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Development of soft tailings capping
technology - first step towards
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boreal landscapes
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Objectives

* Three year study to evaluate wetland
and upland species performance on
thinly capped treated tailings

— Assess plant health and development,
plant biomass and plant tissue chemistry

— Monitoring soil moisture, temperatures,
and rooting depths

— Monitor changes in tailings and capping
materials (PHCs, NAs and inorganics)

— Evaluated changes in microbial functional [ s 28N
structure in the substrates and transcript
level responses of plants
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Tailings Properties

Centrifuge Co-Mix Thickened
Tailings Tailings Tailings
Solids (%) 59 66 80
pH 7.8 7.6 8.7
EC (dS/m) 2.0 3.5 1.0
SAR 4.3 5.3 1.9
Dean Stark (% Bitumen) 4.8 0.5 0.6
Sand (%) 18 26 70
Silt (%) 79 37 17
Clay (%) 3 37 13
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Tailings Properties: Naphthenic Acid

j:gg 2019  We utilize Orbitrap-MS for
2 4000 - characterization of the NAFCs
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S 1000 -
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Experimental Setup
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Tailings Types and Capping Treatments

Centrifuge and Thickened Tailings Co-Mix Tailings
e T
—— . —— ~——— ) a—— S
Control 10 cm PMM 30 cm PMM 90 cm CM Tailings Scm PMM Scm PMM 5 cm PMM 5 cm PMM
90 cm tailings 80 cm tailings 60 cm tailings 85 cmCM tailings 1S cm Till 35cm Till 85 cm Till

70 cm CM tailings 50 cm CM tailings

4 reps per each treatments
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Centrifuge Tailings:
Graminoid Fen
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Co-Mix Tailings:
Graminoid Fen

Salix bebbiana \/
Beckmannia syzigachne
Triglochin maritima X

Carex aquatilis \/
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Tailings - Naphthenic Acid
5000 - Centrifuge Tailings - 2021
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Genomics Analysis: Microbial DNA, Plant RNA
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Plant Transcriptomics: Genes ldentified

Upregulated Genes
Plant hormones and

stress-responsive
transcription factors

DKX38_019378_uncharacterized protein LOC7473281 -
DKX38_001951_auxin response factor 5 isoform X1 -
DKX38_029010_autophagy-related protein 13b isoform X1 -
DKX38_025635_desiccation-related protein PCC13-62 -
DKX38_015812_putative lysozyme-like protein -
DKX38_002262_ethylene-responsive transcription factor ABR1 -
DKX38_020832_AT-hook motif nuclear-localized protein 1 isoform X1 -
DKX38_015522_putative Myb family transcription factor At1g14600 -
DKX38_017002_receptor-like serine/threonine-protein kinase SD1-8 -
DKX38_002461_low affinity sulfate transporter 3 -
DKX38_001657_cytochrome P450 81E8 -
DKX38_007161_uncharacterized protein LOC112775857, partial -
DKX38_015073_uncharacterized protein LOC7492391 -
DKX38_011839_tetrapyrrole-binding protein, chloroplastic -
DKX38_026430_0-acyltransferase WSD1-like -
DKX38_028922_shikimate O-hydroxycinnamoyltransferase-like -
DKX38_028921_shikimate O-hydroxycinnamoyltransferase -
DKX38_019210_galactinol synthase 2 -

DKX38_020226_indole-3-acetic acid-amido synthetase GH3 -
DKX38_029947_protein NETWORKED 4B isoform X1 -
DKX38_028834_shikimate O-hydroxycinnamoyltransferase -
DKX38_022592_chlorophyll a-b binding protein 4, chloroplastic isoform X1 -
DKX38_009022_two-component response regulator ARRS isoform X2 -
DKX38_018607_protein NRT1/ PTR FAMILY 4.6 -
DKX38_018719_uncharacterized protein LOC7484417 -
DKX38_027821_photosystem | reaction center subunit psaK, chloroplastic -
DKX38_012994_probable S-adenosylmethionine-dependent methyltransferase At5g37970 -
DKX38_014489_auxin-responsive protein SAUR50 -
DKX38_028920_shikimate O-hydroxycinnamoyltransferase -
DKX38_018027_photosystem | reaction center subunit V, chloroplastic -
DKX38_028832_shikimate O-hydroxycinnamoyltransferase -
DKX38_025813_chlorophyil a-b binding protein 13, chloroplastic -
DKX38_006585_photosystem | subunit O -
DKX38_002195_photosystem Il repair protein PSB27-H1, chloroplastic -
DKX38_001658_cytochrome P450 81E8 -

DKX38_025834_chlorophyll a-b binding protein 13, chloroplastic -
DKX38_003115_ethylene-responsive transcription factor ERF023 -
DKX38_020221_xanthohumol 4-O-methyitransferase-like isoform X2 -
DKX38_009476_chlorophyll a-b binding protein CP29.2, chloroplastic -
DKX38_001653_cytochrome P450 81E8 -
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Summary

The cap enhanced plant growth and establishment in the
first 3 years by reducing the exposure and uptake of the
harmful compounds

Clay-dominated tailings have reduced plant available water,
higher root resistance compared to sand-dominated tailings

The best performing woody species: Salix bebbiana,
Pinus banksiana, Populus tremuloides, Cornus stolonifera

Best performing Graminoid species: Carex aquatilis and
Scirpus microcarpus
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HOW can SOft ta | I | ng s m ate ria I be Tailings, a mixture of water and fine to sandy materials, are a by-product of oil

sands extraction. Several treatment technologies are being used to remove water
and enhance the consolidation of tailings materials into a more solid, trafficable

used in reclamation to create

substrate. Both terrestrial and wetland reclamation scenarios are being considered
as final closure landforms. This study will help to understand the impacts of various

sustainable boreal landscapes?

capping treatments on treated tailings and plant communities.

In this greenhouse

85cm till
TAILINGS TAILINGS +5cm PMM TAILINGS

; NATIVE PLANT
experiment we tested COMMUNITY
different types of tailings, TREATMENTS | Cap treatment & oo
depths and combinations of wooll ekl e ey i - depths: eRAMINbID ENElN  treatment
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I grow best under = X(PMM) SRR e +5cm PMM IX (PMM) LR
. e zjj 35cm till
which conditions. . TAILINGS il
We tested both g TYPE CENTRIFUGED CO-MIXED | [rviiiri THICKENED

upland and wetland
plant communities.

After three growing seasons, we have observed that plant survival and growth improved with increasing
depth of peat mineral mix and till. Our final results improve our understanding of species responses over

i+l

time to different types of tailings and capping materials as reclamation cover soils. Canada
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