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SRFB Project No. 15-1072 “Greenbank Marsh Restoration Issues Assessment” 

Conceptual Design Report 
 

 

EXECUTIVE SUMMARY 
 

This conceptual design report is intended to satisfy RCO’s Manual 18, Appendix D-1 design 

documentation requirements for RCO grant No. 15-1072 “Greenbank Marsh Restoration Issues 

Assessment.” Specifically, the design report identifies and explains the relevant factors on which the 

conceptual engineering design was based.  When implemented, the project is anticipated to reestablish 

hydrologic connection and fish passage to historic tidal wetland habitat and result in about 22 acres of 

additional rearing habitat for juvenile Chinook salmon migrating along the eastern shore of Whidbey 

Island.   

 

The report describes the activities that were completed to assess the various project issues and then 

identifies several specific objectives for meeting the project’s ecological, engineering and land use goals.  

It then develops four alternatives for meeting the specific objectives: 1) replacement of the outfall pipe, 

2) partial restoration of tidal flow, 3) full restoration of tidal flow with a self-regulating tidegate (SRT) in 

the marsh and 4) full restoration of tidal flow with no SRT in the marsh.   Each of the alternatives is 

evaluated according to its relative ability to achieve the specific objectives.  Based on the evaluation, a 

preferred alternative consisting of a full restoration of tidal flow with an SRT placed at the outlet of 

Greenbank Marsh was selected as achieving the overall most favorable fit of the various evaluation 

criteria.  Finally, the report describes the conceptual design of the preferred alternative, presents a 

preliminary cost estimate of $670,000 for implementing it, and recommends steps for advancing the 

conceptual project design to the construction stage.  

 

 

 

Report completed by: 

 

Tom Slocum, PE 

Whidbey Island Conservation District 
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1. Introduction  
 

This conceptual design report is intended to satisfy RCO’s Manual 18, Appendix D-1 design 

documentation requirements for RCO grant No. 15-1072 “Greenbank Marsh Restoration Issues 

Assessment.” Specifically, the design report identifies and explains the relevant factors on which the 

conceptual engineering design was based. The design was developed through cooperative efforts by 

staff of Whidbey Island Conservation District (WICD), Element Solutions/Pacific Survey and Engineering, 

Inc. and ESA, Inc. 

 

1.1. Project Site Location and Ownership 
The Greenbank Marsh project site is located in SW 1/4, Section 4, T 30N, R 2E along the western shore 

of Holmes Harbor about one mile north of the community of Greenbank in central  Whidbey Island, 

Washington.  The site area totals about 22 acres, which includes a roughly 19-acre freshwater marsh 

located west of North Bluff Road (“marsh area”) and 3 acres of brackish tidal lagoon and adjacent 

nearshore land located east of North Bluff Road (“lagoon area”).  The lagoon area is owned by the 

Greenbank Beach and Boat Club, Inc. (GBBC), which is a private homeowner’s association.  The lagoon 

area borders on State-owned aquatic land (SOAL) along the beach. The marsh area consists of three 

parcels, two of which are owned by GBBC and the third is owned by the Port of Coupeville as part of its 

Greenbank Farm property.  A map of the project site is provided in Attachment 1. 

 

1.2. Problem Description 
The 1888 T-Sheet (Figure 1 and 2, below) shows an extensive salt marsh/lagoon system occupying the 

project site.  Since 1888, various development activities have isolated the marsh and lagoon areas from 

daily tidal connection with Holmes Harbor, creating conditions that no longer support rearing habitat for 

juvenile salmonids and other nearshore ecological functions.  In particular, filling for the construction of 

North Bluff Road, residential and recreational development along the beach front and routing of the 

drainage from the marsh’s catchment area through a tide-gated outfall has blocked fish access into the 

lagoon and marsh areas and resulted in the marsh area’s gradual succession to cattail-dominated 

brackish wetland. 
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Figure 1:  1888 Shoreline Chart 
Figure 2: Historic Shoreline Overlay 

 on Contemporary Conditions 

 
 

 

 

As the capability of the project site to provide natural coastal wetland functions has declined, the 

demand on the system’s drainage capacity has increased.  All drainage from the 742-acre catchment 

area is eventually routed to a 1940s-era tidegate and 24” diameter stormwater outfall located at the 

outlet of the lagoon area.  The original purpose of the tidegate, outfall and the associated dike 

reportedly was to create a freshwater farm pond (GBBC personal comm.)  The site plan in the 

conceptual design plan set (WICD, 2017) shows the locations of these features.1  GBBC acquired the 

drainage infrastructure in the 1960s when the Holmes Harbor Estates subdivision was initially 

developed.  Since then, upgrades to SR 525 and the county road network and development of 

surrounding residential property and the large “Greenbank Farm” multi-use complex have resulted in 

increased runoff flows to GBBC’s tidegate and outfall. Occasional drainage backups during high runoff 

events have frustrated local residents, and this situation is expected to worsen under the pressure of 

increased development and predicted sea level rise. 

 

1.3. Purpose of the Project 
The purpose of the project was to supplement a preliminary engineering feasibility study completed by 

WICD in 2013 (WICD, 2013) by evaluating specific land use issues and physical site conditions that are 

fundamental to the design and eventual implementation of measures to restore tidal connectivity and 

nearshore ecological functions at the 22-acre project site. Restoration of tidal and other nearshore 

ecological processes will support the WRIA 6 salmon recovery plan’s objective of increasing nearshore 

rearing habitat on the east coast of Whidbey Island for Chinook migrating out of the Skagit, 

Stillaguamish and Snohomish Rivers (Island County WRAC, 2005).   

 

The project’s immediate goal was to clarify the site hydrology, coastal processes and the legal 

obligations of local government and property owners to use and maintain the site’s existing drainage 

                                                           
1
 The conceptual design plan set is included as a separate attachment in the project’s PRISM file. 
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infrastructure.  The focus on addressing the site’s drainage problems provides an opportunity for 

leveraging support for the proposed habitat restoration measures among the various effected 

stakeholders.  Recognizing the importance of the community engagement and community support goals 

of the WRIA 6 Recovery Plan, the project’s focus on improving drainage was a key strategy for gaining 

public support in a local context where neighborhood resistance has thwarted previous WRIA 6 

nearshore restoration projects.   

 

2. Assessment of Project Issues 
 

Several activities were completed as part of Project 15-1072 to identify and evaluate the key issues that 

are fundamental to the design and eventual implementation of habitat restoration measures at the 

project site.  A summary of these activities is presented below.  Specific findings from each activity were 

then used to evaluate the conceptual design alternatives, as detailed in Section 4. 

   

2.1. Characterization of Physical Site Conditions 
Characterization of physical site conditions included field studies of cultural resources, wetland 

conditions, basic hydrogeology and beach sediment conditions, topographic surveying and tidal 

elevation research, and preliminary modeling of stormwater runoff.  Assessment activities also included 

observations of relevant conditions at nearby coastal lagoon “reference sites” for gaining insights into 

designing restoration measures at the project site.  Photographs of important features of the project site 

are shown in Attachment 1.  Figure 3 shows relevant land use and infrastructure features in the vicinity 

of the project site. 

 

Figure 3: Project site overview 
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2.1.1. Cultural Resources Assessment 

Equinox Research and Consulting International, Inc. (ERCI) completed a literature review and field 

testing for protected cultural resources at the projects site’s “area of potential effect” (APE) in August, 

2016.  No evidence of protected cultural resources within the APE was documented in the literature or 

observed during field testing. ECRI developed management recommendations for dealing with cultural 

resource issues that may arise during construction of habitat restoration measures, and sent a copy of 

its report to the Washington Department of Archaeology and Historical Preservation (ECRI, 2016). 

 

2.1.2. Wetlands Assessment  

Element Solutions, Inc. (Element) completed a “reconnaissance level” field and GIS-based investigation 

of jurisdictional wetlands at the project site in May, 2016.  Element identified three wetland areas, 

which cover the majority of the total project site land area, and rated them with respect to Washington 

Department of Ecology (WDOE) and Island County evaluation protocols. Wetland “A,” which includes 

the open water lagoon and outlet of the freshwater marsh, is characterized as an Island County high 

priority “coastal lagoon” / WDOE Category I wetland, which requires the highest level of protection 

against impacts.  Functional scores and detailed classifications of the wetlands are included in the report 

(Element, 2017a). Element also provided predictions on changes to the wetland vegetation community 

that may occur following implementation of the preferred conceptual restoration design alternative. 

  

2.1.3. Ecological Resources 

No comprehensive inventory of biological resources was completed as part of this study.    Public 

comments that were received during stakeholder consultation activities identified forage fish and 

salmon habitat, shellfish resources and eel grass as prominent ecological considerations. Drift wood 

accumulation and its role in backshore dune ecology is a fourth key consideration. Limited available 

information on the pre-project baseline condition of these ecological resources is presented below. 

 

The beach and tidelands in the SOAL adjacent to GBBC’s property are documented as habitat for forage 

fish spawning. WDFW documents surf smelt spawning on the beach and herring spawning immediately 

offshore. No sand lance spawning is documented in the vicinity (WDFW, 2015, 2017). Island County 

Marine Resource Committee (MRC) has conducted limited monitoring of eel grass coverage in the site 

vicinity, and documentation of its monitoring results is included in the project files (MRC, 2017). 

 

The Island County salmon recovery plan identifies the project site as lying in a “Tier 2” (second priority) 

area for salmon recovery efforts, targeted for protecting and restoring nearshore rearing habitat for 

juvenile salmonids migrating out of the Skagit and Snohomish Rivers. (Island County WRAC, 2005). No 

field investigation of utilization of the site by salmonids was conducted within the scope of the study. 

 

Local residents report that clams have historically been abundant in the intertidal sand flats in the 

vicinity of the project site. One long-term resident who has dug clams along the beach for decades 
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reported that the relative abundance of different species of shellfish, including butter clams, Manila 

clams, horse clams and cockles has varied over the years (Joan Wimmer, personal comm., 2017). 

 

The beach actively recruits drift logs, which are carried above the high tide line through gaps in the 

beach berm into back shore areas during winter storms.  The role of drift logs in maintaining native salt 

marsh vegetation communities in the Puget Sound region has been documented (e.g. Wick, 2002).  

 

2.1.4. Topography and Tidal Elevations 

Pacific Survey and Engineering, Inc. (PSE) completed a limited topographic survey of the project site in 

September 2016 to establish five elevation control bench marks (PSE, 2016).  The bench marks were 

used to calibrate Island County LiDAR coverage for the site and to provide a reference for more detailed 

topographic surveying of relevant areas of interest by WICD staff.  WICD used NOAA’s “VDatum” on-line 

application, tidal station datums, and other relevant data sources to determine site-specific tidal 

elevations for the project site.  Key tidal datum elevations referenced to the North American Vertical 

Datum of 1988 (NAVD88) are as follows: 

 

Table 1:  Tidal Elevations 

Datum Elevation (NAVD88) 

Mean lower low water (MLLW)2 -2.28 

NAVD88 0.00 

Mean high water (MHW) 8.11 

Mean higher high water (MHHW) 9.07 

Ordinary High Water (OHW) (on the beach)3 11.3 

Highest astronomical tide (HAT) 11.52 

FEMA 100-year flood model4 14 

 

No estimate for a site-specific extreme high water elevation was calculated.  This figure would take into 

account a worst case scenario of highest astronomic tide plus storm surge, wave run-up and sea level 

rise (SLR) predictions.  As an example reference, planning for the WDFW Fir Island Farm habitat 

restoration project, which is located about 18 miles northeast of the GBBC project site, used a figure of 

2.74 feet for storm surge and wind wave run-up, plus a 50-year SLR prediction of 0.93 feet for a total of 

3.67 feet added to the HAT.  (Shannon & Wilson, Inc. 2014). Applying this figure to the HAT at the GBBC 

project site yields an estimate of 15.19’.  No high water events of this magnitude have been 

documented at the project site: the most extreme high water event reported by local residents in recent 

                                                           
2
 VDatum conversion for the project site is MLLW + 2.28’ = NAVD88. The tidal datum is reported for NOAA’s 

Greenbank, WA tidal station, No. 9447883. 
3
 The OHW figure is a field estimate by WICD staff based on observations of characteristic wrack and drift log lines 

on the beach after winter storms.  The estimate takes into account tide height plus typical winter storm and wave 

surge conditions.  WICD’s observations of field indicators in the lagoon and marsh indicate OHW levels of 

approximately 8.0’ in the marsh and 7.5’ in the lagoon. 
4
 FEMA Flood Zone Static Base Elevation for the site, as reported by Island County GIS Dept., 2017. 
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memory (December 2012) carried drift logs over the existing cobble dike around the lagoon and onto 

North Bluff Road at the south end of the site, which would equate with an elevation of roughly 12’ 

NAVD88 (Bob Moore, personal comm., 2017).  

 

2.1.5. Hydrology  

Element completed a study to model storm water runoff from the project site’s catchment area.  

Element first used GIS applications to delineate a 742-acre drainage area that ultimately drains through 

the existing outfall at the lagoon area, and then field-verified land cover conditions and drainage 

patterns at road culverts and other relevant features during rainy weather in fall, 2016.   The boundaries 

of the drainage basin and sub-basins are delineated in the hydrology report included in the PRISM file 

(Element, 2017b).  Key drainage features include the marsh area, which attenuates and temporarily 

stores runoff from about 97 percent of the land area in the watershed, and an open ditch along the east 

side of North Bluff Road, which conveys runoff from the remaining approximately 3 percent of the 

watershed’s land area directly to the lagoon5.  From the lagoon, runoff drains through a 24-inch outfall 

pipe directly to Holmes Harbor.   Using WDOE’s Western Washington Continuous Simulation Hydrology 

Model 2012 version 4.2.12 (WWHM), Element estimated total watershed runoff quantities for the 

following design storm events: 

 

Table 2. WWHM Peak Flow Rates 

Recurrence Event Total Runoff (cfs) Runoff to the 

marsh (cfs) 

Runoff directly 

to lagoon (cfs) 

2-year 11.9 10.4 1.5 

10-year 19.6 17.2 2.4 

100-year 31.3 27.6 3.7 

 

The runoff estimates were subsequently used for modeling hydraulic performance of selected 

conceptual design alternatives (see Section 4.2).    

 

2.1.6. Hydrogeology and Septic Systems 

WICD monitored hydrogeology conditions to collect preliminary data on the effects of tidal elevation 

and water surface elevation (wsel) in the marsh on the water table at the project site.  Element 

contracted with Environmental Services Network, Inc. to install two shallow groundwater monitoring 

wells at the lagoon area of the site in August 2016.  WICD subsequently installed a temporary standpipe 

in the marsh area for monitoring surface wsel in the marsh.  WICD deployed level loggers in the three 

monitoring stations to record water levels at 15-minute intervals for one–month periods during 

summer, winter and spring.    The locations of the wells are shown in Figure 4. 

 

 

 

                                                           
5
 The area drained by this ditch is identified as sub-basin B-5 in the hydrology report. 
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Figure 4: Monitoring well and elevation benchmark locations. 

 
 

As expected, the wsel in MW-1, located in the parking area about 70 feet inland from the MHHW line, is 

strongly affected by the daily fluctuation of the tide.  The water table closely tracks the tide height, 

varying as much as 3 feet daily during dry summer conditions and as much as 4 feet daily during wet 

winter conditions. Salinity in water samples from this well varied from 7 parts per thousand (ppt) during 

rainy weather to 23 ppt in late summer.  The maximum daily fluctuation in MW-2, located about 320 

feet inland from the MHHW line was about 0.7 feet, with salinity ranging from 2 to 13 ppt, reflecting less 

tidal influence on the water table further inland.  During the winter sampling period, the water table in 

MW-2 was close to or at the ground surface.   

 

The limited data set did not show a clear connection between the wsel of standing water in the marsh 

and the water table at the portion of the site located east of North Bluff Road.  The wsel readings in 

MW-2 tended to be slightly higher than those at MW-3 in the marsh, suggesting that tide height has a 

greater effect on the water table at MW2 than does surface water elevation in the marsh and lagoon.  A 

distinct rise of more than 12” in the marsh wsel at MW-3 between November 24 and December 7, 2017 

relative to the rest of the readings during November and December reflected high runoff conditions 

during that time.  The rise in wsel also showed up at MW-2, but since the ground surface at MW-2 was 

inundated during that time, it was not clear if the rise at MW-2 was due to the water table effects or 

surface flooding.  Plots of wsel in each sampling location during the sampling periods are documented in 

the project files. 

 

Water salinity readings at MW-3 ranging from 8 to 25 ppt between December and July, combined with a 

small (0.1’ to 0.4’) daily fluctuation in the wsel indicate that the marsh water surface also responds to 
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the tide, most likely from tidal backwatering through the leaky tidegate.6  Visual observations of the 

lagoon wsel show that it also fluctuates up to a few feet daily, particularly in the dry summer months 

when it can drain completely during low tides and then fill again on the next high tide. WICD attributes 

this to tidal connection through both the water table and surface flow through the leaky tidegate. 

 

As part of the overall site characterization effort, WICD also researched available Island County Health 

Department as-built records of septic system installations in the vicinity of the project site.  Records 

show that several of the septic systems on shoreline lots along North Bluff Road north and south of the 

project site are constructed at elevations lying well below the FEMA 100-year flood elevation of 14’ 

NAVD88.   As-built records and locations of individual systems are documented in the project files.  

Neighboring residents report that water pipes serving the shoreline lots along North Bluff Road are also 

buried in the low ground to the south of the project site.  The as-built locations of these pipes were not 

yet documented as part of this study. 

  

2.1.7. Coastal Geomorphic Processes 

Sediment Transport 

The shoreline at the project site is identified as lying within the long “WHID-8” sediment transport zone, 

which runs from south to north along the west shore of Holmes Harbor (Coastal Geologic Services, 

2005). Shoreline sediment movement reportedly is driven primarily by winter storms, during which the 

prevailing southeast winds blow up the long fetches of Holmes Harbor and Saratoga Passage. 

Observations of sediment deposition patterns against GBBC’s boat ramp at the project site correspond 

to the prevailing south to north sediment drift pattern. Beach gravel routinely accumulates along the 

south (up-drift) side of the ramp and migrates over the ramp. GBBC members for many years have 

cleared several wheel barrow loads of gravel from the ramp three or four times each year.  

 

WICD completed several field measurements to develop a more detailed understanding of sediment 

transport trends at the project site.  Measurements included: 1) successively surveying the beach profile 

along beach transects  over the course of a year, 2) sieve testing of grain size distribution at selected 

locations on the transects, and 3) observing the movement of marked pebbles across the beach over a 

one month period.7  Write ups of these measurements are included in the project files. 

 

In general, the beach profile is characterized as a low slope sand flat below elevation of about 0’ 

NAVD88 transitioning to a moderate slope (0.12% to 0.13%) of medium gravel (D100 = 25mm to 40 mm) 

in the upper beach.  The field observations generally confirm the conclusions from the 2005 Coastal 

Geologic Services study of a net transport of sediment from south to north.  From the limited data 

available, it appears that the beach surface is roughly in equilibrium, with little net change in the 

successive beach profiles between July 2016 and late March 2017 (Figure 5).   

                                                           
6
 Spot checks of water salinity at the marsh sampling location during dry summer weather matched the salinity in 

the lagoon (25 ppt), which was higher than the salinity measured at both of the water table monitoring wells. 
7
 The study consisted of placing 30 painted and numbered pebbles typical of the largest grain size (D100) measured 

on the beach at 3-foot spacing along beach profile Transect #2 and measuring their movement during the month. 
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There appears to be seasonal variation in the beach’s grain size distribution, with smaller gravel sizes 

accumulating on the upper beach during winter then coarsening slightly during spring and summer.  

Table 3 illustrates this trend with three samples from beach Transect #2. It was not determined if the 

finer material migrated down drift (i.e. north) along the beach, or just receded to lower in the beach 

profile.  The marked pebble study, which was conducted during September 2016, showed no clear trend 

in sediment movement during the calm weather conditions of that month.  Pebbles moved in both the 

up-drift (north) and down-drift (south) directions as well us up and down the beach profile.  The lack of a 

clear sediment transport trend during calm, late summer conditions reinforces the observation that 

most of the sediment transport occurs during winter storm conditions. 

 
Figure 5:  Transects T1 and T2, July 2016 – March 2017 
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Table 3: Selected Grain Size Distribution Trends 

Beach 

Transect 

Location Date Grain Size Distribution (mm) 

D15 D50 D85 D100 

T2 65’ (mid beach) 8-29-16 0.9 4.8 23 42 

T2 25’ (upper beach) 8-29-16 1.6 7.5 12 23 

T2 65’ (mid beach) 3-30-17 0.7 3.0 15 28 

 

Wave Power 

Among other coastal geomorphic processes, wave power is an important driver of sediment transport 

patterns.  SRFB-funded designs of other nearshore habitat restoration projects on Whidbey Island and 

nearby Puget Sound shorelines have compared local wave power conditions and the potential tidal 

prism associated with re-opening relict lagoons and pocket estuaries as an indicator of the likely 

geomorphic sustainability of the outlet channels of these features over time.8  

 

As part of the site characterization effort, WICD developed estimates for the potential tidal prism 

associated with reopening the Greenbank marsh system to tidal connection and the annual wave power 

at the project site.  WICD contracted with ESA, Inc. to complete a preliminary shoreline wave analysis, 

including calculation of a preliminary estimate of annual wave power.  The results of this task are 

documented in a memo in the project’s PRISM file (ESA, 2017).  Specific findings are discussed in the 

evaluation of the preferred project alternative in Section 5.2. 

 

Reference Site Evaluation 

As part of the assessment of coastal geomorphic processes, WICD made field and GIS observations of 

channel and backshore marsh morphology at selected reference sites in the general vicinity of the 

project site.  These included Lake Hancock, Harrington Lagoon, Spencer Spit (on Lopez Island) and Gulf 

Road Lagoon (near Cherry Point in Whatcom County).  Relevant insights from the reference site 

observations are discussed in Section 4. 

 

2.2. Evaluation of Legal Responsibilities 
WICD hired the law firm of Kelly, Arndt and Walker, PLLP (KAW) to identify and evaluate GBBC’s legal 

rights and obligations related to operating and maintaining its stormwater infrastructure, and 

particularly its obligations to manage stormwater runoff from the surrounding private and county-

owned properties.  Clarification of these obligations was needed for planning potential measures for 

restoring ecological functions in Greenbank Marsh as well as for formulating a strategic approach for 

gaining cooperation by Island County and other stakeholders for future restoration efforts. 

 

                                                           
8
 See, for example, SRFB Project 11-1297 Swan Lake Engineering Feasibility Assessment.  More generally, see the 

discussion in Puget Sound Nearshore Ecosystem Restoration Project, March 2011.  Strategic Restoration 

Conceptual Engineering – Design Report, Appendix C:   Applied Geomorphology Guidelines and Hierarchy of 

Openings. 
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2.3. Stakeholder Consultation 
Assessment of project issues also included outreach to and consultation with government agencies and 

members of the public who will be most affected by potential future habitat restoration measures at the 

project site.  The primary consultation activities included the following: 

 Members of GBBC’s “Outfall Committee,” a standing committee of the GBBC Board of Directors, 

participated with WICD staff in all planning decisions related to the project. 

 WICD and the Outfall Committee held two outreach events at the beginning of the project to 

introduce the project, answer questions, and encourage feedback.  The events were held at 

GBBC’s annual membership meeting in January 2016 and at a special meeting for the general 

public at the Greenbank Farm in April 2016. 

 WICD and the Outfall Committee jointly made a second detailed presentation on the project to 

the full membership of the GBBC at its annual membership meeting in February 2017.  After the 

meeting, fifty two of the seventy GBBC members who own homes in the community completed 

a detailed questionnaire to solicit their opinions on several project issues, including evaluating 

project alternatives for moving forward to the detailed design phase.  Based on members’ 

responses, the project team selected the preferred project alternative (see Section 4.2). 

 WICD staff and the GBBC Outfall Committee met with the Island County Public Works director 

and a Port of Coupeville commissioner in May 2017 to explain the preferred project alternative 

and to request input from those agencies for moving forward to the detailed design phase. 

 WICD Staff and the GBBC’s Outfall Committee made a second detailed presentation to general 

community members at a special public meeting at Greenbank Farm in June 2017.  Input from 

community members was documented for use in the detailed design phase. As a result of this 

meeting, interested community members formed a committee (Greenbank Marsh Working 

Group) to consider local drainage issues and their connection to the Greenbank Marsh 

restoration project.  A WICD project staff member continues to facilitate this effort. 

 WICD and GBBC each maintained a webpage for providing project status updates on their 

websites.   Staff considered and/or responded to questions and comments that are submitted 

online by website viewers, as well as general comments received by phone and email. 

Records of these stakeholder contacts are documented in the project files.  

 

3. Objectives 
 

3.1. Original Project Objectives 
As stated in the proposal for Project No. 15-1072, the project’s immediate objectives were to: 

 

1. Clarify the legal rights and obligations of all parties who currently use the drainage 

infrastructure on the GBBC property; 

2. Evaluate current and future hydrology and coastal hydraulics with regard to planning 

improvements to drainage and reestablishment of nearshore habitat-forming processes; 
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3. Identify and address stakeholders’ concerns about future drainage, beach access and habitat 

restoration measures; and 

4. Convince stakeholders of the benefit of cooperating to implement a subsequent plan for 

addressing these.  

 

The project’s ultimate objectives are to: 

 

1. Reestablish a sufficient degree of tidal processes and fish access into the 22-acre Greenbank 

Marsh ecological system to provide functional juvenile Chinook rearing habitat and 

2. Reduce the potential for future disputes among local government and property owners over 

utilization of the local drainage system. 

3.2 Specific Design Objectives 
During the course of the conceptual design study, WICD and GBBC identified the following 

specific design objectives for achieving the project’s ultimate objectives: 

 

 Assure ingress and egress for juvenile salmonids and tidal exchange into the lagoon area over 

the natural tidal elevation range at which fish access occurs in coastal lagoons with similar 

geomorphic characteristics as the Greenbank Lagoon.  Note that at all reference lagoons, the 

elevation of the inlet/outlet channel is “perched” as it crosses through the beach, so that the 

lower portion of the tidal range is truncated to varying degrees. 

 Minimize disruption of natural water, sediment and drift log movement along the beach and 

into the lagoon and backshore areas. 

 Restore fish passage and tidal exchange into the 19-acre marsh area to the maximum extent 

feasible without causing flooding of North Bluff Road or adjacent properties.   

 Increase protection from coastal flooding to North Bluff Road and adjacent properties, 

compared to the current situation. 

 Improve drainage of surface water from the marsh and lagoon areas, compared to the current 

situation. 

 Do not increase hydrologic impact on local septic drain fields and buried water piping, compared 

to the current situation. 

 Allow for continued recreational use of the project site by GBBC members, including beach 

walking access, use of the boat ramp and use of the parking area. 

 Keep maintenance needs to a reasonable level that can be carried out by GBBC members and 

that is comparable to their existing level of effort.  In particular, design the channel to minimize 

the need for seasonal sediment removal, and allow for safe and easy access by GBBC members 

for this purpose. 

 Minimize the overall effort and cost of completing regulatory permitting and associated 

mitigation requirements for constructing the project. 
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4. Identification and Evaluation of Restoration Alternatives 
 

WICD and GBBC identified and evaluated four alternatives for achieving the project objectives, as 

summarized below.  The identified alternatives consist of sets of individual design elements that 

represent a range of potential methods for addressing the various project objectives.  It is recognized 

that the combination of design elements for each alternative is not necessarily fixed, but could be 

changed to include design elements identified with other alternatives as well.  A conceptual site plan for 

each alternative is included in Attachment 3. 

 

4.1. Description of Project Alternatives 

 

4.1.1. Alternative 1: Replacement of the Outfall Pipe 

This alternative includes removing the existing tidegate and concrete headwall at the lagoon and 

replacing the existing 24-inch diameter outfall pipe with a new, 36-inch diameter pipe running about 

600 feet from the lagoon to where it would outlet to Holmes Harbor at an elevation of -3’ NAVD889.  A 

weir could be included at the pipe inlet if desired to maintain a minimum surface wsel of 5.5’ in the 

lagoon.  The existing cobble dike in the interior of the lagoon area would be removed and a new soil dike 

would be constructed around the perimeter of the lagoon area to elevation of 12.5’.  The existing 30-

inch diameter culvert under North Bluff Road, which connects the marsh area with the lagoon area, 

would be left as-is.  A conventional flap gate tidegate would be installed on the existing 18-inch 

diameter culvert that connects with the road ditch along the east side of North Bluff Road near GBBC’s 

southwest property corner. 

 

4.1.2. Alternative 2: Partial Restoration of Tidal Flow 

This alternative includes constructing about 450 feet of a deep, new channel from about 0’ elevation on 

the beach, through the beach berm to the lagoon at approximately the location of the existing lagoon 

outlet.  The channel seaward of the beach berm would be armored with rock.  The existing 24-inch 

outfall pipe and tidegate would be removed.  A self-regulating tidegate (SRT) would be installed across 

the new channel in a concrete vault located underneath the parking lot, located about 120 feet 

landward of the channel outlet.  The SRT would be set to close when the wsel in the lagoon reached 

about 7.0’, which is approximately the existing ordinary high water (OHW) mark in the lagoon.  This 

closure level is about 2.1’ below the MHHW tide elevation.  No perimeter dike would be constructed, 

but instead the existing cobble dike would be raised up to 12 inches at local low points to provide 

modest additional protection from coastal flooding. The existing 30-inch diameter culvert under North 

Bluff Road, which connects the marsh area with the lagoon area, would be left as-is.  A conventional flap 

gate tidegate would be installed on the existing 18-inch diameter culvert that connects with the road 

ditch along the east side of North Bluff Road near GBBC’s southwest property corner. 

 

                                                           
9
 All subsequent elevations are referenced to the North American Vertical Datum of 1988 (NAVD 88). 
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4.1.3. Alternative 3: Full Restoration of Tidal Flow with SRT in the Marsh 

About 500 feet of new inlet channel would be excavated from about elevation 4’ on the beach, through 

the beach berm to the lagoon at approximately the location of the existing lagoon outlet. At the point 

where the channel crosses the beach berm, it would be routed through a short section of concrete box 

culvert set with its invert elevation at 5.0’.  The box culvert would be angled obliquely to the direction of 

the waves in order to reduce entrainment of gravel and drift logs, and the beach berm would be 

reconstructed across the top of the culvert to allow beach walkers to cross it easily.  Likewise, the 

channel alignment would run obliquely to the direction of the beach crest for a short distance to provide 

additional protection against entraining gravel and drift logs during storm surge.   

 

The existing cobble dike, old tidegate and headwalls would be removed from the interior of the lagoon 

area and a new soil dike would be constructed around the perimeter of the lagoon area to elevation of 

12.5’.  An SRT would be installed at the culvert under North Bluff Road and set to close when the wsel in 

the marsh reached 9.0’, or about 0.1’ below the MHHW tide elevation.  Finally, a conventional flap gate 

tidegate would be installed on the existing 18-inch diameter culvert that connects with the road ditch 

along the east side of North Bluff Road. 

  

4.1.4. Alternative 4: Full Restoration of Tidal Flow with no SRT in the Marsh 

This alternative is similar to Alternative #3 but with two components changed.  First, instead of installing 

a box culvert across the channel outlet, an open channel with rock-armored sides would be used.  An 

aluminum gang-way style bridge would be installed landward of the channel outlet to provide a crossing 

point for beach walkers.  Second, no SRT would be installed on the culvert under North Bluff Road, 

resulting in unrestricted tidal flow through the culvert. Outright removal of the culvert and replacement 

with an open channel and bridge through North Bluff Road was not considered because of potential high 

cost and GBBC’s lack of legal control over the county road right of way. 

 

4.2  Evaluation of Project Alternatives 
 

Each of the four alternatives was evaluated by qualitative screening criteria to compare its overall 

effectiveness in achieving the specific design objectives at a reasonable cost.  A “no action” alternative 

of leaving the site in its existing condition was also evaluated.  A summary of the evaluation of each 

alternative is presented in the following table. 
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Table 4: Evaluation of Design Alternatives Summary 

 

Evaluation Criterion 

Design Alternative 

Existing Condition 

(“No action”) 

Replace the Outfall 

Pipe, no SRT at North 

Bluff Road 

Partial Restoration of 

Tidal Flow w/ SRT in 

Vault at Parking Lot 

Full Restoration of 

Tidal Flow w/ SRT at 

North Bluff Road 

Full Restoration of 

Tidal Flow to both 

Lagoon and Marsh 

Ingress and egress for 

juvenile salmonids and tidal 

exchange into the lagoon 

over the natural tidal range 

for a “perched” lagoon. 

Incidental fish passage 

and tidal exchange 

through the leaking 

tidegate. 

Incidental fish passage 

with the tide through 

a 600-foot pipe. 

Fish passage and tidal 

exchange into the 

lagoon up to 7.0’ tidal 

elevation.  

Fish passage and tidal 

exchange over the 

entire natural tidal 

range. 

Fish passage and tidal 

exchange over the 

entire natural tidal 

range. 

Restore fish passage and 

tidal exchange into the 19-

acre marsh, without causing 

flooding of North Bluff Road 

or neighboring properties. 

Incidental passage and 

tidal exchange from the 

lagoon. Existing flooding 

potential around the 

marsh is unchanged. 

Fish passage and tidal 

exchange with the 

tide. Initial modeling 

shows peak wsel will 

be just below flood 

level. 

Fish passage and tidal 

exchange up to 7.0’. 

Incidental passage 

during high runoff flow. 

Will not cause flooding. 

Fish passage and tidal 

exchange up to 9.0’.  

(MHHW = 9.1’). Will 

not cause flooding. 

Fish passage and tidal 

exchange over the 

entire natural tidal 

range.  Peak wsel will 

cause flooding. 

Minimize disruption of 

natural tidal, sediment and 

drift wood movement along 

the beach and backshore 

area. 

Continued potential for 

outfall “blow outs” and 

beach scour holes. 

Beach berm limits 

sediment and drift wood 

movement into the 

backshore. 

Beach scour blow-outs 

eliminated.  Beach 

berm still limits 

sediment and 

driftwood movement 

into the backshore. 

The deep channel 

through the beach and 

beach berm will affect 

shoreline drift and 

entrain large amounts 

of sediment and logs.  

Smaller channel will 

have smaller impact 

on shoreline drift; 

outlet structure will 

reduce sediment and 

log movement to the 

backshore.   

Smaller channel will 

have smaller impact 

on shoreline drift; 

natural movement of 

sediment and logs to 

the backshore. 

Increase protection from 

coastal flooding to North 

Bluff Road and adjacent 

properties, compared to the 

current condition. 

Tide and storm surge 

crosses cobble dike at 

about elevation 11.5’. 

The new dike to elev. 

12.5’ will reduce but 

not eliminate the risk 

of coastal flooding. 

Raising the existing 

dike to elev. 12.5’ will 

reduce but not 

eliminate the risk of 

coastal flooding. 

The new dike to elev. 

12.5’ will reduce but 

not eliminate the risk 

of coastal flooding. 

The new dike to elev. 

12.5’ will reduce but 

not eliminate the risk 

of coastal flooding. 

Improve drainage and 

reduce local flooding from 

the marsh and lagoon areas, 

compared to the current 

Localized flooding during 

high runoff will 

continue. 

Improved drainage 

because of more 

outflow on the ebbing 

tide. 

Will provide greater 

drainage capacity 

provided that the 

channel does not fill 

Will provide greater 

drainage capacity 

provided that the 

channel does not fill 

Will provide greater 

drainage capacity 

provided that the 

channel does not fill 
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condition. with sediment. with sediment. with sediment. 

Do not increase hydrologic 

impact on local septic drain 

fields, compared with 

current condition. 

The effect of lagoon and 

marsh wsel on drain 

fields is inconclusive.   

Improved drainage 

will reduce the 

duration of high wsel 

events in the lagoon & 

marsh.  Effect on 

nearby drain fields not 

determined. 

Improved drainage will 

reduce the duration of 

high wsel events in the 

lagoon and marsh.  

Effect on nearby drain 

fields not determined. 

Improved drainage will 

reduce the duration of 

high wsel events in the 

lagoon and marsh.  

Effect on nearby drain 

fields not determined. 

Improved drainage will 

reduce the duration of 

high wsel events in the 

lagoon and marsh.  

Effect on nearby drain 

fields not determined. 

Allow for continued 

recreation use of the 

project site by GBBC 

members. 

(Baseline) No change from 

baseline 

The new channel may 

interfere with boat 

ramp use and affect 

sediment deposition.  

No beach walker access 

across the channel. 

Reduces the parking lot 

area. 

Beach walkers can 

cross the channel at 

low tide and cross the 

box culvert at high 

tide.  Reduces the 

parking lot area. May 

affect sedimentation 

at the boat ramp. 

Beach walkers can 

cross the channel at 

low tide and cross the 

bridge at high tide.  

Reduces the parking 

lot area. May affect 

sediment deposition 

at the boat ramp. 

Keep maintenance needs to 

a reasonable level. 

Maintenance of the 

outfall and tidegate is no 

longer practical. 

The dike will need 

routine maintenance; 

the outfall shouldn’t 

need maintenance. 

Difficult to keep the 

SRT vault clear of 

sediment and drift 

wood. 

The box culvert is 

designed to facilitate 

clearing of gravel and 

logs.  SRT will need 

routine maintenance. 

Considerable effort 

needed to keep the 

channel outlet clear of 

gravel and logs. 

Minimize permitting and 

mitigation requirements 

none High, particularly wrt 

eel grass impacts and 

work on SOAL below 

MHHW. 

Moderate to high 

because of work on 

SOAL below MHHW. 

Moderate Moderate 

Cost – capital N.A. Approx. $1M  $500K - $600K $600K - $700K $500K-$600K 

Cost – O&M N.A. minimal  high moderate Moderate to high 
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Relative ratings for each design alternative’s ability to meet the design criteria are shown in the 

following table. Ratings are assigned relative to the no action/existing condition alternative.  

Performance worse than the existing condition is assigned negative values and performance better than 

the existing condition is assigned positive values.  For the purpose of developing an overall rating, the 

individual ratings for each criterion are added together for a relative total rating. No attempt is made to 

assign weightings to the individual criteria. 

 

Table 5: Relative Ratings for the Alternatives Analysis 

Evaluation Criterion Design Alternative 

Existing 

Condition 

(“No 

action”) 

Replace the 

Outfall Pipe, 

no SRT at 

North Bluff 

Road 

Partial 

Restoration of 

Tidal Flow – SRT 

in Vault at 

Parking Lot 

Full Restoration 

of Tidal Flow w/ 

SRT at North 

Bluff Road 

Full Restoration 

of Tidal Flow to 

both Lagoon 

and Marsh 

Fish passage and tidal 

exchange in the lagoon 

0 +1 +2 +3 +4 

Fish passage and tidal 

exchange in the marsh. 

0 +1 +1 +2 +3 

Prevents flooding in the 

marsh. 

0 +2 +3 +1 -1 

Minimize disruption of 

shoreline processes 

0 0 -1 +1 +2 

Increase coastal 

flooding protection 

0 +1 +1 +1 +1 

Improve drainage and 

decrease local flooding 

in the marsh & lagoon. 

0 +1 +2 +2 +2 

Do not increase 

hydrologic impact on 

septic drain fields 

0 +1 +1 +1 +1 

Allow for continued 

recreation use by GBBC 

members 

0 0 -3 -1 -2 

Keep maintenance 

needs to a reasonable 

level 

0 -1 -4 -2 -3 

Minimize permitting 

and mitigation 

requirements. 

0 -4 -3 -2 -1 

Capital cost 0 -3 -1 -2 -1 

O&M Cost 0 -1 -4 -2 -3 

TOTALS 0 -2 -6 2 2 
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5. Preferred Alternative 
Based on the screening-level evaluation illustrated in Tables 4 and 5, Alternative #3 (“Full Restoration of 

Tidal Flow with an SRT at North Bluff Road”) was identified as the most promising in that it performed 

best overall in meeting the specific project objectives without causing an unacceptable flood risk in the 

marsh.  The follow section describes the key considerations for the engineering design of this preferred 

alternative. 

 

5.1. Description of the Preferred Alternative 
Attachment 3 shows conceptual design drawings for the preferred alternative.  The design includes the 

following elements, starting from the landward end.   

 

5.1.1. Greenbank Marsh 

No construction or revegetation activities are currently planned for the 19-acre Greenbank Marsh.  The 

proposed restoration of tidal flow will result in more consistently brackish water conditions and greater 

daily fluctuation in water level in the marsh than currently exists.10 The preferred design alternative will 

allow daily tidal exchange through the existing 30-inch culvert under North Bluff Road.  Initial hydrologic 

modeling indicates that daily tidal exchange would allow the wsel in the marsh to reach 7.9’ at mean 

high water (MHW) tide heights during dry weather conditions and a maximum of 10.6’ during worst case 

extreme high water (EHW) tides and 100-year runoff conditions (Element Solutions, 2017).11  The 

Introduction of daily tidal exchange would gradually change the vegetation community in the marsh to 

plants with higher salinity tolerance.  A preliminary evaluation of impacts to the vegetation community 

is presented in the wetland report (Element Solutions, 2016). 

 

WICD surveyed ground elevations around the perimeter of the marsh and measured a lowest elevation, 

located on the edge of pavement of North Bluff Road north of the intersection of Wonn Road, of 10.65’ 

NAVD88.   Based on this measurement, it was determined that unrestricted tidal flow through the 30-

inch culvert into the marsh would result in unacceptable risk of flooding during the modeled worst case 

high tide and 100-year runoff event.12  To prevent the occurrence of this worst case scenario, the 

proposed preferred design alternative includes installation of a self-regulating tidegate (SRT) on the 

North Bluff Road culvert.  The SRT would be set to close when the wsel in the marsh reaches 9.0’, 

allowing enough remaining storage capacity in the marsh to prevent runoff from the modeled 100-year 

                                                           
10

 Currently, the salinity of the water in the marsh varies seasonally, with higher salinity in the summer when there 

is little inflow of fresh water from the surrounding watershed.  A salinity range of 8 ppt to 25 ppt was measured in 

grab samples collected between November 2016 and July 2017.  The wsel also varies seasonally, with ordinary high 

water levels of about 8.0’ to 9.0’ NAVD during the wet season, dropping to about 6.0’ in summer. 
11

 Removal of the culvert and replacing it with an open channel was not considered, because unrestricted tidal flow 

into the marsh would result in flooding of low-lying roads and properties surrounding the marsh. 
12

 For alternative #2 (new 36-inch outfall pipe), unrestricted tidal flow through the 30-inch North Bluff Road culvert 

is not predicted to cause unacceptable risk of flooding because of the smaller tidal prism entering the lagoon. 
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runoff event from raising the marsh wsel above approximately 9.5’.13 The invert elevation of the SRT is 

tentatively assumed to be the same as the invert of the culvert on the downstream (seaward) side of 

North Bluff Road, which is approximately 4.6’ NAVD88.  A conceptual profile view of the culvert and SRT 

are shown in the plans set in Attachment 3. 

 

5.1.2. North Bluff Road Culverts and Dike 

The preliminary design of the preferred alternative assumes keeping the existing 30-inch diameter North 

Bluff Road culvert in place.  The reasons for this are 1) it serves to regulate tidal flow into the marsh to 

prevent flooding, and 2) it avoids the cost of designing, permitting and constructing a new water 

conveyance structure under North Bluff Road.  It is assumed that acceptable fish passage flow velocities 

though the culvert will occur for at least part of the time during the flood and ebb legs of the tide cycle, 

but at the present time, detailed fish passage conditions have not been evaluated.  There are several 

possible design configurations for balancing fish passage conditions with the need to prevent upstream 

flooding, and these may be evaluated in the final design phase pending direction from resource agencies 

and Island County DPW. 

 

East (seaward) of North Bluff Road, daily tidal exchange into the 3-acre lagoon area would be 

unrestricted.  The tide would flood into and ebb out of the lagoon through an open channel to the beach 

that has enough flow capacity to allow the wsel in the lagoon area to quickly equalize with the tide level 

in Holmes Harbor.  As discussed in Section 2.1.4, high tide/high storm surge events with wsel up to 12’ 

NAVD88 have been observed in the past, and the current FEMA coastal flooding elevation is identified as 

14’. To improve protection from coastal flooding on the low-lying portions of North Bluff Road and 

adjacent properties, the preferred design includes constructing a dike around the perimeter of the 

lagoon area to elevation 12.5’.  This elevation was chosen as a cost-effective design, reflecting a balance 

between increasing the existing level of flood protection14 while not sacrificing more marsh surface than 

necessary for the dike footprint.   The dike along the north property line would consist of raising the 

existing unpaved driveway to a uniform elevation of 12.5’.  The site plan in the conceptual design plan 

set shows the proposed layout of the new dike. 

 

As discussed in Section 2.1.5, a small portion of the overall 742-acre Greenbank watershed drains 

directly into the lagoon through a road ditch along the east side of North Bluff Road.  The ditch crosses 

the southwest corner of the GBBC property through an 18-inch diameter culvert with an outlet invert 

elevation of 5.51’.  As with the larger, North Bluff Road culvert, the preliminary design proposes to not 

change the existing invert elevation, so that drainage capacity of the ditch will not be reduced.  A new 

culvert of the same size will be routed underneath the proposed dike at the southwest property corner 

and connected via a constructed marsh channel to the lagoon.  A conventional top-hinge tidegate will be 

                                                           
13

 Note that a closure setting of 9.0’ would result in the SRT remaining open most of the time, closing only during 

runoff events exceeding about a 10-year recurrence level. 
14

 The lowest elevation on the existing dike at the project site is 11.4’ NAVD88, so constructing a new dike to a 

uniform elevation of 12.5’ represents about a 1-foot increase in flood protection. 
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installed on the outlet of this culvert to prevent any tidal backflow into the road ditch.  As the tide level 

in the lagoon ebbs, the tidegate will open and allow the ditch to drain.  Because the new open channel 

will have vastly more conveyance capacity than the existing tidegate and outfall pipe, the duration of 

seasonal flooding of the low lying areas that drain to the road ditch will be reduced from several days to 

at most the duration of a high tide cycle.  

 

5.1.3. Greenbank Lagoon    

At the downstream/seaward end of the lagoon, the existing tidegate, concrete vault and concrete 

headwalls will be demolished and removed.  The inlet of the existing 24-inch diameter outfall pipe will 

be blocked with a concrete plug or similar material and the area occupied by the vault will be backfilled 

to the natural marsh grade.  The existing cobble dike will be removed and the land graded to match the 

surrounding natural topography.  A separate small dike located at the northwest edge of the parking 

area will also be removed.  Soil and rock from these dikes likely will be reused in the new dike.  The 

existing small ditch that runs along the west side of the cobble dike will likewise be filled to match the 

surrounding grade.  All disturbed soil will be reseeded with native high marsh vegetation. 

 

5.1.4. New Tidal Channel 

Approximately 500 feet of open channel will be constructed from the east end of the lagoon to the 

beach.  The preliminary design of the channel plan form and cross section, as shown on the plan set, is 

based on considerations of both published allometric geometry ratios (c.f. PSNERP, 2011 and Hood, 

2015) and WICD’s measurements of relevant reference channels (see Section 2.1.7). The channel system 

will include small tributary channels that are typical of coastal marshes in the Puget Sound region.  The 

profile of the channel will start at the existing lagoon outlet elevation of about 3.8’ and rise to a high 

point of 5.3’ over a distance of about 175 feet, then fall gradually towards the beach.  This uphill slope 

from the lagoon to a higher elevation near the beach crest reflects a natural geomorphic feature found 

at regional reference sites that were studied as part of the project.  The 5.3’ elevation represents the 

design low water elevation for surface flow out of the lagoon. This elevation is comparable to typical 

existing low water elevations in the lagoon during dry summer conditions, where leakage through the 

existing tidegate results in a fluctuation in the lagoon wsel from about 4’ to 6’.   

 

The final hundred feet or so of the channel located landward of the beach crest will be excavated 

through the south end of GBBC’s existing parking area.  Concrete “ecology” blocks will be set back from 

the edge of the channel bank to form a safety barrier.  Excavation of the channel will result in loss of 

about 5,500 square feet of parking area, which represents about 34 percent of the existing area.  The 

final design of the channel side slopes in this area will be determined following a geotechnical 

evaluation, and may include geotechnical slope stabilization techniques. 

 

Before crossing the beach crest, the alignment of the channel will bend to the northeast and run 

obliquely to the alignment of the beach crest berm for about 50 feet.  This alignment reflects a typical 

natural geomorphic feature found in local coastal lagoon/marsh systems, in which the alignment of the 
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outlet channel responds to long-shore sediment drift by bending in the down-drift direction, cutting 

through the beach crest at an angle oblique to the wave front.   

 

The channel will cross the beach crest through a concrete outlet structure placed at the location of the 

existing soil berm.  The conceptual design of the outlet structure consists of a 20’x6’ i.d., concrete box 

culvert with invert elevation of 5.0’.  The invert elevation was selected to reflect a balance between 

allowing for gravity drainage from the 30-inch North Bluff Road culvert and the 18-inch roadside ditch 

culvert (which are the two upstream hydraulic control points) and approximating the natural thalweg 

elevation of similar outlet channels from “perched” coastal lagoons.  WICD’s review of relevant 

reference sites suggests that in natural coastal lagoons, the channel thalweg at the beach crest typically 

would be about 2 feet higher in elevation. Due to the need to maintain the existing drainage from the 

marsh and the road ditch, however, a lower invert elevation was selected.   

 

The side walls of the channel would steepen as the ground surface rises to the beach crest.  The 

conceptual design includes armoring the channel sides with angular rock for about 60 feet seaward and 

80 feet landward of the outlet structure to stabilize them from sloughing. Detailed design will be 

determined following a geotechnical evaluation, and some other slope stabilization technique may be 

substituted for rock armoring.  The inside of the outlet structure would be configured as a roughened 

channel to provide a smooth transition to the landward and seaward reaches of the channel, promote 

hydraulic shear force to sweep out entrained gravel on the falling tide, and to provide localized areas of 

velocity refuge along the sides for fish to rest as they swim through the structure.  The culvert would be 

set approximately 35 degrees obliquely to the direction of waves hitting the beach, which is intended to 

deflect wave-born sediment and drift wood away/down drift of the channel alignment.   

 

About 2 feet of native soil would be placed over the top of the culvert and planted with dune grass to 

create an at-grade transition to the existing beach crest berm.  Reconstructing the berm over the outlet 

structure serves two purposes. First, it maintains the existing geomorphic shore form at the site, and 

second, it will provide a way for beach walkers to cross the channel at high tide.  

 

Design Alternative #4 included using a simple open cut through the beach berm instead of the concrete 

outlet structure.  It was determined that this design was less favorable, because extending the sides 

upward to the beach crest would result in a much wider top of bank width at a location where space is 

limited, and it would reduce the channel’s ability to generate hydraulic shear force to sweep out 

entrained gravel.  As described above, maintaining a channel invert/thalweg elevation of 5.0’ at the 

beach crest is a key design requirement to provide the necessary drainage capacity to preserve and 

enhance the existing capacity of the ditch along North Bluff Road.  This requirement is more difficult to 

achieve with a simple open channel, compared to the preferred outlet structure design.  Implications of 

sediment entrainment on the long-term sustainability of the channel outlet area discussed in Section 

5.2, below. An open channel design would also require construction of a pedestrian bridge located 

landward of the beach crest in order to provide beach walker access along the beach at high tide. 
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From the outlet structure, the new channel would run from elevation 5.0’ over a distance of about 90 

feet at a slope of 1.1% to merge with the surrounding beach grade at about elevation 4.0’ (equivalent to  

+6.3’ MLLW). This location is located on SOAL about 50 feet seaward of the MHHW line on the beach.  

Large stepping stones could be placed across the channel to facilitate beach walker access at lower tide 

levels.   

 

The final (seaward) 40 feet of the existing outfall pipe would be excavated and removed from the beach.  

Removal would be done when the tide is seaward of the work location, and the excavation would be 

refilled with native beach gravel. The ends of the pipe would be blocked and the remainder of the pipe 

would be abandoned in place.   

 

5.2. Preliminary Engineering Analysis 
The preliminary engineering analysis that was completed during Project 15-1072 focused on evaluating 

two issues: 1) hydrologic and hydraulic (H&H) performance of the project design alternatives and 2) 

geomorphic stability of the outlet channel.  Stand-alone technical memos that document these analyses 

are included in the project’s PRISM file.  A brief summary of key implications to the preferred design 

alternative are presented below. 

 

Element Solutions set up preliminary H&H models to evaluate runoff from the watershed, flow through 

the new outfall and open channel design alternatives, and resulting water surface elevations in the 

lagoon and marsh under various tide height and runoff flow scenarios.  Design implications are 

addressed in Table 4 (the screening of project alternatives) and the first several bullets of Section 5.1 

(discussing flooding and drainage in the marsh and lagoon).  Element also applied predictions of flow 

depth and velocity at the outlet structure of the preferred alternative to estimate a range of potential 

hydraulic shear forces that would be generated. Based on its testing of beach gravel, WICD estimated 

that a minimum shear force of 0.6 lb/sf is needed to mobilize the D100 particle size of 40 mm on the 

beach. Element concluded that self-scouring flows (i.e. greater than 0.6 lb/sf) would be present in the 

outlet structure between 6% to 25% of the time that water was flowing out from the lagoon, depending 

on the tide height and the amount of runoff stored in the marsh.   

 

ESA calculated a preliminary estimate of mean annual deep water wave power at the project site of 

6x108 ft-lbf/yr/ft (ESA, 2017).  WICD applied this figure to the potential diurnal tidal prism resulting from 

restoring tidal connection into Greenbank Lagoon and Greenbank Marsh under the preferred design 

alternative, which it estimated as approximately 1.5 million cubic feet.  Following the approach 

developed by Johnson (cited in ESA/PWA, 2012), the plot of annual wave power and diurnal tidal prism 

was evaluated to compare the likely stability of the proposed outlet channel at the GBBC project site to 

other coarse-sediment coastal lagoons in the Puget Sound/Strait of Georgia region.  Figure 6 shows that 

the plot of the GBBC site data lays in the favorable zone for predicting stability of the channel outlet.  

While further analysis will be necessary during the detailed coastal engineer tasks of the final design 

phase of the project, the preliminary analysis suggest that an open channel will be relatively sustainable 

at the site, even if it is occasionally blocked by gravel during winter storms. 
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Figure 6: Comparison of Inlet Stability of Local Reference Lagoons 

 

This figure is adapted from ESA/PWA 2013, with data points for the GBBC project site inserted by WIDC. 

 

5.3. Construction Cost Estimate 
 

WICD developed preliminary, conceptual level costs for designing, permitting and constructing the 

preferred project alternative.  The costs are summarized in Table 6.  A detailed breakdown of the cost 

estimate is provided in Attachment 2.  

 

Table 6: Summary of Project Implementation Costs 

Item Cost Estimate 

 

Administration, Engineering, Project Management and Permitting $170,000 

Construction (all costs, including tax and 15% contingency) 

 

$470,0000 

Three years maintenance and adaptive management 

(Maintaining plantings, adjustments to SRT and channel, as needed) 

 

$30,000 

                    Total $670,000 

Greenbank Lagoon and Marsh 

Greenbank 

Lagoon only 
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6. Recommended Next Steps 
The following additional work tasks are recommended for advancing the conceptual project design to 

the construction stage. 

 

6.1. Stakeholder Consultation Activities 
GBBC and WICD will continue outreach and consultation activities with GBBC members and neighboring 

stakeholders.  An ad hoc working group of local residents currently meets to discuss the project within 

the larger context of planning how to resolve drainage problems associated with Greenbank marsh and 

lagoon. 

 

GBBC and WICD will continue to meet with the Port of Coupeville and Island County DPW as subsequent 

funding allows for continuation of the design effort.  GBBC has applied for a 2017 SRFB design grant 

(RCO No. 17-1140) to develop a preliminary design and initial permit application work.  The scope of this 

grant includes further consultation with agency stakeholders.  As part of the effort, WICD and GBBC will 

initiate “pre-application” conversations with Island County’s planning and permitting department, 

WDNR, WDFW, WDOE and U.S. Army Corps of Engineers.  Initial meetings with representatives of the 

Tulalip and Swinomish tribes are also proposed. 

 

6.2. Additional Technical Investigations 
The following additional technical investigations are proposed for the Project 17-1140 preliminary 

design phase. 

 

 Coastal Engineering Evaluation.  Contract with a coastal engineering consultant to evaluate the 

conceptual design of the outlet channel and do further engineering and geomorphic analysis to 

prepare a detailed channel design.  Verify the preliminary conclusions about coastal flooding 

protection. 

 Hydraulic Analysis.  Hire an engineering consultant to refine the preliminary H&H modeling to 

further evaluate lagoon drainage and the potential for flooding in the marsh. 

 Geotechnical and Hydrogeology Analysis.  Hire a geotechnical engineering consultant to do 

supplemental  soil and water table testing, evaluate the potential for the project to impact local 

septic drain fields and/or water piping, and make recommendations to inform the design of the 

new dike. 

 Ecological Impacts. Conduct further evaluation of potential ecological impacts to the marsh and 

nearshore biota, depending on direction from resource agencies. 
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Attachment 1: Site Map and Photographs 
 

Greenbank Marsh Location Map 

 

Project Site 
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Project Site Photos 

 
WDOE Oblique Aerial Photo 

 

 
Greenbank Hotel and Beach, ca. 1910 
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Greenbank Lagoon at Low Tide 

 

 
Upper Beach and Beach Crest 
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Old Cobble Dike and Neighboring Beach House 

 

 
Shoreline After Winter Storms 
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Greenbank Marsh in Summer 

 

 
Drainage Ditch along North Bluff Road 
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Reference Site Photos 

 
Gulf Road Lagoon Outlet Channel 

 

 
Spencer Spit Marsh Outlet Channel 
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Lake Hancock Outlet Channel 

 

 
Mud Bay Marsh Outlet Channel 
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Attachment 2: Conceptual Cost Estimate 

 

 

  

Greenbank Marsh Restoration Conceptual Construction Cost for the Preferred Alternative

Date: 7-Aug-17

By: TMS

Item Units Quantity Unit Cost Cost Notes

Mobi l i zation 10% 1 $34,000 $34,000

Dewatering and WQ BMPs LS 1 $40,000 $40,000

Traffic control 3% 1 $10,000 $10,000

Excavation

Channel cy 750 $20 $15,000

Remove old dike cy 1160 $20 $23,200

Construct new dike cy 1930 $35 $67,550 Note 1

Concrete demo and removal cy 30 $50 $1,500

Pipe demo - excav. and removal cy 75 $50 $3,750 Note 2

Rock armoring tons 350 $50 $17,500

Driveway fi l l cy 650 $10 $6,500 Note 1

Concrete block barriers  at parking ea 14 $100 $1,400

Outlet culvert or other treatment LS 1 $40,000 $40,000

MTR tidegate and infrastructure LS 1 $75,000 $75,000

Road ditch culvert and tidegate LS 1 $15,000 $15,000

Reveg LS 1 $20,000 $20,000

subtotal $370,400

add 10% tax $407,440

add 15% contingency $468,556

Notes

1. Assumes  much of the excavated soi l  and old dike gravel  can be reused for the new dike and 

parking lot fi l l .

2. Assume excavate only the last 40' of the pipe (at the beach) and leave the rest in place.   Unit cost

includes  trench box shoring.
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Attachment 3:  Conceptual Drawings 

Conceptual Site Plans for Alternatives 1, 2, and 3 are shown in the following drawings.  The plan 

set for the preferred alternative (Alternative #3) is included in a separate attachment in the 

PRISM file. 
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