Ecohydrology applications to ecosystem reconstruction
following oil-sand mining
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1) Problem Overview 4) Analogues & Water Budgets /) Geology & Connectivity 8) Required Paradigm
Open-pit mining and processing of oil sands :W'oﬂneab.e Must understand dominant Change in Storage = Input - Output Geology (grain size, layering and heterogeneity) - Depressed water tables below forestlands and perched wetlands and
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strongly influences storage, transmission and perched water tables on uplands are common

processes in natural _ _
AS=P-ET+ (G, -G_,) + (R, -R.,)+ (U, -U, water table configuration

analogue systems

(NE Alberta, Canada) result in overburden
dumps, tailings ponds and end-pit lakes.
How to reclaim?

e Water often moves vertically and from wetlands (sources) to
forestlands (sinks)

Legend:

e Controls vertical fluxes vs. lateral connectivity
AS = Change in Storage

Full water budgets within _
P - Predipitation over a range of spatial and temporal scales

context of climate,
vegetation and geology

P=precitaion | Mzl N e Large changes in storage reflect dry but variable climate
= Evapotranspiration : ’ o R i A . . .
oot * Perched surface and subsurface water common Retain water on the landscape, including uplands and hillslopes

U = Uplift (by vegetation)

Require “equivalent landscape capability”:
forest and wetland ecosystems

a) Fine textured

 Require heterogeneity in geology and relief at all scales

Original Boreal Plain landscape has low relief Buckets need not be
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with hummocks and 50% peatlands defined by topography orautotostem _ Sy,  Extensive catchment areas only for regional systems
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2) Reclamation Approach 5) Climate B 9) Priorities & Constraints
1) Drain tailings ponds to remove dams and contour landforms Sub-humid climate Seiiies S S e Corrllpeti-ng der(;\ands requ.ire integrated
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2) Apply covers to landforms: layers of clay till, peat, forest floor  Dry on average, but highly g ™ e e planning and compromise ‘*“i?h,ﬁh 35
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landscape. Generally: Connected s e |
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3) Pla nt Vegetatlon > thrh%,ﬂ gt ey, & & Y D2 i ol Gb 1 = e i ‘ : | gl AW ¢ ‘o d ; F { °® Tlme’ Space’ money and uncertalnty (éﬂh;ﬁi{‘i&‘lwfjgﬂz;’ ;
. . : PET: P o o il IR 24HER WATER BovIE
4) Monitor, eva|uate' certlfy o X Average temperature near zero e el -~/ . Performance expectations LA
0§ an . . Devito, K., C. Mendoza and C. Qualizza (2012). This synthesis is an outcome of the Hydrology
Water ta blES |OOS€|y fO”OW topography UplandS plUS |OW|and hummOCkS Forestland Hydrologic Units fmf‘*ﬁﬁ NOt JUSt IN |OWIa ndS Wetland Hydrologic Units Conceptualizing water movement in the Ecology and Disturbance in the Western Boreal
\ | : - S Forest (HEAD) research programs, supported by:
e Water flows from uplands (forests) to lowlands (wetlands) Depressed water tables common L e Upland, perched wetlands are ~ (open water to terrestrial) rB:Cf:S/ t’: L"C’Z;n'mgﬁfggs rj;opro":ta]fs: shed . Natural Science and Engineering Research
. . . . common and impbortant : o Council (CRD Program) of Canada
Design and contour upland structures to shed water * Hydrologic uplift by trees Net deficit P o o Caga[;ilanloll SanctisENerork fort'RIesejrch . Albian Sands Energy, Canadian Natural
- “1: . FORESTLAND HU e \Water for forestlands et surpius et surplus and vevelopment, Environmental an Resources, Imperial Oil, Petro-Canada, Suncor
e Geotechnical stability Large changes in storage T v - Reclamation Research Group. 164p. Energy, Syncrude Canada, Total E&P Canada
e Supply water to lowland wetlands (and end-pit lakes) e Forest floor, soil, depressions, = 2 - B Ice and peat retain water o Netdeficit g a U of Alberta Education and Research Archive:  * ﬁlbert_afaciﬁfc':orej deTEtr:eZ F‘;r?“ Products
. . : : - http://hdl.handle.net/10402/era.30206 ssociation of Canada, Tolko Industries,
e Require catchment area of 3 to 10 times wetland area fine-grained layers * Decrease evapotranspiration lustrations by Derill Shuttieworth Weyerhaeuser Canada
. . . . . e Ducks Unlimited Canada, Western Boreal
Paradigm does not mimic natural systems in the region Water sinks most of the time Water sources with variable Numerous collaborators, technicians and Program
connectivity students have contributed significantly to Additional funding for related research was supplied
our understanding of hydrologic systems. by a large number of agencies and sponsors.

A synthesis of two decades of ecohydrological research into water cycling in the Boreal Plains with applications to landform design and landscape reclamation for oil-sand mines and other disturbances.
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