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Welcome to the Shoreline and Shallows Conference, “A New Wave of
Thinking”, co-hosted by the Midwest Glacial Lakes Partnership and the
Michigan Natural Shoreline Partnership.

* To sign up for the Midwest Glacial Lakes Partnership newsletter, learn
about our Lakes Conservation Grant, science, and outreach, and see a
list of past and future webinars, go to the website
MidwestGlacialLakes.org

* To learn more about the Michigan Natural Shoreline Partnership and its
resources for contractors, property owners, and more, go to the
website: MiShorelinePartnership.org

How Waves Work

Brian Majka

Getting Started

* Audio is through your computer speakers or headset:
You may not hear sound until webinar begins.

* Use the Audio Settings option to do a sound check.

* During the webinar if you do not hear audio, make sure
your sound is turned on, then contact the Help Desk.

How to Ask Questions

1. Click on the Q&A icon ( ) to submit a question to
the presenters. QtA

2. Type your question in the box and click the Send button.

Help Desk
Call the Distance Learning Help Desk (800) 500-1554 for
technical support.




Consultants

How Waves Work

Brian Majka, Restoration
cologist

.

-

- o - e .
. g LY. -_l: o =
A - —— - o . . ." X




Overview

e \What are waves?

e Where do waves come
from?

e \Wave characteristics

* How do waves impact
shorelines?

* Wave energy
assessments




The land-water

Interface

e Critical habitat
niche

* Important for
water quality

e Susceptible to
erosive forces




What is a wave?

 Aswellinabody of
water, typically with
forward motion

* Created by energy
passing through water

 Waves are a transfer of
energy without a transfer
of matter




A Few Quick Definitions

* Fetch=longest
uninterrupted distance
across the open water from
a site

 Wave runup=“Maximum
onshore elevation reached
by a wave” (Coastal Wiki)

* Bathymetry=elevation of
the bed in a body of water

* Slope is often described as
“Run:Rise”

— |E, a “5H:1V” slope has 5’ of
run for every 1’ of rise




Wave Origins

e Wind driven
e Gravitational (tides)
e Disturbance driven

— Tsunamis
— Boats

— Cannonball?



waves and wind

maximum

Wind Driven Waves

* Wind causes friction across the *
water

Source: University of Wisconsin

 Energy from the wind is
transferred to the water

* Friction causes microripples,
which cause more friction,
which cause larger ripples...and
wave height grows

* Wave height is a function of
fetch, wind speed, duration,
and water depth




Boat Driven Waves

Boats displace water as they move

Size and shape of wave influenced by
boat hull and speed

Wave height is reduced when boat
begins planing

Wave height is a function of wind
speed, duration, and water depth

Boats “push” water, creating higher
waves than wind-driven waves

Waves are periodic, but usually have
longer period and greater height
than wind driven waves

Wave Height

Boat Speed







Characteristics of waves

Wave length (distance between crests)

iy
Orbit becomes Breaking wave Riive g
Upper layer eliptical due to shore gains height P

Wave crest (time between

of air sinks friction slowing the I
\ | Wave trough P2se ©f the< / g

Waves have ‘J
a circular orbit
Swash

Backwash

www.internetgeography.net



Wave Characteristics

* Wave height comes from
— Fetch
— Depth
— Runup
— Site orientation
— Influence of adjacent features

— Presence/absence of aquatic
vegetation

 Wave height is most often limited
by either fetch or depth




Wind Direction

| Wave l.enih _. | . Wave Breaks

Waves break over and lose energy when wave height reaéﬁes =
80% of water depth. (USACE, 1981)

e T TN )




» Waves break over and lose energy when wave height reaches 80% of
water depth (an 8” wave will start to break in 10” of water)
« The gentler the slope, the further offshore the wave will break







Wave Characteristics

* Wave height comes from
— Fetch
— Depth
— Runup
— Site orientation
— Influence of adjacent features

— Presence/absence of aquatic
vegetation

 Wave height is most often limited
by either fetch or depth




Slope Implications | o
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Impacts of water levels on waves

Jan 2013




How does wave energy

degrade shorelines?

* Soil erosion

* Physical displacement of
plants

e Turbidity

 \Waves are a function of
fetch, depth, slope, wind
speed and wind duration




How does wave energy

degrade shorelines?

Natural and anthropogenic wave energy proxies and shoreline armoring

* Waves lead to armoring,

whether they are wind or boat E
driven § *
— From 1 review, ~25% of low =B
energy shorelines have been 4-
armored, likely as a result of ]

boat traffic (Bilkovic 2017)

 Armoring further impacts
shorelines 0

Boating intensity (n|

* As wave energy is deflected, Shocetne Amore
erosion and turbidity can Source: Bilkovic 2017
increase




4 Shoreline Erosion video clips
Find them on the MNSP website
https://www.mishorelinepartnership.org/erosion-
at-the-shoreline.html
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Calculating Wave

S(e)Y WATERWAY AND WETLAND PERMITS: CALCULATING ENERGY
ALONG A SHORELINE

NOTE: For best results, use Microsoft Internet Explorer browser version 8 or higher

° ° d ° IVI d I Follow these steps to obtain an accurate calculation of energy along your shoreline:
I I I n Ca St I n g O e 1. Print out the map for your lakeshore site (include the scale)
2. Figure out the correct feet-per-inch value using the map scale and your ruler, and enter the number here; 1inch=
feet

[ ]
I n g 3. Mark your shoreline site on the lake map.

4. Draw the longest unobstructed straight line originating from your site across the water to any other point on the
shore; this is the fetch at your site, Use this example [pof] for reference.

5. Using a ruler, measure the length of the fetch line and record this value: inches
L W D N | t Wa Ve 6. To convert the ruler measurement of fetch to actual distance, multiply feet per inch (found in step 2) by the
measured fetch line (found in step 5):
Lake Fetch = feet/inch x inches = 0 feet

E n e r‘ ‘ a | C u I a to r 7. Measure the mean depth along your fetch line
1. Locate and mark at least 5 equally-spaced points along your fetch line.

2. Estimate and record the depths at these equally spaced points (for example: 45 ft, 105 ft, 75 ft, 55 ft and 25
ft).

result. For example, (45 ft + 105 ft + 75 ft + 55 ft + 25 ft)/5 = 61 feet.) Use this example [ror] for reference.
8. Using the two values obtained in steps seven and eight, and , use the wind wave model below to calculate the
storm wave height at your site. The storm wave height is used to determine the at your site.

— D e pt h Lake fetch from my site Miles (found in step 6)

Mean water depth along my fetch Feet (found in step 7)

- Sto r m Wi n d S p e e d Storm wind speed 51.33 ft/sec

F etC h 3. Add these depth values together and then divide by the number of sample points taken, and record the

e Observations




Simplified Wave Energy

Assessment WATERWAY AND WETLAND PERMITS: CALCULATING ENERGY
ALONG A SHORELINE

NOTE: For best results, use Microsoft Internet Explorer browser version 8 or higher

Follow these steps to obtain an accurate calculation of energy along your shoreline:
* WDNR Wave Energy

1. Print out the map for your lakeshore site (include the scale)

2. Figure out the correct feet-per-inch value using the map scale and your ruler, and enter the number here; 1inch=

Calculator ok

3. Mark your shoreline site on the lake map.
) U f t h d d t h 4. Draw the longest unobstructed straight line originating from your site across the water to any other point on the
S e S e C a n e p a S shore; this is the fetch at your site, Use this example [pof] for reference.

5. Using a ruler, measure the length of the fetch line and record this value: inches

I n p u tsl Ca | C u | ate S Wave 6. To convert the ruler measurement of fetch to actual distance, multiply feet per inch (found in step 2) by the

measured fetch line (found in step 5):

height using assumed Storm Lake Fetch = feet/inch x inches = 0 feet

7. Measure the mean depth along your fetch line

Wi n d S p e e d 1. Locate and mark at least 5 equally-spaced points along your fetch line.

2. gs)timate and record the depths at these equally spaced points (for example: 45 ft, 105 ft, 75 ft, 55 ft and 25
H H 3. Add these depth val th d then divide by the number of le poi ken, and d th
 htt PS I/ / dnr.wisconsin -8OV/ t result, For example, (4 f < 105t + 75 t + 55 f + 25 10/5 - 1 feet ) Use ths &xample etelfo rference.
8. Using the two values obtained in steps seven and eight, and , use the wind wave model below to calculate the
. o storm wave height at your site. The storm wave height is used to determine the at your site.
opic/Waterways/shoreline/
erosioncalculator.html

Lake fetch from my site Miles (found in step 6)

Mean water depth along my fetch Feet (found in step 7)

Storm wind speed 51.33 ft/sec







Why You Need Multiple Tools!

Desktop modeled 0.9’ waves for both sites

Physically observed 1.5’ waves at project site, but 6” waves 300’
east during 40 MPH winds across maximum fetch
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Natural Shorelines

10:1-20:1 slopes
Dynamic and transient
Not always vegetated
Often have mosaics of
shrubs, grasses, and

wildflowers

Provide template for
understanding how to
restore shorelines




Questions?




Brian Majka
GEI Consultants, Inc.
bmajka@geiconsultants.com

/,.,., _:j 616-843-3635




