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EXECUTIVE SUMMARY 

 

In 2008, the North Olympic Salmon Coalition and project partners restored the Salmon Creek 
Estuary in Discovery Bay. The project area consisted of a site where wood waste was deposited 
atop of a historic estuary, and a pasture field that was located adjacent to the mouth of Salmon 
Creek. The restoration included the removal of 25,000 cubic yards of wood waste and gravel 
from the North Project Site and backfilled to salt marsh elevation, and the removal of 11, 295 
cubic yards of fill from the South Project Site which combined, resulted in 11 acres of created 
and restored salt marsh. 
 
 This report covers monitoring actions performed by the North Olympic Salmon Coalition with 
funding from the Puget Sound Estuary and Salmon Restoration Program. This report describes 
the findings of the monitoring program for both the North and South Estuary sites.  
 
The salt marsh vegetation monitoring indicates that the South Project Site is on a trajectory 
towards having a similar percent vegetation cover as that observed at the reference sites. The 
North Project Site has not recruited vegetation as successfully as anticipated. The vegetation 
that has been observed at both sites comprises of low salt marsh pioneer species.  
 
Juvenile ESA-listed Hood Canal Summer Chum are utilizing the estuary tidal channels in high 
densities during their out-migration from Salmon Creek. Other juvenile fish, such as staghorn 
sculpin and forage fish species, are also using these channels as a refuge and area for foraging. 
 
The tidal channel development has remained fairly stable on the North Site, while aggradation 
and erosion continually shape the South Site as it interacts with the adjacent Salmon Creek. The 
erosion is evident at the South Project Site, where a delta is forming in the estuary that has 
deposited sediment across the estuary surface. Heavy winter flows from Salmon Creek have 
eroded a deep thalweg and created head cuts and eroded pools at locations where the flood 
water empties into the main and side tidal channels.  
 
With the exception of site N1, all sediment monitoring sites are increasing in surface elevation 
by approximately one cm per year. The N1 site has been steadily decreasing in elevation. With 
the medium project rates for sea level rise were to take place, 0 cm/yr for the Olympic 
Peninsula and 0.36 cm/year for Puget Sound, the increase in marsh elevation is relatively rapid 
and equilibrium elevation would be reached in 30 to 46 years. 
 
Photo points taken at permanent locations around the restored estuaries demonstrate that 
marine riparian vegetation has successfully begun to stabilize the estuary banks with willows 
and alders being the dominant species. Salt marsh vegetation is also increasing within the North 
Project Site, and increasing along the edges of the South Project Site.  
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1. INTRODUCTION 

 

The North Olympic Salmon Coalition conducted a large-scale restoration of 11 acres of salt 
marsh habitat at the mouth of Salmon Creek in 2008, with re-vegetation and monitoring work 
continuing in 2009, 2010 and 2011. The project area is located on Washington Department of 
Fish and Wildlife Property at the head of Discovery Bay in Washington State (Figure 1.1). The 
property was purchased for the purposes of restoration and conservation.  This project created 
and restored 11 acres of salt marsh in an area that was highly impacted by nearshore filling for 
a historic veneer mill and utilization of the nearshore for wood waste dumping.  The area was 
restored to natural conditions by removing derelict buildings, wood waste and fill, constructing 
tidal channels, and planting native marine riparian vegetation.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Location of the 2008 Salmon 
Creek Estuary Restoration Project 
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1.1 Restoration Goals and Objectives 
 

The goal of the Salmon Creek Estuary Restoration project was to restore estuarine and 
nearshore conditions and processes in the marine environment to benefit salmonid rearing and 
habitat for other nearshore and estuarine species.  Below are the objectives for the project 
during the planning stage.   
 
Objectives: 

• Create approximately 11 acres of salt marsh plant communities 
• Create 5,200 meters of tidal channels available to salmonids for foraging, rearing, 
cover and migration (1,100 meters of constructed tidal channels and 4,100 meters of 
additional tidal channels developing through natural processes over time) 
• Increase presence of benthic and terrestrial insects that are forage for salmonids and 
shorebirds 
• Remove five derelict buildings 
• Improve diversity of native wetland vegetation 
• Decrease pasture grasses and invasive vegetation 
• Remove over 48,000 cubic yards of fill material, including 25,000 cubic yards of wood 
waste (these volumes increased as the project design developed, final volumes 66,275 
cubic yards of fill. 
• Improve water quality 
 

1.2 Project History and Restoration Need 
 
In 1999, two estuarine-obligate salmonids (Hood Canal/Strait of Juan de Fuca summer chum 
and Puget Sound chinook) were listed as threatened under the Endangered Species Act.  
Salmon and Snow Creeks, located at the head of Discovery Bay, were one of the strongholds for 
the ESA listed Hood Canal Summer Chum.  The local group called Chumsortium had been 
visioning, planning and implementing actions to further the recovery of summer chum salmon 
in Salmon (and adjacent Snow) creeks for several years.  Many factors made implementation of 
the wood waste removal project timely:  The Jefferson Land Trust and Washington Department 
of Fish and Wildlife had recently accomplished the goal of acquiring land  for the purposes of 
restoration and conservation,  the Chumsortium had completed development of a Wildlife Area 
Management Plan for the Salmon-Snow Watershed,  the Jefferson County Conservation District 
and WDFW had accomplished a 2500 foot stream re-meander on lower Salmon Creek, returns 
of Snow Creek (non-supplemented) summer chum salmon continued to be low, and the Salmon 
Creek summer chum broodstock program initiated in 1992 had sunset in 2003. The Salmon 
Creek estuary was considered one of the highest priorities for restoration in the entire summer 
chum salmon ESU (HCCC Strategy, 2005). 
. 
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The project included two sites, which are referred to as the ‘North’ and ‘South’ sites (Figure 
1.2).  The North portion of the project included an old log peeling and veneer mill. Wood waste 
was placed atop the historic estuary at the head of Discovery Bay mid-century during a brief 
history of log peeling and veneer making at the site. Ground water seeping through the wood 
waste ‘leached’ natural chemicals from the wood. These leachates were toxic, containing high 
levels of sulfur, ammonia and other chemicals.  Leachates created toxic conditions for aquatic 
wildlife in an existing tidal channel adjacent to the wood waste pile.  In order to grade the site 
to marsh surface elevation and improve water quality, the project required the removal of 
4,700 cubic yards of sawdust and 25,000 cubic yards of gravel and other types of wood waste.  
Historic tidal channels filled with wood chips, were revealed and excavated when the wood 
waste was removed.  
 
The South Site is bordered by Salmon Creek and had historically been graded for use as pasture. 
The project graded the area to salt marsh elevation and a network of primary and secondary 
tidal channels were constructed. 30,000 cubic yards of the material were moved to an upland 
disposal site on the same property, 2,875 cubic yards were moved to the North Site and used as 
backfill, and 3,700 cubic yards were moved offsite. 

 
 
 
 
 
 
 

Figure 1.2: Salmon Creek estuary project aerial view during restoration in 2008 (left) and after 
restoration 2009(right). 
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Figure 1.3: Excavation of the North Site Estuary, 2008 (Photo 
courtesy of NOAA) 

 
1.3 The Restoration Process 
 
Over the course of 2005-2008, 
the SSTAG met monthly to 
assist with the design of the 
project.  The North Olympic 
Salmon Coalition took the lead 
on the SSTAG and eventually 
sponsored the grants to fund 
the work and managed the 
project.  Participation by staff 
from multiple departments of 
WDFW, the HCCC, JSKT, JLT 
and JCCD was key to the 
SSTAG’s success in bringing a 
wide range of backgrounds 
and experience together to 
design a complex project.  The 
ability of the group to share 
knowledge, debate merits of various approaches, disagree, agree, challenge one another and 
ultimately make consensus decisions was the foundation of a healthy planning process and is 
an outstanding example of great work taking place at the local level with a group of 
collaborative partners and stakeholders.  The group determined the necessary information to 
be gathered that would inform design, cost and constructability estimates, then reviewed the 
results of the studies for consideration in relevant design elements.  A great deal of 
consideration was given to all elements of the design to ensure that project goals and 
objectives would be met.  Foundational work included survey, wetland delineation, vegetation 
survey, archaeological investigation, soil studies, geotechnical investigation, tidal elevation 
study, toxicity investigations, a Snow/Salmon reconnection study and a bridge capacity study 
for the Highway 101 Bridge.  Of all these investigations, it was the first soil investigation that 
proved to be the most pivotal. 
 

1.4 Project Partners and Collaborators 
 

This project evolved from a set of ideas to reality over the course of close to a decade.  The 
driving force was a local group of cooperators called the Chumsortium. Chumsortium is made 
up of a core team from the Jefferson County Conservation District, Jamestown S’Klallam Tribe, 
Washington Department of Fish and Wildlife, North Olympic Salmon Coalition, Jefferson Land 
Trust, Hood Canal Coordinating Council (Lead Entity for Salmon Recovery in the region), 
Department of Natural Resources, Clallam County, Washington State University’s Jefferson 
County Extension Office and supported by many others from state and local government and 
other non-profits.  These folks worked together, no one mandating that they do so, to develop 
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a watershed plan for recovering lower Salmon and Snow Creeks.  They then identified actions 
to pursue in order to acquire properties and begin implementing restoration actions for ESA 
listed Summer Chum Salmon in these watersheds.  One of those actions was restoration of the 
estuary.  The group established a core working group called the ‘Snow Salmon Technical 
Advisory Group’ or SSTAG.  Meeting monthly for a number of years, this group worked 
collaboratively to establish the project vision, lay the groundwork and support all of the steps in 
the process from acquisition through design, implementation and monitoring of the Salmon 
Creek Estuary Wood Waste Removal Project.  This project is an excellent example of the power 
of grassroots, community-based restoration and NOSC would like to thank the Chums, Partners, 
and SSTAG members who supported this project from conception through monitoring.  
NOSC would also like to thank the Estuary and Salmon Restoration program for their technical 
and financial support of this project. 
 
Key members of the SSTAG: 
 

Bob Barnard, Habitat Engineer – Washington Department of Fish and Wildlife (WDFW) 
Rebecca Benjamin succeeding Kevin Long, Project Manager – North Olympic Salmon 
Coalition (NOSC) 
Paula Mackrow, Executive Director, NOSC, later succeeded by Rebecca Benjamin 
Richard Brocksmith, Lead Entity Coordinator – Hood Canal Coordinating Council (HCCC) 
Sarah Spaeth, Stewardship Coordinator– Jefferson Land Trust (JLT) 
Stephanie Reith, Executive Director – JLT (later succeeded by Sarah Spaeth) 
Byron Rot, Habitat Program Manager- Jamestown S’Klallam Tribe (JSKT) 
Randy Johnson, Watershed Steward– WDFW (later of JSKT) 
Al Latham, Manager – Jefferson County Conservation District (JCCD) 
John Hansen, Engineer – WDFW 

 
Key experts consulted: 
 

Si Simentad- University of Washington, Research Professor in estuarine ecology 
Joel Elliot- University of Puget Sound, Specialist marine predator-prey interactions 
Byron Rot and Randy Johnson- Recently involved in the design and implementation of     
Jimmycomelately Cr. Estuary Restoration. 
Paul Cereghino-Restoration ecologist with the National Oceanic and Atmospheric 
Administration (NOAA) 

 
 

1.5 The Need for Monitoring 
 
The importance of appropriate pre-project and post-project monitoring has been advocated 
repeatedly (Kondolf, 1998; Jungwirth et al., 2002; Downs & Kondolf, 2002), and a few studies 
have documented improvements in condition by evaluating completed restoration projects 
with pre-project and post-project data or using comparison sites. Post-project monitoring will 
help determine whether additional actions or adjustments are needed and can provide useful 
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information for future restoration efforts. This process of monitoring and adjustment is known 
as adaptive management. Monitoring plans should be feasible in terms of costs, available 
resources and technology, and should always provide information relevant to meeting the 
project goals. 
 
There was much debate during the project planning process as to whether or not tidal channels 
should be incorporated into the design and what elevation level would be required for 
successful recruitment of salt marsh vegetation and sediment accretion. Monitoring at Salmon 
Creek Estuary will provide insight into the success or failure of the design approaches taken for 
the restoration. The results of the monitoring studies at Salmon Estuary can be used to inform 
future projects as to the design approach that may be most appropriate and successful to their 
unique situation. 
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ADAPTIVE  
MANAGMENT  

Plan 

Act 

Monitor Evaluate 

Adjust 

Figure 1.4: Diagram depicting the adaptive management process (Shreffler, 
2007; modified from Thom and Wellman 1996).   
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Prepared for North Olympic Salmon Coalition by Shreffler Environmental. 
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2. SALT MARSH VEGETATION ASSESSMENT 
 
Written by Sarah Doyle, North Olympic Salmon Coalition 
 

2.1 Introduction 

The purpose of the marsh vegetation surveys is to document the establishment of native salt 
marsh species within the newly constructed estuary sites and monitor the recruitment of 
invasive species. 

 
 Wetland vegetation provides habitat structure, facilitates sediment recruitment, and serves as 
a critical source of organic matter to support detritus-based food webs for juvenile salmonids, 
shorebirds, and waterfowl. Non-native, invasive plant species disrupt the native plant 
community structure that provides higher quality habitat and food for a variety of wildlife 
species, which, in turn, have evolved in conjunction with native plant communities. If 
vegetation surveys demonstrate a large invasive population, removal of invasive plants may be 
needed for the restoration project to succeed. 

 
The historic species composition and acreage of wetland vegetation in the Salmon Creek 
Estuary is unknown. In September 2006, Dave Shreffler of Shreffler Environmental and Ralph 
Thomas Rogers of EPA conducted preliminary vegetation characterizations in the estuary 
portion of the north and south sites of the project area. The dominant wetland plant species 
within areas that could serve as potential reference sites (because they won’t be altered by any 
proposed grading) were as follows (Figure 2.1):  

 

Reference for South Site (existing high salt marsh in Site 1 along Salmon Creek): Lyngby’s 
sedge (Carex lyngbyei), Douglas’ aster (Aster subspicatus), mud rush (Juncas gerardii), and 
Pacific silverweed (Potentilla anserina). 
 
Reference for North Site (existing “triangle” area of high salt marsh): salt grass (Distichlis 
spicata), American glasswort (Salicornia virgnica), and mud rush (Juncas gerardii). 
 

There were no areas of low salt marsh vegetation in Discovery Bay to use as a reference, so the 
high salt marsh reference points were chosen based on the final trajectory of high salt marsh 
elevation for the restored sites (See Chapter 5: Assessing Sediment Accretion and Changes in 
Marsh Surface Elevation Over Time).  
 
The historic species composition and extent of invasive plants in the project area is also 
unknown. In 2003, Fred Weinmann, a wetland ecologist, conducted a plant inventory of the 
Salmon Creek area that included native, invasive, and noxious species (see Appendix A). 
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Invasive and noxious plant species of particular concern at the restoration site are reed canary 
grass (Phalaris arundinacea), Canada thistle (Cirsium arvense), Scot’s broom (Cytisus scoparius), 
Himalayan blackberry (Rubus discolor) and many species of non-native, invasive grasses. 

 
In order to document changes in vegetation pre-project through post-project, a set of 
monitoring tasks were designed that could indicate if each performance criteria for the estuary 
restoration objectives is on the trajectory towards being met (Table 2.1). 

 

 

 

 
 

 

  

Figure 2.1 Salmon Creek Estuary vegetation monitoring locations (2011 
photo courtesy of Jamestown S’Klallam Tribe). 
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Figure 2.2: Volunteers monitoring 
vegetation at designated 
transects. 

Table 2.1.Summary of performance criteria for each estuary restoration objective. 
 

Objective  Monitoring Task  Performance Criteria  

Improve diversity of native wetland 
vegetation  

wetland transects  Species composition of 
native wetland plant 
species should be of a 
similar diversity as that 
observed in baseline 
reference sites. 

Decrease pasture grasses  wetland transects  Percent cover of native 
wetland plant species 
should be on a trajectory 
toward percent cover 
comparable to the 
baseline reference sites 
after 5 years.  

 

2.2 Methods 
 

Permanent Transects were established (approximately 200 meters in length) in the recently 
excavated areas. The start and end of each transect were marked with wooden stakes, their 
locations taken, and each transect surveyed once a year (July) to determine percent cover and 
species composition within two 0.25m x 0.25m quadrats 
placed at 10-meter intervals along opposites sides of each 
transect line. On standardized data forms, all plant species 
observed were recorded (including invasives, not just native 
wetland species) within the two quadrats at each sampling 
location, and the percent cover was visually estimated for 
each species within each quadrat. The changes over time in 
the percent cover and species composition relative to 
baseline conditions were monitored and compared to the 
performance criteria.  
 
 At each transect location, photographs were taken from 
the start stake looking toward the end stake and from each 
end stake looking toward the start stake. Photos were taken 
once per year at the same time the transect sampling and 
logged on the standardized fixed point photo data form. 
Pre-project and post-project photos were used to track 
changes in vegetation. 
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Figure 2.4: Native 
Vegetation recruitment on 
the fringes of the north site. 

Figure 2.3: Top: Project Area following construction in 
2008 (photo credit: NOAA). Bottom: Vegetation growth at 
Salmon Creek Estuary in June 2011. 

2.3 Results  

The South site has experienced vegetation 
recruitment since project completion. The 
majority of the survey transect (S-1) consisted 
of Saltbush (Atriplex dioica) (3.9%), Alkali 
Bulrush (Scirpus Maritimus) (3.6%) and 
American glasswort (Salicornia virginica) (1.4%) 
(Table 2.2).  These species are low salt marsh 
pioneer species.   
 

Approximately 0.8% of the transect area 
comprised of the invasive salt marsh species, 
brass buttons (Cotula coronopifolia). Brass 
buttons are common colonizers of bare mud 
flats, and will likely be crowded out as 
vegetation becomes more robust. However, 
this plant should continue to be monitored to 
ensure that removal will not be needed. 
 

The average percent cover for S-1 in 2009, 
one year after the project completion, was 
100% bare soil (there were no plants growing 
within the transect area) (Figure 2.3). In 
2010, vegetation began to recruit on the salt marsh which led to 
89% of the site comprising of bare soil, 10.4% native vegetation and 
0.8% of invasive vegetation. As vegetation continues to recruit and 
establish at the site, the vegetation cover will begin to increase at a 
faster rate due to localized seed sources coming from adjacent 
vegetation (Efanzadeh, 2010). Though 2011 transects have yet to 
be completed, Figure 2.3 demonstrates the continued decrease in 
bare soil since 2008.  
 
The high salt marsh (hsm) of the reference site comprised mainly of 
mud rush (Juncas gerardii) (45%), American glasswort (Salicornia 
virginica) (12.1%) and fat hen (Atriplex prostrate) (11.4%) (Table 
2.3).  The site did not contain any non-native species in 2010 but in 
2009, both redtop (Agrostis gigantean) (also in 2008) and English 
plantain (Plantago lanceolata) were present.  
 
In 2010, 2 years post-contruction, there were no signs of 
vegetation recruitment along the three transects in the North Site, with all three transects 
having 100% bare soil. This site was not included in the analysis due to the lack of vegetation 
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Figure 2.5: Average canopy cover of salt marsh vegetation species along 
transect S-1 during 2009 and 2010, located in the south site. 

observed across all transects. However, along the edges of the site, pacific silverweed 
(Potentilla snerina), American glasswort (Salicornia virgnica) and Seaside arrowgrass (Triglochin 
maritima) are beginning to colonize (Figure 2.4). These species are low salt marsh (LSM) 
colonizers that are native to Washington State.  
 
Table 2.2 Year 2 (2010) Marsh Development at Salmon Creek Estuary, Transect S-1 

 
 
 
 

Common Name 

 
 
 
 

Scientific Name 

South Site 

Actual Total 
Canopy (%) 

Average 
Quadrat 
Canopy 

Cover (%) 

Frequency 
(%) 

Species 
Composition 

(%) 

Native      

Fat hen Atriplex prostrata 7 0.22 3.1 0.06 

Lyngby's sedge Carex lyngbyei 10 0.31 3.1 0.08 

American glasswort Salicornia virgnica 45 1.4 12.5 0.37 

Seaside arrowgrass Triglochin maritima 10 0.3 9.4 0.08 

Saltbush Atriplex dioica 125 3.9 6.3 1.04 

Saltmarsh bulrush Scirpus maritimus 120 3.6 9.4 0.96 

Creeping bentgrass Agrostis stolonifera 22 0.68 12.5 0.18 

 Canopy Cover, Native 339 10.41  2.78 

Non-native      

Brass buttons Cotula coronopifolia 35 0.78 3.1 0.21 

 Canopy Cover, non-
natives 

35 0.78  0.21 

 TOTAL 374 11.19  2.99 

  Proportion of non-native or invasive plants 7% 
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Figure 2.6: Average canopy cover of salt marsh vegetation species along reference 
site for S-1 transect, during 2008 (pre-project), 2009 and 2010. 

Table 2.3 Year 2 (2010) Reference Site High Salt Marsh to compare with Transect S-1 
 

 

 

 

Common Name 

 

 

 

 

Scientific Name 

Reference Site 1 to South Marsh 

Actual Total 
Canopy (%) 

Average 
Quadrat 
Canopy 

Cover (%) 

Frequency 
(%) 

Species 
Composition 

(%) 

Native      

Fat hen Atriplex prostrata 625 11.4 6.7 0.21 

Saltmarsh aster Aster subspicatus 5 0.1 1.8 0.00 

American glasswort Salicornia virgnica 665 12.1 35.2 0.22 

Mud Rush Juncas gerardii 2475 45 81.5 0.81 

Saltgrass Distichlis spicata 445 8.1 42.6 0.15 

Quackgrass Elytrigia repens 375 6.9 29.6 0.12 

Meadow barley Hordeum brachyantherum 10 0.2 1.8 0.00 

Pacific Silverweed Potentilla anserina 215 3.91 7 0.07 

Seaside arrowgrass Triglochin maritima 100 1.8 9.3 0.03 

Sea milkwort Glaux Maritima 5 0.1 1.8 0.00 

Creeping bentgrass Agrostis stolonifera 615 11.18 44 0.20 

 Canopy Cover, Native 5535 100.79  1.82 

Non-native      

(None)      

 Canopy Cover, non-natives 0 0  0.00 

 TOTAL 5535 100.79   

  Proportion of non-native or invasive plants 0.00% 
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2.4 Discussion 

 
It is unlikely that the restored estuary sites will contain a similar vegetation composition as the 
reference sites in the near future. The elevation difference between the restoration and 
reference sites results in one being classified as low salt marsh (LSM) and the other has high salt 
marsh (HSM). The changes in elevation and salinity levels (due to tidal waters only inundating 
the high salt marsh during high winter tide and flood events) results in two very different 
vegetative communities. However, as vegetation becomes more robust within the restoration 
sites, it is expected that more sediment will be deposited and accretion rates will increase (see 
Section 5; Assessing sediment accretion and changes in marsh surface elevation over time). This 
accretion is expected to transition these LSM sites into HSM in the next 40 years if the current 
rate of accretion remains the same and medium sea level rise estimates are considered. This 
was the intended trajectory for the restoration sites. 
 
Percent cover of native plant species on the south site is on a trajectory to be equivalent to that 
observed in the reference sites. From 2009-2010 native vegetation cover along the S1-transect 
on the south site increased from 0% to 10%. It is expected that the rate of vegetation 
recruitment will increase as seed sources become more prevalent and sediment accretion rates 
increase. Outside of the South Site transects, there has been robust recruitment of marsh 
vegetation across the site. In the southwest corner of the site a mixture of salt water and fresh 
water has created an environment conducive to the development of a robust population of 
cattail, a non-native species often observed in wetland habitats. The vegetation will continue to 
be observed across the whole site to ensure that non-native or invasive species are not 
impacting the success of native salt marsh colonizers. 
 
The reasoning behind the lack of vegetation on the north site is still being hypothesized. The 
site was graded to the same elevation as the south site and would receive the same seed 
source, but vegetation has yet to recruit over much of the site.  
 

2.5 References 

 
Erfanzadeh, Reza; Garbutt, Angus; Petillion, Julien; Maelfait, Jean-Pierre; Hoffmann, Maurice. 
2010 Factors affecting the success of early salt-marsh colonizers: seed availability rather than 
site suitability and dispersal traits. Plant Ecology, 206 (2). 335-347. 10.1007/s11258-009-9646-8  
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3. ASSESSING FISH UTILIZING SALMON CREEK ESTUARY  
 

Written by Sarah Doyle, NOSC with assistance from Mike Haggerty, Haggerty Consulting Inc. 
 

3.1 Introduction  
 

The incentive for restoration activity in Salmon Creek Estuary was to increase habitat for 
rearing and migrating juvenile salmonids and other nearshore estuarine species. A species of 
particular importance is ESA-listed Hood Canal Summer Chum, present in both Salmon and 
Snow creeks. This species spends a significant portion of their life-cycle during out-migration in 
estuaries for foraging and growing prior to entering the ocean. Before restoration, estuarine 
tidal habitat was confined and degraded, potentially reducing the success of juveniles migrating 
out of the system.  
 
 Evaluating community structure of existing rehabilitated and created tidal channels is 
important for understanding the relationships between fish habitat use and physical conditions 
such as water quality, tidal conditions, hour of day, and diurnal period. In addition, ocular 
surveys monitor for fish stranding within newly created tidal channel areas and upon newly 
constructed estuarine surfaces. The study of fish utilization at Salmon Creek Estuary has two 
main goals: 
 

1) Evaluate species composition, fish size (fork length), and abundance in each habitat 
type.  Habitat types include: a) leachate channel after rehabilitation, b) reference channel, 
and c) excavated channels. 
 

2) Monitor and document any episodes of fish stranding following project site 
construction, and take appropriate actions to alleviate stranding if necessary. 

 

3.2 Methods 
 
Fyke nets were used to sample fish usage in estuary 
tidal channels.  Fyke nets depend on volitional fish 
entry and water current for entrapment.  The fyke net 
was appropriate for this type of sampling because the 
tidal channels being sampled at Salmon Estuary are 
low velocity channels that completely dewater.  
Dimensions of the fyke net to be used in sampling 
protocol are (height x width): 10’ x 6’ mouth, 10’ x 15’ 
wings, and a 2’ x 3’ floating box. With the assistance of 
the Jamestown S’Klallam Tribe, two fyke nets were 
available for sampling. 
 
 
 

Figure 3.1: Fyke net set at reference site in 
Salmon Estuary 
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Two fyke net sampling sites were established pre-project; both have the necessary posts and 
piping installed.  Channel #2 is located at the North Project Site, on the northwest side of 
Salmon Estuary.  This channel was subject to leachate from wood waste prior to project 
improvement.  Channel #3 is located on the east side of the Salmon Estuary off of the project 
site but within Salmon Estuary.  This channel is not subject to wood waste leachate.  These two 
channels currently begin to fill and are empty at a six-foot tide.   
 
One additional fyke net sampling site was established post project. Channel #1 is an excavated 
channel created at the North Project Site (Figure 3.2). It is possible that future channels will 
form and may be monitored for fish utilization depending on priorities, personnel and funding 
availability. A fyke net was installed in the South Project Site but high catch numbers at the 
other sites resulted in having to abandon fishing for the season to maintain permit allowances, 
and in the following year Salmon Creek waters began to flow through the channel, preventing 
the fyke net from being able to fish effectively.  
 
The minimum frequency for sampling was one day per month from February through May for 
each Channel Site.  Although increased sampling frequency was desirable it was not realistic 
due to limited resources.  Because fyke net trapping is passive and dependant on tidal currents 
it was necessary to standardize the tide cycles used during sampling.  Opportunities for sample 

Figure 3.2: Locations of fyke net sampling sites (2011 Photo 
courtesy of Jamestown S’klallam Tribe). 
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days were limited by three factors: tidal elevation, elevation of tidal channel thalweg, and 
length of day. For example: Channel #1 begins to fill, and completely dewaters, at a tidal 
elevation of 6 feet. Consequently a tidal elevation of eight feet is needed to get 2 feet of water 
in this tidal channel. Therefore to sample in at least 2 ft. of water the tide must rise to 8ft. and 
then recede to 6ft during daylight hours. Periodicity was further limited early on in the 
monitoring season due to shorter day length.  
 

3.3 Results  
 

Twenty-eight (28) fyke trap sets were completed February 
2009-May 2011 capturing a total of 4,608 fish representing 
eight different species. Complete fish catch results are 
available in an Excel spreadsheet as an appendix to this 
report (Appendix B). The monthly fish catch is shown for 
every species, including the fork length measurements.   
 
 The area of the tidal channels sampled differed greatly. The 
area of the North Site (N-site) tidal channel complex was 
approximately 1260 sq. meters, the leachate channel was 
338 sq. meters, and the reference channel was 50 sq. 
meters. In order to accurately compare fish numbers 
between sampling sites, the density of fish/per sq. meter 
was calculated. The N-Site main channel experienced the 
highest density of juvenile summer chum numbers for all 
monitored habitats in March 2009 with a density of 0.4 
fish/sq. meter (Figure 3.4). The main channel also 
experienced high frequencies of staghorn sculpin in each 
sample. In March of 2010, the leachate channel had high 
summer chum density with 0.3 fish/sq. meter and in March 

of 2011, the reference channel had high summer chum 
density with 1.0 fish/sq. meter. March of 2011 had high 
densities of juvenile chum at every sampling site (see 
discussion for explanation).  
 
Looking at the whole fish community, juvenile salmon and staghorn sculpin dominated 
intertidal- habitat. Juvenile chum salmon are most abundant during February and March 
sampling. There were a few juvenile coho salmon sampled in late April and May. Forage fish, 
such as surf smelt, shiner surfperch and Pacific herring, were all captured through the sampling 
period, although generally at low densities.  
 
 
 
 

Figure 3.3: Top: Summer chum salmon fry; 
Bottom: Staghorn sculpin juvenile 
commonly found in the estuary channels.  
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Fyke-caught summer chum salmon ranged in size from 25-50 mm fork length (FL), with an 
average of 36.6 mm FL. The majority of the chum salmon fork length’s ranged between 35-40 
mm (Figure3.5).  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3.4: Average density of summer chum (fish/sq meter) capture monthly in sample sites.  

Figure 3.5: Fork length distribution of summer chum utilizing Salmon Creek Estuary.  
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3.4 Discussion  
 
The monitoring results indicate that juvenile summer chum are utilizing the restored and 
existing estuary channels during their out-migration. The average fork lengths of the chum 
salmon captured in the fyke nets were consistent with the life-stage size of chum salmon fry 
and the March-April months are reflective of the timing of out-migration in Salmon Creek. This 
is consistent with research that demonstrates juvenile chum salmon  enter estuaries soon after 
emerging from redds and reside in shallow habitats initially, utilizing tidally inundated channels 
(Mason, 1974; Macdonald and Chang, 1993).  By May, most juvenile chum had exited the 
estuary and begun their seaward migration, a typical estuarine use pattern for this species 

(Mason, 1974; Iwata and Komatsu, 1984; Quinn, 2005).  

 
In March of 2011, Salmon Creek was at flood 
stage, with flows above 200 cfs. During this 
sampling period, the greatest numbers of chum 
salmon were captured in the fyke net for all 
three sites (Figure 3.4). In addition, some of the 
juvenile salmon caught still had egg sacs 
attached, indicating that high flows may have 
pushed them out of the creek early (Figure 3.6). 
The usage of the estuary by these salmon 
demonstrate that the restored estuarine 
habitats are being utilized for their intended 
purpose of providing refuge to juvenile salmon. 
The salmon pushed out early from Salmon 
Creek were able to use the restored channels as transition zones to grow and become ready for 
their ocean migration, improving their chance for survival.  
 
Although the south site was not sampled post-project, it would be useful to monitor the site 
(either through installing an additional fyke net site or performing ocular surveys) to observe 
any difference in species composition or juvenile salmonid usage from the north site, which 
does not experience as significant a level of freshwater influence as the south site. For instance, 
a white sturgeon was noted in the side channels of the south site during post-project tidal 
channel surveys. 
 
As expected, the restoration of the estuary directly benefits out-migrating juvenile summer 
chum salmon. The chum salmon will spend 2-4 weeks in these estuaries to forage, grow and 
acclimate to salt water conditions. Other studies of summer chum salmon in the watershed 
include smolt trapping and spawner surveys that are conducted by the Washington Department 
of Fish and Wildlife. Future studies could look at the return rate of summer chum salmon in 
Salmon Creek since project completion in 2008 as a potential measure of success for the out-
migrating juvenile salmonids that have access to estuaries. 
 

Figure 3.6: Juvenile salmon with egg sac captured 
in fyke net during the Salmon Creek flood in 
March, 2011. 
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4. ASSESSING TIDAL CHANNEL DEVELOPMENT 
 
Written by Al Latham, Jefferson County Conservation District and Sarah Doyle, NOSC 
 

4.1 Introduction 
 
The project created 1,375 meters of constructed tidal channels in the new salt marsh surfaces.  
Design stage planning predicted that 4,375 meters of additional channels would develop by 
natural processes over time.  The intent of monitoring tidal channel development is to: 
  

1. Assess development of new tidal channels and document the channel changes over time 
a. Document the profile of excavated primary tidal channels and map the annual 

profile changes  
b. Measure cross sections of the primary tidal channels at permanently established 

locations 
c.  Map the initiation and development of lower order channels 

2. Document and attempt to understand the evolution of a set of artificial tidal channels 
that were designed using nearby channels in the same system as a reference. 

3. Document baseline sinuosity of excavated tidal channels.  Document changes in 
sinuosity of excavated and newly forming channels annually. 

4. Train volunteers to assist in the monitoring and data collection. 
 

4.2 Methods 
 
This is an overview of methods from the original monitoring 
report. Included in this section are methods from year to year that 
may have deviated from the original protocol. 
   
Survey captured cross sectional and planform data. At cross 
section monuments top of banks, toe of banks and thalweg 
location and elevation were surveyed and recorded.  The thalweg 
profile and plan view was surveyed by walking along the channel 
capturing thalweg elevation and location approx. every 20 ft with a 
Topcon Total Station. 
 
2010 Methods 
 
The site was resurveyed in 2010 using the Topcon Total Station.  
The thalweg of the channels constructed in 2009 were surveyed as 
well as new channels that formed since 2009.  Two cross sections (XS 1+50 and Side Channel XS 
1+00) were not located during total station survey, their monuments had been removed.  They 
were later reestablished and surveyed using a Sprecra-Physics Laserplane 650 level with a tape 
stretched between the monuments. 

Figure 4.1: Total station set-up 
over permanent monument at 
North Project Site. 
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It was difficult to access the channels in some spots due to the softness of the mud.  It was also 
difficult to determine when the survey rod was on the bottom for the same reason.  There will 
be some error in the elevation readings due to the soft mud. 
 
2011 Methods  
  
In 2011 a total station survey was done for the main channel and side channel thalwegs.  The 
cross sections were surveyed using the laser level and tape. 
 
Suggested Future Methods 
 
2011 methods proved the most effective by saving time and utilizing volunteer help to generate 
robust data. It is suggested in the future that the total station be used to document changes in 
the thalweg elevation/location.  For the cross sections, it is suggested the staff and volunteers 
use a level and tape method.  This will make the resulting cross section data easier to compare 
temporally. Cross section surveying should be done from the left bank monument to the right 
bank monument. 

 
4.3 Results  
 
Channel Development 
 
Generally, there were only subtle changes to the channel thalweg elevation and location and 
channel banks at the North Project Site since the 2009 survey.  There appears to be some slight 
deposition in the channels in certain areas, though some of this may be attributed to location of 
the bottom of the survey rod in the mud.  New 1st order channels formed since the 2009 survey 
and were recorded in 2010 and 2011. Figures 4.2 and 4.3 illustrate the changes in the 
constructed channels at the north (Figure 4.2) and south site (Figure 4.3) since project 
completion as well as the formation of the new channels. The 2011 image contains an overlay 
of the original design of the constructed tidal channels that were surveyed post-construction in 
2009. It is evident that new 1st and 2nd order tidal channels are developing on both sites and 
therefore, the constructed channels are transitioning to 3rd and 4th order channels. 
  
The South Project Site has experienced robust channel development and filling due to Salmon 
Creek pouring out across the estuary surface during highflows, depositing river alluvium in a 
delta formation on the constructed surface, and  then receding to its existing channel with 
some flows remaining through the delta and constructed estuary. The tidal channel closest to 
the delta has completely filled in with river gravel and is recruiting vegetation (see left arrow on 
Figure 4.3). The other channel has shifted locations and is being fed by Salmon Creek via a new 
channel (see right arrow on Figure 4.3). Constructed tidal channels to the east of the main 
channel and furthest from Salmon Creek have not been affected and are still relatively similar 
to their original shape and profile.  
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Figure 4.2: Channel formation and changes at the North Project Site, pre-project, in 2009 and in 
2011 (2011 photo courtesy of Jamestown S’klallam Tribe). 
 

Figure 4.3: Channel formation and changes at the South Project Site, pre-project, in 2009 and in 
2011 (2011 photo courtesy of Jamestown S’klallam Tribe). 
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Channel Cross-sections 
 

The North Site cross-sections indicate that the constructed channels have remained fairly stable 
(See appendix C for cross-section graphs).  XS 5+50 and XS 6+50 have experienced 
sedimentation as the thalweg and channel have become less defined over time.  The thalweg 
profile for both the main channel and side channel has seen only subtle changes between 2009 
and 2011 (Figures 4.4 and 4.5). 
 
The South Site cross-sections indicate increased channel development from 2010 to 2011 and 
the development of the thalweg by deepening and shifting from center in many locations (See 
Appendix C for cross-section graphs).  The thalweg profile for the main channel has experienced 
only slight changes (Figure 4.6). However, a portion of the thalweg profile for the side channel 
has undergone significant levels of channel erosion. The channel has eroded approximately 90 
to 120 feet from the channel mouth with, in places, 2 feet of elevation loss (Figure 4.7). This is 
consistent with field observations that show the presence of a head cut and plunge pool at a 
meander in the channel. Salmon Creek flows are considered to be a significant factor in this 
formation. 
 

  

Figure 4.4: Main channel thalweg profile for the North Project Site from 2009-2011.  
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Figure 4.6: Main channel thalweg profile for the South Project Site from 2009-2011.  

Figure 4.5: Side channel thalweg profile for the North Project Site from 2009-2011.  
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Figure 4.7: Side channel thalweg profile for the South Project Site from 2009-2011.  
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Figure 4.8: Channel formation at the North Project Site since 2009.  
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Figure 4.9: Channel formation and changes at the South Project Site since 2009.  
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Figure 4.11: Delta formation at South 
Project Site (2011 photo courtesy of 
Jamestown S’Klallam Tribe) 

4.3 Discussion 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

The North Project Site tidal channels have remained stable during the monitoring period with 
minimal change in thalweg elevation and channel cross-section shape. Sediment accretion at 
the upstream end of the tidal channel, in the northeast corner of the project site, has begun to 
fill in the constructed tidal channel. However, other 1st order channels have begun to form 
around this filled in channel. 
 
The South Project Site has undergone many 
changes since the start of monitoring in 2009. 
The constructed tidal channels have eroded, 
aggraded, and in one case disappeared while 
new tidal channels have formed to take its place. 
Salmon Creek reached flood stage (above 200 
cfs) several times during the 2009-2011 
monitoring period. This has significantly altered 
the interface of the creek with the constructed 
salt marsh. 
 
Flooding of Salmon Creek deposited extensive 
amounts of sands and gravels on the south site 
estuary surface. The deposition of coarse 
grained sediment by the creek as it hits the 

slack tidal water is forming bars and has since recruited 
vegetation (Figure 4.10).  In addition to this deposition, 
new channels eroded to create a braided channel system 
that empties into the main channel and side channels of 
the estuary, depositing finer-grained sediment and river 
gravel. Aerial photography captures the delta formed by 
these depositional and erosive factors (Figure 4.11). The 
formation of this delta at Salmon Creek should continue to 
be monitored to ensure that both the estuary and creek 
are able to achieve optimum ecological function in this 
changing environment. It is unknown what impact these 
changes may have on the system, however this deposition 
and erosion demonstrates that the salt marsh surface is 
functioning as a floodplain, dissipating flood waters and 
capturing suspended sediments that would otherwise have 
been pushed out into the bay. Juvenile coho and chum 
have been observed in all delta and tidal channels on low 
tide with no evidence of stranding. Adult salmon continue 
upstream of the estuary apparently unaffected by the 
changes. 

Figure 4.10: Course sediment deposited where 
Salmon Creek and the constructed South Site Estuary 
meet resulting in the formation of a delta (2011).  
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 The inundation of tidal and flood waters into the estuaries has allowed for new tidal channels 
to develop in both estuaries (Figures 4.3 and 4.4). The creation of these channels means that 
not only are the hydrological processes functioning in the estuary, but that more fish habitat is 
being created. The results from the fish utilization studies in the tidal channels indicate that 
these tidal channels are functioning as refugia for the Salmon Creek summer chum and coho 
salmon and may improve the survival rate of out-migrating chum and coho from the system.   
 
Migration, erosion and accretion are all part of the natural tidal hydrodynamic and sediment 
process. It is expected that changes will occur as Sea Level Rise rates increase and flooding 
events become more frequent, which result in sediment deposition and erosion. These natural 
changes will continue to be monitored.  
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5. ASSESSING SEDIMENT ACCRETION AND CHANGES IN 
MARSH SURFACE ELEVATION OVER TIME 

 

Written by Bob Barnard, Washington Department of Fish and Wildlife 
 

5.1 Introduction 

The accretion rate and the relative elevation of the marsh surface are of vital importance 
for its development. Vegetation colonization and density are correlated to elevation relative to 
the tidal frame (Cornu and Sadro, 2002) and marsh vegetation is the basis of the food chain for 
the insects and animals that live there (Krone, 1993). 
 
Soil texture and composition are fundamental to plant colonization and growth. When a marsh 
is restored the soil is a main determinate of success. Allowing the soil to naturally accrete 
insures that appropriate materials are available to form the substrate for a diverse and robust 
marsh community.  
 
Tidal channels form a hydraulic and ecological function in the intertidal wetland.  They must be 
sized appropriately for efficient tidal circulation and provide a corridor for the movement of 
organisms, nutrients and sediment in the marsh.  These functions evolve over long periods of 
time under natural conditions. They begin on the mudflat as shallow depressions that develop 
into a complex, sinuous dendritic pattern.  As the mudflat accretes, vegetation colonizes the 
surface and creates a more resistant root-soil matrix, setting the channels more firmly in place 
(Coats, Williams et al. 1995).  
 
As a way to create both an appropriate soil substrate and a mature, complex tidal channel 
network, the Salmon Creek estuary restoration design intentionally established the constructed 
marsh surface 30 cm (1 foot) lower than the adjacent marsh elevation, expecting it to rise as 
particulate matter is deposited on the surface, plants colonize it and invertebrates occupy it.   
 
A conceptual model is often used as a basis for understanding the relationship between a 
restoration action and the functional responses expected.  Figure 5.1 is the conceptual model 
for topography restoration, which begins with grading the marsh surface.  This restores several 
processes that bring about structural changes.  These structural changes create the goods and 
services that are the goal of this restoration project (Clancy, Logan et al. 2009).   
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Figure 5.1: Conceptual model for topography restoration (Clancy, Logan et al. 2009). 

 

There are a number of constraints and concerns regarding this restoration strategy, but the 
principle ones are the rate of evolution of the restored site and the volume of the tidal prism.  
These are linked to the initial elevation and the rate of accretion, but in somewhat 
unpredictable ways.  Establishing the initial elevation 30 cm below equilibrium marsh elevation 
is a somewhat arbitrary distance, although the rooting zone is about this depth. We do not 
know the consequences of this assumption and the future of the Salmon Creek marsh 
restoration.  It is the purpose of this monitoring program to: 
 

1) Establish the rate of accretion in various parts of the restored estuary. 
2) Monitor the change in marsh surface elevation over time.  
3) Determine the recovery trajectory toward high salt marsh, and the future of the marsh 
with predicted sea level rise.  
 

5.2 Methods 

Two variables are linked in the evolution of the marsh; the sediment accretion rate and 
subsurface processes.  One cannot simply measure the elevation of a marsh surface and know 
whether changes over time are due to sediment accumulation or erosion, as opposed to 
subsidence or expansion of the soils beneath it (Cahoon, 2000).    
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5.2a. Accretion Rate 

In order to measure surface sediment accretion without interference from subsurface 
processes, a marker horizon is placed near the surface as a reference to measure the change in 
depth of sediment. From the marker horizon one can determine the accretion rate, which is 
defined as the change in the vertical distance between the horizon and the sediment surface. 
For this study, marker horizons are placed around SET tables (see next section) and are .25m x 
.25m areas of the substrate that have been covered in a thin layer (1-2mm) of G200 feldspar 
clay. The white powdered clay is layered onto the existing marsh surface inside .25m x .25m 
quadrats, as sediment accretes it covers the clay. This accretion can be measured by sediment 
coring marker horizon installations and measuring the accreted sediment atop the white layer 
of clay. The mean accretion rate is calculated by taking the average of the 3-4 measurements 
for one time period. The mean annual mean accretion rate combines the winter and summer 
means to calculate the annual mean accretion rate, this was then averaged over the two years 
of data collection. 

5.2b. rSET Device 

The rSET device, or Rod Set Elevation Table can measure differences in surface elevation as they 
relate to sub surface processes with a high degree of accuracy. Used in combination with 
marker horizons, the rSet not only documents surface elevation change, but allows one to 
determine if the elevation change is the result of subsurface or surface processes. 
  
Elevation is defined as the average surface level relative to an established benchmark. Since a 
natural soil surface can vary many millimeters over very short distances, a large number of 
measurements must be made.  In addition, the soil surface is soft and the measuring device 
must apply a minimum amount of force on the surface. The Sediment Elevation Table (SET) is 
designed to determine the marsh surface elevation with a high degree of accuracy.  The design 
and operation of the SET table is extensively covered in this web page: 
http://www.pwrc.usgs.gov/set/   
 
Four rSET sites, two at the N Site and 2 at the south site, have been established, as shown in 
Figures 5.2 and 5.3 

 
 

 
 
 
 
 
 
 
 
 
 
 

http://www.pwrc.usgs.gov/set/
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Figure 5.2: Salmon Creek estuary restoration south site showing the two sediment monitoring locations 
(2011 photo courtesy of Jamestown S’Klallam Tribe). 
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Figure 5.3: Salmon Ck estuary restoration north site showing the two sediment monitoring locations 
(2011 photo courtesy of Jamestown S’Klallam Tribe). 
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5.3 Results  

Sampling began in 2009, one year after the project was completed, and was repeated every 6 
months.  The results are shown in Table 5.1 and Figure 5.5.  The mean annual accretion rate is 
quite high, an order of magnitude higher than that commonly reported in tidal estuaries, 
although in line with accretion rates found in estuaries directly adjacent to stream channels 
(Cornu and Sadro, 2002).  The two restoration areas are situated close to the mouth of Salmon 
Creek and receive relatively sediment rich flood water.  In addition, they are inundated for a 
longer period with a deeper water column than in comparable marsh surfaces.  N1 is the most 
distant from the creek and likely receives less sediment.  It may seem that S1 is similarly 
situated, although the south site has better circulation due to the fact that the mouth of 
Salmon Creek has migrated to the east over time, forming a delta that forces water and 
sediment to the east (Figure 5.4). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4: Salmon/Snow Estuary 5-2011 (Jamestown S’Klallam Tribe Photo), showing the development 
of a delta at the mouth of the creek forcing a greater proportion of the flow and sediment to the area of 
the S1 sampling site.   

N 
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With the exception of site N1, all sites are increasing in surface elevation approximately one cm 
per year (Figure 5.5).  There appears to be some seasonal variation in subsurface conditions 
and sedimentation rate.  Seasonal variation has been found to be as much as 2 cm and 
attributed to changes in the swelling of clay particles in winter (Carr and Blackley 2006) which 
corresponds to the higher January elevations in 2010, but does not hold true for the January 
2011 sample.  Site S2 lowered in the most recent sample.  Shorter duration variations (as little 
as 5 days) ranged from 1.2 to 3.0 mm in marsh-wide averages (Paquette, Sundberg et al. 2004) 
that are not discernable in this data because the sampling period is 6 months.  
 

Site N1 has been steadily decreasing in elevation. We assume that this is due to the fact that 
the site is located in an area of the restoration that was over-excavated to remove wood waste 
and unsuitable soils.  Fill was brought in from the south site and placed in the excavation, which 
has since settled, showing up in this monitoring as a steady decrease in the elevation of the 
horizon.  Accretion has kept up with the subsidence for a net decrease in elevation of only 35 
mm.  Also of note is that the standard deviation in elevation for N1 is high compared to the 
other sites. The resulting elevation values for each sample were more varied than at any of the 
other sites. This may be due to the ground surface in this area is more uneven either due to 
unequal settlement, scars from equipment, other post-construction activity, or likely a 
combination of all three.  
 

The dramatic increase in accretion between 08/03/2010 (sample 3) and 01/24/2011 (sample 4) 
is likely due to the uncharacteristically high Salmon Creek flood discharges that winter.  In both 
November and mid January, there were floods greater than 200 cfs bringing with them a 
relatively high sediment load 
 

Table 5.1: Salmon Ck estuary sediment elevation and accretion survey results, in centimeters.  
Site 

 
1 2 3 4 

N1   08/05/2009 01/20/2010 08/03/2010 01/24/2011 

 
Mean elev 232.50 232.34 232.27 232.15 

 
Std dev 0.95 0.95 0.87 0.71 

 
Mean accr 

 

0.40 0.60 0.64 

 

mean annual acc. rate 
  

0.42 
N2           

 
Mean elev 234.04 235.06 234.52 235.53 

 
Std dev 0.49 0.46 0.43 0.42 

 
Mean accr 

 

0.38 0.66 1.66 

 

mean ann acc. rate 
  

1.10 
S1           

 
Mean elev 231.66 232.57 232.25 233.50 

 
Std dev 0.41 0.31 0.40 0.30 

 
Mean accr 

 

0.43 0.65 1.97 

 

mean ann. acc. rate 
  

1.31 
S2           

 
Mean elev 231.35 232.46 231.88 232.80 

 
Std dev 0.53 0.40 0.34 0.30 

 
Mean accr 

 

0.54 0.55 2.17 

 

mean ann. acc. rate 
  

1.45 

      



44 | P a g e  

 
Elevations datum is MLLW in cm, MHHW = 259 cm 

 
 

Target constructed elevation 228.60 cm 
  

 
 

Figure 5.5: Charts showing the change in elevation (red lines with one standard devation error bars) and 
the elevation of the original surface (blue lines) at the Salmon Ck restoration site. The difference 
between these two markers is the accretion of sediment over the sampling period.  

5.4 Discussion 
 
Of critical importance to understanding the future success of this project is the relationship 
between the Salmon Creek estuary elevation and sea level rise.  Considering the high estimate 
for vertical land movement for the Olympic Peninsula and global sea level the net increase in is 
about 0.84 cm/year (Mote, Petersen et al. 2008).  If this high estimate of SLR were to occur, 
then the marsh would not reach equilibrium elevation for 190 years at the current rate. 
Discovery Bay may be considered more a part of Puget Sound than the Olympic Peninsula, in 
which case the very high estimate SLR may be more on the order of 1.3 cm/year, somewhat 
above the average change in elevation for the Salmon Creek marsh.  In this case the marsh 
would remain a mudflat for an indeterminate period unless conditions or rates change.   
 
If the medium estimates for SLR were to take place, 0 cm/yr for the OP and 0.36 cm/year for PS, 
the increase in marsh elevation is relatively rapid and equilibrium elevation would be reached 
in 30 to 46 years.  
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Once the subsurface has stabilized from the changes that occurred during restoration, and 
vegetation begins to colonize the surface trapping more sediment, then the net increase in 
elevation may be higher and the restoration trajectory more rapid.    
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6. EVALUATION OF PHOTO POINTS 
 

6.1 Introduction 
  

A total of 21 photo points were established throughout the Salmon Creek Estuary project area 
during the summer and winter between 2009 and 2011. These photo points demonstrate the 
temporal changes at the restoration site. 
 

6.2 Methods 
 
Photos were taken at these photo points in the 2 years following completion of the project in 
order to characterize changes in tidal channel morphology and salt marsh and marine riparian 
vegetation and provide a continuous record of the response of the ecosystem restoration. 
Photos were taken with a Canon Powershot A510 digital camera. 
 
Locations of the photo points are shown in Figure 6.1 and descriptions of each photo point are 
presented in Table 6.1. Figure 6.2 through Figure 6.11 show pairs of reference photos taken at 
each photo point in 2009, 2010, and 2011. These photo pairs demonstrate the changes that 
have taken place throughout the project reach in the two years since project completion. 
 

               

Table 6.1 Descriptions of photo point locations along Salmon Creek estuary. 
 

South Site 

Name Point Location Notes for benchmark 

1-A WDFW BM #3000 use benchmark directly behind the antique shop 

1-B WDFW BM #3000 use benchmark directly behind the antique shop 

1-C WDFW BM #3000 use benchmark directly behind the antique shop 

1-D WDFW BM #3000 use benchmark directly behind the antique shop 

2-A WDFW BM #3001 use 2nd benchmark moving SW 

2-B WDFW BM #3001 use 2nd benchmark moving SW 

2-C WDFW BM #3001 use 2nd benchmark moving SW 

3-A WDFW BM #3002 use 3rd benchmark, opposite of antique shop  

3-B WDFW BM #3002 use 3rd benchmark, opposite of antique shop  

3-C WDFW BM #3002 use 3rd benchmark, opposite of antique shop  

3-D WDFW BM #3002 use 3rd benchmark, opposite of antique shop  

3-E WDFW BM #3002 use 3rd benchmark, opposite of antique shop  

North Site   

4-A WDFW BM #3004 use benchmark behind the interpretive sign 

4-B WDFW BM #3004 use benchmark behind the interpretive sign 

4-C WDFW BM #3004 use benchmark behind the interpretive sign 

5-A WDFW BM # 3005 use benchmark at the end of the berm 

5-B WDFW BM # 3005 use benchmark at the end of the berm 

5-C WDFW BM # 3005 use benchmark at the end of the berm 

6-A WDFW BM # 3006 use benchmark next to tidal outlet 

6-B WDFW BM # 3006 use benchmark next to tidal outlet 

6-C WDFW BM # 3006 use benchmark next to tidal outlet 
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Figure 6.1 Salmon Creek Estuary photo point 
locations (2009 NAIP Aerial Photo). 
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Figure 6.5: July 2010- South Site PP 3-C 

Figure 6.3: July 2010- South Site PP 2-B 

6.3 Results  
 
Refer to appendix D for full photo point documentation. The photos below have been displayed 
to demonstrate the significant changes that were observed from monitoring. 

 
 
 

 

 
 
 
 
 

Figure 6.4: August 2009- South Site PP 3-C 

Figure 6.2: August 2009- South Site PP 2-B 
 

B 
B 

A A 
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6.4 Discussion 
 

The predominant change that has occurred at most photo points is the growth of salt marsh 
and marine riparian vegetation. Vegetation growth varies by location, depending on the graded 
elevation of the site and quality of soil adjacent to the site. Surveys of the S-site indicate that 
both salt marsh and marine riparian vegetation establishment has been successful. Box A in 
figures 6.2 and 6.3 demonstrates that salt marsh vegetation is beginning to establish in areas 
that were once bare soil. In these same images, box B indicates that bare soil along the edge of 
the site has become vegetated with both native grasses and shrub vegetation. Nootka rose, and 
Hooker willow dominate the sloped site. Above the slope, native trees and shrubs have been 
planted to maintain a forested buffer between Salmon Creek and its estuary. The vegetation is 
important to maintain the slope and prevent excess erosion. Figures 6.4 and 6.5 provide a 

Figure 6.6: November 2009- South Site PP 3-B Figure 6.7: January 2011- South Site PP 3-B 

Figure 6.8: August 2009- North Site PP 4-A Figure 6.9: July 2010- North Site PP 4-A 
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closer view of established marine riparian vegetation along the buffer of the estuary. During 
winter flooding in 2011, water from Snow Creek entered the estuary through this planting site. 
Post-flooding, there was little indication of flooding or erosion and vegetation remained in 
healthy condition. 
 
Indication of changing hydrology is evident in figures 6.6 and 6.7. Water from high flows of 
Salmon Creek has access to the salt marsh surface, which acts as a floodplain at the mouth of 
Salmon Creek. This has resulted in a steady sheet flow of water entering the main estuary 
channel through a series of side channels. Refer to figure 5.4 for an aerial image that reveals 
these changes. 
 
 Hooker willow and Pacific willow have begun to form small thickets along the north edge of N-
site (Figure 6.9). The marine riparian vegetation, although not monitored, will provide shade 
and food sources for juvenile fish and waterfowl utilizing the estuary. In addition, this 
vegetation will help to stabilize the banks and decrease the amount of exposed soil that 
resulted from excavation of the site.  
 
The salt marsh vegetation transects did not capture the LSM vegetation that is beginning to 
recruit along the edges of the north site. Figures 6.8 and 6.9 demonstrate that although 
vegetation has not recruited as successfully as that seen on the south site, there are still marsh 
species becoming established.  
 
Photo point monitoring has proven to be an efficient and effective method of monitoring and 
capturing information regarding the results of restoration, including marine riparian and salt 
marsh vegetation growth and surface changes on the excavated site. Photo point monitoring 
will be continued into the future by the North Olympic Salmon Coalition to ensure that the 
project is continuing to meets its goals and objectives.  
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Appendix A. Plant List for Salmon Creek Estuary  
 

Salmon Creek (9/23/04) by Fred Weinmann 
  

sm=salt marsh 

    
hsm=high salt marsh 

   

N=Native 
I=Invasive lsm=low salt marsh 

   
Nox=noxious rr=railroad grade 

    
rip=riparian 

Scientific Name Common name Family Origin Location 

Abies grandis Grand fir Pinaceae N rr 

Acer macrophyllum Bigleaf maple Aceraceae N 
 Achillea millefolium Yarrow Asteraceae N rr 

Agrostis capillaris Colonial bentgrass Poaceae I rr,pasture 

Agrostis stolonifera Creeping bentgrass Poaceae I hsm,rr 

Aira praecox Elegant hairgrass Poaceae I rr 

Alnus rubra Red Alder Betulaceae N rip 

Alopecurus pratensis Meadow foxtail Poaceae I pasture 

Ambrosia chamissonis Silver burweed Asteraceae N sandy shores 

Amelanchier alnifolia Serviceberry Rosaceae N rr 

Anaphalis margaritacea Pearly everlasting Asteraceae N rr,rip 

Angelica lucida Sea watch Apiaceae N hsm 

Arbutus menziesii Pacific madrone Ericaceae N rr 

Asparagus officinalis Asparagus Liliaceae I hsm 

Aster subspicatus Saltmarsh aster Asteraceae N hsm 

Athyrium filix-femina Lady fern Dryopteridaceae N rr,rip,fw  

Atriplex prostrata Fat hen Chenopodiaceae I hsm 

Brassica nigra Black mustard Brassicaceae I pasture 

Buddleja davidiii Butterfly bush Buddlejaceae I rr 

Calystegia silvatica Giant bindweed Convolvulaceae I rr,rip 

Carex deweyana Dewey's sedge Cyperaceae N pasture 

Carex lyngbyei Lyngbey's sedge Cyperaceae N hsm.lsm 

Carex obnupta Slough sedge Cyperaceae N fw  

Centaurea biebersteinii Spotted knapweed Asteraceae I rr 

Chenopodium album Lambsquarters Chenopodiaceae I rr,hsm 

Cichorium intybus Chicory Asteraceae I rr 

Cirsium arvense Creeping thistle Asteraceae nox rr,rip,pasture, sm 

Cornus sericea Red-stem dogwood Cornaceae N rip 

Crepis capillaris Smooth hawk's beard Asteraceae I rr 

Cytisus scoparius Scot's broom Fabaceae nox rr 

Dactylus glomerata Orchard grass Poaceae I rr,pasture 

Daucus carota Queen Ann's lace Apiaceae nox rr 

Deschampsia cespitosa Tufted hairgrass Poaceae N hsm 

Dipsacus fullonum Wild teasel Dipsacaceae I rr,rip 

Distichlis spicata Saltgrass Poaceae N hsm,lsm 

Elytrigia repens Quackgrass Poaceae I rr,pasture 

Epilobium ciliatum Watson's willowherb Onagraceae N rip 
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Equisetum arvense Field horsetail Equisetaceae N pasture 

Equisetum hyemale Scouring rush Equisetaceae N rip 

Equisetum telmatiea Giant horsetail Equisetaceae N rr,rip 

Festuca arundinaceae Tall fescue Poaceae I rr,pasture 

Festuca rubra var. littoralis Salt marsh fescue Poaceae N hsm 

Festuca rubra var. rubra European red fescue Poaceae I pasture 

Fragaria virginiana Wild strawberry Rosaceae N rr 

Gaultheria shallon Salal Ericaceae N rr 

Geum macrophyllum Big-leaved avens Rosaceae N rr,rip 

Glaux maritima Sea milkwort Primulaceae N hsm 

Glechoma hederacea Creeping charlie Lamiaceae I rr,rip 

Grindelia integrifolia Beach gumweed Asteraceae N rr,hsm 

Holcus lanatus Velvet grass Poaceae I rr,pasture 

Holodiscus discolor Ocean spray Rosaceae N rr,rip 

Hordeum brachyantherum Meadow barley Poaceae N hsm 

Hypericum perforatum St. John's wort Celastraceae nox rr 

Hypochaeris radicata Hairy catsear Asteraceae nox rr 

Ilex aquifolium English holly Aquifoliaceae I rr 

Impatiens capensis Jewelweed Balsaminaceae I rip 

Juncus balticus Baltic rush Juncaceae N hsm 

Juncus effusus var. pacificus Soft rush Juncaceae N hsm 

Juncus effusus var.effusus Wire rush Juncaceae I rr,pasture 

Juncus gerardii Mud rush Juncaceae I hsm 

Lactuca muralis Wall lettuce Asteraceae I rr 

Lapsana communis Nipplewort Asteraceae I rr 

Lathyrus littoralis Gray beach pea Fabaceae N rr 

Lolium perenne Perennial ryegrass Poaceae I pasture 

Lonicera involucrata Black twinberry Caprifoliaceae N rip 

Lotus corniculatus Bird's foot trefoil Fabaceae I pasture 

Lupinus arboreus Tree lupine Fabaceae I rr 

Malus fusca Pacific crabapple Rosaceae N rr,rip 

Oemlaria cerasiformis Indian plum Rosaceae N rr 

Phalaris arundinacea Reed canary grass Poaceae nox pasture,rip,filled sm,fw 

Phleum pratense Timothy Poaceae I pasture 

Picea sitchensis Sitka spruce Pinaceae N rr 

Plantago lanceolata English plantain Plantaginaceae I rr 

Plantago maritima Salt marsh plantain Plantaginaceae N hsm,lsm 

Polystichum munitum Sword fern Polypodiaceae N rr,rip 

Potentilla anserina Pacific silverweed Rosaceae N hsm,rip,fw  

Prunus avium Mazzard Rosaceae I rr 

Pseudotsuga menziesii Douglas fir Pinaceae N rr 

Pteridium aquilinum Bracken Polypodiaceae N rr 

Ranunculus acris Meadow buttercup Ranunculaceae I rr,pasture 

Ranunculus repens Creeping buttercup Ranunculaceae I rr,rip,pasture,filled sm 

Rhamnus purshiana Cascara Rhamnaceae N rr,rip 

Rhododendron macrophyllum Pacific rhododendron Ericaceae N rr 

Rosa nutkana Nootka rose Rosaceae N rr,rip 
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Rubus armeniacus Himalaya blackberry Rosaceae I rr,rip,pasture 

Rubus laciniatus Evergreen blackberry Rosaceae I rr,pasture 

Rubus parviflorus Thimbleberry Rosaceae N rr,rip 

Rubus spectabilis Salmon berry Rosaceae N rr,rip 

Rubus ursinus Dewberry Rosaceae N rr,rip, 

Rumex crispus Sour dock Polygonaceae I rr,pasture 

Salicornia virginica American glasswort Chenopodiaceae N hsm,lsm 

Salix lasiandra Pacific willow Salicaceae N rip 

Salix scouleriana Scouler's willow Salicaceae N rr,rip 

Sambucus racemosa Red elderberry Caprifoliaceae N rr 

Scirpus acutus Hard-stem bulrush Cyperaceae N salt water shoreline 

Scirpus maritimus Salt marsh bulrush Cyperaceae N salt water shoreline 

Scirpus microcarpus Small-fruited bulrush Cyperaceae N pasture,fw 

Senecio jacobaea Tansy ragwort Asteraceae nox rr 

Solanum dulcamera Bittersweet nightshade Solanaceae I rr,rip 

Sorbus aucuparia Rowan tree Rosaceae I rr 

Spiraea douglasii Hardhack Rosaceae N rr,rip,fw  

Stellaria humifusa Salt marsh starwort Caryophyllaceae N lsm 

Taraxacum officinale Dandelion Asteraceae I rr,pasture 

Thuja plicata Western redcedar Cupressaceae N rr,rip 

Trifolium arvensis Rabbit's foot clover Fabaceae I rr 

Trifolium pratense Red clover Fabaceae I rr,pasture 

Trifolium repens White clover Brassicaceae I rr 

Triglochin maritima Seaside arrowgrass Juncaginaceae N hsm,lsm 

Tsuga heterophylla Western hemlock Pinaceae N rr,rip 

Typha latifolia Common cattail Typhaceae N fresh water 

Urtica dioica var. lyallii Stinging nettle Urticaceae N rr,rip 

Vaccinium ovatum Evergreen huckleberry Ericaceae N rr 

Vaccinium parvifolium Red huckleberry Ericaceae N rr 

Verbascum thapsus Common mullein Scrophulariaceae I rr 

Vicia sativa Common vetch Fabaceae I rr 
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Appendix B. Fish Survey Results for Salmon Estuary 
 

Salmon Estuary Tidal Channel Fish Utilization

 - Fish Database -
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Total fish

2/17/2009 Channel 1 N-Site 8:00am 7.5 12:30pm 3.75 45 F channel doesn't completely empty 245 245

39861 Channel 1 N-Site 8:00am 7.5 12:30pm 3.75 45 F channel doesn't completely empty 9 9

2/18/2009 Channel 3 Reference 8:00am 7 1:30pm 3.5 ice on water when net installed 3 3

39862 Channel 2 Leachate 8:30am 7 1:30pm 3.5 ice on surface when installed; 4 large steelhead near mouth of channel 11 11

2/18/2009 Channel 2 Leachate 8:30am 7 1:30pm 3.5 ice on surface when installed; 4 large steelhead near mouth of channel 1 1

2/18/2009 Channel 2 Leachate 8:30am 7 1:30pm 3.5 ice on surface when installed; 4 large steelhead near mouth of channel 18 18

39875 Channel 1 N-Site 8:30am 6.5 11:00am 3 44 F 40 F 11:00 nearly dry; had to crawl into net to get chum; 5 dyed (WDFW), wood waste gobs in the net. 542 542

3/3/2009 Channel 1 N-Site 8:30am 6.5 11:00am 3 44 F 40 F 11:00 nearly dry; had to crawl into net to get chum; 5 dyed (WDFW), wood waste gobs in the net. 100 100

3/3/2009 Channel 1 N-Site 8:30am 6.5 11:00am 3 44 F 40 F 11:00 nearly dry; had to crawl into net to get chum; 5 dyed (WDFW), wood waste gobs in the net. 1 1

3/3/2009 Channel 1 N-Site 8:30am 6.5 11:00am 3 44 F 40 F 11:00 nearly dry; had to crawl into net to get chum; 5 dyed (WDFW), wood waste gobs in the net. 2 2

3/4/2009 Channel 3 Reference 8:00am 7.5 10:45am 3.5 35.6 F 38 F 1st chum of year in this channel 25 25

39876 Channel 3 Reference 8:00am 7.5 10:45am 3.5 35.6 F 38 F 1st chum of year in this channel 3 3

39876 Channel 2 Leachate 8:45am 7 11:00am 3 40 F 40 F 26 26

3/4/2009 Channel 2 Leachate 8:45am 7 11:00am 3 40 F 40 F 5 5

3/4/2009 Channel 2 Leachate 8:45am 7 11:00am 3 40 F 40 F 2 2

5/4/2009 Channel 1 N-Site 4:40PM 6:40pm 115 115

5/5/2009 Channel 2 Leachate 5:00pm 9:00pm 20 20

5/5/2009 Channel 2 Leachate 5:00pm 9:00pm 1 1

5/19/2009 Channel 1 N-Site 5:55pm 10:44pm 92 92

5/19/2009 Channel 1 N-Site 5:55pm 10:44pm 0

5/19/2009 Channel 1 N-Site 5:55pm 10:44pm 5 5

5/19/2009 Channel 1 N-Site 5:55pm 10:44pm 56 56

40231 Channel 1 N-Site 7:39am 7.1 11:45am 1 C 6 C 37 37

2/22/2010 Channel 1 N-Site 7:39am 7.1 11:45am 1 C 6 C 41 41

2/22/2010 Channel 1 N-Site 7:39am 7.1 11:45am 1 C 6 C 1 1

2/22/2010 Channel 1 N-Site 7:39am 7.1 11:45am 1 C 6 C 182 182

2/23/2010 Channel 2 Leachate 8:47am 7.9 12:02pm 6 C 6 C 2 2

2/23/2010 Channel 2 Leachate 8:47am 7.9 12:02pm 6 C 6 C 1 1

2/23/2010 Channel 2 Leachate 8:47am 7.9 12:02pm 6 C 6 C 2 2

2/23/2010 Channel 2 Leachate 8:47am 7.9 12:02pm 6 C 6 C 1 1

2/23/2010 Channel 2 Leachate 8:47am 7.9 12:02pm 6 C 6 C 272 272

2/23/2010 Channel 3 Reference 8:26am 7.9 11:55am 6 C 6 C 28 28

3/23/2010 Channel 1 N-Site 7:55am 7 11:35am 40 F 44 F 1 1

40260 Channel 1 N-Site 7:55am 7 11:35am 40 F 44 F 6 6

3/23/2010 Channel 1 N-Site 7:55am 7 11:35am 40 F 44 F 100 100

40259 Channel 2 Leachate 8:00am 7 9:56am 40 F 46 F 95 95

3/22/2010 Channel 2 Leachate 8:00am 7 9:56am 40 F 46 F 209 209

40259 Channel 3 Reference 7:30am 7.9 9:30am 7 C 6 C 1 1

3/22/2010 Channel 3 Reference 7:30am 7.9 9:30am 7 C 6 C 11 11

4/27/2010 Channel 1 N-Site 4:12pm 7.6 8:25pm 16 C 13 C 43 43

40295 Channel 1 N-Site 4:12pm 7.6 8:25pm 16 C 13 C 9 9

4/27/2010 Channel 1 N-Site 4:12pm 7.6 8:25pm 16 C 13 C 1 1

4/27/2010 Channel 1 N-Site 4:12pm 7.6 8:25pm 16 C 13 C 21 21

5/12/2010 Channel 2 Leachate 4:45pm 6 8:03pm 15.5 C 14 C 22 22

5/12/2010 Channel 2 Leachate 4:45pm 6 8:03pm 15.5 C 14 C 1 1

5/12/2010 Channel 2 Leachate 4:45pm 6 8:03pm 15.5 C 14 C 174 174

5/12/2010 Channel 3 Reference 5:10pm 6 7:30pm 15.5 C 14 C 51 51

2/15/2011 Channel 1 N-Site 12:00 PM 7.8 4:00 PM 3.8 8 C 9 C Channel didn't completely empty: had to crawl in net to get chum and pull net early 3 3

40589 Channel 1 N-Site 0.5 7.8 0.666667 3.8 8 C 9 C Channel didn't completely empty: had to crawl in net to get chum and pull net early 267 267

2/15/2011 Channel 1 N-Site 12:00 PM 7.8 4:00 PM 3.8 8 C 9 C Channel didn't completely empty: had to crawl in net to get chum and pull net early 9 9

2/14/2011 Channel 2 Leachate 10:45 AM 7.6 2:57 4 12 C 12 C high outflow from river, windy and rainy. Channel did not completely empty 64 64

40588 Channel 2 Leachate 0.447917 7.6 0.122917 4 12 C 12 C high outflow from river, windy and rainy. Channel did not completely empty 64 64

2/15/2011 Channel 3 Reference 12:15 PM 7.8 3:30 3.8 8 C 9 C 6 6

40589 Channel 3 Reference 0.510417 7.8 0.145833 3.8 8 C 9 C 4 4

40616 Channel 1 N-Site 0.430556 7 0.590278 4 10 C 6 C 1018 1018

3/14/2011 Channel 1 N-Site 10:20 AM 7 2:10 PM 4 10 C 6 C 4 4

3/14/2011 Channel 1 N-Site 10:20 AM 7 2:10 PM 4 10 C 6 C 13 13

3/14/2011 Channel 1 N-Site 10:20 AM 7 2:10 PM 4 10 C 6 C 2 2

40617 Channel 2 Leachate 0.479167 6.9 0.638889 3.8 13 C 9 C 121 121

3/15/2011 Channel 2 Leachate 11:30 AM 6.9 3:20 PM 3.8 13 C 9 C 1 1

3/15/2011 Channel 2 Leachate 11:30 AM 6.9 3:20 PM 3.8 13 C 9 C 3 3

3/15/2011 Channel 2 Leachate 11:30 AM 6.9 3:20 PM 3.8 13 C 9 C 36 36

40617 Channel 3 Reference 0.489583 6.9 0.614583 4 13 C 9 C 48 48

3/15/2011 Channel 3 Reference 11:45 AM 6.9 2:45 PM 4 13 C 9 C 24 24

40642 Channel 1 N-Site 0.291667 6.7 0.416667 3.8 6 C 8 C lower than normal tide set, water only filled channel 20 20

4/9/2011 Channel 1 N-Site 7:00 6.7 10:00 AM 3.8 6 C 8 C lower than normal tide set, water only filled channel 2 2

4/9/2011 Channel 1 N-Site 7:00 6.7 10:00 AM 3.8 6 C 8 C lower than normal tide set, water only filled channel 1 1

4/9/2011 Channel 1 N-Site 7:00 6.7 10:00 AM 3.8 6 C 8 C lower than normal tide set, water only filled channel 245 245

40643 Channel 2 Leachate 0.326389 6.5 0.416667 3.8 8 C 10 C 18 18

4/10/2011 Channel 2 Leachate 7:50 AM 6.5 10:00 AM 3.8 8 C 10 C 21 21

4/10/2011 Channel 3 Reference 7:35 AM 6.5 9:50 AM 3.8 8 C 10 C Ocular 20 20
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Appendix C. Tidal Channel Surveys and Cross-Sections 
 

Tables C1: Survey Control Points and Cross Section Monument Locations 

WDFW Survey Control Points  

Control 
Point Northing Easting 

Elevation 
(MLLW) 

CP 1012 11866.48 11512.51 12.57 

CP 1013 11731.21 11563.97 14.01 

CP 3003 12192.4463 11522.455 10.63 

CP 3004 12728.0724 11789.287 11.13 

CP 3005 12451.4762 11891.492 11.96 

CP 3006 12042.8164 11809.089 9.11 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

South Site

Cross Section Northing Easting

Elevation 

MLLW
XS 7+80 Left Bank 10383.67864 11763.28377 7.60

XS 7+80 Right Bank 10424.72018 11770.04186 7.58

XS 6+00 Left Bank 10526.59767 11634.10527 7.34

XS 6+00 Right Bank 10541.56334 11674.28314 7.43

XS 4+00 Right Bank 10684.33748 11577.88498 7.57

XS 4+00 Left Bank 10652.70534 11529.62869 7.71

XS 2+00 Left Bank 10846.48052 11438.73965 7.39

XS 2+00 Right Bank 10886.95195 11490.85563 7.67

XS 0+25 Right Bank 11044.35516 11399.619 7.51

XS 0+25 Left Bank 11008.25988 11337.51039 7.61

XS 0+75 Right Bank Side Channel 10773.21666 11486.85338 7.40

XS 0+75 Left Bank Side Channel 10756.4675 11445.76279 7.44    

Cross Section Monuments 
North Site   

Cross Section Northing Easting 
Elevation 

MLLW 

XS 0+40 Left Bank 12225.4252 11930.575 7.513087 

XS 0+40 Right Bank 12179.7605 11897.267 7.906652 

XS 1+50 Left Bank 12266.02 11887.736 7.486581 

XS 1+50 Right Bank 12264.3948 11833.857 7.544801 

XS 3+60 Left Bank 12388.3033 11780.002 7.722735 

XS 3+60 Right Bank 12381.1536 11732.692 7.650241 

XS 5+50 Left Bank 12537.4058 11829.64 7.734114 

XS 5+50 Right Bank 12515.9852 11790.679 7.631415 

XS 6+50 Left Bank 12627.6838 11812.355 7.545537 

XS 6+50 Right Bank 12610.0727 11777.007 7.927734 

XS 1+00 Side Chan 
RB 12244.5039 11760.878 7.663001 

XS 1+00 Side Chan 
LB 12242.0559 11716.317 7.511241 

 

Note:  Top of bank on plan view is 
2009 top of bank. 
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Locations of channel cross-sections at North Project Site marked with black lines.  
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Locations of channel cross-sections at South Project Site marked with black lines.  
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