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Historic Lake Level Chang@c, 1987)

Estimated Effect on

Regime Change Date Lake Huron Water

6.1 m Navigation Channel Dredging (20 ft)

Removal of Shoal from St. Clair Flats

Sinking of Steamers Fontana and Martin

Sand and Gravel Mining

Dredging 7.6 m Navigation Channel (25ft)

Dredging 8.2 m Navigation Channel (27 ft)

NET EFFECT

1855 to 1906

1906

1900

1908 to 1925

1930 to 1937

1960 to 1962

1855 to 1962

Level (m)

-0.11 to -0.21
-4 t0 -8 In

-0.01

+0.03
+1.2in

-0.09
-3.51n

-0.05
-21in
-0.13
-51in

-0.36 to —0.46
-14 to =18 in




In the Recent 30+ Years (1971 — presen

No significant known human actions
Influencing Lake Michigan-Huron and the
St. Clair River

Direct impact of 1960 - 1962 navigation
channel deepening project would have
ceased to be a factor after 10 years




What Caused this Head Decline and Is It
Cyclic or Irreversible Trend?

Post-glacial rebound impacts
Net basin supply change and shift

Erosion of the St. Clair River
27?7




Differential Rebound Impact in Last 30 Yr

3 cm (1.2 In) lake level rise on Lake Erie

1.5 cm (0.6 In) lake level rise on Lake
MH

Conclude: no significant contribution (1.5
cm = 0.6 In) on head drop between Lake
MH and Erie




Possible Causes of Head Decline

Post-glacial rebound impacts
Net basin supply change and shift

Erosion/dredging in the St. Clair River




Key Points on an NBS Shift

Residuals Method NBS shift is probably
oroduced by the incorrect flow data

f it is occurring and it is related to a wetteneer
an NBS shift would not have a significant
contribution to the observed head drop (almost
certainly less than 4 cm = 1.6 In)

If NBS shift Is due to drier upper lakes then the
head drop should be increasing!




Possible Causes of Head Decline

Post-glacial rebound impacts
Net basin supply change and shift

Erosion/dredging Iin the St. Clair River




Four Independent Analyses

Hydraulic analysis using gage
relationships

Normalization analysis using water
balance equation on Lake Erie

GIS analysis on historical bathymetry
change

Numerical modeling




Data Used For Analyses

Only lake level data are used for all four
analyses — these data are the most direct
and integrated measure we have

Flow data does not provide any evidence
for river erosion and iIs not used for any
analyses as it may be unreliable

NBS data are also not used for the
analyses as they are indirect estimates




Normalization Analysis

Objective: to normalize the difference of
levels between Lakes Michigan-Huron
and Erie by removing the influence of
climatic-induced basin-wide fluctuations
In water supply

Method: use mass balance equation and
regression analysis

Assume: Constant NBS to Lake Erie




Mass Balance in Lake Erie

St. Clair River and Detroit River

Niagara River
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Compare to |IJC Estimates (1985, 1987)
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Key Points from Normalization Analysis

Reproduces well the historic regime
change events and diversions

Clearly indicates continuous head decline
since 1971, in which the head variation
caused by natural climatic change Is
filtered out

The head decline must be caused mostly
by erosion of the St. Clair River




Four Independent Analyses

Hydraulic analysis using gage
relationships

Normalization analysis using water
balance equation on Lake Erie

GIS analysis on historical bathymetry
change

Numerical modeling




Erosion of St. Clair River Channel

1867 Bathymetry
1929 Bathymetry

1971 Bathymetry (1948 in Figures)
2000 Bathymetry




1867 Bathymetry Upper St. Clair River

(REL)
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Comparison
1971-2000
Bathymetry

Net Erosion
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Upper River
Erosion and
Accretion
Patterns




2000 to 2005
change
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Key Points From GIS Analysis of
Bathymetry Change

The St. Clair River has eroded
significantly between 1971 and 2000

Erosion has occurred in a critical section
of the river for conveyance




Four Independent Analyses

Hydraulic analysis using gage
relationships

Normalization analysis using water
balance equation on Lake Erie

GIS analysis on historical bathymetry
change

Numerical modeling




Numerical Modeling

Two numerical models applied in the St.
Clair River and parts of Lakes Huron and
St. Clair

RMAZ2 — a 2D hydrodynamic model

MISED — a 3D hydrodynamic and sediment
transport model




RMA2 Model

Originally from USACE,
Detroit District

Model was developed and
calibrated by USACE/USGS
using 1999-2000 ADCP data

Model domain adjusted and
Included

The St. Clair River

Part of Lake Huron

Part of Lake St. Clair River




Lake Huron Level Drops with 2000
Bathym etry(using the same flow — mean flow)

Water Surface Elevation Profile
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Tongues -
Bathymetry
2005

North Tongue ->

South Tongue ->




Bathymetry Change 2062005
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Bathymetry
1971
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Conclusions — What has happened...

Water level data shows a previously
undetected/unexplained 30 to 40 cm (>1 ft) drop
In head difference between M-H and E over the
nast 30 to 35 years

High lake levels between 1970 and 1998 had
oreviously masked the full extent of the head
drop




Conclusions — What has caused It...

In the last 30 to 35 years, of the 30 to 40 cm dro
Glacial rebound accounts for less than 2 cm (ErseY

NBS shift accounts for less than 4 cm (even this
unlikely)

Continuous erosion may have raised Lake Erie byn?2 ¢

No significant contribution from change due to
diversions

Numerical model of 1971 and 2000 bathymetry
(representing significant erosion) can account28ar
cm of change — all resulting from a fall of Lake
Michigan-Huron due to increased flow capacity oa th
St. Clair River




Baird 3D MISED Model Domain

Extends to Lake
Huron and to Lake
Erie

Covers the St. Clair
River and Detroit
River

Includes the
tributaries flowing
into the system near
the intakes




Grid

Over 30,000
nodes

6 vertical layers

Grid size 10 m
to 2000 m
Time step: 60
seconds




Model Test: surface flow
velocity at the Blue Bridge













