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Presentation Outline

 OSE sites and traditional assessment methods

* Exploring the possibility of remote sensing

 Deciding on assessment parameters

* Inputs (data) used for building the remote sensing model

* How each parameter was assessed
« Methods, data generation and interpretation, accuracies

e Results and conclusions
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Reclamation Drivers

Alberta’s Environmental Protection and
Enhancement Act:

Reclamation (s defined as returning
land to ‘equivalent capability’

« OSE program approvals require reclamation
and submission of a Reclamation Certificate
Application within 3 years after drilling

* Sites located within Woodland Caribou Range
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Aerial Assessments by Traditional Methods

Methods

* A helicopter accesses as many
sites as possible in a short time

* Hangs above the site for a few
minutes for field notes and a
few photos




Initial Thoughts of Remote Sensing = ————
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Remote Sensing - Introduction &

» Measurement of object properties from UAVs, helicopters, aircrafts, and satellites
* Two basic components of RS systems: a sensor and a platform
* Remote sensors measure electromagnetic radiation

* Two types of RS systems: Passive and Active
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Remote Sensing Platforms

Handheld device Ground-based Survey vehicle Helicopter
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Remote Sensing Advantages

Various accuracy
effectveness levels depending on
multiple factors

Large
Coverage

Real-time Data

ceoeitie Some field data is
Observations Stl” requ”‘ed

Accessibility

Archived
Consistent
Data
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Regulatory Criteria

Vegetation

- Percent ground cover
(grass, forbes, mosses)

- Tree heights
(estimate to 0.25 m)

Landscape

- Match surrounding land
- Ponding
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What Parameters to Assess? To what degree?
All reclamation parameters in the
OSE Guidelines.

The additional parameter of species
diversity.

In the same level of detail as
helicopter assessments or better.
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Assessment Area

Imagery and LIDAR
captured for the assessment
area in early summer 2020

Covers several sites in two
OSE programs and 145 km?
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Field Data Collection

A presentation by Wood.

Sites boundaries
Field data

Area = 145 km?2

/

Control’/Area

N\

Test sample collected
on an OSE site

iz}

onod.




Remote Sensing Data

Very High-Resolution Satellite Imagery

¥ 3

» Worldview-2 satellite imagery
* Spatial resolution: 50 cm
* No. of spectral bands: 8
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LIDAR Imagery

* Airborne Imaging LiDAR system
* Point density: 12.6 points/m?
* Spatial resolution: 30 cm

* Vertical accuracy: 10 cm

A
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Four categories of parameters were assessed...

Methods

Interpretation of Results

Accuracy
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Land Cover Classification: Method

Field Data

- Satellite image + LIDAR + field data

| Pre-processing |

30%

* Object-based image analysis o

* Tens of spectral, textural, and ratio

indices
* RF machine learning algorithm

« Comprehensive post-processing

LiDAR | Worldview-2 Satellite Image |~
| Pre-processing | | Pre-processing |
70% ¥
Object-based Image Analysis / Segmentation
| Training | l
| Feature Extraction and Selection |
» Random Forest Algorithm [« >

| Tree Cover Map

Preliminary Land Cover-1 Map

N )
Model Revision 2
Interpretation

l Yes

| Post-processing |

| Final Land Cover-1 Map |

Statistical Accuracy Assessment I
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Land Cover Classification:

Results — Primary Classes

Break sites down into the main
landscape units
Peatland vs. Forested

Legend

[ﬂ Infrastructure Peatland: Shrubby

- Forested: Treed Peatland: Other Vegetation

- Forested: Shrubby Peatland: Surface Water / Emergent Vegetation
- Forested: Bryophyte Peatland: Low Vegetation

- Forested: Other Vegetation - Wetland: Treed
Upland: Other Vegetation - Wetland: Shrubby
| Upland: Low Vegetation [- Wetland: Other Vegetation
- Peatland: Treed Wetland: Surface Water / Emergent Vegetation
Peatland: Bryophyte Wetland: Low Vegetation Cover
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Land Cover Classification:

Results - Sub Classes

(Percent Cover)

Minimum requirement
» Dominant species (dentification
* Low vegetation

Above and beyond OSE criteria
* Bryophyte cover (moss)
* Dead vegetation
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Peatland

Peatland: Low Vegetation

Peatland: Surface Water / Emergent...

Peatland: Shadow Vegetation
Peatland: Other

Peatland: Dead Vegetation
Peatland: Bryophyte
Peatland: Willow Species
Peatland: Raspberry
Peatland: Prickly Rose
Peatland: Labrador Tea
Peatland: Bog Birch
Peatland: White Spruce
Peatland: Tamarack
Peatland: Paper Birch
Peatland: Jack Pine
Peatland: Black Spruce

Peatland: Balsam Poplar

B 0.6

00 20 4.0 6.0 80 10.0 12.0 14.0 16.0

u Site ™ Control



Land Cover Classification: Statistical Accuracy Level

 Generated from confusion matrix

« Various accuracy measures

* Overall Accuracy:

19

- Primary Classes (land type) - 84%

- Sub Classes (percent plant cover) - 70%
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Woody Species Detection: Method
Digital Surface Model Digital Elevation Model

M High: 2362
|

Low: 0

M High: 638.075 ‘ [ | High: 660.16

Low : 634.39
Low : 63443
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Woody Species: Results

Minimum requirement

* Height Estimation
Above and beyond OSE criteria

» Canopy cover
» Stem Count

Woody Species Heights (m)
Peatland Upland Wetland
B Peatland, 22.00 B upland, 22.00 B Wetland, 22.00
I Peatiand, 1.00 - 2.00 [ Upland, <0.25 B Wetland, <0.25

P Peatland, 0.75 - 1.00 [ Upland, 1.00 - 2.00 B Wetland, 1.00 - 2.00
" Peatland, 0.50 - 0.75 8 Upland, 0.75-1.00 ] Wetland, 0.75 - 1.00

Peatland, <0.25 . Upland, 0.25-0.50 Wetland, 0.25 - 0.50 |
el P
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Woody Species Detection: Statistical Accuracy Level

* Detection accuracy: 100%

* Height accuracy: Mean
Absolute Error = 0.5 m

* Remote sensing provides more
information and more accuracy
compared to helicopter survey
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Species Diversity Mapping: Method

Segmentation 5x 5 m plots
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Species Diversity: Results

= il L]
Above and beyond OSE criteria i) - l

Peatland ground assessment guidelines
for a Poor Fen (s a minimum of
/7 species per 40 x 40 m plot

Legend

-- Well Centre  SpP€cies Count (5m x Sm)
nfrastructure I 36 - 40 16 - 17
Pipelines B 2s-35 0 11-14
Powerlines N 22-27 [l 6- 10

"/ /| Peatland 18-21 | 1-5

o\ Wetland
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Species Diversity Mapping: Statistical Accuracy Level
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Landscape: Method

» Contours created based on
LIDAR Digital Elevation
Model products

* Intervals were 0.5, 1.0,
10.0, and 30.0 meters
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Landscape: Results

Minimum requirement
Depressions (often at well centre)
Clay pads left in place
Hill cuts

30 m Contour
10 m Contour

1

Contour Noted*

1 m Contour

* 6 X 4 metres ——— 0.5 m Contour
20 - 30 cm lower elevation at well center.
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Final Product
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« Example of a the modified 'Tool & Record of Observation’

 Plus additional four figures attached for each site:
Land Cover Classification and Vegetation Identification
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Wood Species Heights

Species Diversity

Landscape Assessment
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Final Results

AER Submission (Dec 2020)
e Assessments

« Methods report with statistical accuracies
assessment

AER Decision (Jan 2021)

« DSA considered complete

» Reclamation Certificates issued

* Better data (quantitative vs. educated guess)

Wood's Global Inspire Award Winner for
Impactful Innovation
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'First Reclamation
Certificate issued
by AER using
Remote Sensing

Technology’




Closing Thoughts

Upsides of remote sensing for OSE management
- Reduced safety exposure and costs through reduced helicopter flight times
- Improved data quality, and the data is usable later for other applications.
- Capacity to close large OSE portfolios with simultaneous assessments.

- Little field time and automates almost the entire process of mapping.

Considerations for future execution

- Efficient imagery capture strategies required to make it viable

Models like this can be used to address other regulatory or execution needs

woodJ.



BTSN, o Chrissie Smith, P.Ag., PMP
S Edmonton Reclamation Team Lead

S  Questions

Answers

Meisam Amani, Ph.D
Senior Remote Sensing Scientist

meisam.amani@woodplc.com
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