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WAVES, WAKES, AND THE LIKE
CURRENTS:

Currents are weak at all layers and do not affect the shoreline or water movement a significant amount. Storms are responsible for the greatest amount of sediment flux.

Currents in the Elliot Bay are uniform at all layers and relatively weak.
Currents near the shore are probably relatively uniform at all depths under most conditions, but relatively weak. During storms wind driven surface currents are probably onshore with a northern tendency, while deeper currents are probably offshore due to the wind forcing (pushing surface water onshore).  It appears to me that the Duwamish

River discharge also tends to move surface water in a northerly (counter clockwise) direction along the Seattle waterfront.

STORMS:

Again, storms produce the most active water movement, and are responsible for the greatest change in shoreline geometry. Elliot Bay’s storm season is from December~ January.
The extreme storm waves that occur very infrequently are by far the strongest forces on the shoreline.  Storm waves that occur with a frequency of once every 10-50 years produce extreme conditions that greatly modify the shorelines.  More frequent, but less severe storms also are often substantially stronger than boat wakes. The most extreme storms frequently occur in December-January, and for some reason during times of extreme tide fluctuation (spring tides).

BOAT WAKE:
Mainly originate from the southern part of Elliot Bay and have been observed to reach up to ~2m.

Boat wakes in Elliott Bay are common and frequent.  Much of this comes from ferries and tugs that most frequently move to and from the southeast corner of the bay.  Their wakes tend to strike the Pier 63/63 are in a slightly northeastern direction.  They are frequent, but not the strongest forces affecting the shoreline.

Container ships moving at full speed can generate waves well in excess of 1 m high. I have seen ~2 m waves from container ships at West Point in Discovery Park. Yachts, though smaller, can also produce 1-m waves at times because of their higher speed. All of these wave sources are considerably larger than the waves generated by winds in the Bay.

FETCH:

The Fetch for our sites vary from 3 to 10 miles in length (not very big/powerful), depending on the wind. They are agreed to come from the southern end of the Bay.

The fetch at Pier 62/63 ranges from less than a mile to about 10 miles depending on the direction of the wind.  Winds out of the southwest will provide waves that will tend to bend around Alki Point and strike much of the Seattle shoreline.

The largest fetch is to the south. It is about 2 km (not very big). Our winds are strongest in the winter, and those winds are generally from the south. Winds below about 5000 ft in altitude are almost always out of the due south or the due north because of the constraints of the mountains (Olympics in the west, Cascades in the east). The waterfront park and pier 62/63 are protected from northerly storms, so they really aren’t an issue.

BREAKWATERS:

From Mean Lower Low Tide a breakwater, at its most effective height, should be close to +12 feet. Anything that is moved by a wave takes more energy out of the wave, so the more obstacles a wave hits, the less energy it will have at its end point.

Waves probably are a serious issue from depths of as much as -10 ft MLLW to extreme high tide elevations. They can occur when the water level is at +15 ft MLLW or -4 ft MLLW.  A breakwater does not need to reach the highest tide level, but probably at least +12 to be effective under most conditions.  This height will cause waves to break offshore even at tides of +15 ft, although it would not totally dissipate all the energy.  
There are many ways to dissipate waves. You can scatter wave energy. You can dissipate it by putting a ramp near the sea bottom. You can use floats to dissipate wave energy from the surface. Anytime you change the path of the water (and put stress on a structure), or cause something with mass to move, you extract energy from the wave field. The more energy you extract (i.e., the more you stress the structure or cause it to move), the more efficient the dissipation will be. Exactly how much is fairly complicated question, which depends on the incoming wave field and the particular geometry you are talking about.

There has been some limited work on eelgrass which suggests that it could also dissipate waves. However, these waves are necessarily smaller and the effect is generally not as significant as with kelp. Though bull kelp is a effective natural breakwater, the plants that survive in saltwater conditions provide limited energy dissipation capability.
***NOTE***Design of breakwaters requires a detailed shore processes and engineering analysis.  Proximity of the breakwater to the shore, its length, and other factors are important in determining its performance.  The detailed requirements of this analysis are likely beyond the capacity of your assignment.
SHORELINE GEOMETRY:

The steeper the slope the large the substrate size needs to be. Gradual gentle slope is ideal.
Gentle slopes are probably the most effective means to dissipate wave energy.  The steeper the slop, the harder the substrate must be to resist the wave energy.  Terraced slopes have the advantage of providing gently sloped habitat where offshore depths do not allow continuous low gradient slopes.
-All information was contributed by Jeff Parsons, and Don Weitkamp-
This website highlights storm winds, currents, and typical seasonal wind patterns:

http://students.washington.edu/dfinlays/waves/
These are some other resources (books) you can check out from either Dylan’s desk or Nathan’s:

1.) Marine Shoreline Erosion: Structural Property Protection Methods; Douglas Canning; Shorelands and Coastal Zone Management Program, 1991

2.) Coastal Land sliding on Puget Sound: A review of landslides occurring between 1996 and 1999; Hugh Shipman, Washington Dept. of Ecology; August 2001

3.) Annotated Bibliographies on Shoreline Hardening Effects, Vegetative Erosion Control, and beach Nourishment; T. Terich, M. Schwartz, and J. Johannessen; WWU; 1994

4) McCaslin, Michael. 1984. Ferry Wave Measurements on Puget Sound.

5) Heavner, John. 1981. Limited Fetch Spectral Models for Wind Waves at a Site on Elliott Bay.

Below are the emails we received from our sources, but you do not need to read them unless you are confused about the summary of their answers above!
Emails from Don W. :

Water Movement 

1 & 2.  Currents near the shore are probably relatively uniform at all

depths under most conditions, but relatively weak.  During storms wind

driven surface currents are probably onshore with a northern tendency,

while deeper currents are probably offshore due to the wind forcing

(pushing surface water onshore).  It appears to me that the Duwamish

River discharge also tends to move surface water in a northerly

(counter clockwise) direction along the Seattle waterfront.

3.  Boat wakes in Elliott Bay are common and frequent.  Much of this

comes from ferries and tugs that most frequently move to and from the

southeast corner of the bay.  Their wakes tend to strike the Pier

63/63 are in a slightly northeastern direction.  They are frequent,

but not the strongest forces affecting the shoreline.  The extreme

storm waves that occur very infrequently are by far the strongest

forces on the shoreline.  Storm waves that occur with a frequency of

once every 10-50 years produce extreme conditions that greatly modify

the shorelines.  More frequent, but less severe storms also are often

substantially stronger than boat wakes.

Energy Intensity 

I know there is some information available, but I do not have it

currently in hand.

2. The fetch at Pier 62/63 ranges from less than a mile to about 10

miles depending on the direction of the wind.  Winds out of the

southwest will provide waves that will tend to bend around Alki Point

and strike much of the Seattle shoreline.

3. General wave intensity is probably of little value to you.  Extreme

wave conditions generally produce the greatest shoreline modification.

Wave Management 

1. Waves probably are a serious issue from depths of as much as -10 ft

MLLW to extreme high tide elevations.  The most extreme storms

frequently occur in December-January, and for some reason during times

of extreme tide fluctuation (spring tides).  Thus, they can occur when

the water level is at +15 ft MLLW or -4 ft MLLW.  A breakwater does

not need to reach the highest tide level, but probably at least +12 to

be effective under most conditions.  This height will cause waves to

break offshore even at tides of +15 ft, although it would not totally

dissipate all the energy.  Design of breakwaters requires a detailed

shore processes and engineering analysis.  Proximity of the breakwater

to the shore, its length, and other factors are important in

determining its performance.  The detailed requirements of this

analysis are likely beyond the capacity of your assignment.

2.  The plants that survive in saltwater conditions provide limited

energy dissipation capability.  Gentle slopes are probably the most

effective means to dissipate wave energy.  The steeper the slop, the

harder the substrate must be to resist the wave energy.  Terraced

slopes have the advantage of providing gently sloped habitat where

offshore depths do not allow continuous low gradient slopes.  However,

I really have no experience and I am not aware of any information that

will give good guidance on their performance under extreme wave

conditions.

Keep in mind I am a fisheries biologist providing opinions base on

practical experience and work with shore processes professionals. 

Shore processes are not really my area of expertise.

Don 

Don E. Weitkamp Ph D                          425 458 6228

Parametrix                                        fax  458 6363

411 108 th Ave. NE, Suite 1800

Bellevue, Washington 98004-5571 

My best guess is they would tend to move north.  Regarding sediment

transport I have several suggestions.

First, a good reference for coastal processes is the following: 

Downing, J.  1983.  The coast of Puget Sound: its processes and

development.  University of Washington Press. Seattle, Washington. 

120 p.

Currently there is essentially no intertidal shore process because of

the seawall, numerous piers, and shoreline armoring.  Subtidal

sediment transport is provided by tidal and Duwamish River currents,

with the sediment supply a mix of Duwamish suspended sediment and

biologically derived sediment.  This is very fine silt-clay size

particulate matter that does settle in the subtidal areas.  The

currents appear to generally produce a counter clockwise transport in

Elliott Bay.

Regarding intertidal transport if beaches were available, my

experience along the Seattle waterfront is that boat wakes are

frequent, but relatively low energy compared to storm waves.  On other

Puget Sound beaches I have seen most of the sediment transport occur

during relatively brief extreme storm events that produce very high

energy in the intertidal zone.  These events result in major

modifications of sediment distribution in periods of a few hours.

Small gravel to silt size particles are routinely transported by

smaller waves, commonly in a specific direction.  Wolf Bower developed

the concept of drift sectors to describe these general movements in

the 1970s.  Based on the direction I have observed waves reaching the

shoreline along the waterfront I suspect the drift sector would be

from south to north, at least over the northern portion of the

waterfront.  The state previously had Maurice Schwartz, Western

Washington State University prepare an analysis of Puget Sound drift

sectors.

Schwartz, M. L., et al.  1991.  Net shore drift in Washington State. 

Volume 3 Central Puget Sound region.  Shorelands and Coastal Zone

Management Program, Department of Ecology, Olympia, Washington.

They concluded the Seattle waterfront has no appreciable net

shore-drift because of the absence of sediment supply together with

shoreline water depth, pier obstructions, etc.  This is of little help

for your work, but indicates the lack of definition due to the highly

modified nature of the shoreline.

You may also be interested in another series of publications by

Washington State addressing shoreline Management.  There is a series

of 11 volumes under the following general title:

Canning, D. J., and H. Shipman.  1994.  Coastal erosion management

studies in Puget Sound, Washington.  Water and Shorelands Resources

Program, Washington Department of Ecology, Olympia, Washington.

Hugh Shipman (425 649 7095 or hshi461@ecy.wa.gov)  is still with

Ecology dealing with shore processes and may be able to give you

better advice than I can.

I hope this helps, let me know if I can be of further assistance. 

Don 

Email from Jeff P. :

Waves, Wake and Fetch
1. What is the surface wave energy attenuation towards its base?

I’m not sure what you mean here.

2. Do subcurrents exist near the waterfront park and pier 62/63? And if they do, what are the depths of the different currents?

There are tidally induced currents in Elliott Bay. However, my guess is that they are likely not too strong (on the order of a few cm/s). Without a serious monitoring effort, it would be difficult to say much more than that. 

3. What is the wave intensity?

Wave intensity and wave energy are terms used interchangeably. Wave energy has a precise mathematical definition (one-eighth the product of the density of the fluid (water), the gravitational acceleration and the wave height squared), but basically it is the mechanical energy (per unit volume) carried by the wave field.

4. Which directions do the currents flow?
See 2.

5. How much wake disturbance is there? What direction (if one single one) is it coming from?

I don’t know, but I am intending on deploying a wave gage to answer this question. Unfortunately I won’t have an answer until I collect the data (or find someone elses).

6. What is the usual size of the tankers’ wakes?

It depends on a lot of things. Probably most important is the tanker’s draft (the volume of water it displaces – i.e., its size) and the tanker’s speed. There are speed restrictions in the Bay and in the main basin of the Sound, but waterways are generally less controlled than freeways, so you can imagine that there are probably a lot of speeders out there. Container ships moving at full speed can generate waves well in excess of 1 m high. I have seen ~2 m waves from container ships at West Point in Discovery Park. Yachts, though smaller, can also produce 1-m waves at times because of their higher speed. All of these wave sources are considerably larger than the waves generated by winds in the Bay.

7. Are there any diagrams of the wave energy in Elliot bay?
Not that I know of. 

8. Will current and wave action have a negative impact on floating habitats?

Yes, if the floating habitats have sediment that is not resupplied somehow, the material will coarsen with time as finer grained material is lost to the area surrounding the habitat. In enough time, all of the sediment will be transported away from the habitat. In the case of eelgrass, this will cause the plants to perish. Kelp could survive easier in a disconnected habitat, though it may also be stressed as the substrate changes. Other creatures (such as shellfish) will also be harmed in coarsened environment.

9. What is the fetch at waterfront park and pier 62/63? How strong? What times of the year? Where is it coming from?
The largest fetch is to the south. It is about 2 km (not very big). Our winds are strongest in the winter, and those winds are generally from the south. Winds below about 5000 ft in altitude are almost always out of the due south or the due north because of the constraints of the mountains (Olympics in the west, Cascades in the east). The waterfront park and pier 62/63 are protected from northerly storms, so they really aren’t an issue.

10. At what depth does one need a barrier to break up the waves and wake? How long/tall/wide would the breakwater need to be? At what angle should it be placed?
There are many ways to dissipate waves. You can scatter wave energy. You can dissipate it by putting a ramp near the sea bottom. You can use floats to dissipate wave energy from the surface. Anytime you change the path of the water (and put stress on a structure), or cause something with mass to move, you extract energy from the wave field. The more energy you extract (i.e., the more you stress the structure or cause it to move), the more efficient the dissipation will be. Exactly how much is fairly complicated question, which depends on the incoming wave field and the particular geometry you are talking about.  

11. Can certain plants or habitats act as an appropriate breakwater?

Yes, bull kelp is an excellent natural breakwater. There has been some limited work on eelgrass which suggests that it could also dissipate waves. However, these waves are necessarily smaller and the effect is generally not as significant as with kelp. 

12. What shapes, structures, materials, angles encourage different amounts and types of wave energy?

See 10.

13. Would a smooth gradient slope vs. a terraced slope be better for wave management? Briefly why?
Both would work. Their efficacy depends on the specific geometry in question and the incoming wave field (see 10.).
