariments 11a-d for cna drill
cora sample each, 12-a-d. Above the nghtmost drill core 124 in the figure, the analysis unit 5
is shown Including the scanner 8. Next to the analysis unit 5, a position determining means
13 is mounted for measurement of the distance to and topography of the surface In be
scannad. The movemant of a2 measuring beam is hinled. The position determining means
could for example be of the type marketed by LMI3D under the name Optocator or Gocator.
A non-contact tniangulation method can be used. From the figure it can be sean that the
analysis unit has not found its optimal position. In this case the box 3 on the receiver (not
shown) will be moved to the lefi so that the measuring beam finds the top point (i.e. the
ridge) of the sample and then the scanning process can fake place, the scanning path
following the ridge path.
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It is important for the result of the analysie that the scanning device always masintains an
optimal and well determined distance and position relative to the sample, the drill core. This
is achieved by the invention in the way thal the control unit (not shown) interacts with the
position determining means 13 and the positioning units, thus changing the position of the
platform in the X-direction as well as the position of the scanning unit in Y- and Z-diraction so
that the position of the analysis unit § becomes optimal for 2canning of the sampie, a drill
core, with the scanner 6.

Figure 4 illustrate the slope or scanning movement of the optical measuring point 14 of the
position determining means during 8 movement in the X-direction of the platfarm with boxed
drill samples 16, which moves in the X-direction, forming a dotted path of measuremeants
along the mantle surface of the round cores, displayed in the figure. When in the scanning
process, the position determining means generates an output signal which gives the
coordinates for the position relative 1o the analysis unit 5 of the highest poinl 14 of the
sample all aiong the sample.

By appropriate programming of the control unit. basad {:-n‘ measuremeants from the position
determining means, the positioning wunits can be controlled so that the receiver je. the
platform 2 with the cores 16 can hold such a position relative to the position of the analysis
unit 5, that the measuremant spol or point 14 of the scannar 6 is confinuously focused on the
highest point of the sample, i.e. the paint on the sample top surface being closest to the
scanner, i.e. on the sample ridge path. Then the control unit makes the analysis unit 5 move,
during scanning, either continuously or sampled, in the Y-direction. The scanning path will
thus coincide with the sample ridge path. Simultaneously, the distance in Z-direclion is
optimizad for best scanning sensitivity for the scanner & through control of the third
pasitioning unit throughout the scanning process. It should be noted that all positioning units
are reversible, 1.e. can regulate the position of the receiver or analysis unit backwards or
forwards on demand of the gontrol unit. Thus, during movement in the Y-axis, the distance to
tha drill core is continuously measured and the conlrol unit is amanged to continuously
contral the third positioning unit in the Z-dirsction, so that an optimal distance betwean the
scanner & and the dnll sample can be maintained. even though the position of the drill core in
the box, or the shape of the drill core cause differences in the height profile or ridge path
curve along the dnll core.
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In" shorl, the scanning process or scanning method according to the invention can be
descnbed like the following:

Determining the relafive position between the analysis unit and the sample or samples on the
receiver by a position determining means,

the scanning position determining means generating an oulput position signal defining a
ridge position path corresponding o a ridge on the 2ample surface,

feeding tha ridge position path signal is fed to the control unit,

As a result of the above, the relative motion between the receiver with the sample or samplas
and analysis unit can be guided by positioning units controlled by the control unit so that the
scanning path is following the ridge path.

The control unit is programmed in such a way that, during movement of the receiver in the X-
direction for shifting of samples to be scanned, it can, from the output of the position
determining device, recognize the passage of 2 wall 15 in @ companment of box 3 and
distinguish this from a 10p poimt of a drill core. This meansz that the control unit can be
programmed o make quick shifts in the X-direction movemant of the receiver when shifting
samples placed in a walled box on the receiver. Hence, afler a complate scanning of a drill
core along its total length, the analysis unit 5 is maved back to its starting position. and &
receiver movement in the X-direction is performed, during position measuring, across a
compartment wall until the nexl lop paint of a drill core in the parallsl compariment i
reached, followed by a repeated analysis scanning procedure and so an. Dunng such a more
extensive movement in the X-direction, e.g. a movement between a box compartments, it is
appropriate that the scanning unit is brought to a safe distance relative the drill core and the
walls of the compartmeants in order to avaid fatal collisions.

The control unit can also be set up so that when scanning several essentially geometrically
identical drill cores, lecated In parallel in guiding compartments in a bax, the receiver can be
moved by steps according to a roughly known (equi-jdistance between neighbor samples,
independent of the oufpul from the position determining means, in order to quickly set the
platform and the box at positions approximately where tha highast point / ridge curve of the
drill core is situated. Then a fine tuning of the optimal ridge position for the measuring point
using the distance measureament is caontinued.

In Figure 5, four variants of the interior of a box for cores 4 are schematically shown, The
purpose of the interiors is thal the cores should wherever possible be held in a pre-
determined well-established position, in the coordinate system XYZ. It thus becomes
possible to quickly find the optimal position of the scanner 6 relative the respective drill care.
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In compartment A, the bottom of the box is set up with an upwardly tumed, V-shapad surface
17 that centers the drill core in the tray. In compariment B, the sides of the comparntment are
comprised by a couple of centering blocks 18, which can be soft for optimum centering
tolerance. In compartment C the wall of one side is provided with a spring 19 and a biased
plate 20 which positions the drill core against the opposite side wall 21 of the compartment,
and in the indicated compartiment marked D a malleable medium 22 which may consist of
e.g. sand or a piece of foam material or the like is placed in the bottom of tha compardment.

in Figure 8, an embodiment of a8 second example of a device accarding o the present
invention is shown without covering walls. In the following descriplion referrals will be made
to "up” and "down”, which means the equivalent in the figure and also in the device normal
operaling made. The device includes a latlice with a base frame 24, side suppors 25 and a
top frame 26. In the volume that the lattice defines, a substantially U-shaped beam 27 is
located which Is displayed in the upper parl of the |aitice with the opening oriented
downwards. The side of the beam has flanges pointing inwards at the boltom edge, one of
which 23 is designed with cog-teeth on top. In the [ -beam 27. the upper parl of an analysis
unit 28 is installed. The analysis unit 28 is equipped with wheels (not shown) on either side;
of which at least one is a gear wheel thal is adapted to the cog-teeth of the beam 27 and
interacts with those, while the other wheels can roll on top of the oppesite U-beam flange.
With the help of the gear and a fourth positioning unil (not shown) and the other wheels, the
analysis unit 28, controlled by a control unit. can be moved along the U-beam in a
langltudinal direction i.e. a Y-direction within the lattice.

The analysis unit 28 includes a second housing 31 which via a bracket 29 s stlached to a
tower 30. Within the tower a fifth positioning unit (nol visible) Is located with a vertically
organized displacement means enabling linear motion back-and forth, i.e. up and down. A
censole 29 is aranged at this displacement means, and therefare the second housing 31
can, under influence from the control unif, shift the tower up and down, in the Z-direction
within the lattice. From the second housing 31 of the analysis unit 28, an X-ray feeding tube
32 exiends downwards towards a box 33, the feeding lube being intended for feeding X-rays
from an X-ray source (not shown) against drill core samples (not shown) to be scanned. The
energy of the X-rays fad from the feeding tube is then absorbed by the sampies and
generates in turn secondary rays emanating from the samples, which secondary rays contain
information on interesting properiies of the zample. In order 10 detect and collect the
information from the reflected radiation from the drill core samples, a detector 34 is arranged
at the scanning device by two braces 35 extending from the second housing 31. The davice
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aiso comprises a platform 37 on which the box 33 with compartments 386 for samples is
located. Together with the analysis unit 28, a non-contact position determining means (not
visible) is arranged. The position determining means are arranged to measure the distance
from the analysis unit 28 down to the samples and also the position of their ridge path
relative 1o the analysis unit. The position determining means feeds a position output signal to
the control unit so that the control unil with the aid of a fifth positioning unit, arranged in the
tower 30, and all the other positioning units can find the optimal relative position of the
analysis unit refative to the measured object. |.e. the drill core samples, in accordance with
what have been described above. The optimum distance is determined by the range and
features of the X-ray feeder and of the detector 34.

The box 33 is positioned on top of a platform 37 (vislble under the box 33), which |5 provided
with a maneuver handie 38 at Ihe left end in the figure. With the handle, the platform with a
loaded box 33 holding drill core samples (not shawn), can be either pulled or pushed through
a door 39 from or into a scanning positian.

For this reason, the platform is adjustable in a sliding motion in the Y-diraclion on slides 40,
41 and 42. The slides 40 and 42 are in turn freely armanged on first guides 43, while the slide
41 is provided with a threaded opening, which is arranged o interact with a rotatable,
threaded rod 44, streiching through the opeaning. The rod 44 is connected to a sixth
positioning unit 44a which is conirolled by the control unit to move the slide 41 and thus the
platform 37, resting on the guides 40-42, back or forth in one direction perpendicular lo the
diraction of the U-beam 27, ie. in the direction of the X-axis, by rolation of the rod 44 in
either direction. The sixth pesitioning unit also comprises a position sansar.

The figure slso shows that the device includes a cabinet 45, which includes space for the
control unit and a data storing unit. It also includes a climate control system, symbolically
shown with a ventilation unit 48,

The figure shows thal the cabinet 45 and the ventilation unit 46 are located so that the
platform 37 with the box 33 containing the drill samples are partially located and moving
freely under the cabinet and the air conditioner, while the scanning unit 28 in itls movement
along the U-bsam 27 is arranged to pass frealy alongside the cabinst 45 for scanning In the
Y-direction along the entire length of the samples in the box 33.

The platfarm 37 with the box 33 s movable in the X-direction so that the scanner unit 28 by
siepwise displacemnent of the platfiorm 37 can perform repeated movements in the Y-axis,
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keeping under control the eoincidence of the scanning point path with the ridge path of the
actual sample, and thereby scan all the drill core samples, contained in the compartmants of
the box.

Al the left hand side in the figure, a connection 47 is schematically shown that is used for e.g.
electricity, heal, cold and telemetry in- and cutpul.

With the device components arranged according to the above in detail described example,
the space in the housing is utilized in an optimal way and the structure according 1o the
invention can be constructad so versalile that il can =asily can be transporied oul into the
fisld of work, i.e. a drilling site, in order to provide the desired automatic analysis. The device
is in other words mobile. Typical dimensions of a device according to the invention can be
about 2x1x1 meters.

The results of the analysis are slored in a secure database in the data storage unit, which
preferably is arranged to be accessed only by an authorized person. The data stored
includes the analysis results from the analysis unit, including found traces of elements and
compounds, the position coordinates of the comesponding scanning points on data
conceming the drll core sample. The position dala is given by the position sensors that
interact with the positioning units. A high accuracy of the placement of the box 3 on the
platfform 2 and a well-defined position of the drill cores in their respective comparments
helps.

The housing of the device according e the invention is sst up 1o protect against weather and
i8 provided with additional ancillary devices (not shown) that in a known way, can regulate
climate and environment in the housing. This is to ensure thal the squipment works in the
best way.

The devlce according to the invention also can include a marking device (not shown) which is
gat up to monitor the scanner and to during or after a scanning procedure produce marks on
the samples, e.g. by a colored curve or equivalent positiort marks along or at the ridge path
equivalent to the position data stored in the data storing unit that the scanner has followed
during the analysis. The marking device can also be such that it can be used to apply an
identity tag to the drill core and / or box containing the drill samples, This provides very
usable, complementary information o the results in the data stored.
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The invention is not limited to the above described and on the drawings shown embadiments.
The genesral construction of the device can be varied in a number of ways, evidant to the
skilled man. E.g. the device can be set up so that the platform can receive more than one
box at a time. It is also possible to analyze the drill cuttings besides drill cores. Cutlings are
placed in appropriate boxes with the corresponding compariment for conception of drill
cuttings in the order in which they are exiracted from the borehole.

The receivar ar platform does not need to be of a solid kind, i.e. does not have o cover the
whole area under the box, but could be a framework that in a well-defined way receives a
box with the drill samples in a stable mannar.

The position of the measuring point / measuring line can also be abtained by position
sensors, which are established 1o detecl the relative position between the analysis unit and
the samples without interacting with the pasitioning units.

The operating directions X, Y and Z do not necessarily need to be mainly orthogonal,
aithough the position calculation process Is easier this way.

The device and method is not limited te the earth surface bul can also be used in
undearground mneas.

The scanner may for other purposes be of another type than XRF, e.g. a laser scanner.

It is also conceivable that the scanner unit when finished scanning one sample does not
have to retumn to its original pesition but could scan the next core in the other direction. This
will be taken into account when storing the data,

The position measuring means can be of other types, e.g, of a wide laser type, ulirasound or
radar type.

it should also be noted, that in the widest sense, the term “analysis unit” should be
interpreted as including the components that are associated with the complete unit which is
movable In the Y- and Z-direction, e.g. including the seanner, the X-ray source, the X-ray
feeding tube, the detector, the position delermining means and positioning units with their
Sensors.
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1. A device for prospecting analysis alang samples (12, 16) of components of minerals and rocks
In bedrock extracted during the expleration of natural resources, which device inciudes a
supporting struclure (24, 25, 28), a recelvar (2, 38) for at least one sample (12a-d) and an
-analysis unit (5, 28) arranged o follow a scanning path along the sample and to produce a
scanned data output, and where the analysis unit and the receiver of the sam ple are movably
arranged relative to each other within the supporting structure.

characterized in thatthe recelver of the sampie |8 movably arranged relative to the
support structure by means of a first positioning unit (44) for movement in a first dirsction. X-
direction, that the analysis unit is movably arranged relative to the support structure by means of
a second (7) and & third positioning unit for moving the analysis unit in a second and a third
direction, Y- and Z- direction, and where the positioning units are controlled by a centrol unit, that
the device further comprises a poesition determining means (13] arranged lor determining a ridge
path posillon of the sample (12a-d) during the analysis and generating a corresponding ridge
path signal and thal the position of the analysis unit (5. 28) in relation to the sample (12a-4) Is
controlled by means of the control unit in dependence of the ridge path signal. so that a
coincldance of the scanning path ana the sample ridge path (14) is continucusly established and
maintained during the analysis scanning process.

2, The device according to claim 1, characterized thereof. that the position
determining means is of a type that perform non-cantact measurement.

3. The devics according o claimlor2. characterized thereof that the position
determining means s arranged on the movabile analysis unit (5, 28).

4. The device according to any one of claims 1 to 3. whereby device 15 enclosed in a first
housing (1},

characlerized thereof, that the device inside the first housing, alongside a
movement path of the analysis unit and a patn defined by an operating range of the reteiver with
its sample is provided with a space (45) which is holding device compoanents
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5 The device according to any one of claims 1 to 4, whars the recalvar carries multiple samples
(12a-d) tha!l are arranged in parallel and equidistart to each ather on the recaiver (2.37), the
samples being [ocated along the Y-direction,

characterized Lhereof that the control unit is arranged to move the receiver (2, 38) at
pradsterminad steps in the X-direction when changing the samples for scanning, whereby one
slep corresponds lo the spacing between two samples located an the receiver.

6. The device according to any ane of claims 1 to 5,

characterized theraof thal the deviee is equipped with a data storing unit for storing
the scanned data oulput from the analysis unit and correspanding position coordinates far the
analysis unit and the recelver with its sample respeciively.

7. The device according loglaim6 characlerized therecof thal the device is
equipped with a marking equipment, which is set up to mark the poinis on the scanned sample
corresponding to the position coordinates stored in the dala storing unil

8. The device according to any one of claims 1o 7
characterized theracf that the recelver (2, 38) Is srrangad with guiding means for
accurale arienting aof the sample

4. A method for analysis of samples extracled dunng the exploration of natural resources.
components of minerals and rocks In the bedrock, with an analysis device comprising a control
unit, a recelver for ocne or mare samples and an analysis unlt for scanning of the sampla or
samplas, following a scanning path, including the method steps

- placing at least one sample on the recsiver

- scanning the sample or samples by the analysis unit while the analysis unit and the receiver
with the sample or samples move relalive to each other

characterized thereof, that the method further comprises the steps

- determining the pasition of the analysis unit in relation lo the sample or samples on the receiver
ly a position determining means,

- generating an output pasition signal defining a ndge pestior path corresponding to a ndge an
the sample surface by tha position determining means,
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- feeding the ridgs position path sigral to the control unit,
- guiding the receiver with the sample or samples and analysis unit by pesitioning units,
cantrolied by the cantral unit, so that the scanning path is following the ridge path.
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Description

Title of the inventicn.
System and methed for analyzing drill core samples.

Technical area.

The present invention relates to a system for collecting and processing data on the thrae-
difmensional shape and appearance of dnll core samples, eg driill core samples that are
extracted during exploration for nstural resources, including such data concaming
characteristic physical features of these drill cores e.g. planar discortinuities, which system
comprises a camer for holding at lzast one drill core sample. The invention also relates to a
method for measuring, callecting and processing data on the three-dimensional shape and
appearance of drill core samples. =g such drill core samples that are extracted during
aexploration for natural rescurces, including the characteristic physical festures of those drill
cores such as planar disconfinuities and aiso including orentation marks on lthe diill core
samples' surfaces the method including spatial analysis of the data, g to calculate the
orentation of discartinuitias relative to the drill core sample axis and orientation line

Background,

Exploration of the above-menticned type has lofg been performed |n such a way that, after
having found a location with an indicated deposit through well-known methods, an
explaration drilling is performed in order 1o obtain a better biasis for 2 subseguent decision on
a full Investmant In further mining cperations, During explaration drilling, cores are extracted
and then later analyzed in detall.

When having extraclad drill cores in tha fleld from boreholes, the corss are usually divided
inte samples of typical lengths sround 1 meter and then siored a few cores together in
purpose-mada frays. The number of samples in each tray & usually 4-6, and they are Usually
separated in separate compartments and marked regarding original orierntation in the bore
hole and order of extraction.

Among s drill cores there are a number of cores that contain discontinuities and other
physical features of those drill cores e g. mineral fabric, and it is of great value to obtain data
on thie location and angles of these discontinuities relative to the core axis and the original
position in the bore hola of the cores, since the discontinuities in the drill core are a
representation of discontinuities in the badrock baing drilled.
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When looking for discontinuities, the samples are characterized by ocular inspection. Natursl
planar discontinulties can be measured be their Alpha and Beta angles, the angles being
relative to an onentation line on the core sample, applied when extracting the cores from the
drill hale in e.g. bedrock, and a longitudinal axis of the core sample It is also obviously
important that the discontinuities are always documented with respect to horehole and core
sample depth,

One means for measuring the discontinuities is by using a geniometer that is essentially a
short tube of ses-thraugh matenal, which tube comprises marked angle lines and degrees
scales around iis outer surface area. The libe is positionied with the drill core o be analyzad
inside, and by moving it along the core, discontinuities can be measured and documented by
comparing the angles of the discontinuity In guastion with the marking on the lube Cna such
lube |s marketed under the Trade Mark EZY LOGGER. Due lo that the measuremenl, using
the EZY LOGGER, is made by acular inspection and marusl recording, it is aslmost
impossible to quality control and reproduce the measurament

Another way of analyzing is o use the equipment and method that is described in the patent
apphcation US2009/0080705. where a 2D pholo is used in cooparation with a cora holding
box that has calibrated walls for calibrating the 2 © photo. This method uses simplifications
and assumptions that affects the evaluation

The common problem with the above approaches is that it is 2 manual process which can
produce a lol of false data

gymmam of the invantion and iis advantages.

An embodiment of the presently presented system for improving the above related process
of analyzing drill core structures comprises the following:

a 3 comactess analytical apparatus [5) for measuring and collecting data on the
three-dimensional shape and appearance of at least some part of the outar
surface of drill core samples (1), where the cores have a reference line (15),
which s indicating the “rotational” position the core had in iis onginal place in
lhe bore hole,

b a first data-storing means (21) for storing data collected by the analytical
apparatus as a 3 D representation,
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c 3 processing unit that applies one or mare data evaluation algorithms on the
data stored 0 the first data storage means (21) n order to extract data
regarding physical features, Including the reference line, of the dnll cores (1) as
an cutput, referring to the reference line [15) and 2 longitudingl axis (16) of the
care, and

d a second data-storing means for storage of the resulting output fram the
procassing unit.

With the presented system, structure data can automatically or semi-automatically be derjved
from the individual drill cores while also the accuracy of the derived datz is improved
compared to state of the art technique

In an embodiment of the system the contactless analytical apparatus comprises a light-based
3D sensor or a laser 3 D sensor. This type of sensars are easlly adapted to generate 3 D
reprasentations, & g. point clouds that can be the basis for the analysis wanted and thus the
collected dala can be stored as a point cloud for gach drill core in the first data zlcrage
means. An option is to alse generate and stors thiree dimensional palygon meshes based an
{he point clouds in order tobe able to generate a visuzl representation which is more picture-
like. The laser systeim can be of a linear system type.

An embodiment of the invention the system includes a means for creating an image of the
core and means for overlaying the image on the 3 D point clouds This would be a combined
representation which is very informaltive to a viewer of a visual representation. The image, or

‘graphic representation, can be a photographic or digital picture

One further embodiment the system comprises & wvisualization means for presenting data
generated by the system. With this as an information source an operator can operate the
system and e.g. choose and feed parameters for entering into the: system and its processor,

In anether embodiment of the system, wherain the syshemn comprises a component analyzing
unit for analyzing elements like minerals etcetara in the core samples and wherain the
componant analyzing unit is movably arranged and dependent on a distance controling
means for cantrol of the distance betweaen the component analyzing unit and the cores being
analyzed, information from the procassing unit is used to calculate the distance input to the
distance controlling means The compeonent analyzing means can then suitably be of an X-
ray type. This is component saving as the distance controling means in this case does not
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need a distance sensor of its own. The component analyzer unit can suitably be of an X-ray

type,

A methed according to the invention comprises the stegs of

a

using a contactless analytical apparatus for measuring and collecting data
an the three-dimansional shape and appearance of at least some pard of the
outer surface af drill core samples, where the cores have a reference line
(15}, which Is indicating the "rotational” position the core had In its crigingl
place in the bore hole

storing of the collected data in a first data-storing means as @ 3 D
representation,

selecting input parameters 1o mathematical algorithms that are able to create
a calddlation of a given physical featurs in the drill core sample from the
callecled and stored data combinsd with the input parametars,

performing a three-dimensional analysis of physical features of the drill core
samples by processing the collected data stored in the first data storing
means and selected parameters (n a data processing unit. while relating the
analysis to a spatial positon of the featurs i the drill core samples, referring
to the reference line (15) and a longitudinal axis (18) of the core, and storing
the results of the threa-dimensional analysis

The Mathod advantagecusly uses a contactless analylical apparatus like a ight-based 3D

zensor, the cutputl of which is used to generate point clouds as the basis for the analysis
The collected gata js stored as point clouds, representing individual dnll cores, in the first
data-storing means

Further, the point clouds are advantageously used as the basis for creating 3 0 polygon

meshas, comprised in the 3 D representation. An option is to create an image of each core

and to overlay the image on the respective drlll core 3 O point cloud to 8 combinad
visualization representation

The system can be both manually and automatically operated the later under complete

cantrol of a progessing unil, implamented by appropriate software.
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Summary of the drawings

The Invention will herginafter be further described and explained in connection with
ambadiments shown in the attached drawings, whersin

Fig. 1 shows schamatically 2 systam sat-up with a carrier for drill cores in scanning position
with 2 30 scanner,

Fig. 2 shows 3D point cleud containing & projection of a discontinuity in a core sampie,

Fig. 3 shows schematically a core sample being scanned by a 3D line scanning laser
equipment,

Fia. 4 shows schematically a part of a 3D representation of a drill core where a discontinuity
is |dantified and

Fig. 5shows a block diagram illustrating a method according to the present disclosure.

The drawings are |dentical to those of the priority application, SE 1630051-9.

Descnption of embodiments.

Figure 1 shows schematically a set up for a three-dimensional scanning of drill coras, taken
from bedrocks etcetera The different componants shown in the set up are arranged in a
supporting lattice or framewaork (not shown)

The disclosed embodimenl is designed te comprise a3 lasar distancing and ranging
arrangemeant Thus a scanning unit & is arranged above (85 seen in tha figure but notl shawn
in detail ) a tray 3, whizh tray in turn is placed on a carrier 2. The tray 3 is designed to be
able to house up fo & drill cores (nol shown) in compartmants 8 The seanning unit 5
comprises a digital laser/datector unit which comprizses 2 [gser, penerating a laser beam, and
‘a distance measuning dateclor means, opticslly following the laser spot as it Is hitting a
target. the spot being aranged to sweep linearly transversaly over the core to be measurad
at the moment, cne core after the other. The scanning unit thus measures along the laser
curva, at a large number of points, wilh a high resclulion, the full distance of points on the
particular curve following the object to be scanned. This generales digitally a curve point
cloud, represanting a distance curve following the laser line, as the laser beam hits the object
io be measured. In the figure the linear [aser beam path 7 is shown covenng several
compartments 8, but generally only one drill core in a single compartment 15 scanned at a
time:.
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As can be seen in the figure 1, the scanning unit 5 is movably arranged along an axis and
thus can move back and forward in directions marked by X-axis. equally to Scanning axis.
So, while scanning fram one end of a drill core (not shown) 1o the other, the scanning units
Is arranged, with equidistant small steps in the X directions. to generale a series of digital
curve paint clouds, with 2 glven resolution, paraliel 1o the ¥ axis. Added together, those curva
point clouds form 3 3D representation of the core surface. A scanning unit like the scanning
unit & is marketed by the company Sitek AB as a "Non-contact distance measurement
systam” There is also a unit called "Optocator” marketed by LMI30. With reference to figure
1. the scanning unit 5 |s movably arranged with known technology In Z-dirsctions and the
carrier 2 s In similar way movable In Y- directions, In order to bring selected cores In
scanning position, into the laser field of view, for the scanning unil Since the cores are
mainly cylindrical the field of view covers nearly 180 degree around the circumference of the
core,

A 3 D representation, as mentioned above, can be shewn as In fig 2 as & paoint cloud, In
which sach individual polnt also contains data about RGB or grayscale colour, which, if
presented on a display, can be interpreted as a "picture” The resolution of the point cloud in
fig 2 iz changed in erder to be clearer o the viewers. In figure 2 can be seen a discantinuity
9. The discontinuity and its position and Alpha and Bata angles can be analyzed as shall be
explainad below. Also, in fig 2, a reference ling, shown along the drill corz is present in the
middle of the figure 2. The reference line is made of paint or of 2 similar material, of a type
clearly visible to the scanning umil.

In figure 3, which shows schaniatic renresentation of a drill core (hare with lines and curvas
instead of a point cloud like the representation in Fig, 2), a laserdetector unit with its
radiation shown as a laser oulput 10 and 2 sweeping laser beam 11 As the laser beam
sweeps, following a swesping ling transverse o the longitudinal axis of the core 1, L hits a
part of the curved surface 12 of a mainly cylindrical dnll core, positioned beneath the laser in
a tray as described sbove, and = lzser spot cutve 13 1s generated. The |aser field of view, as
is shown, covers almost half the circumfarence of the core. On tha part of the half of the core
that can be seen, the core has a reference line 15, which is indicating the “rotational” position
the core had in its original place in the bore hole, similar to as shown in fig. 2. The core is of
courss placed in the tray in such a way that the reference ling is "visible", within the field of
Vigw fﬂl:' the scarming umt The core is also stiown with s longitudinal axs 16 marked.

During the sweeping action over the core, the detector means measures the distance of a
large number of points along the curved surface, generating a curve point cloud. After that
one curve point cloud is completed, the scanning unit generates with very small incremental



EA O30l EM 3T N-sw-ae

WO 2TAS5450 7 POTISEXN THBOMS

steps, repeatedly, curve point clouds along the core. As can be seen In figure 3. a
discontinuity 14 is presant in the drill core.

In figure 4 Is shown a drill core as in figure 3. The discantinuity 14 is marked with three dots,
A, Band C. The points A, 8 and C are marked on three different, separatzly |ocalized data
points from the point cloud corresponding to the drill core sean In fig 2, which points are
generated as the scanning unit has scanned the core 1, The points A, B and C ars hera
chosen manually by a system operator, but with a computer data analyzing software thay
can ba chosen automatically, Since the "plcture” is & digital. three-dimensional point cloud,
the three points together define a plane in a three-dimensional space, which intarsects the
care, and this plane Is & good representation of a specific erack in the bedrock, surrounding
ihe bore hole the core is lifted from. Refariing now to the reference line 16 and the
longitudinal axis 16 of the core, the angles Alpha and Bela of the discontinuity and thereby
the crack plana can be calculated by proper software in a computer ar a similar processing
unit

Figure & shows a block diagram explaining a methed for axtracting information of a three-
dimensional point cloud representing the appearance of a thres-dimensional object, in this
case aspecially a drill core.

Accaording to this disclosure, an analytical apparatus for contactless measuring and collecting
data on the three-dimensional shape and appearance of al least some par of the outer
surfate of 2 drill core sample is us=d. gensrating data in a step 20,

The data coliscted in block 20 is used as an irput for 2 second block step, comprising storing
of the collected data in a first data-sloring means 21 as 3 D rapresentation of the respactive
drill core.

For processing of data collected and stored in the first data-storing means 21, input
parametars are selected from the stored dalz and used a8 selectad input in slep 22 1o
mathematical algorithms that are able to create @ calculation of a given physical feature in
the drill core sampie from the stored data combined with the inpul parameters, e.g physical
properties of the drill core.

In tne last block 23, finally. comprising a second data storage means, the three-dimensional
data stored in the first data storage means 21 is processed in & processing unit with the
selected parameters, performing a three-dimensional analvsis of physical features of the drill
core samples, while relating the analysis to the spatial position of the feature in the dnill core
samples, e refering to the reference line 15 and the longitudingl axis 16, The results of the
three-dimensional analyses are stored in the second data storage means. The first data
storing means and the second data storage means can be combinad
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The 3-0 representation generated by the system and method are advantageously presenied
for 8.q. an operator on a visuahization means like a dala screen. As sesn infig 2, the point
clouds can be shown and undersiood as a 3 D representation. For some purposes, another
type of presentation can be achieved if the point cloud |s processed to generate polygon
meshes. And, if wanted, an image, like a digital picture can be 1aken by an image means of a
known type comprised in the system, like a digital camera, (not shown) of the individual drill
cores and overlaid the respective polygon meshes representation to a8 combined visual
representation.

The invention is not limited to the example disclosed and explained above

The processing unit can be an ordinary computar or 2 custormnized data processor, designed for
the task. The data evaluation algorithms and other sofiware can be designed in different ways,
known and available for a software specialist

It is not necessary to use & mull dnill core lray, but single drill cores can be analyzed as well,
with a system designed for that bul still using the invention.

The 3D scanner can be of other type as present on the market as long as it generates a digital
three-dimensional dala of the scanning object The laser bearmn can be arranged ina direction
along the longitudinal axis of the core sample to be scanned. The caleulation of the plane of a
discontinuity can be maid manually, by choosing points in the point cloud representing the
surface of the core sample, but can also be made by a computer data analyzing system. The
first and second data-storing means can physically be the same. The invention can be used in
a systemn described in WO 2011/148014, This syslem can be used in combinalion with 2
component analyzing unit, using the same scanning unit output for evaluating and J_'mil:'.fing the
wanied distance between the component analyzing unitand the core sample to be analyzed.
The system and method |s also wel| suited for exploration and analyzing the ground, bedrocks
and the like when planting for construction work like tunnels and buildings of diffarent kinds,
where information on ground stability is very important, It not limited 1o ground rocks only but
can be used for analyzing other types of drill cores, e.g. concrete drill cores. li is especially
adapted to generale data of Alpha and Beta angles of discontinuities and other planar structures
in the core samples, the angles being measured relalive to an orienlation line on the core
sample and a longitudinal axis of the core sample. The system comprisss a carnier for holding
al least one core sample and an analyzing unit. The inventian also relates 1o a method for
analyzing the structure of drill core samples, e.g. drill core samples that are extracted during
the explaration of natural resources such as ore, oil and

Date Recus/Dals Recelyed 2021-08-37
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gas. It is especially adapted to generate jnformation of Alpha and Beta angles of
discontnuities in the core samples, the angles belng measured ralative to an anentation line
on the core sample and a longltudinal axis of the core sampla

The physical features sought can be planar discontinuities. geological fabric. ore velns, drill
core radius or core volume. Different algorithms apply for different featuras

The analysis can incdude calculation of the acute angle between the drll core axis and the
semi-major axis of the elliptical intersection of a plane and the dnll core sample (alpha angle)
or the rotational angle around the drill core axls betwean the drill core origntation line and the
semi-major axis of the elliptical intersection of a plane and the drill core sample (beta angle)
The drill core samples can be such that are extracted during exploration for natural
resources, such as mineral resources, oll, and aas, andior for inspeclion of bedrock or
concrete structures of bulldings or construction creations like walls e.g of dams,



10
CLAIMS:

1 A system for analyzing a drill core sample, said drill core sample including a planar
discontinuity and being provided with a reference line indicating an original rotational position
of the drill core in a bere hole, which system comprises

a contactless analytical apparatus,

a carrier for holding the drill core sample such that the reference line (s visible to the
contactless analytical apparatus,

the contactless analytical apparaius being configured to generate a plurality of curve
point clouds, each curve point cloud including distances to @ number of points located along
a line on an outer surface of the drill core transverse to a longitudinal axis of tha drill core,
and data about color or grayscale of each point,

a data-storing means for storing a 3D representation based on the plurality of curve
polnt clouds, said 30 representation corresponding to a field of view covering nearly 180
degrees of the clrcumference of the dnll core,

a procassing unit configurad to analyze the drill core sample by:

- presenting the 30 representation as a picture on a display, said planar discontinuity
being visible in the picture,

- allowing a user to indicate three points (A, B, C) located along said planar
discontinuity,

- caleulating an acute angle (alpha) between the longitudinal axis and a major axis of
an elliptical intersection of the dnll core and the planar discontinuity and/or a rotational angle
(beta) between the reference line and said major axis.

2 The system according to claim 1, wharein the contactiess analytical apparatus Is
configured to generate data aboul color and greyscale of each painl

3. The system according to claim 1 or claim 2, wherein the contactless analytical

apparatus comprises a light-based 30 sensor,

4 The system according o any one of ciaims 1 10 3, wherain the 30 reprasentation s
stored as a point cloud in the data-storing means.

Date Recus/Dale Regehed 2022-02-10
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5 The system according to any one of claims 1 1o 3, wherein the 3D representation is
stored as a polygon mesh generated from the curve point clouds

8, The system accerding to claim 5, wherein the system comprises means for creating

an image of the core and means for overlaying the image on the polygon mesh

7. The system according to any one of claims 1to 8, wherein the system comprises a
componant analyzing unit for analyzing elements in the core samples, the component
analyzing unit being movably arranged and dependent en a distance controlling means for
control of the distance between the component analyzing unit and the cores being analyzad,
wherein nformation from the processing unit s used to calculate the distance input to the

distance controlling means.

8 The system according to claim 7, wherein the elements in the core samples analyzed
by the component analyzing unit comprise minerais.

g The system according to claim 7 or claim 8, wherein the component analyzing unit is
of an X-ray type

10. A method for analyzing a drill core sample, said drill core including a planar
discontinuity and being provided with a reference line indicating an original rotational position
of the drill care in a bore hole, the method comprising:

holding the drill care sample such that the reference line is visible 1o a contact|ess
analytical apparatus,

using the contactless analytical apparatus to generate a plurality of curve point
clouds, each curve point cloud including distances to a number of points located along a line
on.an outer surface of the drill core transverse to a longitudinal axis of the drill core, and data
about color and/or greyscale of each point,

storing a 3D representation based on the plurality of curve point clouds in a data-
storing means, said 30 representation corresponding to a field of view covering almost half
of the circumference of the drill core,

localizing said planar discontinuity by

Date Recus/Dale Regehed 2022-02-10
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- presenting the 3D representation as a picture on a display, said planar
discontinuity being visinla in the picturs,

- allowing a user to indicate three points (A, B, C) located along said planar
discantinuity,

- calculating, in a processing unit, an acute angle (alpha) between the
longitudinal axis and & major axis of an elliptical intersection of the drill core and the planar

discantinuity and a rotational angle (beta) between the reference line and said major axs.

11, The method according to claim 10, where the contactless analytical apparatus
comprises a light-based 3D sensor.

12 The method according to claim 10 or claim 11, wherein the 3D representation is
stored as a point cloud in the data-storing means.

13 The method according to claim 10 'or claim 11, wherein the 3D representation is
stored as a polygon mesh generated from the curve point clouds.

14 The method according to ¢laim 13, further comprising creating an image of the care

and overaying the image on the polygon mesh to a combined visualization representation

Date Recus/Dale Regehed 2022-02-10
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