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- Installed capacity: 507 MW
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Eastmain -1 net GHG emission project
(2005 — 2010)

First project - aimed to estimate the net impact of reservoirs creation

on regional C budget by assessing:

Pre-impoundment C emissionserrestrial (453 km?) + aguatic (150 km?)

Forest \Wetlands River L akes Streams
:!. ,-. |:: .'-:; - W +

Post-impoundment C emissions; reservoir surface (603 km?)

e =T |




Pre-impoundment flux
lerrestriall ecosystem

(V5% of flooded area)

Ecosystem [km 2] [%0]
Coniferous 167 37
Deciduous 16 4
Burned F 113 25
Bogs 85 19
Fens 1 0.2
Swamp 25 6

Forest
(65%)

Wetland
CL)

Bare soil 46 10
Total Terrestrial

C fluxes (NEE):

Eddy covariance towers
Clear terrestrial chambers
Literature data




Pre-impoundment flux — natural aguatic system
(25% of flooded! area)

[km?] [%0]
River 82 55
Lakes (>830) 67 45
Streams (>800) | >1 1 Measured flux
Total Aquatic 150 100

Calculated flux (TBL)
F= k)Kh)(ngwater_ pCCQair)

k —gas exchange velocity nid
K., —Henry constant
pCQ, —air-water gradient

Approach
Establish simple empirical relationships betweemncentrations
and/or flux and easily measured characteristicgadér bodies.

Scale up to the entire landscape using thoseap&itips ande
distribution of the predictor variables.




Eastmain River
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Pre-flood emission
CO,

Areal flux 100+

Forest Wetland 27
0 T T I I T I I

2 Al
CO, flux[mgCm “d]

-1004 River Lake Sedim. Stream Pre-Flood

-200 1 Aguatic system
. 2 el
3004 [335mgCm~d]

Forest fire

Annual ]
ua Forest Wetland -650 1250

emission | : : , , : , ,

River Lake Sedim. Stream Pre-Flood

Aquatic system
[18'300 t C yr']




Pre-flood emission

50

Areal flux .

-0.2

Forest Wetland River Lake Stream Pre-Flood

Aquatic system
[1.7mg C m?d"]

Annual
emission ' ] 30
Forest

Wetland River Lake Stream Pre-Flood

Aquatic system
[95t C yr]

-25







Spatial heterogeneity ofi surface CO; fluxes

h ;urfa:e CO, Flux
2006

- 14’200

B 1800
[mg C m2d?

" Surface CO, Flux
2007

- 10’200

WSS 350
[mg C m2d?

Area Soil C content
[%] Class [kg m?]
30% BB Forest 10.8
19% I Bumed forest 6.0

8% So1l/Non forest

18% MM Wetland 119.6
250 B LakesRivers 143




Surface CO, flux
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Other components

» Surface Flux (SF)

» C Uptake (PP)

» Water column respiration (WCR)
» Benthic Respiration (BR)

SF

Ice-free period (215 days)




Pelagic and Benthic sources to the total
reservolr CO, production

[Total C Prod.] = 4642.6e-05402[Age]
rr=1

' I Pelagic
| Benthic
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Range surface CO, flux

Chamber FLX m  Upper flux (Chamber_FLX)
_ ® Mean flux
A Lower flux (pCO,_FLX)

[mgCm *d"]
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Years after flooding [yr]

Annual (365 days) = Ice-free (215 days) + Ice-cqd®0 days)




Reservolr surface fluxes

3000~
2500-
2000-
1500- 7
1000- T

Pre-flood
500-

0] T i T ; T T T T T T T
_500_- Terrestrial  Aquatic EM-1 2006 EM-1 2007 EM-1 2008 EM-1 2009

] Pre-Flood flux
-1000-

CO, flux[mg C m 2 d*]

18-
16
14+
124

Pre-flood

Bl
CH, flux [mgCm “d"]

Terrestrial ~ Aquatic EM-1 2006 EM-1 2007 EM-1 2008 EM-1 2009

Pre-Flood fluxes




C storage - Sediment traps

15 sediment traps in 2008
25 sediment traps in 2009

[mg C m2d1] [tCyrl
Upper -140 -31300
Viean -90 -20000
Lower -40 -8300

3 folds > lake storage

CQ, flux

C storage 2006 2007 2008

1.5-5% surface fluxes

2009




CH, bubble emissions

50 funnels along 8 transects covering the major
flooded ecosystems (forest, peatland, lakes, river)

Diffusive
I Ebullition

NN NN O EN O Baa B

EM-1 2006 EM-1 2007 EM-1 2008 EM-1 2009

0.02 —-0.17 mg C m? d*
(0.8-1.5% of: diffusive fluxes)

Inverted funnels




Automated system

Degassing fluxes

Assumption: CO, and CH, concentration in
the water exceeding the air concentration was

emitted into the atmosphere

Surface Flux Continuous gas monitor (2006-2009)
- Degassing EM-1 powerhouse

Surface Flux
Il Degassing
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o
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CO, flux[mgCm “d7]
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— O e—

T .
EM-1 2006 EM-1 2007 EM-1 2008

0.5-6% of diffusive CO,, flux '_4-_-_-_-
) EM-1 2008 EM-1 2009

EM-1 2006 EM-1 2007

12-30% of diffusive CH, flux

I
EM-1 2009

2 -1
CH,flux[mgCm “d7]




C balance — Net GHG Emission

\Worst -case scenario _ (upper limit): highest source and lowest sink
Best-case scenario_  (lower limit): lowest source and highest sink
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Future projections of net GHG emissions

Over 100 years (life -span)
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Cumulative net GHG emission per energy. generation
compared to Natural -Gas Combined -Cycle

NGCC = 380 x 10° tons CO,, eq/TWh
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Conclusions

With the terrestriall ecosystem a small sink of CO, but
a source of CH, and the aguatic system a source of
both CO, and CH,, natural ecosystem prior to
flooding was a small net seurce GHG.

Net GHG emission from the Eastmain-1 reservolir -
substantially high in the first years after flooding,

decrease rapidly in the following years and tend to
stabilize around a threshold value, that Is higher then
natural aguatic emission.

Net reservoeir CH, fluxes, (diffusive, bubble and
degassing) are small compare to CO,, fluxes
suggesting that CH, emissions are not an issue In
boreal reservoirs.
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