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Eastmain-1 Reservoir
Area: 602.9 km 2

Volume: 6.94 km 3

Mean Depth: 11 m
Residence Time: 145 days
Installed capacity: 507 MW

Electric generation: 2.7 TWh



EastmainEastmain --1 net GHG emission project1 net GHG emission project
(2005 (2005 –– 2010)2010)

First projectFirst project -- aimed to estimate the net impact of reservoirs creation aimed to estimate the net impact of reservoirs creation 
on regional C budget by assessing: on regional C budget by assessing: 

�� PrePre--impoundmentimpoundment C emissions:C emissions:
RiverRiver LakesLakes StreamsStreams

�� PostPost--impoundment C emissions: reservoir surface (603 kmimpoundment C emissions: reservoir surface (603 km22) ) 

ForestForest WetlandsWetlands
terrestrial (453 kmterrestrial (453 km22)) ++ aquatic (150 kmaquatic (150 km22))
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F = k×Kh×(pCO2 water - pCO2 air )

CCalculated flux (TBL)alculated flux (TBL)

� k – gas exchange velocity m d-1

� Kh –Henry constant 
� � pCO2 – air-water gradient

�� k k –– gas exchange velocity m dgas exchange velocity m d--11

�� KKhh ––Henry constant Henry constant 

�� �� pCOpCO22 –– airair--water gradientwater gradient

ApproachApproachApproach
� Establish simple empirical relationships between concentrations 

and/or flux and easily measured characteristics of water bodies.
� Scale up to the entire landscape using those relationships and the 

distribution of the predictor variables.

�� Establish simple empirical relationships between concentrations Establish simple empirical relationships between concentrations 
and/or flux and easily measured characteristics of water bodies.and/or flux and easily measured characteristics of water bodies.

�� Scale up to the entire landscape using those relationships and tScale up to the entire landscape using those relationships and the he 
distribution of the predictor variables.distribution of the predictor variables.

PrePre--impoundment fluximpoundment flux –– natural aquatic systemnatural aquatic system
(25% of flooded area)(25% of flooded area)
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Teodoru et al., 2009 (GBC)
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Roehm et al., 2009 (GBC)
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57 sampled streams57 sampled streams

3 times per year3 times per year

Teodoru et al. 2009 (GBC)

Integrated Integrated 
stream stream fluxflux
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PrePre--flood emissionflood emission

COCO22

Areal fluxAreal flux

Annual Annual 
emissionemission
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PrePre--flood emissionflood emission

CHCH44

Areal fluxAreal flux

Annual Annual 
emissionemission

Forest Wetland River Lake Stream Pre-Flood
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Reservoir C emissionsReservoir C emissions



Questions:

Why such a large spatial variability in surface fluxes?

How do we overcome this problem when estimating reservoir 
surface emissions?

Spatial heterogeneity of surface COSpatial heterogeneity of surface CO22 fluxesfluxes
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Surface COSurface CO2 2 fluxflux

Teodoru et al., 2010 accepted (Ecosystems)Ice-free period (215 days)



Other componentsOther components
• Surface Flux (SF)
• C Uptake (PP)
• Water column respiration (WCR)
• Benthic Respiration (BR)

C source
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Reservoir surface fluxes Reservoir surface fluxes 

COCO22

CHCH44

Terrestrial Aquatic EM-1 2006 EM-1 2007 EM-1 2008 EM-1 2009
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C storageC storage -- Sediment trapsSediment traps
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CHCH44 bubble emissionsbubble emissions Inverted funnels

50 funnels along 8 transects covering the major 
flooded ecosystems (forest, peatland, lakes, river)
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Degassing fluxesDegassing fluxes
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1212--30% of diffusive CH30% of diffusive CH44 fluxflux
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C balance C balance –– Net GHG EmissionNet GHG Emission
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Future projections of net GHG emissionsFuture projections of net GHG emissions
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Cumulative net GHG emission per energy generation Cumulative net GHG emission per energy generation 
compared to Naturalcompared to Natural --Gas CombinedGas Combined --Cycle Cycle 
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ConclusionsConclusions

�� With the terrestrial ecosystem a small sink of COWith the terrestrial ecosystem a small sink of CO22 but but 
a source of CHa source of CH44 and the aquatic system a source of and the aquatic system a source of 
both COboth CO22 and CHand CH44, natural ecosystem prior to , natural ecosystem prior to 
flooding was a small net source GHG.flooding was a small net source GHG.

�� Net GHG emission from the EastmainNet GHG emission from the Eastmain--1 reservoir 1 reservoir --
substantially high in the first years after flooding, substantially high in the first years after flooding, 
decrease rapidly in the following years and tend to decrease rapidly in the following years and tend to 
stabilize around a threshold value, that is higher then stabilize around a threshold value, that is higher then 
natural aquatic emission.natural aquatic emission.

�� Net reservoir CHNet reservoir CH44 fluxes, (diffusive, bubble and fluxes, (diffusive, bubble and 
degassing) are small compare to COdegassing) are small compare to CO22 fluxes fluxes 
suggesting that CHsuggesting that CH44 emissions are not an issue in emissions are not an issue in 
boreal reservoirs.boreal reservoirs.
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