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Agenda

A Welcome, objectives, housekeeping
A Game setup

A Classifying tailings

A Process design options
A Storage, closure and landforms

A Conclusions

A Call to action

Participant from the CEEC International Water In Mineral Processing Workshop
¢ Santiago, August 2025
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Disclaimer

This workshop brings together invited participants based on their technical expertise
and leadership in areas such as comminution, process innovation, sustainability, and
operations strategy.

A Chatham House Ruleapplies: Participants are free to use the information discussed,
but the identity or affiliation of speakers or contributors will not be disclosed.

A Views and comments shared during the workshop are personal and do not
necessarily reflect the views of their respective organisations.

A Please respect all contributorsY every perspective is valuable. We aim to foster open,
respectful dialogue for the benefit of the wider industry.

A The discussion, conclusions and outcomes of this workshop will be used to produce
a final industry-facing report, which will be peer reviewed andmay be published in a
non-attributive format following CEEC quality standards and operational procedures.
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Global Tallings Initiative (GTI)

AEGGEXu" Il VK"yknn"jgnr"kpf\
responsible, lowimpact tailings practices by
collaboration activities

A Initial work is focussed on the ore characteristics
and upstream processing and the choices that
affect tailings properties

A GTI will include expert working groups, case
studies, workshops, and knowledgesharing
outputs.
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Introduction and
Workshop
Outline

Philip Bangerter,
Laurie Reemeyer
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Introduction

A Introductions to the team

A Why are we here

A What we hope to discuss

A What we hope you get out of it

A Overarching hypothesis for improving tailings outcomes

A Interactive tailings game
AYjcv"yg"fgpXv"rncp"gp"igvvkpi"kpvgo
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Why we are here

Grow a network of likeminded inter-disciplinary tailings practitioners

Discuss ideas/examples/opportunities that perhaps the industry has not
fully explored

Share knowledge, information, and test the appetite for change in tailings
management
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Overarching Hypotheses

O

3(?\::

Changing drivers for decision making;

Increased risks and costs for conventional TSFs, as ore grades decline &
facilities get larger

Prevalence of clay and finegrained minerals in orebodies & water sources

Emerging process practices, technology & flowsheets

Relatively littleresearch or industry-wide understanding of the factors
that actually drive tailings dewatering and storage strategies

There are industry siloes that inhibit bestoutcomes

Outcomes improve when disciplines reach a 30% level of knowledge in
each others expertise
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What we hope you will get out of it

~ & Ly
e

Make connections to
like-minded . . Have your interest
. Discover ideas worth .
professionals ursuin sparked about a wider
Interested In better P J Tailings COP
tailings outcomes
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Context

Campbell Haines
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A From 2019 to 2023

A 20+ tailings dam failures in Brazil, India, China,
Australia, Canada, Boliva, South Africa, Tanzania,
Peru, Mexico, Angola, Turkey L

A More than 25 Mm?3 of tailings and water released
A 400+ people killed

A Significant damage to community infrastructure
and resources

A Major environmental damage

A Recent major tailings dam failures at Samarco and
Brumadinho has focussed world attention on the
100+ year history of poor performance of tailings
dams

BrumadinhoDam Failure in Brazil
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What does it mean for the industry?

A Stakeholders have had enought Regulators, Communities, Investors

A TSF wall raises now take between 51 10 years to permit. New TSFs toward
upper end of that range. Upstream raises are increasingly outlawed.

A Operators are genuinely facing the threat of shutting down due to no tailings
space

A Several projects and studies underway to remove material from tailings dams
and generate extra capacity

A Industry Guidelines and QA practices are more onerousghan ever...but still the
failures occur T Why?
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Why do dams fail?

Key factors are
1. Water content in the dam

2. Dam wall construction method (upstream vs
downstream)

3. Management
How are we combating these factors?

A Upstream dams are now illegal in many (but not all)
jurisdictions or prohibited through company policies

A Increased management and QA practices are in place;
Australian Government Leading Practice Guidelines

ANCOLD/CDA Guidelines

Global Tailings Reviewt GISTM

MAC steadily rolling out TSM, endorsed by MCA

Mining Company internal standards e.g., Rio Tinto D5

ICOLD Bulletin 194 Tailings Dam Safety

SME Tailings Management Handbook

Independent Tailings Review Boards (ITRB)

A fBut we are yet to see progress inreducing water content in

couO0”"Oquv"ukvgu"fgpXv"gxgp"mpgy"jqy
dams.

To Do To Io Io Io Do Do

owej) "ycvgt"ku"k

What is the result of our current collective actions?

C FE c Transforming the Flowsheet for Tailings
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Project Development Context in 2026

o To Do To I

Demand for commodities continues to increase
Grades of minerals are reducing
Economies of scale may have hit their limit

Brownfield development is the primary source of
new forecast production

Project NPV discounting canunder estimate the true
whole-of-life cost, particularly as it relates to closureand
mine life extension.Is it common or correct to discount
future liabilities [costs] at the same rate as reven(@e

Water is a source of tension forall projects, regardless of
jurisdiction and climate factors

o Water is often the single biggest source ofstakeholder
tension during project approval

0 Inadequate water access can limit project scale or return

o Entrained water within tailings the largest risk to dam
failure and largest opportunity T how do we do more with
what we have?
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World Copper Mine Production, 1900-2016
(thousand metric tonnes copper)
Source: ICSG
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Note: Rise in ore grade in Australia from 1972 onwards is due to
tartup of the high-grade Olympic Dam mine

AFR: Inside the growing global hunt for Cop



https://www.afr.com/world/north-america/inside-the-growing-global-hunt-for-copper-20251204-p5nkt7

Why not just filter tailings?

A OK for high grade projects, but...

A Low grade projects (which produce most tailings)
ecp XVv" c hr2%pdniargin Haiécat "

Commodity Product Head Grade Margin ($/t Margin Reduction, for
Margin filtered additional incremental
(usp)' tailings) $1.50/t tailings (%)

Coal (thermal) 40 $/it 60% 300 0.5

Zinc 0.35 $/Ib 10% 90 1.7

Gold — high grade 200 $/oz 8 g/t 51 29

Copper — high grade 1 $/Ib 2% 45 3.3

Alumina 50 $/t 40% 33 4.5

Iron Ore (Magnetite) 20 $/t 35% 23 6.5

Copper —Low grade 1 $/Ib 0.6% 13 11.5

= b 1 g/t 6 4 234

1. Margin by commodity, determined as ore value minus C1 costs, based on 90" percentile of operating sites

A Filtered tailings are not the only alternative to
conventional tailings!
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What tricks are we missing and what is it worth?

Are we missing the true costs of our current
thinking?

0 Water access impacting project scale, particularly
after the initial high grade years

o Water supply costs erroding value (Chile = US$
4/m3 sea water)

o Entrained water driving up embankment factors
of safety = higher costs

o Limiting resource to reserve conversion due to
unsustainable later phase cost / permitting
requirements.

o Are we modelling water make up against rate of
rise with convenifional dams?

South America, particularly Chile well ahead on
tailings dewatering innovation through =
necessity. Useful Teference on current thinking
published by Cacciuttolo in Water (2022).

Dry climates are not the only opportunity areas.
Eliminating wet dams in wet areas reduces risk
and liabilities (water treatment, factors of
safety)

If water removal from tailings is the key that
unlocks capacity in our current and future
projects T how well do we understand the

mechanisms fundamental to drainage T and

are we missing the tricks used in other areas?
Is this the knowledge we need to build in order to
Innovate?

Ausenco

Tailings Management Technology

Make-up Im] of tailings ton)
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Cacciuttolo, C., & Valenzuela, F. (2022). Efficient Use of Water in Tailings Management: New Technologies and

Environmental Strategies for the Future of Mining.
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A .

A Minerals processing causes (but can also solve) many of the problems in tailings dewatering and
storage T in some cases as the most important factor.

A Particle size affects dewatering efficiency and physical properties of tailings

A Fine particlesT like clays or siltsT tend to hold onto water more stubbornly due to their high surface area
and colloidal behaviour, slowing down drainage and increasing the energy needed for dewatering

A Coarser particles, on the other hand, drain more freely
A PSD matters

A Managing particle size distributions (PSD) by performing tailored size separations ahead of
dewatering equipment will lead to more efficiently dewatered tailings

A Dewatering approaches should be tailored to suit the best deposition/placement strategy

Why this hypothesis?
A Evidence suggests it simply does not make sense to dewater coarse and fine together

A A onesizeits-all approach through conventional dewatering equipment causes problems; coarse patrticles
cause accelerated wear and consume volumetric capacity

A Evenly graded size distributions dewater worse than separate or bmodal distributions
AHkpg"uvtgcou"pggf"oqtg"fgycvgtkpi"yghhgtvX"vjcp"eq
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Tailings Game Rules Outline

Step 3: Wild card introducedl
Team needs to reesign
flowsheet to meet challenge

Each team draws one random card
from the 5 deck of cards

l

Step 1: Team designs a workable Step 2: What can be done to
tailings flowsheet from the cards delt  improve this flowsheet design?
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Working Flowsheet
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Outline

A Why do we need to classify tailings?

A Why a basic knowledge ofclays and water isimportant
A What a career in clays has taught me (A Vietti)

A What are the key things that people overlook?

A What does this mean for the industry?
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Tailings Properties b where are the gaps?

Metallurgical Engineers
Design process flow sheets
Dewatering type and size

A
Design parameters are based on tailings property data
derived from practical tests

( b2 O02YY2Yy Wil y3dz 3S¢ Gz)ﬁéééw\oé 01 Af

Geotechnical Engineers
Design containment structures
TSF type and size

A

<No common tailings classification methagdparticularly for clay containing tailing
I

TAILINGS
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Gap 1: No common language
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Gap 1: No common language
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Gap 1: No common language
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Gap 2 b No common tailings classification method

A Geotechnical Engineers commonly use the Unified Soil Classification System (USCS) for soils.
A Classify by particle size (intrinsic property) and by Atterberg limits (water quality dependent) into
cohesive and non-cohesive groups

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART

LAEBORATORY CLASSIFICATION CRITERIA

COARSE-GRAINED SOILS
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California Dept of Transport i Unified Soil Classification System.
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Gap 2 b No common tailings classification method
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International Commission on Large Dams 2021, Bulletin 181 Tailings Dam Design Technology Update, Paris.
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Gap 2 b No common tailings classification method

A Important questions to consider when classifying clay containing (cohesive) tailings

Tailings
Solids

Water

Intrinsic (Index) Properties

A Particle size distributiorm |
A Solids specific gravity
A Mineralogy
A Clay activit

Solids Component

Gl 26 Y dzOK

Gl At Ay3a

al 26 YdzOK ! O
UKS CAySa

A Water quality
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Classifying Tailings: Solids Component

A How much Fines do | have in my tailings?

Solids Particle Size
ADefne-200Om as AFineso fR2&OmMmtaenfAClrayber t han
A Accepted as a valid criteria for classifying tailings behavior for dewatering and backfill applications

UNIFIED SOIL CLASSIFICATION SYSTEM 100
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Engels,J,GuzmanJ& Valdes,S 2025 'Tailingsparticle sizedistribution methodology the good,the bad, and the ugly', in AB Fourie,A CopelandV Daigle& CMacRobert(eds),Paste2025 Proceeding®f the 27th
InternationalConferencen Paste, Thickenednd FilteredTailings AustralianCentrefor Geomechanicerth,pp. 165-180,
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Classifying Tailings: Solids Component

A How much Active Clays do | have in my Fines?

Active Clays have charged surfaces

A EDGES i negative or positive charge depending on pH when in water.
A SURFACE i negative which can exchange cations when in water.

FCEEC

* THE FUTURE
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Type Charge on layer Dioctahedral Trioctahedral
11 (x~0) Kaolinite Serpentine

kaolinite,dickite, nacrite, [amesite chrysotile
halloysite antigorite, lizardite

(x~0) Pyrophyllite Talc

(x~0.2¢0.6) Smectite Smectite
montmorillonite, saponite hectorite,
beidellite, nontronite stevensite

(x~0.6¢0.9) Vermiculite Vermiculite

(x~0.75¢ 0.9) Illite
Glauconite

2:1 (x~1.0) Micas Micas

muscovite paragonite phlogopite biotite, lepidolite
phengite celadonite

(x~2.0) Brittle micas
margarite, clintonite

(x~variable) Chlorites Chlorites
donbassite clinochlore chamosite

ripidolite
(x~variable) SepiolitesPalygorskites

sAe|D Buljlems/aAnoy



Classifying Tailings: Solids Component
A How much Active Clays do | have in my Fines?

Clay Activity (expressed surface charge)

A Methylene Blue Index Method - Dye titration method to determine clay surface charge/area
A Standard Test Method for Methylene Blue Index of Clay (ASTM Standard C837)
A Define <15 meq/100g threshold as lower limit of Active/Swelling clay

A —
Vermiculite
@
Date:-  ©2 August 202¢ MBI TEST DATA SHEET Slurrytec o
Sample:- rne Tadinas Woniae. Project#:- CT—miku— 6183 ~ a
0.z, 2.0 5.0 0.0 20.0 40,0 Sos 6
ﬂ** 0 ‘ O ‘ @ Snectite

éo.° L0 . b40 v 6.0 20.° 71.° -g
@ 6 © - 7
©

' @ it

| : e

p Soliddk! s

72,0 ml = 20.& meq, | 100g o - S \
L4 U LlJ

Talc Mica
Kaminsky, H 2014, 6 De my s tthie KMethiyleng Blue | n d &% 16t Conf. Oil Sands Proceedings, 0 Electric charge on clay layer
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Classifying Tailings: Solids Component

- HRT ART FT UFT
100

High Dispersive Potential

90 Very Difficult
Thickener/Centrifuge
80 °
= 70 o
o
2 60 é - Increasing $/t cost
S 50 : [CAPEX/OPEX]. Complex
£ (&) o combinations of technology
— 40 ® o - o) o o
Z ,_ -
30 Low DispersivePotential, @ © © o
Very Easy
20 Filter/Thicken & qf? o
10 @ o @ 9 e o
38 "o w9 0°,% o e e
2SS 3. O cooWa 2 @O0 " P O o@D
0 @O & %ﬁwoba&o‘ ":*ta"w‘;i‘m”@ o @@ @ o SO

0 10 20 30 40 50 60 70 80 90 100
Passing -20um (%)
Increasing $/t cost [CAPEX/OPEX]. Simple single

> AllTailings ©OlronOre Tailings @ Kimberlite Tailings @ Bentonite @ South American Copper Tailings
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Metallurgical Tricks 1 b Reduce the fines fraction

Coarser grinding Cyclone classifying

J HRT ART FT UFT

300 40 25
250 A 20
30 =)
=~ 8
E 200 25 § = 15
S o g
g.o 150 20 gﬂ S
o S =~ 10
2 S a4)]
= {66 15 g =
o o
10 5
50
5
0
0 0 0 10 20 30 40 50 60 70 80 90 100
LLeYsYLsISOoLeLYysSeLsege gy Passing20pum (%)
2R RR B B B e Bl & = = =2
— R s o Full Copper Tailings © Cyclone O/F (-45um) 0 Cyclone O/F (-75um) @ Cyclone U/F (+75um)
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Classifying Tailings: Water Component

A If | have Active Clays, is my water dispersive?

| 5
Semi-solid to Fluid state | Dispersed Slurry
|

) 4
BVAS
Formation of II'—EIectricaI Double \_
k\
1 .
Un-controlled ) \
Dispersion Non-Dispersed Slurry Y

Increasing Particle Repulsive Charge

|
|
|
|
| \
L N
|
|
Dispersive swellin 1
water owelling :
— 1
Conirolled
Dispersion
|
Dry Aggregatf nonbispersive !
——— water :

1
Increasing Clay Particle Separation

Rengasamy, P 2018, 6 | r r iwgtarigualdyrand soil structure stability i A perspective with somenewi n s i .d\grdnamy, 8, pp 72-85.
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Classifying Tailings: Water Component

A Tailings containing Active Clays have similar DISPERSIVE properties as Saline/Sodic soils

Increasin totalf Saline Wat Saline -Sadic Water N '/
salt c:)n?ent e e = \ DELE ‘ I,
< EST” (o x 1 ""f <L

>2

Normal Water Sodic Water
HIGHLY DISPERSIVE

Conductivity (mS/cm)

>6 >

AHard Wat e rSodium Adsorption Ratio ASoft Watero
High Ca2t*/Mg?* High Na*

CEEC

* THE FUTURE




Classifying Tailings: Water Component

1. Conductivity of Water (mS/cm)
A Measured by conductivity meter
A Units defined in mS/cm
A Define <2.0 mS/cm as TEC for dispersion

Threshold Electrolyte Concentration(TEC)

2. Sodium Adsorption Ratio of Water
A Water Quality Analysis
A Define >6.0 as threshold for dispersion
A Equation (in meg/l): . Na

Ca27 + Mg27 / A : .
2 50 75

Increasing SAR

3. pH of Water Sk
A Measured using a pH meter
A Define 8 to 10 for dispersion at >6 SAR

SAR <6 SAR >6

-

Vietti, AJ 2012, iXnopve ryviuagn cairedni sd mya c tin Rinewklle&AR Fourie (eds), Prdceedirags df teedrth International Seminar on Paste and Thickened Tailings,
Australian Centre for Geomechanics, Cape Town.
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Classifying Tailings: Water Component

ndispersive

Dispersive Rheological property
Slurry 300 Slurry 300
| . 250 i [??KL R 250 4
g :;:é % 200 4
% 200 - g
’ ’ Scz){ljids Contez: (% by m::s) ” ” Solids Content (% by mass)
2 =z | | . —
% : [ C?ﬂ . fo Bl Coagulated |State
3 : Coagulated State paguigied pidre g S
c I
o ]
@) : TEC Med Dispersive State \
2 : >\
Zh ' 8 3
wn 1
: Shy o Slurry s P xof
rry SodfCity 5\\) )% Sod/Cl'ty o\
In waters with low Salinity (<2 mS/cm) As Salinity increases only tailings with At very high Salinity (sea water)

very highSodicityremain dispersive all tailings settle

and Sodicity>6, tailings highly dispersive
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Metallurgical Tricks 2 b Condition the process water
AfruUBontrolledo di spersed slurries

Dispersive
Raw Water Quality

Dry Clays in
ROM

DISPERSIVE SLURRY

i 1. Poor flocculation

i 2. No Solids/Liquid separation
i 3. Clays to the overflow
L4
|5

Silt Bed develops in the underflow
Low density/yield stress silty slurry discharg
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NnUBontroll edo dispersed slurries

OK for Type 1 Mine Archetypes using Conventional tailings disposal into valley impound

Catoca Diamond Mine (Angola) Cullinan Diamond Mine (South Afrlca)

FCEEC Ausenc

Transforming the Flowsheet for Tailings 43
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NnUBontroll edo dispersed slurries

Brutal for Type 1 Mine Archetypes using Paste tailings disposal in constructed impoundma
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Metallurgical Tricks 2 b Condition the process water

AfControll edod dispersed slurries

Dispersive
Raw Water Quality

Dry Clays in
ROM

DISPERSIVE SLURRY

. Condition |
. Process Water |
Circuit
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Metallurgical Tricks 2 b Condition the process water

AfControll edod dispersed slurries

Dispersive
Raw Water Quality

Dry Clays in
ROM

DISPERSIVE SLURRY

. Condition |
. Process Water |
Circuit
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NnControll edo dispersed slurries

OK for Type 1 and 2 Mine Archetypes using Paste tailings disposal in constructed or valle
Impoundments

2% Sar Cheshmeh Copper Min
(Iran)




Where to from here?

Tailings Feed

- HRT ART FT UFT
100

HighDispersivePotental = eee—]e = = = — = -
90 Very Difficult I
80 Thickener/Centrifuge \ 4 ) v

70 " Thickener DP””;aP;] Alternate Primary

2 e ewatering | pewatering Unit
o 60 (9) I
E ° !
E 50 - 5 :
g 40 ®o e O (= o] |
30 Low DispersivePotential|, @ © o o _ Th | Cke n Ed :

Very E
20 FiltnghZ:Zn & qf’ | - o Product :
10 8 o @ ° & 8@ 0, l
0 @ O ?b%@udoi@&oogg&i‘%%ﬁﬁ- @ @ oo :i—";."ﬁr' ;
0 10 20 30 40 50 60 70 80 90 100 Press

Passing -20um (%) A 4 :
Pressure Filtet Secondary .
o AllTailings ©OlronOre Tailings @ Kimberlite Tailings © Bentonite =~ @ South American Copper Tailings Dewate“ ng :
I
I

——> a5 NE € [«-/-+-S
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Where to from here?

In-line Flocculation + Static Screening In-line Flocculation + Dynamic Screening (ricotta cheese)

% QEEFU C L Au Sen@@ Transforming the Flowsheet for Tailings 49



Where to from here?

VST Slack Screen Primary
Dewatering Concept
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Where to from here?

Slack Screen Primary Dewatering Belt PresDewatering

— -

———
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Summary

A Clays are not just small particles
A They are colloidal, meaning they have charges

A They form network structures and bond with water (Van der Waals), making
dewatering very difficult

A Their behavioris driven by
A pH
A lonic strength of solution
A Ca:Naratios (i.e. the ratio of monovalent, divalent ions in solution)

A The way in which they disperse for the first time

A Their behaviour can be fundamentally changed by

A Managing the water chemistry
A Managing the dispersion characteristics

Transforming the Flowsheet for Tailings




Clays are very surface active

Mineral Cation Exchangg Surface Area External Surface| Total Surface
Capacity (m?/g) Area (n¥/g) Area (n¥/g)
(meg100g at a
pH of 7)

Kaolinite 3¢15 0 15 15

Smectite 80¢ 150 750 50 800

Vermiculite 100¢ 150 750 <1 750

lllite 10¢ 40 5 25 30

Chlorite 10¢ 40 0 15 15

Electron micrographs of Montmorillonite (upper) and Kaolinite (lower)
(Cation Exchange: A Review (2011). International Plant Nutrition Institute
(November), p.2.)

Transforming the Flowsheet for Tailings




A

The Physics of
Dewatering

Matt Pyle
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Can a simple change make a difference?

F L
ot
ﬁ 3 ns

» BREW BETTER!
s COFFEE WITH

e =~ THE CLEVER
. f "'DRIPPER

Ausenco




Why water first drains twice as fast

Mechanism 1 7 Overall bed mass (buoyancy):

A In Method A, gravity pre=settles everything into
a thick layer before the valve even opens. In
Method B, buoyancy keeps most grounds
suspended or floating, so less total material
reaches the filter before draw-down completes.
Less cake = less resistance.

Mechanism 2 T Particle-size segregation (the pre
coat effect): ‘ | 3,2 0

A In Method A, coarse and fine particles settle
together in an unsorted mass, and fines fill the

METHOD A METHOD B

Coffee first, then water  siover Water first, then coffee 4+ -2 mster

COARSE PRE-COAT — open'‘channel
v e e wew

InterStItlaI gaps between Coarse g rains T Grounds go in dry, water is poured on top. All particles — coarse Water goes in first, then grounds are stirred in. Fines are buoyant
d ram atlcal Iy I'ed ucl ng pel’m eablllty Among the and fine — settle together unsorted. Fines migrate into the gaps — trapped air bubbles (high surface-area-to-volume ratio) keep
r ¢ t \V/ k e n g u " \V} J cCV " f q n u g vvVvn bg\/eéh cokse Fjrt'\éfes @pg tv injerst' jal :fpacé!s, D LY U qu ﬂmwgr supeXed.'Meanwhile, coarse particles settle
H H producing a dense, low-porosity Ded with maximum flow first (higher Stokes velocity, less entrained air per unit mass) and
LaW dICtateS that Iarger partICIeS descend resistance. form a coarse pre-coat on the filter with large interstitial

faSter (Settllng Ve|OCIty prOpOFtlonaJ tO d2) channels. Water flows freely through these open gaps.
Fines, with their higher surfacearea-to-volume

ratio, retain proportionally more entrained air

and experience greater dragt so they lag @ Couoputicies @ Finee @ Water @ Filtr paper

behind. The coarse fraction arrives at the filter

first and forms a high-permeability pre-coat.
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Hydrological Soil Group Classifications

It seems soil classifiers already know what drains

quickly! =
_ . Hydrological Soil Grou
A A = fast draining s '
A B = moderate draining —F
B o

A C = slow draining
A D = very slow drainingt mostly runs off

Y] {"fgpXv"yg"qgrvkokug
dewatering performance in different units?

v g"l /0

BE AWARE> AN EVEN MIX OF CLAY. SILT AND SAND
IS CALLED A CLAY LOAM AND IS THE WORST PSD TO
DEWATER!!! ]

€ " D yi¥Yybu were to separate these into its
constituent clays, sand and silt fractions, these coarser
fractions dewater much better! Or simply just remove
the clay.

«—— Sand Separate, %

C E E c Transforming the Flowsheet for Tailings
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Darcy's Law: The Foundation

Flow through a packed bed of particles:

4

v TxAXpt o xk) o>

Q = Flow rate (m3s) nt Rressure differential (Pa)
¢ [ Permeability (m?) > [ Water viscosity (Pa-s)
A = Filter area (m?) L = Cake thickness (m)

Engineering levers:

A Kpetgcug" r tYgvacuumtY gptessundfittration

A Increase area (A)Y more/larger equipment } More cost!
A Thinner cakes

A Kpetgcug"r gty ®P8xndakagdment (this 8 the key!)
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Kozeny - Carman: Why Size Dominates

A Permeability based on porosity (+ " ¢ pf " Ucwv gt

¢ I'xRY wy x{1-5w@mydn

Permeability scales with the SQUARE of particle size

Particle Size Rel. Permeability Rel. Filtration Time

Man >Y 100x 1x
pn >Y 25% 4%
Hn >Y

Mn >Y 1x 100x
p >Y 0.25x 400x

20cNB RdzO U A 2y Alofgedfikr&tiGn! M n a1
But ¢ this still grossly oveipredicts permeabillity of clayey soils because many voids in clay
contain immobile water, reducing porosity! Can be a further ¢@00x worse again!

Transforming the Flowsheet for Tailings
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Compressibility

A For compressible filter cakes, specific resistance increases with applied pressure following a power law:
h T Pihe & pH

A Where;
A ¢ blpecific resistance at reference pressurewR blI" * o 1 mi +
A n = compressibility index (dimensionless)

Sand, coarse minerals 0.1¢0.3 Low
Calcium carbonate 0.19¢ 0.50 Lowmoderate
Typical mineral tailings 0.4¢0.8 Moderate
Talc, phyllosilicates 0.47¢0.70 Moderate-high
Clayrich materials 0.5¢0.9 High
Hydroxide sludges >1.0 Very highly compressible

A What this means: Higher pressure has diminishing (or reduced) returns for compressible cakes.
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Particle Shape

A Bourcier et al. (2016) developed a correlation for compressibility based on porosity and
particle size variation coefficient:

y T 06 ixdim/ 0w

A Shapef gr gpf gpv"eqghhkekgpv u048idnd @570.76 Yespecpivehk pi " ht

Flat platey particles prevent water mobility
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Specific cake resistance values span six orders of magnitude

A Ncdgtcvgt{"cpf"kpfwuvtkcn"ogcuwtgogpvu"rtgxkfg"dg

100 um glass beads 6.4 x 10 Incompressible reference
10 um glass beads 6.4 x 10 100x increase for 10x size reduction
Coarse mineral particles (>100 um) 10°¢ 10%° Easy filtration
Fine minerals (200 um) 1010- 101 Moderate difficulty
Ultrafine minerals (<20 um) 101 - 1012 Difficult filtration
Calcium carbonate (d32 ~7.5 um) 5.9 x 14° Well-characterized reference
Talc (similar size to CaCO3) 7.4 x 16t 12x higher due to platelet shape
Kaolin (coarse) 7.1 x 100 Nonswelling clay
Iron ore tailings 101 ¢ 2.3 x 1¢? Highly variable
Kaolin (fine, clayich) 102 ¢ 108 Very difficult
Colloidal clay 6.3 x 16° Requires flocculants

A Work by Kinnarinenet al. (2015) on calcium carbonate grinding showed that when the B, size drops
below 1 um, specific resistance increases at an extreme rate. Reducing D10 from 4 um to 1 um

increased ¢ by 71 10x. Clays are 1T 2 um, generally.
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Drainage is Highly Anisotropic

Horizontal permability (kh) typically 5T 20 x greater than verticalpermability. In
some, cases >100x for layered deposits
1. Hydraulic segregation
A Alternating coarseffine layers a)
A Cross-bedding structures
A Distinct beach (coarse) and slime (fine) zones

b)

2.  Particle Orientation During Sedimentation

A Clay particles rotate to align normal to vertical loading during
consolidation

A This creates preferential horizontal flow paths
A Effect is strongest for particles with high aspect ratios K,
Isotropic

3. Consolidation-induced Anisotropy

A Vertical compression preferentially closes vertical pores
A Horizontal pre channels remain more open
A

Particle contacts shift from point -to-point toward face-to-face contact
in the vertical direction

L 4
Anisotropic

x"
x

The rate of dewatering could be significantly increased by choosing drainage to be
perpendicular to the direction of applied compressive force.
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The Core Problem

Why is tailings dewatering expensive?

A A feed containing 40% fines forces the entire filtration system to operate at the
resistance of the finest fraction T even though 60% of the material could be
dewatered with much simpler equipment
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The Bimodal Distribution Problem

A NgvXu"egpukfgt"vjcv"gwt"vcknkpi u"RUF"ku"dkoqgfcn, ""*eqgct

Example: 65% coarse + 35% fines

Coarse only: ¢ F wmne uast) Yy O
~2530%

Fines only: © F w~Mne yowY y

_ . _ _ Above this threshold, fines form a continuous matrix that
Mixed: * F  mne u(Enes Yominate!) controls permeability

Implication:! 6 2 dS dups FAYSEAI RRAY3I Y2NB O2F NBES YI (SNJ
remains controlled by the fine fraction.

*While this discussion uses ‘bimodal’ framing for clarity, the principles apply to any distribution with significant teré.cbime key parameters
FTAYSa TN OUA2Y I RI itXhatagteRze ftiaiObeaviodr regdrdless ofNiBethar hel PSP 868 bimoalkd jpe is continuous.
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Filtration Time (lab based CaCO?3) 1

Filtration Time vs Fines Content

18 - q“‘ L
6 Nx Threshold @

14 _(W =~ ; /

Time (min)
tr
L
‘I\-

0 10 20 30 40 50 60 70 80 90 100
Feed Fines Content (%)

Lab Data

— Technical Time Minimum Process Time
A Vemg"c"rtguuwtg"hknvgt"ykvj)"7"okpwvgu"vgejpkecn"vkog"cpf
A Filtration time vs %fines is not linear!

1. Hassan, S., Ekanayake, N.I.K., Scaleg§d®drham R.J. and Stickland, A.D. (2025) 'Quantifying the effect offulggparticles on dewatering
performance in bimodal suspensions', Powder Technology, 458, article number 120986.
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Thickener Underflow Rheology

A Rheology drivert colloidal
behaviour, network structures

A Increases yield stress at given
slurry density

0 _ o
) cg&bJ
°© oo — ?
0o a
o
Primary particle Agglomerates

Si % o0 B
Hydrogen i) Ogg ? @ “?
on H §Qp CDC’@ Atrest oaﬂcg:;) j’
Shearing {J%ﬂ s

O

Agglomerates Network structure

. 200.00
A Reduces thickener underflow % 130,00 / /
density for given thickener yield @ 160.00 //
T @ 140.00 .
stress limit & 10,00 Increasing Cla /
T
% 100.00
> 80.00 prd
® 6000 i yd
E 40.00 -
20,00 R
= 0.00 - T T T T T |
57 59 61 63 65 67 69
Underflow Density (% w/w)
m——Bage 1 == Sub 5A Sub 4 ==Sub 5B
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Filtration

A % passing 10 micron can be a
useful benchmark for thickening .
and filter throughputs X

260

300

T .
A Impacted by clay content and N N
. = 220 N X
mineralogy o D M A Project 1
S AL £ .
S 180 ® A s —— _ # Project 2
% 6o A e~ \’ X Project 3
g X h
L 140 7S
120
100
15 20 25 30 35 40

Particle Size (% Passing |ih)
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Filtration Proxies

Not all clays are created equal;

A Thickener and filtration results
plotted vs CEC + 0.2 x Mg clay
content

A Thickener underflow density
reduces with increasing clay
content

A Filter throughput reduces with
Increasing clay content
A High clay samples which were dried
and reconstituted with tap water do not

exhibit drop in filtration rate at higher
clay contents

A Based on FFR3512 74/74

Transforming the Flowsheet for Tailings

Thickener Underflow Density {% w/w)

Filter Throughput (t/h)

70

a
68 T
[ RS y=-1.13x+75.86
66 |
64 R L]
62
60
y=-1.46x+74.31
58
56
6 7 8 9 10 H 2
CEC + 0.2xMg (%)
B HCT(140Pa) HRT (50 Pa)
......... Linear (HCT (140 Pa)) Linear (HRT (50 Pa))
300
250 LI
200 e
...... L
150 | =
y =-22.5x+396.9

100

50

0

6 7 8 9 10 1 =
CEC + 0.2 x Mg Clays (%)
B Sluny Dry  seesesses Linear (Slurry) Linear (Dry)




Cost fundamentals of dewatering

A Huge difference in capital costs, driven by size fraction i.e. for example
ARt guuwt g
hknvgtu"hqgt

hknvgtu" hqgt

venc{ X. " xu
vuknvX. " xu

~

AXcewwo

AFgycvgtkpi "uet ggr

Cost to Dewater
1600

[ [ |
=
o | =)

[ =] F= [=}] 0o [
[ TR | o TR e T e
[ TR [ TR e T e

APEX (USD/ kt/d)

0 20 40 &l 80 100 120 140 160

Particle Size [(um)

ST TR T S T T
00 %0 /80 70 60 50 40 30 200 0

PERCENT SAND
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Typical size distributions that can be generated out of tailings

Multiple approaches exist in

the industry already: 100 | | il —
. . . 90 !
A Split size fraction - e e giii==Ea 1 I—_—
dewatering ~ centrifuged
. § w7 | ~+—|ntermediate
A Coarse material cyclone to Z Seclimed Fraction
wall g Silt, dewatering e
§ 50 ———H—+——+f—screen —— —
A Deslimed silt T onto high-g | £, '
(high frequency) E :
25

dewatering screen Coarse Sand

20
i i i for TSF wall
A Fines in a centrifuge o ===
00.1.— 1.0 . 16.0 106.0 1000.0

Particle Size (um) |
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Total plant tailings, 38 um P80,
Vacuum filter, ~250 kg/fh, 24% w/w moisture

Ultrafines Removal Strategy (Project 1)

The-mn >Y FNYOGAZY 2FGSy O2yiNZR

Project 1 Achieved Throughput

CSSRY tke I oy >Y 1,000

(conventionally "too fine" for HBF)
Solution: Removew n  >Y dzf G N kg/m2-h on HBF
Result: HBF viable!

Deslimed (removing10um), ~48 um P80,
Vacuum filter, ~1,000 kg/frh, 17% w/w moisture

Tt =

(vs 300500 typical for fine tailings)

Implication:! t ke I oy >Y GFAtAy3d g2dd R O2y@SyidAazylfte NB
GFAfYS GKS STFSOUGAGS Rii Ay ON&didingexpessiyeedriheniifat theSoyilk 0 £ S ¢
stream.
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Layered HBF Preoat (Chuquicamata Approach)

Both streams dewater together ON THE BELT L@ LJ |
iret-> - Sl s
1. Coarse (cyclone U/F) placed first-> forms pre-coat RO
layer !
| @) — QZ‘
2. Fines (cyclone O/F) placed on top e

3. Fines drain through highpermeability coarse layer
4. Combined cake discharges together (13 min

residence)
Key Physics Benefits
Permeability ratio: 100000 CAPEX: ~40% of pressure filter
Precoat benefit: 30y /&2 h NBRdAzOUA 2 Y Single unit, combined discharge
Requirement: >58 perm contrast Moisture: 2025% (acceptable)
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Electrophoresis Slide FLECTROKINETIC

A In full scale trials, electrokinetic
geosynthetic (EKG) materials

retrofitted to belt filter presses have Gl
increased the solids contents of /g o X
sewage cake from ~20% dry solids to §#Cs A A ADOD

~31% dry solids and diamond mine
tailings from ~62% dry solids to ~75
dry solids%.

A The former resulted in a 40% volume
reduction and prospective cost
savings to water companies of
£132,000 per belt filter press machine

per annum.
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