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Nipissing and Algoma Great Lakes

Once drainage to the south was established, the
outlet configurations and probable paleoclimatic influ-
ences on water volume became major variables in the
system. Lake level fluctuated about a mean altitude
adjusted to the cross sections of the southern outlets.
Before 4,500 yr B.P, the record of lake-level change is
poorly known; however, distinct high levels occurred at
4,500, 4,000, and 3,200 yr B.P. (Larsen, 1985a,b). These
highs, referred to as the Nipissing I, Nipissing IT, and
Algema levels, are identified by terraces that rise expo-
nentially with distance from the southern shores of Lake
Michigan to the North Bay region (Larsen, 1985b), They
reflect probable high-amplitude fluctuations related to
runoff variations in the drainage basins. The permanent
outlet channel linking North Bay with the Mattawa River
maintained a level adjusted to its rising sill. Isostatic uplift
finally raised the North Bay sill above the sonthern outlets
between 4,500 and 4,000 yr B.P. The Chicago outlet was

abandoned after 4,000 yr B.P, and the modern drainage
system at Port Huron came into being (fig. 20). Since
then, lake levels have continued to fluctuate adjusted to a
single outlet channel.

CONCLUSION

The uplifted Lake Algonquin terraces of the north-
ern Lake Michigan and Liake Huron basins are progres-
sively deformed from youngest to oldest to the north.
Profiles drawn along the eastern shore of Lake Michigan
and erected normal to isobases of historic vertical move-
ment show that these late glacial terraces fit exponential
curves directed toward the former centers of glacial-ice
loading near Hudson Bay. The Main Algonguin through
Fort Brady terraces of Leverett and Taylor (1915) show
concave-upward slopes that decrease in steepness with
both distance and time, implying a decrease in the rate of
uplift. Vertical movement, monitored over the Great Lakes

26 Geological History of Glaclal Lake Algonquin and the Upper Great Lakes
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Figura 19. Pre-Nipissing transgression. Overflow through the rising North Bay outiet reflooded the Lake Michigan and
Lake Huron basins, creating a confluent lake system (about 8,000 yr B.P.). Lake Erie and Lake Ontario continued their rise
westward. Lake Michigan and Lake Huron bagan a tandem transgression controlled by the rising North Bay cutlet (fig. 5,
case 3).
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Figure 20. Late Nipissing and Algoma Great Lakes. The creating a separate Lake Superior. Ovarflow through the
rising North Bay outlet reflooded the Lake Michigan, Lake Chicago outlet ceased by 4,000 yr B.P. and may have
Supetior, and Lake Huron basins until overflow returned to accommodated a climate-related rise in lake level (Nipis-
first the Port Huron (St. Clair River) and then the Chicago sing I). This time period, 4,000 yr B.P., marks the onset of
outlets. Lake level rose above the present levels to leave the hydrologically modern upper Great Lakes that continue
the prominent Nipissing and Algoma terraces. For a brief 1o overflow through the St. Marys and St. Clair Rivers.
time, overflow was through three outlets, but the North Bay Deformation of former Lake Michigan and Lake Huron
outlet was abandoned between 4,500 and 4,000 yr B.P shorelines now follows the pattern of figure 5, case 2. Lake
when uplift raised it above the southern outlet controls. Erie and Lake Ontario continue to rise in concart with their
Uplift also raised the St. Marys River at about this time, uplifting eastern outlets.
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LAKE MICHIGAN-HURON
WATER LEVEL FLUCTUATIONS
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Figure 8. Hydrograph of late Holocene lake level and historical lake level for Lake Michigan-Huron. The red line is interpreted from
beach-ridge studies, whereas the lower black line is an inferred lower limit using the range of the historical record as a guide.

Miller Engineers & Scientists Image Courtesy of USGS
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LAKE MICHIGAN-HURON
WATER LEVEL FLUCTUATIONS

Lake Michi gan - Huron Woater level temporarily rises about

1 foot during storm surges.
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1900 to 2020 Average Annual Water Elevation (feet, IGLD)

Lake Michigan - Huron Historic Water Levels

Average Annual Historic Water Levels and Histogram
(Based on USACE records)
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WATER LEVELS AND
SAND MOVEMENT
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HIGH WATER LEVEL - BEACH ERODES
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LONG TERM RECESSION RATES

50-100 feet per century 100-200 feet per century
on western shore of on eastern shore of
Lake Michigan Lake Michigan

» Revetments only work short term (30-50 years)

» Beach nourishment is a method for reducing long
term recession

Miller Engineers & Scientists 14



HARD SURFACES IMPAIR NATURAL PROCESSES

» Any shoreline work must be compatible with the natural
littoral sediment processes of the larger scale “reach” in
which it is located.

» Revetments that project into the lake cause lakebed
“downcutting”. The consequent deeper water allows larger
breaking waves that accelerate revetment destruction.

'\"lm‘-’fi%ﬂ /

g
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SHORELINE

STABILIZATION

From Ruins to Dunes:

The Benefits of Buried Revetments

Planted dune grass is an |mporlant component of the buried revetment system.
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The first step in construction of a buried revetment is excavation for its toe, with the sand
placed outhoard to later become a fore-dune.

Miller Engineers & Scientists
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The next step of a buried revetment is completely cnnmntiaal-
then armor stone are placed in succession.

Miller Engineers & Scientists
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BUILDING ALONG THE SHORELINE

» All new construction of capital improvements should be
located as far inland from the beach or bluff as possible in
order to leave room for the natural shoreline recession rate.

» This avoids the need for shoreline “hardening”.

» Minimum statutory setbacks are NOT THE OPTIMUM of what
property owners should do.

The Wisconsin Legislature’s recent reduction of setback to 75’
for Lake Michigan, merely to be consistent with setbacks along
Inland lakes (which do not experience significant shoreline
recession), was a misguided step and should be changed
back to at least 100°’. Recently revised State statutes now
prevent counties from doing that locally.

Miller Engineers & Scientists 21



BUILDING ALONG THE SHORELINE

» Obsolescence should be planned for old structures that have
become at risk of natural shoreline recession over time.

» Beach nourishment on a “reach scale” should be considered
In lieu of, or in combination with, “buried” revetments where
Intensive development precludes obsolescence of existing
structures.

22
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The Geology of Sheboygan County

By L. I. Bean

[“ynest F. Pean. State Grologist for the State of Wisconsin, has made many valunhle contributions to the State in line with his pro-
fessian. |le graduated lrom the University ol \Wisconsin in 1900, receiving bis Master's Degree lwa venrs later. Since that time he
has devoted hic lile to the stisely, teac tuing and practic al u|_||;|uul|'un ol hix g:-nluui\.;l information. e is Mrolessor of ('-rnfng_\' at the
University of Wiscansin and has been State Ceologist since 1026, He was u member af the Alaska Glacial Lxpedition. chiel of field
parties of the Wisconsin Crealogical Survey, and a former member of the Wisconsin Stute Highway Commission, lle is a member of

rrons geoluyical socicties and the anthoe ol wu-r..| articles :m-[ book« on this :ul:imi The article on Sheboygan Connty is o fine

ributinn tn the reconds ol the county,
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SOIL INFILTRATION RATES

EXPLANATION

Infiltration rate, in
inches per hour
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Enlargement

v i 4
In dolomite and limestone water oceurs in
fractures that may be enlarged by solution
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WHAT ABOUT THE FUTURE?
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Figure 8. Hydrograph of late Holocene lake level and historical lake level for Lake Michigan-Huron. The red line is interpreted from
beach-ridge studies, whereas the lower black line is an inferred lower limit using the range of the historical record as a guide.

Miller Engineers & Scientists Image Courtesy of USGS
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How Are Great Lakes Water Level
Regulation Plans Performing?

Arun Heer, Wendy Leger — 1JC Great Lakes Adaptive Management Committee —
October 06, 2017

Brookfield Hydropower Plant
Canadian Navigation Canal & Lock
Fishery Remedial Works
Compensating Works

St. Marys Rapids

U.S. Government Hydropower Plants
U.S. Navigation Canals & Locks
Cloverland Hydropower Plant

A
B
c
D
E
F
G
H

Looking downstream at the St. Marys River. Credit: International Lake Superior Board of
Control

The complex task of managing water levels and flows in the Great Lakes- St. Lawrence
River system has received considerable attention recently following two notable regulatory
changes and a series of unprecedented hydrologic events. Together, this presents a
significant challenge and an important opportunity for the Great Lakes-St. Lawrence River
Adaptive Management (GLAM) Committee (https://www.ijc.org/en_/GLAM) .

In January 2015, the International Joint Commission (IJC) implemented regulation Plan
2012, a new set of rules governing the amount of water to release from Lake Superior
through the St. Marys River.

More recently, with the concurrence of the U.S and Canadian governments, the IJC
implemented Plan 2014 (https://www.ijc.org/en_/Plan2014/home) in January 2017 for the
regulation of outflows from Lake Ontario through the St. Lawrence River.

Both regulation plans were implemented following years of studies that looked at the impacts
of past, present and potential future weather and climate conditions on water levels and
outflow regulation, and how these factors affect socio-economic and environmental
outcomes throughout the Great Lakes system.
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Ogoki Diversion

Lake Michigan ¢

Diversion
at Chicago
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Ontario

Diversion
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Great Lakes Diversions
Image courtesy US ACOE
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PUBLIC POLICY NEEDS

» Now that we’re back into a sequence of high water levels
for the next several decades, similar to the last half of the
1900’s, and average annual precipitation is expected to
Increase for the next century at least as much as the 10%
Increase over the last century, it is important for State
Governments throughout the Great Lakes drainage basin,
and the US and Canada on a federal level, to update,
through the International Joint Council (1JC) the several
basin lake level management operating plans that still
emphasize maximization of water levels.

Miller Engineers & Scientists

38



Great Lakes Echo | (http: //greatlakesecho.org /2000 /06/01/regulation -of-great-lakes-levels-regulation -possible-experts-debate-
effects/)

Regulation of Great Lakes’ water levels possible,
experts debate effects

By Allison Bush (http:/fgreatlakesecho.org/authorfallisonbush/) | June 1, 2009

91

SHARES

By Allison Bush, bushalli@msu.edu
Great Lakes Echo
June g, 20009

Ontarie
Imagine turbines at the bottom of the St. Clair River that can control the

height of the water on Lake Huron, What's more, they can generate

electricity
Sound farfetched? They're not, according to Craig Stow, a physical research
scientist at the National Oceanic and Atmospheric Administration’s Great
Lakes Environmental Research Laboratory,

“Those sorts of things are technically feasible,” he said. “But it depends on
funding and the will and outlook of the Great Lakes community.,

Great Lakes Diversions

Turbines like these are exactly what one very vocal Lake Huron community Five diversions, like the Welland Canal between lakes Erie and

wants to keep water levels from getting too high or too low. Property owners Ontario, already have a hand in controlling Great Lakes water

i Scorgi i levels. Hiustration: US Army Corps of Engineers
belonging to the Georgian Bay Association in the northeast corner of the lake cvets. HMustration rmy Corps of Engineers
are worried that erosion is causing the level of lakes Michigan and Huron to

drop at alarming rates.

The Great Lakes water levels currently are controlled by several factors, including the Soo Locks, which regulate the outflow from Lake
Superior, and five diversions that transfer water in and out of the Great Lakes basin, including the Welland Canal, which connects lakes Erie
and Ontario. Lake Ontario is already completely regulated through varions dams, locks and channel enlargements, with the lake levels being

brought up and down in accordanee with a particular schedule, Stow said.
“If we're willing to spend the money and take the risk, we can substantially regulate these lakes,” he said.

But the current regulations do not have a large effect on either long-term lake level trends, and do not influence them significantly in the
short term, according to Indiana’s Department of Natural Resources, or DNR. Rather, regulation primarily helps to alleviate lake level
extremes.

In the upper Great Lakes, the effects of regulation can take up to 15 years to be seen, experts say.

And although it is feasible to control the amount of water flowing through the Great Lakes from an engineering standpoint, the amounts of
rainfall and evaporation “are totally outside of human control,” said Roger Gauthier, a hydrologist at the Great Lakes Commission.

In addition, if the St. Clair River was regulated, it would mean that the Detroit and Niagara rivers would likely need to be regulated as well
to mitigate the effects, Gauthier said.

Typically, regulated lakes are either fully or partially regulated, he said.

Full regulation requires the construction of a lock and dam system, and would interfere with the flow of commerce, Gauthier said. Partial

regulation involves putting blocks, such as rock ledges, near the shore instead of in the middle of the shipping channel.

These ledges would offset the depth, and would have no interference if they were deeper than 30 feet, he said.
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Were you impacted by high water levels along the Great Lakes and St.
Lawrence River shoreline in 20197

Wet conditions throughout the Great Lakes - St. Lawrence River basin in the spring of 2019
resulted in record-high or near record-high water levels in each of the Great Lakes. These
high water level conditions caused tremendous challenges (which are still ongoing in certain
areas) for people living and working along the Great Lakes — St. Lawrence River shoreline
including direct damages to their homes and valued property.

The IJC's Great Lakes-St. Lawrence River Adaptive Management (GLAM) Committee
(https:/lijc.org/en_/GLAM/Directive) is working closely with the [JC’s International Lake
Ontario — St. Lawrence River Board (https://ijc.org/en/losirb) (ILOSLRB) and the
International Lake Superior Board of Control (https://ijc.org/en/Isbc) (ILSBC) to reach out to
property and business owners who were directly affected by the high water levels in 2019.
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