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Wave Analysis
Grand Marais, Mi

Still-Water Elevation

The design water-surface elevations near Grand Marais, M| are summarized in
Table 1. These elevations correspond to the still-water elevation plus storm surge
for the given recurrence intervals and were determined in Design Water Level
Determination on the Great Lakes, USACE, Detroit District, 1993. The elevations
are based on a gage analysis of 122 years of data at Marquette, Ml, and do not
include the runup component. Lake Superior low water datum (LWD) is at 600.0
ft, IGLD 1955.

Table 1: Summary of still-water elevations near Grand Marais, MI

Still-Water Elevation

Recurrence
Interval
IGLD 1955 IGLD 1985 Feet above LWD
10 year 603.0 ft 604.1 ft +3.0
20 year B03.2 ft 604.3 ft +3.2
30 year - B03.4 ft 604.5 ft +3.4
50 year 603.6 ft 604.7 ft | +3.6

Wave Analysis

A wave hindcast was performed and is described in Design Wave Information
for the Great Lakes: Lake Michigan, U.S. Army Corps of Engineers, Waterways
Experiment Station, 1978. This analysis of wind data from WIS station 49 yielded
the 20-yr deep-water waves shown in Table 2.

Table 2: Summary of deep-water wave heights from WIS hindcast

Angle Class Significant Wave Height, Peak Period, sec (Ts)

ft (Hs)
1 12.8 ft 8.5 ft
2 18.4 ft 9.9 ft

3 19,7 Tt 10.8 ft




Given the configuration of the existing jetties and shoreline, waves from all three
angle classes will impact the proposed configuration along the existing pile dike and
the 15° offset breakwater. However, only waves from angle class 1 and 2 will
impact the proposed structure with a 55° offset. To determine the angle class, a
bearing is measured perpendicular to the harbor. The bearing at Grand Marais has .
been determined to be 180°. A perpendicular line is drawn through the origin of
this bearing creating a half-plane in Cartesian space. The half-plane can be divided
into three 60° arcs. Each arc represents an angle class starting with angle class 1
and increasing counter-clockwise. '

The water depth in front of the proposed structures and the slope of the nearshore
were estimated from NOAA Navigation Chart 14962. The water depths at the toe
of the proposed structures are summarized in Table 3. These depths, which include
storm surge and setup, are based on a historic survey, which may have significantly
changed. The water depths in East Bay are dynamic as littoral material from the
erosion of Lost Island and the east accretion fillet moves towards the shore and

into West Bay. |

Table 3: Summary of depths and wave parameters

Configuration of Water depth at Deep- Shallow-water Peak

proposed toe of structure water wave Period
breakwater w/ 20-yr SWL wave Hs Hio (Ts)
Existing Pile Dike 19.2 ft ©19.7 ft 11.7 ft 13.8ft 10.8sec
15° Offset 14.2 ft 19.7 1t 9.0 ft 10.7 ft 10.8 sec
55° Offset 12:2 ft 18.4 ft 7.5 ft 8.7 ft 9.9 sec

The deepwater waves in Table 2 were transformed to shallow water waves using
the TMA procedure and Goda’s method. In all three instances, Goda's method
produced a larger shallow-water wave and should be used in design calculations.
The principal approach direction for all Goda calculations was assumed to be 0°,

Summary

The design wave information for the three proposed structures at Grand Marais
is summarized below:

s Design wave!: Existing Pile Dike
Hs= 11.7 ft, non-breaking wave
Hio= 13.8 ft, non-breaking wave (use for stone sizing)
T, = 10.8 sec




15° Offset

Hs= 9.0 ft, non-breaking wave

Hio=10.7 ft, non-breaking wave (use for stone sizing)
Te = 10,8 sec

55° Offset

Hs= 7.5 ft, non-breaking wave

Hio=8.7 ft, non-breaking wave (use for stone sizing)
T = 9.9 sec ) |

» Design still water elevation:  603.2 ft, IGLD 1955 (+ 3.2 ft above LWD)
(20-yr recurrence) 604.3 ft, IGLD 19856
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