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...lived experiences
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Let’s start with a question.
Do you believe mine closure is truly core business in our industry? Are we embedding

closure into strategic and operational decisions—or treating it as an end-of-mine-life

obligation?
Choose the option that best reflects your experience.



... lived experience, champions, system / process

Rock Placement Strategies to Enhance Operational and
Closure Performance of Mine Rock Stockpiles

Phase 1 Work Program - Review, Assessment & Summary
of Improved Construction Methods

prepared for
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Tools for Making Informed Decision

Closure Vision ‘ ’ Closure Site Specific Evaluation Verification
Objectives Modelling
ARD/AMD Source | Design
Control for Mine Rock
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Tools for Making Informed Decision

ARD/AMD Source
Control for Mine Rock
Stockpiles

Phase 3
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Tools for Making Informed Decision

ARD/AMD Source
Control for Mine Rock
Stockpiles

Phase 3
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... let’s not forgot though...

...Closure Vision...
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... let’s not forgot though...

...Closure Vision...

...Closure Objectives
and Principles...

CLosURE.

O'Kane and Sawyer — BC ML-ARD Workshop 2025

SCALES OF

LANDFORM DESIGN
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... let’s not forgot though...

...Closure Vision...

...Closure Objectives
and Principles...

O'Kane and Sawyer — BC ML-ARD Workshop 2025

...it's about the Land..."

LDI, 2025 Deill Shuttieworth, illustrator q
okane

mn

11



... land acknowledgement...

Treaty 8
/1899

/

Alberta

-----

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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... land acknowledgement...

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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...0OK, so now what...?

O'Kane, 2018, Derrill Shuttleworth, illustrator

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Let’s start with a question.
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O'Kane, 2018 Derrill Shuttleworth, illustrator
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Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life

obligation?
Choose the option that best reflects your experience.
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...my first lived experience w/ MRS gas transport

Dr. Lee Barbour

Meintz and Aziz, 2018

S

MEND, 2012 15 okan
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.
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...my first lived experience w/ MRS gas transport

Equigy Recl tion Sit
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Meintz and Aziz, 2018 16
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.
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...my first lived experience w/ MRS gas transport

Dfb — hot-summer, humid continental
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.
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TSFs vs MRSs... gas transport??

Understanding Gas Transport... Foundational Differences...

“INAP, 2017
liustraition by D. Shuttieworth

18 okang2
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...my first lived experience w/ MRS gas transport

Dfb — hot-summer, humid continental
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Let’s start with a question.

O
okang‘

Morin et al 2010
19

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life

obligation?

Choose the option that best reflects your experience.
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...my first lived experience w/ MRS gas transport

Dfb — hot-summer, humid continental
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.
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...another site ...this time diurnal cycles
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.



...another site ...a cover system can manage O,

Dfb — hot-summer, humid continental

Whistle Mine Backfilled Pit
Dry Cover Case Study —
Performance Based on Six Years
of Field Monitoring

L
o okang‘

O'Kane et al 2012
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Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.
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...another site ...a cover system can manage O,

Dfb - hoi-ummr, humid continental

ZEVWENTATION FPNP

WHISTLE MINE _PIT_COVER

_ CONGTRUCTION _DETAILS

2 okangx

O'Kane and Sawyer — BC ML-ARD Workshop 2025 O'Kane et al 2012

Let’s start with a question.
Do you believe mine closure is truly core business in our industry? Are we embedding

closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?
Choose the option that best reflects your experience.

23



...another site ...a cover system can manage O,

Dfb - hot-summer, humid continental
P-01 D, P-02 D,
(10" m?¥s) (10" m?/s)
2006 42 17
2007 36 3.9
2008 14 1.8
2009 231 1.8
2010 14 1.8
2011 6 1.9
Minimum required 376 5:-‘@
O'Kane et al 2012 “ Okane

Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.



...let’s go ‘down under’ ... mid-1990s

Kidston Gold Mine

From Wikipedia, the free encyclopedia

» Gold first discovered around
1907

* Open cut mining had
commenced from 1921

* Kidston applied to
restart modern open
cut mining in 1979

* Mining continued
from 1985

« Until it was again
closed in 2001

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Williams, 2022

Williams, 2022

o5 okang2
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“birth” of the Store-and-Release Cover System concept

St d-Rele

« Lower permeability layer below
growth medium

* Not a “barrier” layer

* “Hold” moisture closer to surface
until ET rates “catch up”

Williams et al 2006a

Moisture
“Store-and-Release”
or P
Evapotranspiration Cover .: Q
“ET” Cover) kane" I (a
( )« o 26 O ne
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“birth” of the Store-and-Release Cover System concept

g@RSII-},
“...designing a cover system is like m?
figuring out the right sized ?%arcﬁﬁé Dr. Lee Barbour

flower pot...”
ll FRECIPITATION=
RAINFALL +
SNDW WATER
4 EQUIVALENT
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©'Kane and Sawyer - BC ML-ARD Workshop 2025 O'Kane 2018 Derrill Shuttleworth, illustrator



...don’t forget...

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Williams et al 2006b
-

» okane
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Conventional Mine Rock Stockpile Construction

O'Kane and Sawyer — BC ML-ARD Workshop 2025

SEEPAGE )
| RECOVERABLE

SEEPAGE |
( HIGH UNRECOVERABLE )

TINAP 2024
illustration by D. Shuttleworth
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Conventional Mine Rock Stockpile Construction

O'Kane and Sawyer — BC ML-ARD Workshop 2025

g
SEEFPAGE
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INAP 2024
illustration by D. Shuttleworth
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...don’t forget...

fu s

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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...don’t forget...

= of

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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Williams et al 2006b
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... over to the other side of Australia...

l" Pond A - Design
l" Pond A - Construction

D sAP

O'Kane and Sawyer — BC ML-ARD Workshop 2025



... over to the other side of Australia...

» Open Pit - Highly reactive pyritic / carbonaceous shale

Pond A Trial Data

Jan-5
Mar-2
Jun-22
Aug-17
Oct-12
Dec-7

BHP Billiton Iron Ore
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bhpbilliton Waters and O'Kane, 2003
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... over to the other side of Australia...

Organic
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...OK, so now what...?

O’Kane, 2018 Derrill Shuttleworth, illustrator

3 okang%

Waters and O'Kane 2003

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Let’s start with a question.

Do you believe mine closure is truly core business in our industry? Are we embedding
closure into strategic and operational decisions—or treating it as an end-of-mine-life
obligation?

Choose the option that best reflects your experience.



O O
Inert overburden (A Class)

PEE  NAG overburden (B and C Class)

SIDES (> 5 metres mickf)

Cover (>5 metres thick)

(o] C
2m
10m
BASE (> 5 metres thick)
O O
bhpbilliton

Waters and O’Kane 2003

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Waters and O'Kane 2003

& okang:
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... lived experience, champions, system / process

Rock Placement Strategies to Enhance Operational and
Closure Performance of Mine Rock Stockpiles

Phase 1 Work Program - Review, Assessment & Summary
of Improved Construction Methods

prepared for

The International Network for Acid Prevention  |IN| Ab

EEES RioTinto (B sesmeian 1255 perour corn
3 Iundin mining

AGNICO EAGLE

INAP 2020 illustration by D. Shuttleworth
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M. O'Kane - AMD2025 Brisbane, QLD, Australia
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... lived experience, champions, system / process

ARD/AMD Source
Control for Mine Rock
Stockpiles

Tools for Making Informed Decision

ARD/AMD Source
Control for Mine Rock

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Stockpiles
Phase 3

ARD/AMD Source
Contfrol for Mine Rock
Stockpiles
Phase 3

39



Conventional Mine Rock Stockpile Construction

O'Kane and Sawyer — BC ML-ARD Workshop 2025

g
SEEFPAGE
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INAP 2024
illustration by D. Shuttleworth
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Conventional Mine Rock Stockpile Construction

High ¢ 1] H H ”
R T ... Locked-In Situation?...
PLANNING MANAGEMENT
E Anticipate, strategize Anticipate, react
8 :
: /

HEDGING OPTIMAL CONTROL

Predict, monitor, / Predict, optimise
Low " >

Low High
Level of control glerfedencn et aizoos 81277,

COLLECTION , CONVEYANCE
B R e SRR

=1 1
&= seerace
jt (HIGH UNRECOVERABLE )
‘ INAP 2024

HlaH LEVEL OF | illustration by D. Shuttleworth
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O'Kane and Sawyer — BC ML-ARD Workshop 2025
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O'Kane an

...the Solution?

d Sawyer — BC ML-ARD Workshop 2025

Reduce Uncertainty, focus on Source Control

ﬁ SEEFAGE
]:NiTﬂ_—[ (RECvpRaBLE)  (LoW UNRECOVERABLE)

INAP 2024
illustration by D. Shuttleworth

42 Okans
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...decision-making tools

High 4
SCENARIO ADAFPTIVE
| PLANNING MANAGEMENT
.E* Anticipate, strategize Anticipate, react
=
y - HEDGING .0 o OPTIMAL CONTROL
Predict, monitor. 7 Predict, optimise
Low i KR A Y
a Level of control sarsmsoz,, T80 &g
s Okane

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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illustration by D. Shuttleworth
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...a focus on Source Control ...large-scale suboxia

* Create a system with
Low Vertical Air Flow Capacity
and (and/or)
* Low Lateral Air Flow Capacity

A A S
P

AN -
ik N\ X > v . )’ | o

* Rather than a system with
High Air Flow Capacity

O'Kane and Sawyer — BC ML-ARD Workshop 2025
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Passive and Active Adaptive Management

Active Adaptive Management
hypothesis testing

[ Viodeling. | Implemertation |

000

Mana gement Hypothesis ; , ' B ) v N2l

Strategy (ansirion | Madelm_g,‘,H Implementation, ’-— Monitoring ‘Evaluatlo,’r‘r_;{
o00

 Modeling, | Implementation,,

_adaptive leaming affer Linkov ef al, 2006 Derill Shuttieworth, ilustrator
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Mine Rock Stockpile Stored Acidity over Time

HigH

o

STORED ALIDITY

V4 Sy
Ny

o= T T “Conventional M
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V4 Sso

ay
SNy

“Conventional MRS”

w/ Progressive Cover
System Placement

“MRS w/
Source Control”

RS"

ey

y
y

~~~

Low
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TIME
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...a focus on Source Control ...large-scale suboxia

A '&v
.“v’ "y - - lj"
A A " 4 2 :
p s 21 B

&

(7 T LOWER LBV,
- > - [;Nag,gmrml( A M

O'Kane and Sawyer — BC ML-ARD Workshop 2025

ot

Decreasing Redox Potential

1. Oxygen (0,) Consumption:
0, +4H* + 4e~ - 2H,0

2. Nitrate (NO;) Reduction (Denitrification)
2NO3 + 12H" +10e™ - N, + 6H,0
3. Selenate (Se0,?) Reduction:
Se0% + 3H' + 2¢"— HSe03 + H,0

|

4. Manganese Oxide (MnO,) Reduction:
Mn0,(s) + 4H" + 2¢~ > Mn** + 2H,0
5. Fe Oxide (FeOOH) Reduction:
FeOOH(s) + 3H* + e~ — Fe** + 2H,0
6. Sulfate (S0,%) Reduction:
S0} + 9H' + 8¢~ — HS™ +4H,0

Increasing Free Energy Yield

Mildly-reducing
conditions
required fo
promote nitrate

and Se reduction

V1 (o
3 W el
527 G

‘g‘ & om
SEEFPAGE.

(Low UNRECOVERABLE)
INAP 2024

illustration by D. Shuttleworth
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...a focus on Source Control ...large-scale suboxia

Pore gas oxygen content (%)

—B—18/03/2000 0 1

Zones of suboxia are observed:

0 20 30

2810812008 XOom A

—cur2z2008 ir ‘ > Extent and consistency are a function of time
ZZ aterial texture,

[ — Z A ofg/ear, RS S.tr_uctur%
— 2ot 99 7 material reactivity, and location
2710212012
Tl 30 A e . -
sz i Zones of large-scale oxic conditions are
g 'O observed
g % i > as above
2 60 i ‘
~ KM ‘
0 | Seepage water quality:

£ |

& _ »Higher NO; and Se concentration

100 U
okang‘

Dockery et al. 2015 49
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...a focus on Source Control ...large-scale suboxia

——24/10/2008
——19/0372009

Pore gas oxygen content (%)
0 10 20 30

—— 0
—%—25/00/2009
—*—25/11/2009
——10/03/2010 5

g ehat

08 x5 & OMA

r’)/ ¥
¥

/et

40

Dockery

et al. 2015

O'Kane and Sawyer — BC ML-ARD Workshop 2025

2 % % 2 % B B ¥ v o °
Cobble and Grave] Separate (%)

Large-Scale zone of consistent suboxia:
» Despite same climate conditions

» At monitoring points, consumption of
pore of pore-gas exceeds
consumption

> WHY? 50 okang2
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...a focus on Source Control ...large-scale suboxia

Pore gas oxygen content (%)

—+—24/10/2008
——19/03/2009 0 1P zlu 20
—h— 0
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40
Dockery et al. 2015
O'Kane and Sawyer - BC ML-ARD Workshop 2025
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AR X XK Facility
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Seepage water quality:
»Lower NO; and Se concentration _.
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...speaking to the folks at the start...

Relative Ability to Influence Cost by Mining Stage

PHASE PLANNING IMPLEMENTATION PRODUCTION ( CLOSURE
e 4
STAGE CONCEPT | PRELIM | FESABILITY PESIGN& | COMM BTART UP | DPERATION PVELOM | RECLAMATION.
—— | Suer : INARY | ~GTUPY CONSTRUCTION | 1SSONING | \_MIS5oNING |
—— | { | | R T
el [ | ; ! :
T~ | l |
I ! ! |
[ | \ | | !
§ g f \J]\ } ! |
¥ Y l[ I ! ; :
1 | ' |
§z [ | L . ! t I
N [ i el ! 1
B H | o IO 1 |
- I | S~ i
INVESTMENT !; ! ! ! ] igh } N
D ECIS[ON sl adapted from L;g 1984 and Hustrulid & Kuchta, 3 ion by D. Shuttleworth.

)
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The Final Investment Decision—or FID—happens after a detailed Feasibility Study.
This is the last major decision point before construction begins. And it’s where mine
closure, if not embedded early, becomes very challenging to influence.



... better at developing “...informed simplicity...”

Define
the
MRS system
(model inputs)

VEVELOY CONCEPTUAL. MOVEL

Regional
Considerations

O’Kane, 2018
| llustration by D Shuttleworth

—_— +

How is it Built?

Apply
to the
MRS System
(model outcomes)

53



Value Driver Tree

O'Kane and Sawyer — BC ML-ARD Workshop 2025

Wait for
Shovel

G.R. LANE and B. WYLIE, Cyest Corporation, Case study: a value driver tree as a
means of integrating value drivers across disciplines and activities
y " )

54
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Value Driver Tree - Application to an MRS

Conventional mine rock stockpile (MRS)
design and construction planning

Bench
dimensions

Equipmentsize Truck hours

Bench height Lift height Compaction
requirements
Infrastructure
Bench width (roads, pipelines,
powerlines etc.)

Regulatory
approved height

Number of
benches

Overall height

Limitations

Lease boundary

Environmentally
sensitive areas

Constraints

O'Kane (2018) lllustration t Derill Shuttieworth Quantity of
material from

mine plan

Cost to construct

Culturally
significant areas

Overall footprint

MRS netvalue

Water treatment

Acid and
metalliferous
drainage
residual risk

Location Haul distance

Water collection
and conveyance

Factor of safety

Slopeangle

Water
conveyance
considerations

O'Kane and Sawyer — BC ML-ARD Workshop 2025




Value Driver Tree - Application to an MRS

e
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TowEE e
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Mine Rock stockpile Design with
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Value Driver Tree - Application to an MRS

Bench height

[ | Reducedlift || | Compaction

height

requirements

P~
Bench width H

ine Rock Stockpile with

Infrastructure
requirements

HEqu\pmentswleH Truck hours }

Overall height

Number of
benches

Source Control (orange) and
Future Land Use considerations (green)

Minimum
requirement for
transitioning land-
use

Quantity of
material from Location
Water

Factor of safety

Overall footprint

Cutturally
significant
areas
Haul distance
consideration

Promixity to
infrastructure
(powerlines)

Acid and
metalliferous

Okane, 2021 Derill Shuttleworth, illustrator g ] Water

Slope angle conveyance
MRS netvalue

considerations

Transition land use
consideration - (solar
farm), <5%

Incremental haulage for
stockpiling

Additional compaction

requirements
Source control

Procurementand

i ion of

Future land-use Photovoltaic Carbon CETMERTEETD

olane emission
reciction Material crushing
O'Kane and Sawyer — BC ML-ARD Workshop 2025

57

okane

57



... its about the Land... and Land Transition

Solar Farmon TSF |

Kidston Gold Mine | =

5 uppef reservoir
expanded pit footprj

From Wikipedia, the free encyclopedia

+ Gold first discovered around
1907

* Open cut mining had
commenced from 1921

* Kidston applied to
restart modern open
cut mining in 1979

* Mining continued
from 1985

« Until it was again
closed in 2001

Williams, 2025
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... its about the Land... and Land Transition

O'Kane, 2019 Derrill Shuttleworth, illustrator
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Solar Farm on TSF

Williams, 2025
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Canada

Saskatoon - Head Office
112 - 112 Research Drive
Saskatoon, SK S7N 3R3
Canada

Phone: +1 (306) 955 0702
Fax: +1 (888) 685 0498

Calgary

Suite 700~ 1000 7 Avenue SW
Calgary, AB T2P 5L5

Canada

Phone: +1 (587) 583 5741

Cranbrook
905C Indlustrial Road 2
Cranbrook, BC V1C 4C9
Canada

Phone: +1 (778) 520 2205
East Coast

Canada
Phone: +1 (902) 209 7758

4

T4

For more information

USA

PO Box 997

Butte, MT 59703-0997
USA

Phone: +1 (406) 565 9215

Australia

Brisbane

14 Railway Terrace, Milton
Brisbane, QLD 4064
Australia

Phone: +61 733 678 063

Perth

Unit 1 and Unit 2,

11 Colingwood Street
Osborne Park, WA 6017
Australia

Phone: +61 894 459 695

www.okaneconsultants.com | info@okaneconsultants.com |

New Zealand

PO Box 30008

Lower Hutt, 5040
New Zealand

Phone: +64 21 623 228
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