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Appendix:

Sensing Technology Solutions for Environmental
Monitoring and Waste Streams Characterisation
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Aol 1 - Water

Most of Rio Tinto’s mines or processing facilities, whether operational or legacy/closed, include
some form of environmental monitoring of mining-influenced water (MIW), mainly using manual (or
semi-automated) sampling in remote locations followed by chemical analysis in an environmental
laboratory. Some sites have limited in-situ monitoring, but it currently does not provide sufficient
data to fully assess the circular economy potential of assets and hence valuable data to evaluate
the potential for valorisation of MIW.

Goals:

e To substitute the current practice of sampling and laboratory analysis with environmental
monitoring using reliable, accurate, online and connected, in-situ and remote sensors;

e To characterise MIW using low-cost methods to identify and support the business cases
development for locations where it may be viable to undertake upcycling/valorisation (e.g.,
where there are valuable metals and critical minerals such as rare earth elements, REEs);

e Toincrease process agility and responsiveness to changing situations by gathering real
time data from remote and in-situ monitoring.

Aol 1 - Applications
Table 1 Application definition

Specific Application Target Locations Measurement Measurement
Frequency Method""

Wells, creeks, rivers,
ponds, channels,
trenches, feed,

For compliance

Surface mining- requirements, it is

influenced water . . Regular or preferred that the
1 . intermediate and . L .
contamination . continuous system is fixed in
. discharge streams at .
detection @ one-depth place (continuous

a wastewater

monitoring)®®
treatment plant, etc.

For compliance

Surface mining- ] o
9 requirements it is

influenced water Ponds, dams, lakes
o ] Regular or preferred that the
2 | contamination (natural or pit lake), ) L )
. . continuous system is fixed in
detection/ profile @ etc.

place (continuous

multiple-depths
= s monitoring)®®

For compliance
requirements it is
Regular or preferred that the
continuous system is fixed in
place (continuous
monitoring)®®

Groundwater wells
3 | Groundwater (e.g., down-well
measurements)

This document is the copyright property of Rio Tinto
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Valorisation from
Mining-influenced water

Mining-influenced
waters (MIW) (e.g,,
acid and

For characterisation
applications it is
preferred that the

(MIW) rare earth metalliferous Rapid or .
4 ) . ) system is portable
elements (REEs) and drainage (AMD), intermittent )
. . . (hand-held or fixed

critical minerals seepage, tailings .

; on mobile
detection water, groundwater, . e

pit lake). equipmen
Notes:

1)

Detection Limits guideline: These should be typical for environmental applications (regulatory

requirements). The notional requirement for metals, metalloids and anions/cations: 0.001 g/L.
Alternatives can be proposed based on applicants’ knowledge of parameters typical
concentration levels (e.g, potential detection limits for trace elements <0.001 g/L and REE

<0.0001 g/L), as well local and national guidelines and regulations.
Priority is to maximise the number of samples taken over a certain period. Secondary to this, for

2)

applications other than groundwater monitoring, the system could be portable (handheld) or
remote such as satellite, airborne, UAV (e.g., drone, balloon), etc.

3)

For example, unmanned floating device (UFD), unmanned underwater vehicle (UUV). Secondary

to this, the system could be remote such as a satellite, airborne, UAV (e.g., drone, balloon), etc.

Aol 1- Parameters to be measured

The parameters that are to be measured in-situ and remotely for the specific applications above
are listed in Table 2. Parameters prioritised as Red = high priority to have in-situ or remote
monitoring; Orange = medium priority, optional (not vital); Yellow = low priority, nice to have
parameters that will have a relatively small impact if left out. These priorities may change depending
on the site and their specific risks.

Table 2 Parameters to be measured in-situ and remotely.

Specific Application

1,2,3 4
Parameters
pH* X X
Electrical conductivity* X X
Temperature* X
Depth* X
Total suspended solids (TSS) (or particles)* X X
Total dissolved solids (TDS)* X X
Turbidity* X
Dissolved oxygen* X
Biochemical oxygen demand (BOD) / Chemical X X

oxygen demand (COD)

Alkalinity

Acidity (as CaCO:s)

This document is the copyright property of Rio Tinto

©2023 Rio Tinto

April 2023




RioTinto

Rio Tinto Pioneer Portal

Specific Application

1,2,3 4
Parameters
Volatile organic compounds (VOC)* X
Cyanide X
Pesticides X
Per- and poly-fluoroalkyl substances (PFAS) X
Microorganisms DNA X X
Long-chain hydrocarbons X
Radioactivity/ Radiation X X
Oxidation-reduction potential (ORP)* X X
Flow* X X

Metals and metalloids

B, Mg, Al, Si, K, Ca, Cr, Mn,
Na, Fe, Co, Ni, Cu, Zn, As,
Se, Mo, Cd, Ba, Hg, Pb

Li, Sb

Li, Be, Mg, Al, Sc, Ti, V, Cr,

Mn, Co, Ni, Zn, Ga, Ge, As,

Rb, Y, Zr, Nb, Ru, Rh, Pd, In,

Sn, Sb, Te, Cs, La, Ce, Pr,

Nd, Sm, Eu, Gd, Tb, Dy, Ho,

Er, Tm, Yb, Lu, Hf, Ta, W, Ir,
Pt, Bi

Nonmetal

N, P

Anions and cations

Ammonium, nitrate/nitrite,
fluoride, arsenate/arsenite,
sulphate, chloride,
phosphate, bicarbonate
(HCO:3)

Notes:

* There are currently off-the-shelf sensors (in-situ or remote) available for these parameters.

Therefore, the project submission will need to

O

show:

Step-change improvement in the sensors according to challenge themes identified in

Table 3 (e.g., minimal or no calibration requirements, stable integrity regardless of variable

environmental conditions).

Ease of system integration development with existing mining related platforms (e.g.,

autonomous applications, compact multiparameter sensors for locations such as

boreholes)

Aol 1- Challenge themes

Table 3 details the specific opportunities, in each of the challenge themes, that could be embraced
in the development of future in-situ and remote sensor systems over two time horizons, arranged

by priority.
Table 3: Challenge themes

High priority

Theme 1-3 years 4-7 years
Reliable e Sensors are resistant to/ maintain e Sensors have detection limits that
integrity under variable are equivalent to the typical
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environmental conditions (e.g,,
resistant to extreme pH (2 to 13) and
temperature (-50 to 90 °C))
Sensors have detection limits that
allow comparison to site and media
specific trigger levels, and at least a
max. 10 times higher than the
detection limits of the analytical
method typically required by
regulators

Integrate meteorological
measurements to ensure sensors
compensate for environmental
conditions

analytical method required by
regulators

Direct measurement sensors maintain
accuracy regardless of environmental
interference, including flow,
temperature, turbidity, pH, etc.
Accuracy is replicable across multiple
sensors

Measure all required metals,
metalloids and anions/cations in a
small group of individual sensors
(typically <7)

Measure all required parameters in a
compact system with multiple
sensors (typically <20), where
sensors can be easily replaced or
added as required. No interference

Measure all required metals,
metalloids and anions/cations in a
small group of individual sensors (<3)
Measure all required parametersin a
small, compact system with multiple
sensors (<10), where sensors can be
easily replaced or added as required.
No interference risks between
sensors

Versatile . ] .
risks between sensors Sensing technologies that can be
Multiparameter sensors small enough upgraded to align with evolving
to fit in tight spaces (e.g., boreholes detection limits and requirements
that are at least 50mm in diameter)
Simplified sample pre-treatment
methods to reduce interference (e.g.,
adjust pH to prevent iron
interference on arsenic
determination)

Medium priority

Long-term power autonomy (at least

Adaptable 5 years) without the need for battery
replacement, regardless of
measurement frequency
Robust sensors with no maintenance Robust sensors with no maintenance
and calibration required for a and calibration required for a
minimum of 12 months minimum of three years
Sensors with incorporated software Sensors that can be calibrated and

Independen that identify when sensors are readings validated remotely

t starting to drift out of calibration and Sensors that can be maintained

capability to fix calibration issue
remotely (if required)

Sensors that have plug and play
installation

remotely without on-site personnel
interaction

Sensors that do not require
replacement of consumables for

©2023 Rio Tinto
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e Data can be downloaded remotely,

removing need for manual data
collection at sites

example reagents, chemicals, filters,
cartridges refills etc throughout their
lifetime

Sensors that use Al-enabled self-
learning capabilities to undertake
real-time, on-the-edge evaluation of
sensor data to reduce unnecessary
data transmission and enable self-
calibration

Low priority

Intelligent

e Provide an early warning when

sensor readings are trending towards
or imminently going to reach a
Trigger Action Response Plan (TARP)
level.

Data resilience so no data is lost
during remote transfers or if remote
transfers fail

Using real-time data to accurately
predict the long-term variations in
metals, metalloids and anions/cations
concentrations and flows

©2023 Rio Tinto
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Aol 2 - Air

Through the processes of both surface and underground mining, different types of particulates and
aerosols can be generated, some of which can be harmful to both human health and the
environment. Improved in-situ and remote monitoring can provide more granular resolution of
information on air contamination to ensure the protection of the mine employees, the surrounding
communities and environment.

Goal:

e To substitute any current manual sampling (e.g. dustfall gauge, snow cores etc.) and
laboratory analysis practice for environmental monitoring with online, in-situ and remote
sensors. The substantive data gathering increase from these sensing solutions will assist in
building and validating models aimed at predicting long-term impacts to the environment.

Aol 2 Application
Table 4 Application definition

Specific Application Target Locations Measurement | Measurement Method
Frequency
It is preferred that the
Air contamination Regular or system is fixed in place
1 . Across site/plant 9 . y . P
detection continuous (continuous
monitoring)
Note:

1) Priority is to maximise the number of samples taken over a certain period. Secondary to this the
system could be portable (handheld) or remote such as satellite, aerial, UAV (e.g., drone,
balloon), etc.

Aol 2 Parameters to be measured

The parameters that are to be measured in-situ and remotely for the specific applications above
are listed in Table 5. Parameters prioritised as Red = high priority to have in-situ or remote
monitoring; Orange = medium priority, optional (not vital); Yellow = low priority, nice to have
parameters that will have a relatively small impact if left out. These priorities may change depending
on the site and their specific risks.

Table 5 Parameters to be measured in-situ and remotely.

Parameters High priority Medium priority | Low priority
Temperature* X
Wind (speed, direction)* X
Rainfall* X
Total particulate matter* X
PM2s* X
PM1o* X
Respirable crystalline silica X

This document is the copyright property of Rio Tinto
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Polycyclic aromatic hydrocarbons

[PAHs](as X
benzo-a-pyrene [BaP])
Asbestos X
Hydrogen cyanide X
Radioactivity X
Sulphur oxides (SOx)* X
Nitrogen oxides (NOx)* X
Li, Be, B, Na,
Mg, Al, Si, K, Ca,
Ti, Cr, Mn, Fe,
. . . Co, Ni, Cu, Zn,
Metals and metalloids (in particulates) As, Se. Sr. Zr,
Mo, Ag, Cd, Sn,
Sb, Ba, Hg, TI,
Pb, Bi
Nonmetals N, P, S, Se
Ammonia,

Anions and cations (in particulates)

Nitrate/Nitrite

Notes:

* There are currently some off-the-shelf sensors (in-situ or remote) available for these parameters.
Therefore, the project submission will need to show:

o Step-change improvement in the sensors according to challenge themes identified in
Table 6 (e.g. improved accuracy and sensitivity, no maintenance and calibration requirements for
at least a year).

o System integration development with mining related platforms (e.g., low-power, autonomous
and wireless systems enabling them to be mobile)

Aol 2 Challenge themes

Table 6 details the specific opportunities, in each of the challenge themes, that could be embraced
in the development of future in-situ and remote sensor systems over two time horizons, arranged
by priority.

Table 6: Challenge themes

High priority

Theme 1-3 years 4-7 years

This document is the copyright property of Rio Tinto
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e Sensors are resistant to/ keep

integrity regardless of environmental
conditions (e.g., resistant to extreme
temperature (-50 to 50°C))

Sensors have detection limits that
allow comparison to site and media
specific trigger levels, and at least a

e Sensors have detection limits that
are equivalent to the typical
analytical method required by
regulators

e Direct measurement sensors that
maintain accuracy regardless of
environmental interference.

Reliable max. 10 times higher than the e Accuracy is replicable across
detection limits of the analytical multiple sensors
method typically required by
regulators
Integrate meteorological
measurements to ensure sensors
compensate for environmental
conditions
. . e Sensing technologies that can be
Improved real-time particulate ] i )
o upgraded to align with evolving
monitoring (RTPM) to ensure T .
L detection limits and requirements
) standardisation of sensors, that are . o
Versatile . e Particulate monitoring systems that
smaller, detect a greater particulate ] .
. . can analyse mineral and chemical
size range and no interference from o
] composition of dust
moisture (and other aerosols)
Medium priority
Long-term power autonomy (at least
5 years) without the need for batter
Adaptable y ) y
replacement, regardless of
measurement frequency
Robust sensors with no maintenance | e Robust sensors with no maintenance
and calibration required for a and calibration required for a
minimum of 12 months minimum of three years
Sensors with incorporated software e Sensors that can be calibrated and
that identify when sensors are readings validated remotely
starting to drift out of calibration and | ¢ Sensors that can be maintained
capability to fix calibration issue remotely without personnel
remotely (if required) interaction
Sensors that have plug and play e Sensors that do not require
Independent installation replacement of consumables for

example reagents, chemicals, filters,
cartridges refills etc throughout their
lifetime

e Sensors that use Al-enabled self-

learning capabilities to undertake
real-time, on-the-edge evaluation of
sensor data to reduce unnecessary
data transmission and enable self-
calibration

Low priority

©2023 Rio Tinto
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Intelligent

e Provide an early warning when
sensor readings are trending
towards or imminently going to
reach a Trigger Action Response
Plan (TARP) level

e Using real-time data to accurately
predict the source of contaminants
and long-term variations in
measured parameters
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Aol 3 - Metal, Mineral and Industrial Residues and

Soail

Rio Tinto’s mining operations generate large volumes of metal, mineral and industrial waste
throughout their operating life. Frequently, the generated ‘waste’ could represent an important
source of valuable metals or minerals, a filling material for closure operations (e.g., pit backfilling
and covering or capping material), or a feedstock material for a new use (e.g., the conversion of
tailings into construction materials). However, a portion of these mineral wastes are problematic
and can generate acid rock drainage or neutral drainage which have the potential to release
elevated elements into the environment. Therefore, handling and storing of problematic mineral
wastes can lead to long-term impacts and liabilities if not managed effectively.

Goals:

e Sensing solutions that are embedded into operating workflows have the potential to
augment Rio Tinto’s capability to progressively capture the mineral waste characteristics
(geochemistry, mineralogy, lithology, microbiology, etc.) throughout the life of the mine,
unlocking opportunities for upcycling mineral waste and proactively managing
environmental risk through remediation or contamination minimisation.

e Simultaneous capture of inter-alia real-time soil, water, climate and vegetation data at a
specific site to enable the measurement of the water-soil-vegetation nexus, which in turn,
will enable or facilitate better decisions for optimising revegetation productivity and the
eco-engineering conversion of tailings and spoils into soils.

Aol 3 Applications

Table 7 Application definition

Mineral and metal
industrial waste rare

1 | earth elements (REEs)
and critical minerals
detection

facilities, waste rock
dumps/spoails,
throughout mining
process including
processing plant

Specific Application Target Locations Measurement | System setup "
Frequency
Tailings/residue storage | Rapid or It is preferred that the

intermittent

system is portable and
fixed on mobile
equipment?

characterisation and

throughout mining

Tailings/residue storage | Regular or It is preferred that the
. facilities, industrial waste | continuous system is fixed in place
Tailings storage landfills (e.g. slag from (continuous
[ .g. inuou
2 | facilities (TSFs) and g sa9 nHoEs
) . non-Fe metallurgy, monitoring)®®
landfill characterisation
sludge from wastewater
treatment plants, etc.)
Waste rock dumps Waste rock Regular or It is preferred that the
3 | (WRDs) dumps/spoils, continuous system is fixed in place

©2023 Rio Tinto
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AMD prediction in

process including

(continuous

waste rock processing plant monitoring)®
Soil and sediments Soil across mine Regular or It is preferred that the
4 characterisation for landscape, surrounding continuous system is portable and
contamination industrial facilities, lake fixed on mobile
detection and marine sediments equipment®®
Capping material on Rapid or It is preferred that the

Soil and mineral waste
5 | characterisation for
revegetation

tailings and waste rock
dumps, throughout
mining process including
processing plant

intermittent

system is portable and
fixed on mobile
equipment?

Notes:

1)

2

3

Detection Limits guideline:
e For valorisation applications, the notional requirement for metals and metalloids: 0.010
mg/kg. Alternates can be proposed based on applicants’ knowledge of parameters typical

concentration levels.

e Forregulatory requirements this should be typical for applications. The notional requirement
for metals, metalloids and anions/cations: 0.001 mg/kg. Alternatives can be proposed based
on applicants’ knowledge of parameters typical concentration levels, as well local and
national guidelines and regulations.

) For example, on haulers, dozers, wheel loaders, rotary and direct push drill rigs, unmanned
ground vehicles (UGVs - legged crawlers, rovers, amphirol, etc.). Secondary to this, the system
could be portable/handheld or a remote, such as satellite, airborne, UAV (e.g., drone, balloon)

etc.

) Secondary to this, the system could be portable (fixed on a mobile equipment, e.g., direct push
drilling rigs, unmanned ground vehicles - UAVs; amphirols, crawlers, rovers, etc.) or a remote
system such as satellite, airborne, UAV (e.g., drone, balloon), etc.

Aol 3 Parameters to be measured
The parameters that are to be measured in-situ and remotely for the specific applications above
are listed in Table 8. Parameters prioritised as Red = high priority to have in-situ or remote
monitoring; Orange = medium priority, optional (not vital); Yellow = low priority, nice to have
parameters that will have a relatively small impact if left out. These priorities may change depending
on the site and their specific risks.

Table 8 Parameters to be measured in-situ and remotely including contained water and air quality.

ecific Application
1 2 3 4 5
Parameters
pH* X X X
Buffer pH X
Electrical conductivity* X
Electrical resistivity X X X X

©2023 Rio Tinto
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ecific Application

Parameters

Particle Size
Distribution (PSD)

Moisture / water
content*

Soil moisture holding
capacity

Permeability
(air and water)

Volatile organic
compounds (VOC)

Carbon speciation
(TOC, TIC)

Soil organic matter
(SOM)

Cation exchange
capacity (CEC)

Pesticides

Per- and poly-
fluoroalkyl substances
(PFAS)

Microorganisms (e.g.,
DNA profiling)

Temperature*

Long-chain
hydrocarbons

Radioactivity/ Radiation

x| X | X| X

x| X [ X| X

Radionuclides
(including gaseous
emissions)

Alkalinity

Acidity (as CaCOs3)

Sulphur oxides (SOx)

Mineralogy

Thermal conductivity

Sodium adsorption
ratio (SAR)

Metals and metalloids

Li, Be, Mg,
Al, Sc, Ti, V,
Cr, Mn, Co,
Ni, Zn, Ga,
Ge, As, Rb,
Y, Zr, Nb,
Ru, Rh, Pd,
In, Sn, Sb,

©2023 Rio Tinto
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ecific Application

Parameters

Te, Cs, La,
Ce, Pr, Nd,
Sm, Eu, Gd,
Tb, Dy, Ho,
Er, Tm, Yb,
Lu, Hf, Ta,
W, Ir, Pt, Bi

Nonmetals

Anions and cations

Notes:
* There are currently some off-the-shelf sensors (in-situ or remote) available for these parameters.
Therefore, the project submission will need to show:

o Step-change improvement in the sensors according to challenge themes identified in
Table 9 (e.g., minimal or no calibration requirements, keep integrity regardless of
environmental conditions).

o System integration development with mining related platforms (e.g., autonomous
applications, compact multiparameter sensors for locations such as boreholes)

Aol 3 Challenge themes

Table 9 details the specific opportunities, in each of the challenge themes, that could be embraced
in the development of future in-situ and remote sensor systems over two time horizons, arranged
by priority.

Table 9: Challenge themes

Theme 1-3 years 4-7 years

This document is the copyright property of Rio Tinto
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Sensors are resistant to/ keep
integrity under environmental
conditions (e.g., resistant to extreme
pH (2 to 13) and temperature (-50 to
90°C))

Sensors have detection limits that
allow comparison to site and media
specific trigger levels, and at least a

e Sensors have detection limits that
are equivalent to the typical
analytical method required by
regulators

e Direct measurement sensors
maintain accuracy regardless of
environmental interference, including
flow, temperature, turbidity, pH, etc.

Reliable . .

max. 10 times higher than the e Accuracy is replicable across

detection limits of the analytical multiple sensors

method typically required by

regulators

Integrate meteorological

measurements to ensure sensors

compensate for environmental

conditions

Robust sensors with no maintenance | e Robust sensors with no maintenance

and calibration required for a and calibration required for a

minimum of 12 months minimum of three years

Sensors with incorporated software e Sensors that can be calibrated and

that identify when sensors are readings validated remotely

starting to drift out of calibration and | e Sensors that can be maintained

capability to fix calibration issue remotely without personnel

remotely (if required) interaction

Sensors that have plug and play e Sensors that do not require

Independent installation replacement of consumables for
example reagents, chemicals, filters,
cartridges refills etc throughout their
lifetime
e Sensors that use Al-enabled self-
learning capabilities to undertake
real-time, on-the-edge evaluation of
sensor data to reduce unnecessary
data transmission and enable self-
calibration
Medium priority
Long-term power autonomy (at least
Adaptable 5 years) without the need for battery

replacement, regardless of

measurement frequency

Measure all required metals, e Measure all required metals,

metalloids and anions/cations in a metalloids and anions/cations in a

small group of individual sensors (<7) small group of individual sensors (<3)

Versatile Measure all required parametersina | ¢ Measure all required parametersin a

compact system with multiple
sensors (<20), where sensors can be
easily replaced or added as required.

small, compact system with multiple
sensors (<10), where sensors can be
easily replaced or added as required.
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No interference risks between
sensors

Multiparameter sensors small
enough to fit in tight spaces (e.g,
boreholes that are at least 50mm in
diameter)

Simplified sample pre-treatment
methods to reduce interference (e.g.,
adjust pH to prevent iron
interference on arsenic
determination)

No interference risks between
sensors

Sensing technologies that can be
upgraded to align with evolving
detection limits and requirements

Intelligent

Provide an early warning when
sensor readings are trending
towards or imminently going to
reach a Trigger Action Response
Plan (TARP) level.

Integration of earth observation (EO)
and ground-based data to provide
integrated modelling to predict and
optimise various environmental
impacts

Using real-time data to accurately
predict the long-term variations in
metals, metalloids and
anions/cations concentrations and
flows
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