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1 INTRODUCTION 

The purpose of this report is to present a coastal engineering analysis for the Brutus Maintenance Association (BMA) 
Bulkhead Maintenance Project on Camano Island, WA 98282 (Parcel S6192-00-0000A-0) (Figure 1). This report has 
been conducted per the Island County Municipal Code (ICC). ICC 17.05A.110.A.3 (f) and ICC 17.05A.110.A.3 (g) 
requires all replacement structures to be treated as new, and all new structures to provide a Geocoastal Report. 

    
Figure 1. Vicinity and Site Maps 

1.1 Project Description 

The overall project goal is to replace an existing, timber bulkhead for the BMA. The existing bulkhead is situated at 
the base of an approximately 120-to-140-foot bluff. This untreated, timber structure will be replaced with a soldier 
pile wall system. This solider pile bulkhead will be comprised of steel piles that are drilled into place, grouted below 
the mudline, and are spanned with concrete lagging. 

2 GEOCOASTAL REPORT REQUIREMENTS 

The following sections present the requirements of a Geocoastal Report per ICC 17.05A.110.A and how that 
requirement is being met by the proposed project: 

2.1 ICC 17.05A.110.A.3(g) 

“Geotechnical reports pursuant to this section that address the need to prevent potential damage to a primary 
structure or appurtenance shall address the necessity for shoreline stabilization by estimating time frames and rates 
of erosion and report on the urgency associated with the specific situation. In order for structural shoreline 
stabilization to be authorized, the geotechnical report must conclude that that there is a significant possibility that 
such a structure will be damaged within three (3) years as a result of shoreline erosion in the absence of such hard 
armoring measures, or that waiting until the need is that immediate would foreclose the opportunity to use measures 
that avoid impacts on ecological functions. All geotechnical reports shall also identify any potential impacts to 
downstream or downdrift structures.” 
 
According to the Geotechnical Report (GeoTest Services, Inc., 2021), the soils along the slope of the project site have 
an erosion K factor of 0.37, which indicates moderate to high potential of erosion. Additionally, the report mentions 
that with the current state of the site (i.e., with the existing degraded bulkhead), the erosion process may be 
accelerated without proper management. It is GeoTest’s opinion that the existing bulkhead has historically reduced 
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Location 
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Location 
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the rate of erosion, however, erosion not on aerial photography has appeared to accelerate in the recent years as 
the bulkhead has become deteriorated. 
 
A feasibility report done for the BHA indicates that natural erosion rates within the immediate area are likely range 
from 0.3-0.4 FT/YR, and that a full removal of the armor would likely result in failure of portions of the trail for beach 
access within 5 years (Coastal Geologic Services, Inc., 2019) (Appendix I). Additionally, the report indicates that if 
even a portion or section of the bulkhead were to be removed, erosion from wave attacks would cause surficial 
landslides within a few years of removal. A fetch-based wave calculation was performed and is attached as Appendix 
II. The analysis estimates a significant wave height of 5.84 feet.  The beach approach slope is gradual, but a basic 
analysis from the USACE Coastal Engineering Manual (2002) shows that energy from the wave approach would be 
1.98 KJ/m2.  Removal of hard armoring would begin to erode away the sandy bluff material at a rapid rate with every 
breaking wave. The landslides would likely travel upslope within 3 to 5 years. In other words, there is a possibility of 
structural damage, and especially endangerment, within 3 years as a result of erosion without a hard armoring 
structure, given that 22 homes that sit atop the bluff are protected by the bulkhead. 

2.2 ICC 17.05A.110.A.1(b) 

“The proposed shoreline stabilization is designed to minimize interruption of fish and wildlife habitats through the 
use of the least impacting alternative type of shoreline stabilization practicable. In order of priority from least to 
greatest impact, subject to site-specific conditions, alternatives include but are not limited to: 
 

(i)Taking no action (allow the shoreline to retreat naturally); 
(ii)Upland drainage control; 
(iii)Vegetation protection, enhancement, and replacement; 
(iv)Relocation of improvements or structures; 
(v)Beach nourishment; 
(vi)Large woody material placement; 
(vii)Soft shore protection methods—at least eighty (80) percent of the project must be constructed of 
naturally-occurring materials used in ways that are consistent with current nearshore processes; 
(viii)Upland retaining walls; 
(ix)Bulkheads and rock revetments placed landward of the OHWM; 
(x)Individual rock placement located at the OHWM; and 
(xi)Bulkheads and rock revetments located at the OHWM.” 

 
 
The Geotechnical Report (GeoTest Services, Inc., 2021) concluded that “maintaining the bulkhead within its existing 
alignment will provide a net increase in slope stability when compared to removing the bulkhead or allowing natural 
shoreline processes to continue to degrade the bulkhead. Stated differently, the slope will perform better with a 
new bulkhead than with the existing structure or without one.” Additionally, WDFW’s Cumulative Risk Model 
concludes that this site is Moderate Risk (Figure 2) due to its equally high erosion potential and infrastructure threat. 
However, it should be noted that the Geotechnical Report indicated aggressive storm and wave action in the area, 
quantified as a 5.84-foot-high wave by the analysis in Appendix II, which could give the project site higher erosion 
potential than the Risk Model shows. Therefore, it is proposed to replace the bulkhead slightly landward of the 
existing footprint. 
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  Figure 2. WDFW’s Cumulative Risk Model 

 
 
The following sections provide a full analysis of each of the eleven shoreline stabilization alternatives listed above: 

 Taking No Action (Allow the Shoreline to Retreat Naturally) 

Taking no action was not selected at this site because it is located on a feeder bluff with significant storm 
and wave action, threatening structures thereby, making it an undesirable candidate for this soft shoreline 
approach.  

 Upland Drainage Control 

Upland drainage was not determined to be a major contributing factor in erosion of this bluff; considerable 
wave and storm exposure was. Drainage from the homes is managed through normal means. Therefore, this 
alternative was not selected.  

 Vegetation Protection, Enhancement, and Replacement 

Installation of native vegetation was not selected due to the high erosion potential and considerable wave 

exposure on site. The vertical bluff cannot be planted in the tidal zone with vegetation to resist wave action. 

Plantings can be added above the bulkhead in the areas, flat enough to be accessed and planted. Native 

vegetation here would likely have very low survivability and would not stabilize the bluff. 

 Relocation of Improvements or Structures 

Relocation of the bulkhead anywhere other than the proposed would leave the bluff exposed and risk further 
erosion. The Geotechnical Report (2021) indicates that renovation of the existing bulkhead in its existing 
alignment will increase slope stability, however, site characteristics allow for replacement to occur slightly 
landward of the existing bulkhead. The cost to relocate 22 homes to new properties is infeasible. 
 

5 

6 

30 
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 Beach Nourishment 

Natural materials, including the addition of sand or sediment for beach nourishment, were not selected 
because the Geotechnical Report (2021) indicates that implementing a soft/natural shoreline would 
continue to degrade stability of the slope. The engineer of record also agrees that the exposure of this site 
is not conducive to soft armoring techniques. Beach nourishment is the result of the erosion of the bluff, 
which will still naturally occur above the bulkhead.  

 Large Woody Material Replacement 

As this site is located on a feeder bluff with significant storm and wave action, large woody material is not a 
desirable shoreline protection approach. Woody material placement is possible and can be done landward 
of the wall to reinforce against overtopping. It will not, however, reinforce a vertical cliff in the tidal zone. 
The sandy material making up the bluff will be pulled from behind the woody debris.  

 Soft Shore Protection Methods 

Natural materials were not selected because the Geotechnical Report (2021) indicates that implementing a 

soft/natural shoreline would continue to degrade stability of the slope. The engineer of record also agrees 

that the exposure of this site is not conducive to soft armoring techniques. This is similar to the woody 

material alternative above, which is a soft shore protection method. Wave energy could be dissipated with 

soft armoring methods, but the real erosive process is the transport of fine sediment by wave energy. A 

barrier is needed for this purpose.  

 Upland Retaining Walls 

Upland retaining walls were not selected because they would rely on a soft armoring system as discussed 

above.  

 Bulkheads and Rock Revetments Placed Landward of the OHWM 

Replacement slightly landward of the existing structure is the least impactful alternative. Any alternative 
other than the proposed risks increased bluff erosion and loss of safe beach access. All site characteristics 
have been considered. 

 Individual Rock Placement Located at the OHWM 

This alternative was not selected because a more desirable alternative was selected. 

 Bulkheads and Rock Revetments Located at the OHWM 

This alternative was not selected because a more desirable alternative was selected. 

2.3 ICC 17.05.110.A.1(e) 

“Adequate mitigation measures will be provided to maintain existing shoreline processes and critical fish and wildlife 
habitat, and ensure no net loss of ecological functions.” 
 
The following section provides details on the existing shoreline ecological functions and describes how the project 
will ensure no net loss of ecological functions: 
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 Existing Environmental Conditions 

Habitat onsite consists of a steep bluff vegetated extensively with Himalayan blackberry (Rubus armeniacus) 
along with grasses, sword fern (Polystichum munitum), red alders (Alnus rubra), giant horsetail (Equisetum 
telmateia), English ivy (Hedera helix), holly (Ilex sp.), and saltbush (Atriplex sp.) near the bulkhead.  

 
The beach itself has a very shallow slope. The upper beach is moderately vegetated with sea lettuce (Ulva 
sp.) and has a large cobble and sand substrate while the lower beach contains eelgrass (Zostera marina) with 
a fine sand and mud substrate. Eelgrass presence is documented 80-200 feet from the bulkhead.  

 Effects Analysis  

Direct Impacts: 
 
Construction activities will likely have temporary direct impacts on habitat through increases in underwater 
sound from pile installation/removal and increases in turbidity. Best management practices and mitigation 
methods will be used to minimize these effects. The level of disturbance and habitat alteration in the project 
area will be insignificant and discountable, especially when considered in relation to the activity already 
taking place in developed harbor. While it is possible that species avoid the project area during pile driving, 
they are not likely to abandon the site altogether.  
 
Pile installation will result in the burial of benthic habitat. This is a temporary effect, as the area will 
recolonize. Removal of such habitat may affect microorganisms such as zooplankton aggregation, but with 
no baseline data on their abundance, this will be an imperceptible impact of the project upon the prey food 
web. 
 
Indirect Impacts: 
 
Likely indirect effects of the proposed action on listed species may include disruption of prey fields and 
temporary behavioral responses to non-injurious noise from in-water construction activities. Physical 
elements of habitat will not be significantly affected by the proposed action. Underwater sounds will likely 
disaggregate schools of forage fish in the water column in the action area. Turbidity may also temporarily 
disperse prey in the water column, and burial of non-motile prey species will remove them from the prey 
field. ESA-listed species may experience some energetic cost from dispersal of prey, resulting in short-term 
expenditure of energy seeking other sources or browsing while waiting for prey to re-aggregate following 
noise and turbidity effects.  

 
Cumulative Impacts: 

 
This section discusses how activities associated with project will contribute to improvement, maintenance, 
or degradation of habitats in the project area. Potential disturbances caused by project activities are 
presented along with measurable indicators of habitat health. Net effect is considered to be the overall effect 
on the species and habitat in the long term. If short term adverse conditions occur when few or no listed 
species are present in the action area, and if those conditions are no longer present when listed species 
return to the area, those conditions do not constitute adverse modification of the indicator of habitat quality. 

  
 
 

 
 



Brutus Maintenance Association Bulkhead Maintenance Project – Geocoastal Report 
January 31, 2022 

 

 Page 6 
 

 
Table 1. Effects of Project Activities on Habitats in the Project and Action Areas 

Project Activities Habitat Indicator 
Effects of Action 

Improve1 Maintain2 Degrade3 

Construction 
Disturbances 

Noise  X  

Entrainment   X  

Stranding  X  

Water Quality 
Disturbance 

Turbidity   X  

Chemical Contamination/Nutrients   X  

Temperature  X  

Dissolved Oxygen  X  

Sediment 
Disturbance 

Sedimentation Sources/Rates  X  

Sediment Quality  X  

Habitat 
Disturbance 

Fish Access/Refugia  X  

Depth  X  

Substrate  X  

Slope  X  

Shoreline  X  

Riparian Conditions  X  

Flow and Hydrology/Current Patterns/ 
Saltwater-Freshwater Mixing Patterns 

 X  

Overwater Structures  X  

Disturbance  X  

Biota 
Disturbance 

Prey (Epibenthic And Pelagic Zooplankton)  X  

Prey (Forage Fish)  X  

Infauna  X  

Aquatic/Wetland Vegetation  X  

Nonindigenous Species  X  

Ecological Diversity  X  

1 Action will contribute to long-term improvement, over existing conditions, of the habitat indicator. 
2 Action will maintain existing conditions. 
3 Action will contribute to long-term degradation, over existing conditions, of the habitat indicator. 

 
The project site is located on a shoreline that is largely developed and hard armored. Any disturbance to 
habitat is expected to be minimal and temporary. With conservation measures and Best Management 
Practices in place, there shall be no changes in or a loss of the ecological functions at this site.  

2.4 ICC 17.05A.110.A.3(e)(i) 

“Demonstrate that the erosion is not due to landslides, sloughing or other forms of shoreline erosion unrelated to 
water action at the toe of the slope.” 
 
As previously mentioned in this report, the site is moderately to highly susceptible to erosion. According to the 
Geotechnical Report (GeoTest Services, Inc., 2021), there have been recent deep-seated, composite landslides along 
the subject property slopes. However, this is mostly due to instability and steep slope gradients that the replacement 
bulkhead will help to stabilize. Furthermore, the report indicated that exposure to storm and wave action was the 
leading factor in erosion. The Feasibility Report (Coastal Geologic Services, Inc., 2019) came to the same conclusion, 
indicating that an analysis of bluff recession rates done for the subject region revealed that significant fetch was the 
leading factor in bluff recession and erosion. 

2.5 ICC 17.05A.110.A.3(e)(iii) 

“Demonstrate that the shoreline stabilization would not adversely affect the property of others by changing rates of 
sediment, redirection of wave energy, or impoundment of or redirection of floodwater or tidal action; stabilization 
that would cause significant impacts to adjacent or down-current properties and shoreline areas is prohibited.” 
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Bulkhead replacement in the proposed position is the best means to limit property damage and rates of sediment 
transport. Adjacent property erosion would be greatly increased by the wall’s removal as waves would crash behind 
their bulkheads and begin eroding away material from this property.  
 
Rates of sedimentation at the site are anticipated to be caused by natural littoral drift in the overall area and wave 
energy moving sand from the bluff to the beach. The littoral drift process will not be changed by replacing the wall 
very near its current location. It will continue to deposit sediment parallel to the shoreline in the direction of the 
incoming waves. It will prevent the increase in deposition of bluff materials that would be added to neighboring 
properties in the direction of incoming waves from the northwest to the southwest. Figure 3 below shows that the 
maximum deflection in the wall is 300 degrees. This is the lowest we could keep it without encroaching beyond the 
OHWM.  
 
Figure 3. Distances of Fetch from Bulkhead Location 

 
 
Wave energy or tidal action being redirected by new walls is a common problem, but not anticipated for this project. 
This wall will be connected parallel to walls on adjacent properties and will not introduce any sharp geometry points 
for waves to redirect off of.  
 
Floodwater is not applicable to consider at this project as it will not climb the vertical bluff to flood any flat areas.  

3 CONCLUSION 

The findings of this report indicate that it is necessary to replace the existing hard-armor bulkhead as the site is 
exposed to significant wave and storm action. In not doing so, the risk of erosion and landslides will likely increase 
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within several years, putting the bluff and the homes atop at risk. The proposed project has not been found to 
decrease the shoreline’s ecological functions. All eleven shoreline stabilization alternatives were considered, and the 
proposed is the least impactful alternative based on the characteristics at this site. Additionally, calculations for the 
site found will not adversely affect any other properties by any given means. 
 
Within the limitations of schedule, scope of work, and seasonal constraints, DCG warrants that this study was 
conducted in accordance with generally accepted critical area investigation practices, including the technical 
guidelines and criteria in effect at the time this study was performed.  
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Image 1. 2006 Aerial View of 
Project Area 

 

 

Image 2. 2007 Aerial View of 
Project Area 

 

Bulkhead Location 



   
 

 

Image 3. 2009 Aerial View of 
Project Area 
 

 

Image 4. 2011 Aerial View of 
Project Area 

 



   
 

 

Image 5. 2014 Aerial View of 
Project Area 

 

Image 6. 2015 Aerial View of 
Project Area 

 



   
 

 

Image 7. 2017 Aerial View of 
Project Area 

 

Image 8. 2018 Aerial View of 
Project Area 

 



   
 

 

Image 9. 2020 Aerial View of 
Project Area 

 

Image 10. 1990 View of Bluff 
 
(Project area is to the 
southeast as shown in red. This 
area was chosen to better 
represent the subject bluff) 

 

Subject Parcel 
Location 



   
 

 

Image 11. 2006 View of Bluff 

 

Image 12. 2007 View of Bluff 

 



   
 

 

Image 13. 2009 View of Bluff 

 

Image 14. 2011 View of Bluff 

 



   
 

 

Image 15. 2014 View of Bluff 

 

Image 16. 2015 View of Bluff 

 



   
 

 

Image 17. 2017 View of Bluff 

 

Image 18. 2020 View of Bluff 

 



   
 

 

Image 19. Beach Access Trail 
 
(Image facing northwest, taken 
August 2020) 

 

Image 20. Bulkhead and Bluff 
 
(Image facing east, taken July 
2019) 

 



   
 

 

Image 21. View of Bluff 
 
(Image facing east, taken 
August 2020) 

 

Image 22. Northern End of 
Bulkhead and Bluff 
 
(Image facing north, taken 
August 2020) 

 



   
 

 

 

 Appendix II – Fetch-Based Wave Calculation 



Maximum Fetch (miles) : Aerial Imagery

Maximum Fetch (m): Aerial Imagery

Fetch Direction Aerial Imagery

Drag Coefficient:

Friction Velocity: T / 12"

Acceleration due to Gravity :

Density of Seawater:

Estimated Significant Wave Height (m): CEM Eq II-2-36

Estimated Significant Wave Height (ft): CEM Eq II-2-36

Estimated Wave Period (T): CEM Eq II-2-36

Estimated Wave Energy KJ/m2 CEM Eq II-1-58

WAVE HEIGHT ESTIMATE

E

ρ 1020.00 kg/m3

1.98

X 14484.10 m

U10 25.21

Methodology

Wave Prediction Criteria

D I C I G
M a r i n e   G r o u p

BRUTUS
BULKHEAD

MAINTENANCE

Prepared For:
BRUTUS MAINTENANCE

ASSOCIATION
Jan 2022

Prepared By: E.Dahl
Reviewed By: S.Robert

The following wind generated wave estimates are calculated per the USACE Coastal Engineering Manuel (CEM). Wave
heights are calculated using 1-hour wind speeds recorded at the nearby Whidbey Island Naval Air Station WBAN:24255. A
100 year recurrence interval for maximum sustained wind speed is used to calculate significant wave heights for the site.
The significant wave height is the average wave height of the one third largest waves. The wave height is calculated
assuming the duration of the wind is long enough for the waves to become "fetch limited" and that "Deepwater" conditions
exist where waves originate offshore before shoaling and refraction effects occur.

CD 1.98E-03 (unitless)

u* 1.12 m/sec

g 9.81 m/sec2

Wave Estimate Calculation
Hs 1.78 m

Tp 4.15 sec

Hs 5.84 ft

10 m Sustained Wind Speed (100 Yr.
return period) (m/s):

Whidbey Island Naval Air
Station WBAN:24255 (NCDC)

Cypress Island Mooring Buoy
Feasibility Study - Coastal
Assessment

deg

X 9.00 mi

Dir 300.00

m/s

VARIABLE SYMBOL VALUE UNIT REFERENCE

10 m Sustained Wind Speed (100 Yr.
return period) (Knots): U10 49.00 knots

Whidbey Island Naval Air
Station WBAN:24255 (NCDC)

Cypress Island Mooring Buoy
Feasibility Study - Coastal
Assessment
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1
2
3
4
5
6
7
8
9
10

Historical Wind Data (1957- 2018 ) for Whidbey Island Naval Air
Station WBAN:24255 (NCDC)

100-yr Return Period Wind
Speed (m/s)

50-yr Return Period
Wind Speed (m/s)

2-yr Return Period
Wind Speed (m/s)Wind  Direction

All Directions 19.54 24.17 25.2

8/10/1978
12/21/1961
11/24/1998
12/15/2000
11.12/2007
4/5/1959

21.61
21.61
21.61
21.60
20.58

Date

1/1/1959
7/29/1998
6/11/1998
2/25/1977

250°
160°
270°

Speed (m/s)

23.15
23.15
23.15
22.64
22.64

180°
300°
150°
130°
270°
150°

Rank
Dir (deg)

270°



9 mi

7.7 mi

3.3 mi
3 

m
i

Aerial Imagery


