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Studying the geomorphic aspects of changes to
fish habitat below hydro dams: changes to bed
substrate characteristics as well as changes to
size and morphology of channels.
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Long term Morpho-sedimentologic impacts on habitat
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River Transport capacity attenuation
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eRun of the river dams
- No flow attenuation
- Small reservoir

*Storage dams
- Peak flow attenuation
- Base flow modification

*“Peaking” dams
- Hourly major variation
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! Hydrographs: Roanoke River (N?).rth Carolina, USA)

Richter et al. (1996)
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* Peak flows attenuation (magnitude & Frequency)
* Base flow changes

» Modification of Floods (duration & timing)
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Dam (operational mode)

"

Flow alteration Barrier for
@ sediment
transport

Transport capacity

River channel response
- Long profile (Slope compensation)
- Cross section (narrowing vs. widening)
- Sediment size evolution

- Grant (2003; 2010) = Ratio downstream / upstream sediment supply
- Schmidt& wilcock (2008) - Quantitative prediction tools
- Brandt (2000) > Identified g styles of change below dams



“At Grade” system
= Equilibrium between Sediment Load (SL) inputs and output

- SL im = sediment input from upstream
- SL in2 = sediment input from tributaries
- SL out = sediment output

o
O RO .
= L f v VS
4

SLin,+ SLsin, = SLout °
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Storage dam
* Lowers transport capacity

(Q > Qr)pre > (Q > Qr)post
* (SL out) is less

Excess of 20% of sed. inputs

Run of the river dam
e Same transport capacity

(Q > Qr)pre = (Q > Qr)post
* (SL out) is unchanged

Deficit of 70% of sed. inputs




Long-term response of the channel bed to reach the new
equilibrium morphology (slope, width, bed texture, etc...)

Aggradation
(bed rise, slope increase)

Bed Degradation
(thus, slope reduction)

SLij11=0 ! !

SLiJ11= 0




, Surface coarsening accompanies bed lowering

Degradation

® | Cobbles
From: http://'www stmarys ca/academic/science/geoclogy/sediments/
&% Sand © 1998, John W.F. Waldron
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—> Aggradation
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Aggradation

Bankfull level

Water stage

Fine sediment
deposition

New vegetation
growing
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In long term the modifications of Flow / Sediment transport
can lead to:
 changes to substrate and spawning habitat in main channel,
e habitat disappearence in back-channels,
* changes to riparian sediments and habitat, etc...

Downstream Ecological Effects
of Dams

A geomorphic perspective

Franklin K. Ligon, William E. Dietrich, and William J. Trush

BioScience, Vol. 45 No. 3 - 1995
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Annual maximum instantaneous peak discharges
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Mackenzie river (Ligon et al. 1995)
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L.oss in channel

River bed

complexit
in 1990 P Y
Original River ﬂ
bed in 1967 Spawning habitat
Islands disappearance in

in 1967 Mackenzie R.

Year
Features 1930 1990
_ : Islands (number)
Figure 5, 'II'!ia rﬁ.{th rl.'Fll.'l.'I::_1|1l.' (P TY _ur islands between lﬂ“ﬁ? a_nd _l'ﬁ"ﬁ'l} in the 1
e 1567 o e S e e s o ™ e o Island area (m?) 2,260,000 1,110,000

Island perimeter (m) 44,000 18,000
Wetted area of

river {m?) 4,020,000) (2,930,000
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Mackenzie river (Ligon et al. 1995)




Anse St Jean Dam (St Jean River, Quebec)




Anse St Jean Dam (St Jean River, Quebec)

1964 1972




—_—

—_—
e ————
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Modifications to

channel complexity 991 1995 2000 2006

Secondary channel
forested

7y B Vi
P Dense vegetation

. [ Sparse vegetation Satsunal River, ]apan

Gravel
A Water aerial photographs classification
‘ Other

Takahashi & Nakamura (2010)
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Dams
Flow regulation & Sediment

transport modifications

Sediment size
changes

Substratum Analysis:
-Embeddedness?
-Sand accumulation?
-Coarsening of bed?

Long profile
modifications

Habitat Classification:
-Habitat type
-Water depth

Cross section
evolution

Monitoring riparian
vegetation changes?
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" Indicators of aggradation and benthic habitat degradation:
Embeddedness measurement / estimation

A

Water Column Free Matrix Particle

Plane of v ‘ N~ h Total Height (DY)

Embeddedness g

* - *
25% 25-50% B5O075% /5%
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The volume of fine sediment in pools
(Index of sand supply in Gravel bed rivers)

High Sediment Supply

Low Sediment Supply

Lisle & Hilton (1992)
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] Runs
" Riffles

Pools
LI side Pools With big connection
[ Side Pools With little connection
| Close Back Channels
] Open Back Channels
[ 1 Canyon section

Direction

[ ] Uniform section

1- Air Photos
(Panchromatic)

il
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P————

2- Satellite multispectral image archives (4 bands, 1-4m resolution)

Ikonos
panchromatic
image of the
Mississagi river
(Aubrey Falls dam,
Ontario)
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2- Satellite multispectral image archives

4 bands, 1-4m resolution)

o




2 Satelhte multlspectral image archlves (4 bands 1-4m resolutlon)




3- Recent satellite multispectral images

Depth
classification
using 8
spectral bands
(Worldview-2
Image from
the Magpie
river, Ontario)
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4- low altitude flights (Fourchue river, Morin site)
visible + hyperspectral acquisition, type Casi-2 (288 spectral bands)




Lower Pocatera Reservoir,
Kananaskis river
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Degradation

Incision through finer non-
alluvial sediments = increase
rate of degradation

Channel scour and general
destabilization

Li & _.":r"'
e~
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Grain size identification :
Accumulation of sand in pools...

* Castillo (2010) = Sediment grain size
estimation using airborne remote
sensing, field sampling, and robust
statistic

e Gilvear (2006) > Remotely sensing
river water depth and substrate

clay loam
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