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EXECUTIVE SUMMARY 
 

This design report is intended to satisfy the Recreation and Conservation Office’s (RCO) Manual 18 

Appendix D-2 design documentation requirements for RCO grant No. 17-1140 “Greenbank Marsh 

Restoration Design.” Specifically, the report describes the technical analysis and public consultation 

activities that were completed during Project 17-1140 to develop the final design recommendation.   

 

Based on the technical analysis and input from community stakeholders, the Greenbank Beach and Boat 

Club, Inc. (GBBC) and the Whidbey Island Conservation District (WICD) concluded that implementation 

of the project would create significant offsite impacts, which the GBBC does not have the financial or 

institutional capacity to adequately mitigate.  For this reason, GBBC and WICD decided not to attempt to 

secure permits for and construct the marsh restoration project.  

 

Key findings that support this conclusion are the following:  

 Unrestricted tidal flow between Holmes Harbor and Greenbank Marsh will result in flooding of 

low-lying portions of North Bluff Road and up to a 2.5-foot rise in the shallow aquifer water 

table under the modeled worst case conditions of 100-year runoff combined with 100-year high 

tide.  The salinity of the shallow water table is also expected to increase.  Unrestricted tidal flow, 

however, is not expected to result in sea water intrusion into the underlying deep aquifer. 

 

 The marsh flooding conditions can be mitigated by installing a muted tidal regulated tidegate at 

the proposed new box culvert between the lagoon and the marsh under North Bluff Road. But 

even with the MTR tidegate, tidal flow between Holmes Harbor and the lagoon (i.e. east of 

North Bluff Road) would not be restricted, and the modeled water table rise and salinity impacts 

at properties adjacent to the lagoon would continue. 

 

 Under either design scenario, it is technically feasible to mitigate the flooding and groundwater 

impacts by constructing approximately 2,000 lineal feet of low earth berm or flood wall along 

the east side of the marsh to protect North Bluff Road, and isolating and improving the existing 

drainage system for the properties located on the east side of North Bluff Road.  Improvements 

would include a subsurface groundwater interception drain leading to a new, 0.25-acre 

detention pond, from which collected water would be pumped over the new dike and into the 

lagoon. 

 

 Construction costs for the marsh restoration project and the required mitigation infrastructure 

are estimated to exceed $1.14M.   To date GBBC and WICD’s attempts to win public funding 

grants to support construction have been unsuccessful, indicating the project is uncompetitive 

for those grant programs. 
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 GBBC and WICD’s attempts to generate support for a permanent, community-based funding 

arrangement to pay for operation and maintenance of the tidegate and the drainage mitigation 

infrastructure have also been unsuccessful.   

   

 Community outreach and stakeholder consultation efforts have shown that while many local 

stakeholders support the general goals of the marsh restoration project, some property owners 

have actively expressed their opposition to specific project elements.  This vocal opposition 

indicates that obtaining construction approvals from Island County cannot be relied on. 

 

 Looking forward, as the predicted increase in sea level and coastal flooding continues, the 

flooding and drainage impacts that were modeled in the report’s technical studies will begin to 

occur whether or not the marsh restoration project is constructed.  At some point, these 

impacts may grow acute enough that changes to land use, such as abandoning North Bluff Road 

and/or some of the adjacent residential properties, may create new opportunities and more 

urgent motivation for restoring tidal flow into the marsh. In addition, support and funding for 

estuarine wetland restoration projects on private property may increase as salmonid and orca 

populations decline further.  

 

 

 

  

Report completed by: 

 

Tom Slocum, PE 

Whidbey Island Conservation District 
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Glossary of Selected Acronyms 
 

 

CFS  Cubic feet per second 

GBBC  Greenbank Beach and Boat Club 

MTR  Muted Tidal Regulated 

MW  Monitoring well 

NAVD88 North American Vertical Datum of 1988 

RCO  Recreation and Conservation Office 

RCW  Revised Code of Washington 

SRFB  Salmon Recovery Funding Board 

SRTCC  Salmon Recovery Technical and Citizen Committee 

WDFW  Washington Department of Fish and Wildlife 

WICD  Whidbey Island Conservation District 

WRAC  Water Resource Advisory Committee 

WRIA  Water Resources Inventory Area 

WSEL  Water Surface Elevation 
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1. Introduction  
 

This design report is intended to satisfy the Recreation and Conservation Office’s (RCO) Manual 18 

Appendix D-2 design documentation requirements for RCO grant No. 17-1140 “Greenbank Marsh 

Restoration Design.” Specifically, the report describes the technical analysis and public consultation 

activities that were completed during Project 17-1140 to develop the final design recommendation.  

Project 17-1140’s technical analysis and public consultation activities supplemented and expanded 

previous work completed under RCO grant No. 15-1072, an engineering feasibility assessment and 

conceptual design study  titled, Greenbank Marsh Restoration Issues Assessment, which was completed 

in 2017 (WICD, 2017a). 

 

Based on the technical analysis and input from community stakeholders, the Greenbank Beach and Boat 

Club, Inc. (GBBC) (the project sponsor and owner of the project site) and the Whidbey Island 

Conservation District (WICD) (project partner and technical lead) concluded that implementation of the 

project would create significant offsite impacts, which the sponsor does not have the financial or 

institutional capacity to adequately mitigate.  For this reason, GBBC and WICD decided not to attempt to 

secure permits for and construct the marsh restoration project. This report documents the rationale for 

this decision. 

 

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 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 U.S. Coast and Geodetic Survey’s 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, freshwater wetland. 

  

https://secure.rco.wa.gov/prism/search
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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 communication).  The existing site plan 

in Attachment 3 shows the locations of these features (WICD, 2017b).  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 angered local 

residents, and this situation is expected to worsen under the pressure of increased development and 

predicted sea level rise. 

 

1.3. Purpose and Objectives of the Project 
The purpose of the project was to prepare a final engineering design and permit applications for 

restoring passage for ESA-listed Chinook salmon into former salt marsh rearing habitat that was isolated 

by agricultural and residential development in the vicinity of the historic tidal inlet.  Restoration of fish 

passage accompanied a broader focus of restoring habitat-forming tidal processes at the site, specifically 

restoring tidal connectivity between the marsh and Holmes Harbor.  Restoration of tidal and other 

nearshore ecological processes 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).   

 

A secondary purpose of the project was to resolve long-standing drainage problems on nearby private 

residential properties within the context of restoring natural tidal processes on GBBC’s land. WICD and 

GBBC perceived this secondary focus as an opportunity to leverage support for the proposed habitat 
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restoration measures among neighbors and other community stakeholders.  Recognizing the importance 

of the community engagement and community support goals of the WRIA 6 Recovery Plan, the project’s 

secondary focus on improving drainage was a key strategy for gaining public support in a context where 

“NIMBY” attitudes by some neighbors has thwarted previous WRIA 6 nearshore restoration projects.   

 

The technical analysis and stakeholder consultation activities that were completed during Project 17-

1140 were framed within the context of the following specific objectives: 

 

 Reestablish tidal connectivity, fish access, and sediment and drift wood transport into the 22-

acre Greenbank Marsh ecological system to provide functional juvenile Chinook rearing habitat, 

as defined by relevant reference conditions; 

 Decrease flooding on adjacent properties from both stormwater runoff and high tides and 

storm-surge, compared with the current condition; and 

 Provide for continued pedestrian and boat launch recreational amenities on the beach for GBBC 

members and neighboring landowners. 

1.4. Overview of Project Tasks 
Project 17-1140 involved completing the following tasks.  Results of each task are summarized in the 

subsequent report sections.  Detailed deliverables area included in the project’s PRISM file. 

 Stakeholder outreach and consultation 

 Hydraulic and coastal engineering 

 Hydrogeology and geotechnical investigation 

 Environmental permitting  

 Preliminary design and project funding 

 

2. Description of Project Site Conditions 
Photographs of important site features are shown in Attachment 1.  Figure 3 shows relevant land use 

and infrastructure features in the vicinity of the project site. Project site conditions are described in 

detail in the Project 15-1072 conceptual design study.   

 

 

 

 

 

 

 

 

 

 

 

https://secure.rco.wa.gov/prism/search
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Figure 3: Project site overview 

 
 

Of the extensive site characterization information developed in Project 15-1072, it is helpful to repeat 

the tidal elevation data to provide context for understanding the technical analysis in Project 17-1140.  

 

Table 1:  Tidal Elevations 

Datum Elevation (NAVD88) 

Mean lower low water (MLLW)1 -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)2 11.3 

Highest astronomical tide (HAT) 11.52 

FEMA 100-year flood model3 14 

 

                                                           
1
 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. 
2
 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. 
3
 FEMA base flood elevation for the site, as reported by Island County GIS Dept., 2017. 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=420320
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Relevant additional site characterization information developed during Project 17-1140 is presented in 

Sections 4 and 5, below. 

 

3. Stakeholder Outreach and Consultation 
 

Project 17-1140 continued and expanded upon stakeholder outreach and consultation activities that 

were initiated during Project 15-1072.  GBBC’s board and WICD staff hosted project updates at GBBC’s 

annual membership meetings in winter 2017, 2018 and 2019, where the consultant team made 

presentations on their technical work in support of the project.  GBBC expanded this forum to the entire 

community with public meetings at Greenbank Farm in June 2017 and June 2018.  During these 

meetings, GBBC’s board collected feedback from its membership and the general public, which was used 

to steer subsequent project technical work.   

 

One result from the June 2017 public meeting was the convening of the Greenbank Marsh Working 

Group. This ad hoc group of interested local residents and public agency stakeholders, which met 

approximately quarterly between fall 2017 and fall 2019, provided a forum for disseminating 

information about project progress, communicating concerns about drainage issues, and discussing 

potential ways to integrate drainage improvements with the project’s ecological objectives.   

Membership of the Working Group included members of the GBBC, representatives of the two water 

companies along the beach (North Bluff Association and Greenbank Beach Water Company), property 

owners on private wells along North Bluff Road, WICD, the Port of Coupeville, and Island County 

Department of Public Works (DPW).   

 

Among other topics of interest discussed at Working Group meetings, GBBC and WICD’s project team 

introduced and advocated for the formation of an institutional entity, such as a local drainage district, 

which could manage and pay for the permanent operation and maintenance of drainage improvements 

that might be constructed by the marsh restoration project.  As of winter 2020, no agreement has been 

reached on forming such an entity. 

 

GBBC and WICD also continued to confer with Island County government agencies to update them on 

project status and seek guidance.  In particular, the project team met with the WRIA 6 lead entity 

Salmon Recovery Technical Committee (SRTC) in April 2017 and April 2019 and met with Island County 

DPW surface water management staff on an approximately semi-annual basis. 

 

4. Hydraulic and Coastal Engineering 
GBBC contracted with a team of consultants led by Northwest Hydraulics Consultants, Inc. (NHC) to 

evaluate key site conditions and collaborate on engineering evaluation and design development.  The 

engineering team included staff from NHC, Blue Coast Engineering, Inc., and Shannon and Wilson, Inc.  
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4.1. Hydrologic and Hydraulic Modeling 
NHC developed a hydrologic and hydraulic (H&H) engineering numerical model to predict and evaluate 

tidal flow and stormwater runoff through the Greenbank marsh and lagoon system under various design 

scenarios. NHC’s hybrid 1D/2D PCSWMM model expanded and refined a more simplistic, conceptual-

level modeling effort that was completed for the Project No. 15-1072 feasibility assessment and 

conceptual design study.   NHC’s initial H&H modeling focused on estimating the flow quantity, velocity 

and water surface elevations resulting from an open channel between Holmes Harbor and the marsh 

under a range of tidal height and peak stormwater runoff conditions. The open channel was identified as 

the preferred conceptual design alternative during Project 15-1072.  The initial modeling tested various 

combinations of design components to the open channel concept, including replacing the existing 30-

inch diameter culvert under North Bluff Road with a much larger culvert and regulating flow into the 

marsh by means of a muted tidal–regulated (MTR) tidegate. Findings are presented in the 2019 

Hydraulic Modeling Report (NHC, 2019).  

 

NHC also modeled the diffusion of salinity in the marsh under varying tidal exchange scenarios, including 

replacing the North Bluff Road culvert and installing an MTR tidegate.  This analysis supported the 

evaluation of potential ecological impacts in the marsh, as discussed in Section 6, below.  

 

4.2. Coastal Sediment Transport Evaluation 
Blue Coast Engineering supported NHC’s modeling effort by evaluating coastal sediment transport 

patterns at the site, and in particular the ability of the proposed open channel to flush gravel deposited 

by winter storms.  Blue Coast used beach profile and sediment size distribution measurements by WICD 

and coastal wave power estimates that were completed by ESA Environmental Consulting, Inc. during 

Project No. 15-1072.  As detailed in the Sediment Transport Analysis, Blue Coast’s key finding was that 

the conceptual channel design that WICD developed during Project 15-1072 was unlikely to be 

sustainable over the long term, and recommended a much wider channel with a higher invert elevation 

(7.0’ NAVD88) (Blue Coast Engineering, 2019).  Estimates of bed shear stress in the proposed channel 

outlet, which NHC’s modeling effort developed, corroborated Blue Coast’s findings.  

 

The wider, higher elevation channel is a better representation of geomorphic conditions for natural 

lagoon outlet channels in the Salish Sea region.  Blue Coast’s research emphasized that the design tidal 

prism (i.e. the quantity of water transferred into and out of the lagoon and marsh on each tide) needed 

to be maximized in order to ensure enough flushing of wave-born gravel to keep the channel from filling 

in over the long term.  These two key design parameters (maximizing the tidal prism and the higher 

elevation channel invert) had several implications for subsequent refinement of the H&H modeling and 

the project design, as discussed below. 

 

4.3. Design Implications 

4.3.1. Elimination of the MTR-Tidegate 

First, the need to maximize the tidal prism militated against using an MTR tidegate at the North Bluff 

Road culvert to restrict the tidal flow between the lagoon and the marsh.  Project 15-1072’s preferred 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=399711
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=399711
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=399712
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conceptual design alternative included an MTR tidegate, but objections by key stakeholders persuaded 

WICD and GBBC to drop it from the final design.  In addition to Blue Coast Engineering’s 

recommendation to not restrict the tidal prism, Island County Salmon Recovery Technical and Citizen 

Committee (SRTCC) and SRFB Review Panel reviewers emphasized that self-regulating tidegates 

(including MTRs) have been associated with reduced juvenile fish passage to upstream rearing habitat at 

nearshore restoration project sites in the Salish Sea Region (e.g. Greene et al., 2017).   Likewise, Island 

County DPW made it clear that it would not contribute support for maintaining a new tidegate, leaving 

GBBC solely responsible for its perpetual maintenance.4   

 

In response to the recommendations to allow for an unrestricted tidal prism, NHC subsequently 

modeled the hydrology and hydraulics of water flow through a proposed, large box culvert (with no 

tidegate) at the North Bluff Road crossing. Evaluating different dimensions for the culvert was a useful 

exercise for reducing construction costs, since the culvert would be the single most expensive project 

component, and its cost is proportional to its size.  NHC’s supplemental H&H modeling of the 

unrestricted tidal prism design configuration showed that the box culvert dimensions could be as small 

as 14-wide by 6-feet high while still allowing the full tidal prism and easily meeting WDFW’s juvenile fish 

passage velocity guidelines. WICD proposed to cast cobble and small boulder roughness elements into 

the culvert floor and walls to provide additional velocity refuge for fish passage, adopting an innovative 

technique that has been used in the SRFB-funded retrofit of the Mill Creek concrete flume in Walla 

Walla. The modeling results are detailed in NHC’s 2020 supplemental hydraulic modeling  (NHC, 2020). 

 

4.3.2. Loss of Lagoon Storage Volume 

The second implication of Blue Coast’s findings is that raising the invert elevation of the open channel’s 

outlet at the beach berm to 7.0’ NAVD, which is 2 feet higher than the invert elevation that WICD 

proposed in its conceptual design, results in a significant loss of water storage and drainage capacity in 

the lagoon.  Currently, the invert elevation of the existing tidegate’s inlet structure located in the 

headwall at the lagoon outlet is 3.8’ NAVD88.  Raising the proposed new channel outlet invert to 7.0’ 

would in effect create about a 3-foot deep “dead” storage area in the bottom of the lagoon.  WICD and 

NHC evaluated design variations to mitigate this loss of lagoon storage.  These design variations included 

1) building a new, smaller-diameter outfall pipe from the lagoon to the boat ramp area and 2) adding a 

large, high-transmissivity seepage face on the beach beneath the outlet of the open channel. Modeling 

indicated that these design variations would not significantly improve the overall balance between 

maximizing tidal prism and maximizing drainage capacity. 

 

                                                           
4
 As part of the Project 15-1072 feasibility assessment, GBBC commissioned a legal analysis of responsibilities and 

potential liabilities associated with operating the stormwater outfall and tidegate system on its property.  Among 

other findings, the analysis concluded that Island County likely shares legal responsibility with GBBC for the 

stormwater drainage infrastructure, which provides drainage for county roads and runoff from county-permitted 

development in its 742-acre catchment area (Kelly, Arndt and Walker, PLLC, 2017). 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=419750
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=316168
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4.3.3. Increased Flood Elevation in the Marsh 

A third implication of restoring an unrestricted tidal prism and raising the channel outlet elevation  was 

that  these design elements would result in additional flood risk to North Bluff Road, compared with the 

current situation.  As part of the 2019 supplemental design effort, WICD and NHC completed a more 

detailed survey of the existing marsh bathymetry and the elevation of the edge of pavement along the 

roughly half mile length of North Bluff Road between the Wonn Road intersection and the Shoreline 

Drive intersection.  The survey data were used to refine the 3-dimensional terrain model, which NHC 

incorporated into its PCSWMM H&H model of the marsh-lagoon system (NHC, 2020).  

 

Modeling of the unrestricted tidal prism coupled with long-term peak runoff estimates from the 

surrounding 742-acre watershed predicted that water surface elevations (WSEL) in the marsh would 

track the tidal elevations in Holmes Harbor. When the WSEL in the marsh rises above the lowest point 

on the road (about 10.7’ NAVD88), the road would begin to flood. Currently, the existing cobble dike on 

GBBC’s property, which has a crest elevation varying from 11.4’ to 12.0’ NAVD88, protects the road from 

coastal flooding under all but the most extreme high tide/storm surge conditions.5   An open channel 

that allowed unrestricted tidal flow into the marsh would eliminate that protection, and so some kind of 

flood protection structure would be needed to compensate. The Project 15-1072 conceptual design 

included a perimeter dike around GBBC’s lagoon property with a crest elevation of 12.5’ NAVD88 to 

protect the east/seaward side of North Bluff Road from flooding, and relied on a new MTR-tidegate to 

prevent flooding from the east/marsh side.  Eliminating the tidegate means that a flood control 

structure, such as an earthen berm or sheet pile wall would be needed along the west/marsh side of the 

road from the lagoon nearly to Wonn Road (a distance of roughly 2,000 feet) as well. 6    

 

4.3.4. Impact to North Bluff Road’s Drainage System 

The last implication of designing for an unrestricted tidal prism is the increase in flooding potential in the 

existing series of ditches, culverts, catch basins and infiltration trenches that makes up the road 

drainage system along the east side of North Bluff Road.  Currently, this system flows into GBBC’s lagoon 

through a culvert with invert elevation of 5.5’ NAVD88. The Project 15-1072 conceptual design proposed 

an outlet elevation of 5.0’ NAVD88 for the open channel between the beach and the lagoon, which 

would provide enough freeboard in the lagoon to allow for continued gravity drainage from the road 

                                                           
5
 NOAA’s current predicted highest astronomic tide (HAT) at the site is 11.52’ NAVD88. The most extreme high 

water event reported by local residents in recent 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 a 

tidal elevation of roughly 12’ NAVD88 (Bob Moore, personal comm., 2017). 
6
 The modeling effort did not attempt to determine an optimal design height for a flood protection berm or wall 

for North Bluff Road.  Coastal flooding of the road currently occurs when tidal height (including storm surge) 

exceeds the lowest point on GBBC’s existing cobble dike (11.40’ NAVD88). The project did not determine whether 

there are lower ground surface elevations on the multiple private parcels located south of GBBC’s lagoon parcel, 

where coastal flooding would occur at even lower tidal elevations than 11.40’ NAVD88.  For perspective, the 

current FEMA base flood elevation at Greenbank beach is 14’ NAVD, which would inundate virtually all the land 

between Shoreline Drive and Wonn Road (Island County, 2017).   

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=420320
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drainage system under most circumstances (i.e. except at high tide/peak runoff conditions).  In contrast, 

Blue Coast’s recommended design for the invert of the open channel outlet at the beach berm (7.0’ 

NAVD88) would result in backwatering of the North Bluff Road drainage system at all tidal conditions. 

 

To compensate for the lost drainage capacity, NHC developed a design variation for isolating the road 

drainage system from the lagoon and discharging it separately from the lagoon outflow. The isolated 

road drainage system design includes constructing a small detention pond in the southwest corner of 

GBBC’s lagoon parcel to collect road drainage, and discharging the water from the pond either directly 

to the beach via a new outfall pipe, or by pumping it through the new perimeter dike into the lagoon.7 

NHC estimated that the detention pond combined with pumping at a rate of 1 cubic feet per second 

(cfs) and replacing the current haphazard road ditch system with a uniform, 8-inch diameter 

groundwater interceptor/drain line would be sufficient to prevent flooding in the isolated road ditch 

system (NHC, 2020).  As explained in Section 3, insufficient progress was made in generating community 

support for operating and maintaining either a new outfall or a pump system for managing the North 

Bluff Road drainage, and neither design alternative was developed to the final design stage. 

 

5. Hydrogeology Investigation 

5.1. Overview 
From the very start of planning the marsh restoration project, WICD and GBBC recognized that re-

introducing tidal flow into the Greenbank lagoon and marsh would impact the local hydrogeology.  

During Project 15-1072, contractors installed two shallow monitoring wells on GBBC’s lagoon parcel and 

WICD began monitoring baseline conditions in the shallow aquifer (water table) at these locations.  The 

primary focus of monitoring was to characterize how the shallow aquifer was influenced by tidal 

elevations in Holmes Harbor and the seasonal variation in WSEL in the lagoon and marsh.  Accordingly, 

WICD also monitored the range in surface water WSEL in the marsh outlet channel and in the lagoon, as 

well as tidal elevation at the boat ramp (WICD, 2017a).   

 

GBBC and WICD expanded the scope of geohydrology investigation in Project 17-1140. Based on input 

from Island County Health Department (see Section 6, below), the investigation focused on monitoring 

and modeling two types of potential impacts:  1) the potential impact of raising the local water table on 

drainage, particularly with regard to septic drain fields on private lots along North Bluff Road, and 2) the 

potential to impact nearby private water supply wells with salt water intrusion.  Local residents also 

expressed concern about the potential for increasing the salinity of the shallow water table and the 

resulting impact on their landscaping. 

 

Project 17-1140 evaluated these potential impacts with a phased approach of expanded monitoring and 

computational modeling of physical and salinity interactions between surface water in the lagoon and 

                                                           
7
 The detention pond would be located south of/outside of the proposed new perimeter dike that will surround 

the lagoon, as shown in the preliminary site plan drawing in Attachment C (WICD, 2017b). 
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marsh, the shallow aquifer, and the underlying, confined, deep aquifer tapped by local private water 

supply wells.   

 

5.2. Monitoring 
Between 2017 and 2019, WICD expanded its monitoring effort to include measuring WSEL and 

conductivity/salinity at the two original monitoring wells (MW1 and MW2), three new monitoring wells  

(MW3, MW4 and MW5) and six surface water locations, designated SW1 to SW6.  The monitoring 

station locations are shown in Figure 4. 

 

The rational for each monitoring station is as follows: 

 

Table 2: Description and Rationale for Surface Water and Groundwater Monitoring Stations 

ID Location Duration of 

Monitoring 

Study Rationale 

MW1* Lagoon parcel south 

property line 

2016-2019 Compare WSEL and conductivity between tides, the lagoon 

and the shallow water table; pump test 1 

MW2 Lagoon parcel parking 

area 

2016-2019 Compare WSEL and conductivity between tide and the 

shallow water table 

MW3 Lagoon parcel SW 

corner 

Fall 2019 Compare WSEL and conductivity between shallow water 

table and underlying aquifer; pump test 2 

MW4 Lagoon parcel SW 

corner 

Fall 2019 Compare WSEL and conductivity between confined aquifer 

and shallow water table; pump test 2 

MW5 South end of Shoreline 

Drive 

Fall 2019 Compare WSEL between marsh and shallow aquifer; pump 

test 2 

SW1* At lagoon outlet 2016-2019 Characterize long-term variation in WSEL and conductivity in 

the lagoon 

SW2 Marsh outlet channel 

north 

2017-2019 Compare WSEL and conductivity between the marsh outlet 

and the lagoon 

SW3 South end of marsh 2017-2019 Compare WSEL and conductivity of the south end of marsh 

with the north end of the marsh 

SW4** North Bluff Road 

drainage catch basin 

2017-2019 Compare WSEL and conductivity in the shallow water table 

along North Bluff Road properties with WSEL and 

conductivity in the marsh 

SW5 Wonn Road wharf 2017 Calibrate/verify NOAA tide predictions for Greenbank 

SW6 Marsh channel along 

Shoreline Drive 

2017-2019 Compare WSEL and conductivity between SW1 and MW5 

*MW refers to groundwater monitoring well.  SW refers to surface water monitoring station. 

** This catch basin is open-bottomed and intersects the shallow water table, functioning like a piezometer during 

the dry season. 
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Figure 4:  Groundwater and Surface Water Monitoring Locations 
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Monitoring consisted of completing several rounds of continuous measurements of WSEL and specific 

conductance at 15-minute intervals for four to six weeks at different seasons of the year for selected 

groupings of wells and surface water stations.  WICD monitored WSEL using Onset Computer Co. Hobo 

Model U20-001-01 level loggers. Monitoring of specific conductance was done with Hobo Model U24-

002-C conductivity/temperature loggers, calibrated using an Oakton COND6+ hand held conductivity 

meter.  All monitoring data were downloaded and processed using Hobo-Pro software. 

 

Each round of monitoring was designed to provide insights into specific design questions and 

hypotheses.  For example, simultaneous measurements at MW1 and SW1 tested the WSEL and salinity 

relationship between surface water in the lagoon and the shallow aquifer along the southern edge of 

the lagoon property.  Likewise, simultaneous measurements at SW2, SW3 and SW4 tested the degree of 

hydraulic connectivity between surface water in the marsh and the shallow water table beneath a 

typical North Bluff Road residential parcel.  Monitoring at MW2, 3, 4 and 5 also supported the 

groundwater pumping tests, as described below.  Key findings from the monitoring program are 

documented in the hydrogeologic analysis (Shannon and Wilson, 2019) and the supplemental 

groundwater impact evaluation  (Shannon and Wilson, 2020).  

 

5.3. Field Testing 
Based on the findings of the monitoring effort, Shannon and Wilson developed a hydrogeology field 

testing program consisting of two rounds of aquifer pumping tests and a series of geoprobe subsurface 

samples on private parcels along North Bluff Road.  The testing program was planned in consultation 

with Island County Health Department’s hydrogeologist to evaluate potential impacts of the marsh 

restoration project on local water supply wells and septic systems. The purpose of the tests was to 1) 

evaluate the connectivity between the shallow aquifer and the underlying confined aquifer and 2) 

determine soil transmissivity data for use in calibrating the project hydrogeology modeling effort. 

 

In April 2019, Shannon and Wilson did an initial pump test at the water supply well on the Martin 

property (Well 9FD), located adjacent to the south boundary of GBBC’s lagoon parcel.  During the test, 

water table drawdown measurements at MW1, MW2, the Martin well, and temporary piezometers 

were insufficient to determine potential connectivity with the confined aquifer.  Shannon and Wilson 

completed a more extensive pumping test in October 2019 that involved installing three new wells 

(MW3, 4, and 5) screened at varying depths and again pumping from the Martin well.  Level logger 

measurements conclusively showed that the underlying deep aquifer was effectively isolated from the 

upper shallow aquifer, which confirmed the hypothesis suggested by historic well logs and the initial 

hydrogeology modeling.  Results of the field testing program are presented in Shannon and Wilson’s 

2019 and 2020 technical memos.     

 

5.4. Hydrogeology Modeling 
Using the pump test results, WICD’s monitoring data and NHC’s modeling of the proposed marsh tidal 

prism hydraulics, Shannon and Wilson next developed a MODFLOW 3D model to characterize the site’s 

hydrogeological conditions and to test potential impacts of salt water intrusion and water table ponding 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=399713
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=419748
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=419748
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under various marsh restoration design scenarios.   Development of the model and a discussion of 

model results are detailed in Shannon and Wilson’s 2019 and 2020 technical memos.  The primary 

conclusions of the modeling study are the following: 

 

 The confining layer of glacial till that is documented in local well drilling logs about 40 to 50 feet 

below the ground surface effectively isolates the underlying, freshwater aquifer from the tidally-

influenced shallow aquifer. Modeling predicted that restoring a full tidal prism into Greenbank 

Marsh would not cause salt water intrusion in the deep aquifer, where local water supply wells 

are screened. 

 

 Restoration of the full tidal prism into the marsh would likely raise the shallow aquifer by as 

much as 2.5 feet during wet season/soil saturation conditions under properties immediately 

south of GBBC’s lagoon parcel.  The rise in the shallow aquifer would potentially impact on-site 

septic systems.  While not quantified, the modeling indicates that salinity conditions in the 

shallow aquifer would also likely increase within this area of influence. Contours representing 

the modeled change in shallow aquifer in the vicinity of the project site are shown in Figure 5. 

 

 The local rise in the shallow aquifer would also decrease drainage capacity in the North Bluff 

Road drainage system by reducing the existing soil infiltration capacity and raising the WSEL in 

ditches during wet winter conditions.  This impact could be mitigated with a subsurface drainage 

system to lower the water table under the North Bluff Road residential properties. 
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Figure 5: Modeled Change in Shallow Aquifer WSEL 

 

5.5. Hydrogeology Mitigation Design  
NHC incorporated Shannon and Wilson’s modeled shallow aquifer elevations in its hydraulic modeling of 

the project’s effect on the North Bluff Road drainage system.  The drainage mitigation design 

alternatives described in Section 4.3, above, included a subsurface groundwater interceptor system 

consisting of a perforated 8-inch diameter pipe in a gravel-filled trench running parallel to the existing 

road drain system and discharging to the proposed detention pond.  NHC estimated that pumping at a 

rate of 1 cfs would be sufficient to manage the drainage, both from surface runoff and elevated aquifer.  

 

Figure 6 shows the modeled change in the shallow aquifer WSEL at private well 9FE, located 

approximately 180 feet south of GBBC’s lagoon parcel, for the existing condition and for two design 

scenarios.  One scenario represents unrestricted tidal flow into the marsh with no mitigation.  The other 

scenario represents unrestricted tidal flow plus the mitigation design elements of a subsurface drain 

along North Bluff Road, a detention pond at the north end of the drainage system, and pumping.  GBBC 

did not attempt to develop this preliminary design concept into a final design, due to difficulty in 

obtaining support from the owners of the over twenty individual properties along North Bluff Road 

where the new drainage system would be constructed.   
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Figure 6:  Comparison of WSEL at Well for the Design and Mitigated Design Conditions 

 
 

6. Environmental Permitting 
WICD and GBBC consulted with relevant regulatory agencies to define the scope of environmental 

permitting requirements for implementing the preferred restoration design alternative.  The 

consultations included on-site meetings in 2016 and 2017 with representatives of the U.S. Army Corps of 

Engineers, Washington Department of Ecology, Washington Department of Fish and Wildlife, and Island 

County.  WICD and GBBC also completed a formal pre-application conference with the Island County 

Department of Planning and Community Development in May, 2017 and received subsequent written 

comments from the various county agencies with jurisdiction over project issues.  Documentation of 

county preapp comments is included in the project PRISM file.  

 

In response to the feedback from the relevant permitting agencies, GBBC and WICD contracted with 

Element Solutions, Inc. (Element) to complete the various environmental site investigation and 

assessment tasks necessary to support environmental permitting requirements.  The studies included 1) 

wetland delineation and function and value rating of the three wetland units within the project 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=420319
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=392606
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boundaries (Element Solutions, 2017a), 2) preparing a biological site assessment to satisfy Island County 

critical areas ordinance requirements (Element Solutions, 2017b), and 3) completing an ESA biological 

assessment to satisfy federal Endangered Species Act Section 7 consultation requirements (Element 

Solutions, 2017c). Element also documented the likely change in vegetation species composition that 

would occur in the marsh after introducing the tidal prism. The reports for each of these studies are 

included in the project’s PRISM file.  

 

Due to the decision not to pursue the implementation of the preferred project alternative, no further 

permitting work was initiated under Project 17-1140. 

 

7. Preliminary Design and Project Funding 
The scope of work of Project 17-1140 included the preparation of preliminary and final engineering 

design drawings and work to obtain funding for construction and long-term operation of the project.  

GBBC and WICD completed the following work tasks to support these objectives. 

 

7.1. Preliminary Design and Cost Estimate 
WICD prepared preliminary engineering design drawings and construction cost estimates of the 

preferred alternative. Individual drawings and the cost estimate were updated to incorporate design 

variations that were evaluated by the consultant team during the course of the project.  The most 

recent versions of the construction cost estimate and preliminary design site plan are included in 

Attachments 2 and 3, respectively.   Key design elements of the current preliminary project design are 

described in the following table. The estimated cost for constructing the design is $1,136,000. 

 

Table 3. Description of the Preliminary Project Design 

Design Element Description 

Open channel  Excavate approx. 630 lineal feet of open channel from the vicinity of the existing lagoon 

headwall to the beach.  The channel would be 60 feet wide x 7 feet deep at the point 

where it crosses the beach berm, sloping to meet the existing beach grade at elevation 

3.0’ about 100 feet seaward of the berm.  Volume of soil excavated is about 750 cubic 

yards. 

Tidegate and outfall 

demolition 

Remove the concrete headwalls and tidegate vault.  Seal the existing outfall pipe and leave 

in place. 

Remove cobble dike 

and construct a new  

perimeter dike 

Remove the existing cobble dike and construct about 660 lineal feet of new dike along the 

south and southwest boundaries of the lagoon parcel.  Dike crest elevation = 12.5’ 

NAVD88. Raise low points in the driveway to a minimum elevation of 12.5’ NAVD to create 

a perimeter dike along the north property line.  Total grading is about 2,090 cubic yards.  

Flow connection 

beneath North Bluff 

Road 

Remove the existing 30” diameter culvert and replace it with a 65’ long x 14’ wide x 6’ high 

box culvert.  The culvert design does not include a MTR tidegate. Include rock armoring 

along the road shoulders to protect from scour. 

Flood mitigation: 

North Bluff Road 

protection 

Construct about 2,000 lineal feet of landscaped soil berm along the west shoulder of North 

Bluff Road with a crest elevation of 12.5’ NAVD88.  The berm crest would be 1.8’ above 

the lowest existing edge of pavement elevation, tapering to meet the existing ground at 

https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=392604
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=392603
https://secure.rco.wa.gov/prism/search/ProjectSnapshotAttachmentData.aspx?id=392603


Project 17-1140 Project Completion Report 

Greenbank Marsh Restoration Design 

5/11/2020  21 

   

north and south ends. Volume of soil fill is roughly 2,000 cubic yards, which includes filling 

about 0.5 acre of wetland along the east edge of Greenbank Marsh.  

Drainage mitigation: 

North Bluff road 

ditch system 

Replace the existing drainage system along the east side of North Bluff Road with about 

1800 lineal feet of new groundwater interceptor drain, discharging to a new 0.5-acre 

detention pond on GBBC’s lagoon parcel.  Install a small pump station sized for 1 cfs to 

pump water into GBBC’s lagoon. 

Restoration and 

TESC planting 

Plant about 0.7 acres of land surrounding the lagoon and 0.3 acres of disturbed ground in 

the marsh with native wetland plants.  Hydroseed all new dikes, berms, detention pond 

and disturbed soil along the new road drainage system with native grasses. 

 

7.2. Project Funding Efforts 
GBBC and WICD completed several efforts to obtain construction funding and develop a sustainable, 

long-term method for funding operation and maintenance of the necessary infrastructure 

improvements.   

 

In 2019, GBBC negotiated with Island County Lead Entity and RCO to increase the scope and budget of 

Project 17-1140 to allow for supplemental engineering and hydrogeology investigation and modeling. 

The work addressed requests by Island County Health Department to investigate potential impacts on 

the deep and shallow aquifers in greater detail than was planned in the original scope of Project 17-

1140.  Further hydraulic engineering modeling was done to evaluate additional design variations related 

to mitigating impacts on the shallow aquifer under the unrestricted tidal flow preferred design scenario. 

 

During the course of Project 17-1140, GBBC and WICD submitted four separate pre-applications for 

funding to support construction of the preferred design alternative.  Funding requests were submitted 

to WDFW’s Estuary and Salmon Restoration Program (ESRP) (2018), National Fish and Wildlife 

Foundation’s Coastal Restoration Program (2019) and the 2019 and 2020 rounds of NOAA’s Community-

based Restoration Program Coastal and Marine Habitat Restoration grants.  None of these applications 

were successful.    WICD also contacted the USDA Natural Resources Conservation Service (NRCS) about 

enrolling the project in NRCS’ Wetland Reserve Program and other NRCS project funding programs, but 

NRCS declined to follow up. 

 

Establishing a sustainable, permanent arrangement for paying for operation and maintenance (O&M) of 

the drainage improvements that would be included in the preferred design alternative was a key project 

objective.  GBBC’s board believes that all property owners who benefit from the drainage infrastructure 

on its privately-owned lagoon parcel should contribute to the infrastructure’s O&M costs.   Island 

County DPW’s current position is that it cannot contribute O&M funding on private land, despite the 

fact that runoff from Wonn Road, North Bluff Road, Highway 525, and the Port of Coupeville’s 

Greenbank Farm commercial complex is all routed into GBBC’s existing drainage infrastructure, and 

would continue to be routed into the new infrastructure proposed in the preferred alternative.  GBBC’s 

board takes a similar position regarding runoff from the approximately 20 private parcels located along 

North Bluff Road to the south of the lagoon parcel, which also drains into the existing and proposed new 

drainage infrastructure.  
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WICD raised the issue of community-supported O&M funding at several meetings of the Greenbank 

Marsh Working Group.  Among other funding arrangements that were discussed, WICD proposed the 

formation of a local drainage district, per RCW 85.06.  To date, the Working Group has not acted on this 

recommendation, and has not identified any other feasible community funding arrangement.  

 

8. Conclusions and Path Forward 
The technical evaluation and community consultation work that was completed during Project 17-1140 

reached the following key conclusions related to restoring salmon habitat-forming processes in 

Greenbank Marsh. 

 

 Unrestricted tidal flow between Holmes Harbor and Greenbank Marsh will result in flooding of 

low-lying portions of North Bluff Road and up to a 2.5-foot rise in the shallow aquifer water 

table under the modeled worst case conditions of 100-year runoff combined with 100-year high 

tide.  The salinity of the shallow water table is also expected to increase.  Flooding and water 

table rise would be expected to increase with projected future sea level rise. Unrestricted tidal 

flow is not expected to result in sea water intrusion into the underlying deep aquifer. 

 

 The marsh flooding conditions can be mitigated by installing a muted tidal regulated tidegate at 

the proposed new connection between the lagoon and the marsh under North Bluff Road.  The 

optimal closure setting for the tidegate is 9.0’ NAVD88, which is 0.07’ below the MHHW 

elevation of 9.07’ NAVD88.  The optimal design for the connection under North Bluff Road is a 

14’wide x 6’ high box culvert with invert elevation 4.0’ NAVD88.  Even with the MTR tidegate to 

prevent flooding of North Bluff Road from the marsh side, tidal flow between Holmes Harbor 

and the lagoon (i.e. east of North Bluff Road) would not be restricted, and the modeled water 

table rise and salinity impacts at properties adjacent to the lagoon would continue. 

 

 Under either design scenario, it is technically feasible to mitigate the flooding and groundwater 

impacts.  North Bluff Road can be protected from flooding under the unrestricted tidal flow 

scenario by constructing approximately 2,000 lineal feet of low earth berm or flood wall along 

the east side of the marsh. (The berm or wall would not be needed if a tidegate is used.) Surface 

water flooding and impacts to the shallow aquifer can be mitigated by isolating and improving 

the existing drainage system for the properties located on the east side of North Bluff Road by 

means of replacing the current system of ditches and infiltration trenches with a subsurface 

groundwater interception drain leading to a new, 0.25-acre detention pond, from which 

collected water would be pumped over the new dike and into the lagoon. Pumping would only 

be necessary under high runoff and high-water table conditions, and not during normal, dry 

weather conditions. 
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 Construction costs for the marsh restoration project and the required mitigation infrastructure 

are estimated to exceed $1.14M.   To date GBBC and WICD’s attempts to win public funding 

grants to support construction have been unsuccessful, indicating the project is uncompetitive 

for those grant programs. 

 

 GBBC and WICD’s attempts to generate support for a permanent, community-based funding 

arrangement to pay for operation and maintenance of the tidegate and the drainage mitigation 

infrastructure also have been unsuccessful.  GBBC’s board does not believe that its membership 

will support paying the entire cost of the project and necessary infrastructure improvements by 

itself.   

 

 Community outreach and stakeholder consultation efforts have shown that while many local 

stakeholders support the general goals of the marsh restoration project, some property owners 

have actively expressed their opposition to specific project elements, such as the impact of the 

open channel on beach walking access and the need to mitigate for drainage and water table 

impacts.  This vocal opposition indicates that obtaining construction approvals from Island 

County cannot be relied on. 

 

Under the present circumstances of the lack of interest by public grant programs for funding 

construction, lack of agreement on a permanent arrangement for paying for O&M for a tidegate and the 

necessary drainage improvements, and opposition to various project elements by some local property 

owners, GBBC and WICD believe it is unlikely that the marsh restoration project as it is currently planned 

can be implemented at this time.  Looking forward, as the projected increase in sea level and coastal 

flooding continues, the flooding and drainage impacts that were modeled in the report’s technical 

studies will begin to occur whether or not the marsh restoration project is constructed.  At some point, 

these impacts may grow acute enough that changes to land use, such as abandoning North Bluff Road 

and/or some of the adjacent residential properties, may create new opportunities and more urgent 

motivation for restoring tidal flow into the marsh. In addition, support and funding for estuarine 

wetland restoration projects on private property may increase as salmonid and orca populations decline 

further.  
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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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Attachment 2: Conceptual Cost Estimate 

Date: 9-Apr-20 
    

By: TMS 
   Item   Units Quantity Unit Cost Cost Notes   

         1. Final Design and Project 
Management 

      Final engineering design LS 1 $20,000 $20,000  consultant 
 Final permitting 

 
LS 1 $40,000 $40,000  consultant 

 Project management 
 

hrs 250 $85 $21,250  WICD 
 Construction management hrs 200 $85 $17,000  WICD 
 

 
subtotal 

    
$98,250  

  

         2. Construction 
       Mobilization 
 

10% 1 $75,000  $75,000  
  Dewatering and WQ BMPs LS 1 $25,000  $25,000  
  Traffic control 

 
3% 1 $22,000  $22,000  

  Excavation 
        

 
Channel 

 
cy 750 $20  $15,000  

  

 
Remove old dike cy 1160 $20  $23,200  

  

 
Construct new dike cy 1930 $45  $86,850  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  
  Parking lot and driveway regrade cy 650 $25  $16,250  Note 2 

 Concrete block barriers at parking ea 14 $100  $1,400  
  Box culvert under NB Road LS 1 $250,000  $250,000  
  Berm along North Bluff Road LF 2000 $30  $60,000  Note 2 

 Relocate utility poles, if necessary LS 1 
  

Note 3 
 Detention pond grading 

 
cy 1600 $20  $32,000  

  Modular pump station 
 

LS 1 $40,000  $40,000  Note 2 
 Infiltration drain system along NB Rd LF 1800 $70  $126,000  Note 2 
 Restoration and TESC planting LS 1 $25,000  $25,000  

  

 
subtotal 

    
$820,450  

  

 

add 10% 
tax 

    
$902,495  

  

 
add 15% contingency 

   
$1,037,869  

  

         

 
Total  

    
$1,136,119  

  Notes 
        1. Assumes most of the excavated soil and old dike gravel can be reused for the new dike and  parking lot fill. 

2. Rough estimate, needs to be verified 
     3. No cost estimate provide for this item. 
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Attachment 3:  Site Plans 

An existing site plan and the preliminary design site plan are attached. 
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