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Appendix C: Habitat Bench Design Issues                               
for Areas Offshore of ASB 
 

1.0 Introduction 
As part of habitat enhancement planning for Bellingham Bay, the area offshore of the Aerated 
Stabilization Basin (ASB) facility and in between the Whatcom and I&J Waterways has been 
considered for development of a nearshore habitat bench. The nearshore habitat bench would 
enhance the existing migration corridors for juvenile salmonids, by increasing the quantity and 
quality of shallow subtidal habitat along these corridors. Similar benches have been incorporated 
into the design concept for the interior faces of the ASB should it be cleaned out and converted 
to a marina with integrated public access and habitat enhancement features. 

This memo summarizes some of the coastal engineering design issues that would apply to the 
development of a subtidal habitat bench offshore of the ASB area. The principal issue is the 
stability of the bench materials under anticipated wind and wave conditions, and the design 
choices made to optimize stability while preserving the habitat functions of the bench.  

The design issues described in this memorandum will also apply to sediment capping which is 
contemplated in portions of this area as part of the Whatcom Waterway RI/FS. Selected project 
alternatives evaluated in the RI/FS include the placement of a nominal 3-foot thick sediment cap 
in portions of the habitat bench area.  The design issues described in this memorandum have 
been incorporated into the RI/FS document. 

2.0 Physical Setting and Conceptual Bench Design  
The ASB currently operates as a wastewater treatment facility. However, it is contemplated for 
future use as a marina with integrated public access and habitat enhancement features. The 
sediments immediately offshore of the ASB (sediment site unit 5-B) currently consist of sandy 
material, up to the toe of the ASB berm. The ASB berm begins at elevations of approximately -6 
feet MLLW in this area. The ASB berm is constructed of large armor stone with a slope of 
approximately 3H:1V.  

During the Bellingham Bay Demonstration Pilot, the area offshore of the ASB was identified as 
a priority location for the development of submerged habitat benches to enhance migration 
corridors for juvenile salmonids. These benches would increase the quantity of shallow subtidal 
habitat, particularly the premium depth areas, typically considered those in elevations of -4 ft 
MLLW or shallower.  

The shallower sediments nearest the ASB are subject to wind and wave action that will affect the 
design of future habitat benches. The existing bay floor near the ASB transitions from a fine silt 
in deepwater areas, to silty sand at elevations shallower than about 20 feet. The highest wind and 
wave energies are expected in the shallowest elevations, particularly those that are exposed at 
low tides.  

Conceptually a habitat bench in front of the ASB would be constructed as part of the cleanup of 
the Whatcom Waterway site and redevelopment of the ASB facility.  The outer ASB berm would 
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be retained as part of future land uses, with some reconfiguration of the face of the berm as part 
of site transition. The toe of the berm will continue to be in about -6 feet MLLW. The interior of 
the berm will be modified significantly to optimize public access and habitat features, and to 
provide for future navigation uses of the ASB. Materials used for the construction of the outer 
bench will include some stone and berm sands obtained from ASB berm reconfiguration, as well 
as additional materials procured from other sources. The berm sand is coarse, with a median 
diameter of 0.8 mm. The berm stones vary in size. 

Wave action inside the modified berm will be less substantial than on the outer face, and will 
have fewer of the design considerations applicable to the outer bench area. The optimum bench 
design would maximize the footprint of shallow subtidal sediments in the elevation range -6 ft 
MLLW to -4 ft MLLW. The conceptual design evaluated in this memorandum includes a bench 
that would begin offshore approximately 300 feet from the existing ASB berm toe. The average 
thickness of applied material would be approximately 3 feet, with additional thicknesses 
provided if desired to maximize shallow habitat elevations. The final side slopes would be 
similar to that of the current bay floor currently slopes at about 0.014, or about 70 feet horizontal 
for every 1 foot vertical.  

3.0 Design Basis and Site-Specific Data  
In designing a habitat bench, the potential for physical disturbance and erosion must be 
considered. In doing so, weather data for the area are combined with coastal surveys to define 
anticipated typical storm conditions. These are the storms that are frequent to the area and that 
shape the design of most coastal structures. The design process also considers the impacts of 
extreme storm conditions. Extreme are those that occur very infrequently (i.e., one or two times 
in a 100-year period). Typically these storm conditions are of short duration in comparison with 
the typical storms, but can cause shifting of bay sediments not experienced in typical storms.  

The final design is based on the typical storm, with design enhancements to minimize shifting of 
sediments during infrequent extreme storm events. Some sediment shifting is tolerable and 
expected. However, mass material loss through erosion is to be avoided in order to ensure long-
term viability of the habitat bench, and to minimize additional sedimentation in nearby areas 
including the I&J Waterway. If the habitat bench is integrated with a sediment cap, the design 
should also maintain sufficient bench material thickness to ensure containment of capped 
sediments. The key site-specific data used to assess bench/cap design include the following: 

Tide Data: The tides in Bellingham Bay are semi-diurnal mixed, meaning that there are two 
unequal highs and lows each day.  The mean tide range is 5.43 feet and the diurnal range is 7.79 
feet.  The tidal datums for the 1983-2001 tidal epoch are given in Table 1.  The tides determine 
the varying water depth in front of the breakwater.  

Wind Data: The dominant disturbance to the sediment of a habitat bench cap is expected to be 
wind-generated waves.  A literature search indicates that there are no known wave data for 
Bellingham Bay.  Therefore, waves will have to be forecast/hindcast from wind data.  The wind 
parameters that influence wave generation include: wind speed, wind direction, wind duration, 
and fetch (the distance over which the wind blows).  Wave growth is directly proportional to 
wind speed, wind duration, and fetch. Fetch was obtained by scaling off the nautical chart 
(NOAA-NOS Chart No. 18424) for Bellingham Bay.  The fetches associated with each principle 
wind direction are presented in Tables 2 and 3. Wind data for Bellingham Bay are sparse.  The 
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plan is to assess both typical storm waves and extreme storm waves in addressing the issue of a 
stable armor cap on the habitat bench.  The wind-to-wave analyses are done for typical storm 
conditions and extreme storm conditions. 

Design (Typical) Storm Information: The typical storm conditions are obtained from a wind 
rose for Bellingham Bay prepared by the U.S. Army Corps of Engineers – Seattle District Figure 
A-1 (See Attachment A).  The maximum wind speed from each direction is assumed to be 
representative of a typical storm from that direction.  The duration of a typical storm by 
directions was obtained from a U.S. Army Corps of Engineers – Seattle District Figure A-2 
Wind Duration Curves for Bellingham Bay (see Attachment B).  The typical storm wind 
conditions to be used in the wave analysis are summarized in Table 2.  The longest fetch is from 
the SE with typical storm winds up to 24 mph for up to 24 hours duration.  

Extreme Storm Information: Extreme storm winds representative of Bellingham Bay are 
collected from a variety of sources.   The storm of 21 October 1934 (Read, 2003) produced a 
sustained wind in Bellingham from the SSE at 60 mph with a peak wind at 70 mph.  The 4 
December 1945 storm (Read, 2004) produced a peak wind from the SSE at 66 mph and a gust to 
80+ mph.  The 12 October 1962 (Columbus Day Storm) storm (Lynott and Cramer, 1966) 
recorded a gust of 92 mph from the S.  And a storm on 24 November 1998 
(http://www.usatoday.com/weather/news/1998/w1124rpt.html) produced a gust of 76 mph, 
believed to be from the S.  Sustained winds (with 1-hour duration) are obtained from the U.S. 
Army Corps of Engineers – Seattle District Figure A-2 Wind Duration Curves for Bellingham.  
Peak winds (1-minute duration) and gusts (1-second duration) were obtained from storm reports.  
The extreme storm wind data for Bellingham Bay is summarized on Table 3.  The extreme 
storms winds are out of the south, but the fetch in that direction is a relatively short 4,000 feet.  
The longest fetch of 41,000 feet is to the southwest, but there are no recorded peak winds or 
gusts from that direction; however, the sustained wind speed of 52 mph is relatively high. 

Wave Estimation Methods: The wind data is used to calculate the typical and extreme (storm) 
wind-generated waves in Bellingham Bay using the methods presented in the Coastal 
Engineering Manual (U.S. Army Corps of Engineers, 2002).   Waves are calculated along the 
longest fetch for the typical storm (SW wind at 24 mph for 24 hours), the extreme sustained 
storm (SW wind at a speed of 52 mph and duration of 1 hour), and the maximum sustained, 
peak, and gust wind speeds (from the south with a fetch of 4,000 feet). The results of the wind-
generated wave calculations (Attachment C) are presented in Tables 4 and 5.  The largest typical 
storm waves are from the southwest (SW) with a wave height of 3.2 feet and a period of 2.9 
seconds.  The largest extreme storm waves appear to be from the southwest (SW) with a wave 
period of 3.6 seconds, and a significant wave height of 6.1 feet.  Extreme storm waves from the 
south (S) are fetch limited and the expected wave periods and wave heights are about half that 
for winds from the SW.  The wave parameters for SW wind-generated wave are used for further 
analysis of the habitat bench surface materials.  

Vessel Wake Evaluation: The habitat bench will be situated near navigation areas, and so for 
completeness, an assessment of boat wakes are calculated.  Generally, boat wake parameters lie 
within the envelope of wind-generated wave parameters. The largest boats transiting the 
waterway between the bay and the marina entrance will generate the largest wakes.  A 
conservative evaluation was conducted assuming a 110-foot long motor yacht, transiting in 30 
feet of water and passing within 300 feet of the habitat bench, and approaching the marina at a 
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speed of 7 knots (11.8 feet /sec).   The wake calculation (Attachment D) indicates a wake period 
of 1.9 seconds and a wake height of 0.3 feet.  These parameters are well within the storm wave 
parameters given above. 

4.0 Evaluation of Bench Material Stability  
The simplest design for a habitat bench or sediment cap would consist of a 3-feet thick layer of 
sand or a graded mixture of sand and stones placed directly on the silty sands of the bay floor. 
The size of material that is expected to be physically stable is dependent on the magnitude of the 
wave-generated currents impinging on top of the bench. The use of larger stones in the surface 
layers of the bench will increase the stability of the cap and habitat bench, but the use of very 
large stones or armor stone reduces the incremental benefits of the bench creation. 

The water depth over the habitat bench will be controlled by the tides.  Using MLLW as the 
controlling tide datum, the minimum depth of water over the cap is assumed to be 3 feet.  Storm 
waves will break and reform at the outer edges of the habitat bench and in about 9 feet of water 
depth.  The methods in the Shore Protection Manual are used to size stable stone exposed to 
storm waves.   

The calculations (see Attachment E) indicate that under typical storm conditions, stable sediment 
in front of the berm/breakwater should range from coarse silt in deep (greater than -12 feet 
MLLW) to medium gravel in shallow water, respectively.  Under extreme storm wave 
conditions, stable bottom sediments range from coarse sand in deep water, to coarse gravel in 
shallow water, respectively.  Based on current composition of the sediments, the deeper sediment 
conditions seem to prevail in front of the berm/breakwater; that is, coarse silt to coarse sand. 

Adding a habitat bench or sediment cap that reduces the water depth by at least 3 feet out to 300 
feet in front of the berm/breakwater will reduce water depths within the bench area and will 
subject the cap surface to higher wave energies than the current bay floor is experiencing. When 
storm waves shoal on the habitat bench, the wave motion will generate bottom currents.  These 
currents have the ability to erode and suspend the bench sediments.  The currents associated with 
storm waves were used to assess the size of a stable bench surface layer. The maximum 
horizontal currents range from about 6 ft/sec for a typical storm to about 13 ft/sec for an extreme 
storm.  To ensure that significant shifting of the materials is not experienced will require use of 
either 1) a coarse surface mix, or 2) a protective offshore submerged wave break.   

The final bench design will depend on the level of design stability selected, and whether an off-
shore wave break was included in the design. Under typical storm conditions, a stable capping 
mix would grade from fine to coarse gravel.  If a single material size is desired to be stable over 
the entire habitat bench, the median cap stone size should be 2-1/2 inches.  Alternately, finer 
material could be used in deeper water portions of the bench, and the coarser material used only 
in the shallow portions of the bench.  If the bench is designed to be stable without the use of an 
offshore wave break and avoid shifting under extreme storm conditions, the cap mix should 
grade from coarse gravel to cobbles, with the shallowest portions of the bench containing a 
median stone size of 12 inches. Finer materials could be used in deeper portions of the bench and 
would be stable under extreme storm conditions. 

If an offshore wave break is included in the design of the habitat bench, then the final cap can be 
constructed using Grade A materials as listed in Table 5. With a properly constructed wave 
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break, the mix with median stone size of 2-1/2 inches will maintain bench stability even under 
the extreme storm. This would allow use of standard “fish mix” materials in the top layers of the 
cap and habitat bench. Sand materials can be used in bench subgrade. The impact of the offshore 
wave break on project cost should be minimal given the planned availability of stone from 
reconfiguration of the ASB berms. Navigation impacts of the wave break would not be 
substantially different than those of the habitat bench itself and would be addressed by providing 
“shoal” markers at the outer edges of the bench.  

5.0 Preferred Design and Discussion 
The preferred design concept for the construction of a habitat bench and/or sediment cap in unit 
5-B includes the use of sand materials below -12 ft MLLW and in bench subgrades. An offshore 
submerged wave break would be constructed using recycled ASB berm stone. The wave break 
would be placed in water depths of approximately -8 feet and would extend to approximately -3 
feet MLLW. The wave break would be exposed only in extreme low tides. Behind the 
submerged wave break, the topping material for the habitat bench would consist of material 
similar to the Grade A materials listed in Table 5. These materials can be readily obtained from 
local sources. The bench area would range in elevation from -6 feet MLLW to -3 feet MLLW.  

The preferred design described above provides maximum habitat benefits, while maintaining the 
greatest bench stability. The design allows the use of premium habitat mix as topping materials 
for the bench. These materials would be stable with or without the submerged wave break in a 
typical storm used as the basis for design. The addition of the wave break provides for enhanced 
stability, minimizing the shifting of bench materials that could occur in extreme storm events. 
These extreme storms are not typically used for design basis, but are provided here given the 
goal of ensuring long-term function of the created habitat. The submerged wave break provides 
this increased stability, while maintaining the premium particle size mix for habitat function.  
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Table 1.  The 1983-2001 Tidal Datums for Bellingham Bay. 
 

Tidal Datum Meters Feet 
Highest Observed Tide 3.177 10.42 

Mean Higher High Water 2.594 8.51 
Mean High Water 2.375 7.79 
Mean Tide Level 1.546 5.07 
Mean Sea Level 1.510 4.95 
Mean Low Water 0.718 2.36 

NAVD 88 0.147 0.48 
Mean Lower Low Water 0.0 0.0 
Lowest Observed Tide -1.057 -3.47 

 
 

Table 2.  Typical Storm Winds in Bellingham Bay from Wind Rose (1948-1954). 
 

Direction Fetch 
(ft) 

Wind Speed 
(mph) 

Duration 
(hours) 

N 0 38 3 
NE 0 38 3 
E 0 24 8 

SE 1,000 38 5 
S 4,000 24 24 

SW 41,000 24 24 
W 27,000 24 2 

NW 24,000 24 6 
 

Table 3. Extreme Strom Wind Data for Bellingham Bay from Storm Reports. 
 

Direction Fetch 
(ft) 

Sustained 
(1-hour) 

Wind Speed 
(mph) 

Peak 
(1-minute) 

Wind Speed 
(mph) 

Gust 
(1-second) 

Wind Speed 
(mph) 

N 0 44   
NE 0 44   
E 0 42   

SE 1,000 56   
S 4,000 60 70 92 

SW 41,000 52   
W 27,000 26   

NW 24,000 NA   
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Table 4. Typical Storm Wave Summary for Bellingham Bay. 
 

Wind Direction (from) SE S SW W NW 
Wind Speed (mph) 38 24 24 24 24 

Wind Duration (seconds) 18,000 86,400 86,400 7,200 21,600 
Fetch (feet) 1,000 4,000 41,000 27,000 21,600 

Wave period (second) 0.9 1.3 2.9 2.3 2.3 
Significant (33-Percentile) Wave Height (feet) 0.7 0.9 3.2 2.1 2.1 

10-Percentile Wave Height (feet) 0.9 1.2 4.0 2.7 2.7 
1-Percentile Wave Height (feet) 1.1 1.6 5.3 3.5 3.6 

 
 

Table 5.  Extreme Storm Wave Summary for Bellingham Bay 
 

Wind Direction (from) S S S SW 
Wind Speed (mph) 60 70 92 52 

Wind Duration (seconds) 3600 60 1 3600 
Fetch (feet) 4,000 4,000 4,000 41,000 

Wave period (second) 1.7 1.7 1.8 3.6 
Significant (33-Percentile) Wave Height (feet) 2.2 2.1 2.4 6.1 

10-Percentile Wave Height (feet) 2.7 2.7 3.0 7.8 
1-Percentile Wave Height (feet) 3.6 3.5 4.0 10.2 

      
 

Table 6.  Stable Capping Mix Properties (No offshore wave-break) 
 

Percent Finer Than 
by Weight 

Grade A  
Mix Size (inches) 

Stable Under Typical Storm 
Without Wave Break 

Grade B 
Mix Size (inches) 

Stable Under Extreme Storm 
Without Wave Break 

100 1 ½  7 
85 2 9 
50 2 ½  12 
15 3 15 
0 4 18 

 

 



 

Attachment A 
Annual Wind Rose – Bellingham, Washington





 

Attachment B 
Wind Duration Curves – Bellingham, Washington





 

Attachment C 
Typical Storm Waves – Bellingham, Washington







 

Attachment D 
Vessel-Generated Waves





 

Attachment E 
Habitant Bench – Bellingham, Washington 












