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L Introduction

Appraximately 25 millon dams have been built in the United
States (National Rescarch Council, 1992) on nearly every major river
system in the lower 43 states (The Heinz Center, 2002). The period
between 1950 and 1970 was marked by the most intensive dam

nstruction efforts (The Heinz Center, 2002) with limited under-
standing of their impacts to rivers. Following this period, the body of
sdentific evidence documenting the drastic effects that dams have on
river systems grew substantially. Today, a preponderance of evidence
exists describing the multitude of ways dams alier river funcioning,
including alterations @ the flow and temperature regimes; shifts in
sedimen, nutrient, and energy mransport disruption; and numerous
biological implications (e.g, Hammad, 1972; Pe s, 1980; Williams and
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‘Wolman, 1984; Cushman, 1985; Bain et al. 1988; Ward and Stanford,
1989; Benke, 1990; Lessard and Hayes, 2003; Ligon et al., 1995; Collier
etal, 1996; Shields etal,, 2000).

Many dams e o Rl el intended pupos, prviding
socal and ccmamic bl Homees, & dans ase ey e
mainienance s polons it Tancban and ity large and
‘rowing number of dams exist that no langer il ek it
purpose and may not sustain sufficient benefits s to outweigh the
negative ecological impacts they cause.

Of the estimated 2.5 milliondams inthe US, 76000 are 183 mor
reater in height (Federsl Emergency Management Agency (FEMA

1996). O
be 50 yearsof age or older by the
year 2020 (FEMA and USACE, 1996). The average design life expectancy
of dams is 50 years, implying that a brge number of dams in theU.S.

Alliance of Wisconsin and Trout Unlimited, 2000).0v
decades, the rate at which dams have been removed in the US_has
risen from approximately anc he 19605 10 approxi-
mately 20 per year during the 1990s (Pobl, 2003). The abundance of
aging dams and the increasing rate of dam removal indicate that
removal of dams will become increasingly commaon in the future.




What: structures that hold back water on rivers/streams

Why: recreation, fire & farm ponds, flood control, drinking water
supply, irrigation, mining waste containment, mechanical and
hydroelectric energy generation, navigation and wildlife
management

Where: nearly every major and minor river system in lower 48
states has at least one

How Many: ~2.5 million dams in the U.S.
~76,000 which are >6 ft. tall
~3,000 minimum in Michigan




® Dam sites







Flow



Immediately After Dam Construction



Early Reservoir Sedimentation Phase



Mid Reservoir Sedimentation Phase



L ate Reservoir Sedimentation Phase



General: flow of water, sediment, nutrients, & aquatic
life interrupted

Sediment — delivered by river to reservoir and
accumulates. Doesn't get delivered downstream, and
river changes because of it.

Water Temperature — slowing, warming. Most Michigan
dams warm water temperatures in reservoirs and
downstream (the amount varies from subtle to
significant).

Fish_ — Impacts due to Habitat Alteration & Habitat
Fragmentation (i.e. river changed & blocked off)
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Table 10. Density (fish/ha) and standard error estimates for the five target fish species, above and below the dams, in the ten

study streams.

BROOK TROUT |BROWN TROUT _|RAINBOW TROUT _ [SLIMY SCULPIN [MOTTLED SCULPIN {TOTAL TROUT
Above Above Below | Above Below Above Below Above  Below

1124 277 819 361

43 144 86 108

2264 1064 0

081 133

73

67

23

23

5294

1561

668

377

217

65

213

107

558

306

284

127

127 01

100 497

stderr
Cedar

stderr
Dowagiac

stderr

73
67
23
23
2878
466
147
147
214 3
62 37
76 55
38 29
558 0
306 0
170 782
59 372
560 256
272 105

Fish

stderr
Manton

stderr
Maple

stderr
Middle

stderr
Prairie

stderr
Sugar

stderr
White 115

stderr 68
Mean 346
stderr 236
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From:J. Lessard, D. Hayes. 2003. Effects of elevated water temperature on fish and macroinvertebrate
communities below small dams. River Res. Appl., 19 (2003), pp. 721-732







Flow



Immediately Post - Dam Removal

(If sediments are not “dredged”)



Flow



Months Post - Dam Removal



Years - Post-Dam Removal

(if no active restoration measures used)

Upstream

Downstream



Sometimes, we need to limit sediment erosion (e.g., bridge
protection upstream), so we install rock structures in the new
stream to limit downcutting, or to speed up new riffle-pool
creation). These are considered “active” measures in contrast
with fully “passive” dam removal depicted previously.



BEFORE a “stage” of a dam removal
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Elevation above sea level (m)

Longitudinal Profile of the Pine River (Water Surface)
During Gradual Dam Removal
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Stream Morphology Summary ===

Dam Removal: River Slope increases, and everything else
follows...

« Sediment erosion occurs & slope increases
— River cuts down through sediment fill (incision)
» Water Velocity (& diversity) increases
« Water Temperature Impacts alleviated
» Substrate Size Composition — coarsens & diversifies
» Bedform diversity increases (% - runs, riffles and pools)
— Full restoration requires larger flows, unless active management
e Sinuosity (meanders) — incision path locks — little change



What Dam Removal Does to Fish

1) Allows fish to move around — accessing all habitats
-needed for life stages, survival, feeding, reproduction

2) Restores high gradient river habitat and colder

temperatures; more and better habitat for river fish
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Density (# fish/ha)
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A recent small dam removal

Prior to Removal

During Removal




Weeks After
Removal
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Temperature (F)

Water Temperatures — Before (light gray) and After (dark gray), small dam

removal shown in previous slides. Measured below the Dam site.
Red line is 70°F, stress level for trout
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Mio Water Temperatures

Au Sable Above Mio

Mean July Temperature

Year Mean Temperature (F) Classification
2011 67.4 Cool
2012 66.6 Cold-transitional

June Temperature Summary

Cumulative Hours Over

Minimum | Maximum | Average | 70 72 74 76
2011 52.9 70.1 61.6 2 0 0 0
2012 50.5 73.4 63.2 33 3 0 0
July Temperature Summary Cumulative Hours Over
Minimum | Maximum | Average | 70 72 74 76
2011 61.1 77.2 67.4 147 | 54 18 5
2012 58.1 74.4 66.6 119 | 42 6 0

Temperature (F)
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August Temperature Summary

Cumulative Hours Over

Minimum | Maximum | Average | 70 72 74 76
2011 56.6 73.2 63.0 9 5 0 0
2012 54.7 71.0 62.2 7 0 0 0

*Data collected by the Au Sable Big Water Preservation Association




Mio Water Temperatures

Au Sable Mio to Comins

Mean July Temperature

Year Mean Temperature (F) Classification
2011 73.3 Warm
2012 73.4 Warm

June Temperature Summary

Cumulative Hours Over

Minimum | Maximum | Average 70 72 74 76
2011 58.0 72.7 66.6 39 11 0 0
2012 54.3 77.4 67.5 273 | 145 | 52 10

July Temperature Summary

Cumulative Hours Over

Minimum | Maximum | Average | 70 72 74 76
2011 63.3 82.7 733 649 | 474 | 313 | 181
2012 66.4 80.6 73.4 669 | 489 | 277 | 163

August Temperature Summary

Cumulative Hours Over

Minimum | Maximum | Average 70 72 74 76
2011 64.0 78.3 69.3 302 | 169 | 52 | 10
2012 61.2 78.1 68.1 216 | 118 | 58 | 22
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*Data collected by the Au Sable Big Water Preservation Association




Impairment Status

MI/EGLE/WRD-24/006

MICHIGAN DEPARTMENT OF

| =~ o I~
ENJ Ba & £NVIRONMENT, GREAT LAKES, AND ENERGY

Water Quality and Pollution Control in
Michigan 2024

Sections 303(d), 305(b), and 314
Integrated Report

Michigan Department of Environment, Great Lakes, and Energy
Water Resources Division
March 2024




Impairment Status

Mean Maonthly Water Temperature based on USGS data [hitps-/ fwaterdats. usgs. gow)/'mi/ rwis/rt]
CWA 201 Water Quality Certification, License Article 405 Standard for June, July, Sugust = 200 Ser =17C
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! Upwelling sysgtem installed st Croton in 2009, operatas into September

? Upwelling sysgtem installed st Hodenpyl in 2007

" Upwelling rysgtem installed st Tippy in 2012

* Upwelling sysgtem installed at Mic in 2009, oparates into September

* Mo upwelling systems installed at Alcons snd Foote hydropower projects

Mote: yellow highlight indicates exceedance of water gquality standard of 200 [and upstream Manistee Sherman and Au Sable Red Oak gauges <20C), italicized figures are post-pwelling system. Orange highlight indicates exceedance of September water quality standard of 1730 [63F).




Sediment Management

Often the most complicated parts of designing a
dam removal

How much and what types are stored in the
reservoir? Are they contaminated?

Can it be allowed to move downstream, or does
some of it need to be removed or collected? (active
sediment removal increases costs significantly)

Can affect what the river there will look like,
streambed and banks

Klamath Dam Removals (largest in US) did little
active sediment removal (on purpose).

Consumers Energy dam removal cost estimates
currently include significant active sediment removal.



Decision to remove or not remove dam — if yes then,

Preliminary assessments and investigation — answers basic questions,
brings into focus what dam removal would look like, and what the
project would generally entail.

Property Ownership Disposition & Access/Recreational Amenities
Planning

Full engineering and alternatives development, final design
Permitting, funding, contracting, project management
Dam Drawdown — lower water level

Any active sediment management

Dam infrastructure removal

Any active stream restoration measures implemented



Further Learning...

This was created as a primer of what to expect with dam
removals

It was meant to provide clear illustrations of concepts, with a
mix of data from studies to reinforce those

There now exists a lot of detailed information and studies on
all aspects of dam removals available by searching online

General internet searches on dam removal will yield a lot of
information. For searching scientific studies only, Google
Scholar is a good starting tool (access to full science papers
can be limited, but almost all provide at least the summary
abstract to everyone).

Whether or not you prefer dam removal outcomes, its
important to have confidence that you accurately understand
what the outcomes would be. We hope this helps get you
started towards that.
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