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NOTE: This Year 1 monitoring report was revised in June 2024 to include an addiƟonal 
memorandum prepared by Snohomish County in order to meet one of the reporƟng 
requirements of the project grant from the NaƟonal Oceanic and Atmospheric AdministraƟon, 
NaƟonal Marine Fisheries Service (NOAA-NMFS-HCPO-2020-2006306). As part of 
implementaƟon monitoring, the grant requires a comparison of pre- and post-hydrographs for 
the Meadowdale Beach Park Estuary RestoraƟon project (NOAA 2022). Two approaches were 
followed for evaluaƟng the before and aŌer effecƟveness of the culvert replacement with a 
railroad bridge on the natural Ɵdal fluctuaƟons: 1) before-aŌer hydrographs, and 2) before-
aŌer flow velocity. Approach 1 is described and demonstrated in Appendix E of this document. 
Approach 2 is reported in the Year 1 Monitoring Report under Fish Passage CondiƟons (pp. 8 – 
11). 







 

Meadowdale Beach Park and Estuary i ESA / D201801336.08 

Restoration Effectiveness Monitoring Year 1 Report December 2023 / Rev. June 2024 

TABLE OF CONTENTS 
Meadowdale Beach Park and Estuary 
Restoration Effectiveness Monitoring  
Year 1 Report 

Page 

Executive Summary 
Year 1 Report ............................................................................................................................ 1 

Introduction ....................................................................................................................... 1 
Restoration Project Goals and Objectives ....................................................................... 2 
A Collaborative Monitoring Partnership ............................................................................ 3 
Monitoring Area Definitions and Sampling Reaches........................................................ 3 
Overview of Monitoring Elements..................................................................................... 6 
Required Monitoring Elements ......................................................................................... 7 

Fish Passage Conditions ........................................................................................ 8 
Channel Cross-sections and Profile Surveys ....................................................... 11 
Stream Habitat, Benthic Macroinvertebrates, and Large Woody Material ........... 20 
Planted Vegetation Survival and Coverage .......................................................... 30 

Additional Monitoring Elements ...................................................................................... 36 
Sediment Dynamics and Habitat Area in Upper Estuary and Creek Outlet ......... 36 
Sediment Dynamics in Lower Estuary and Adjacent Nearshore .......................... 41 
Fish Use ................................................................................................................ 42 
Salmon Spawning Ground Surveys ...................................................................... 48 
Forage Fish Egg Presence ................................................................................... 51 
Additional Vegetation Characteristics ................................................................... 54 
Photo Points .......................................................................................................... 54 

Summary of Year 1 Monitoring Findings ........................................................................ 57 
Recommendations .......................................................................................................... 58 

Vegetation Monitoring Protocols ........................................................................... 58 
Site Maintenance .................................................................................................. 58 
Topographic Surveys, Substrate Size Mapping, and Sediment Particle 

Tracking ...................................................................................................... 58 
Conduct Beach Seining of Fish Community ......................................................... 59 
Conduct Additional Monitoring Elements .............................................................. 59 

References Cited ............................................................................................................ 60 
 

List of Figures 

Figure 1. Monitoring Areas ........................................................................................................ 5 
Figure 2. Sampling Reaches ..................................................................................................... 6 
Figure 3. Post-Restoration Velocity Measurement Location at Upstream Margin of 

Bridge During High Tide with Inset Photo of Pre-Restoration Location ............... 10 



Table of Contents 
 

Page 

Meadowdale Beach Park and Estuary ii ESA / D201801336.08 

Restoration Effectiveness Monitoring Year 1 Report December 2023 / Rev. June 2024 

Figure 4. Looking Upstream at Bridge and Sampling Transect After Tide Receded .............. 10 
Figure 5. Post-Restoration Flow Velocities Measured in 15-Minute Intervals from 

High Tide (8:00 am) to Until Only Stream Flow Was Present (9:30 am) ............. 11 
Figure 6. Topographic Survey Data from Upper Estuary and Creek Outlet Transects .......... 14 
Figure 7. Topographic Survey Data from As-Built Survey ...................................................... 15 
Figure 8. MHHW and HAT Locations Based On Topographic Survey Data ........................... 16 
Figure 9. Cross-section Locations in Lund’s Gulch Creek ...................................................... 17 
Figure 10. Lund’s Gulch Creek Cross-sections 1 through 6 ................................................... 18 
Figure 11. Lund’s Gulch Creek Cross-sections 7 through 10 ................................................. 19 
Figure 12. Map of 2021 and 2023 Habitat Unit Survey by Year and Habitat Type ................. 23 
Figure 13. Lund’s Gulch Creek Excavated Embayment Area Looking Upstream 

Toward the Creek Mouth ...................................................................................... 23 
Figure 14. B-IBI Sample Collection Locations in 2021 (green) and 2023 (blue) .................... 27 
Figure 15. Map view of large woody material surveyed in 2023 ............................................. 29 
Figure 16. Large Woody Material (flagged) with Rootwads Placed in Lund’s Gulch 

Creek Segment 3 .................................................................................................. 29 
Figure 17. Vegetation Monitoring Transects, Photo Points, and Vegetation Plots ................. 32 
Figure 18. Digital Surface Model of Restoration Area ............................................................. 37 
Figure 19. Supplemental Topographic Data Collected to Supplement Drone-based 

Digital Surface Model ............................................................................................ 38 
Figure 20. Channel Alignments Through Upper Estuary ........................................................ 39 
Figure 21. High Resolution Digital Surface Model of Upper Estuary ...................................... 40 
Figure 22. High Resolution Digital Surface Model of Lower Estuary ...................................... 43 
Figure 23. Beach Transects with Elevations Relative to MLLW, MHHW, and HAT ............... 44 
Figure 24. Example Beach Profiles from Blue Coast Engineering.......................................... 45 
Figure 25. Salmon and Trout Catches by Year and Sampling Reach .................................... 46 
Figure 26. Adult Salmon Observations in Spawning Ground Surveys ................................... 49 
Figure 28. Photo Points Established in the Upper Estuary, Creek Outlet, and Lower 

Lund’s Gulch Creek .............................................................................................. 56 
 

List of Tables 

Table 1 Sampling Reaches ....................................................................................................... 6 
Table 2 Effectiveness Monitoring Elements .............................................................................. 7 
Table 3 Fish Passage Monitoring Summary ............................................................................. 8 
Table 4 Channel Cross-sections and Profile Monitoring Summary ........................................ 12 
Table 5 Aquatic Habitat and Large Woody Material Monitoring Summary ............................. 20 
Table 6 Pre- and Post-Restoration Aquatic Habitat Mapping By Sampling Reach ................ 21 
Table 7 2021 Pre-Restoration Habitat Inventory in Reaches 1 through 3 .............................. 24 
Table 8 Spring 2023 Post-Restoration Habitat Inventory ........................................................ 24 
Table 9 Summer 2023 Post-Restoration Habitat Inventory in Reaches 2 to 5 ....................... 25 
Table 10 Summer 2023 Post-Restoration Pool Data in Reaches 2 to 5 ................................. 25 
Table 11 Stream Temperature Data In Lund’s Gulch Creek ................................................... 26 
Table 12 Benthic Macroinvertebrate Data Collection Years and Results for 10 Metrics 

That Contribute to the Final B-IBI Scores (0–100) ............................................... 28 
Table 13 Large Woody Material Inventory .............................................................................. 28 
Table 14 Planted Vegetation Survival and Coverage Monitoring Summary ........................... 30 
Table 15 Lower Estuary and Adjacent Nearshore Transect Locations ................................... 41 
Table 16 Fish Use Pre- and Post-Restoration......................................................................... 45 
Table 17 Fish Use Monitoring Summary ................................................................................. 47 
Table 18 Salmon Spawning Ground Surveys Monitoring Summary ....................................... 50 
Table 19 Forage Fish Eggs Detected in Surveys .................................................................... 52 



 

Meadowdale Beach Park and Estuary iii ESA / D201801336.08 

Restoration Effectiveness Monitoring Year 1 Report December 2023 / Rev. June 2024 

Table 20 Forage Fish Egg Presence Monitoring Summary .................................................... 53 
Table 21 Photo Points Monitoring Summary ........................................................................... 54 
Table 22 Summary of Monitoring Results ............................................................................... 57 
 

Appendices 

A. Initial As-Built Survey of Planting Plan 
B. Vegetation Monitoring Data Table 
C. Vegetation Monitoring Transect Photographs and Photo Points 
D. Edmonds Stream Team 2023 Salmon Spawner Survey Preliminary Report 
E. Meadowdale Beach Park Tier 1 Monitoring 

 

Acronyms and Abbreviations 

ADA Americans with Disabilities Act 
BFW bankfull width 
BNSF Burlington Northern Santa Fe 
DCNR Department of Conservation and Natural Resources 
ESRP Estuary and Salmon Restoration Program 
GPS 
HAT 

global positioning system 
highest astronomical tide 

LWD large woody debris 
Meadowdale project  Meadowdale Beach Park and Estuary Restoration project 
MHHW mean higher high water 
MTL mean tide level 
NOAA National Oceanic and Atmospheric Administration 
RTK-GPS Real-Time Kinematic Global Positioning System 
WDFW Washington Department of Fish and Wildlife 
 



 

Meadowdale Beach Park and Estuary 1 ESA / D201801336.08 

Restoration Effectiveness Monitoring Year 1 Report December 2023 / Rev. June 2024 

MEADOWDALE BEACH PARK AND 
ESTUARY RESTORATION EFFECTIVENESS 
MONITORING 
Year 1 Report 

Introduction 

In 2023, Snohomish County Department of Conservation and Natural Resources (Snohomish 
County) completed construction of the Meadowdale Beach Park and Estuary Restoration Project. 
The project transformed the site to restore fish passage, improve salmon habitats, increase the 
site’s resilience to climate change, and improve the park experience and safe access to the Puget 
Sound shoreline. 

The primary components of the habitat restoration project were the replacement of an undersized 
6-foot-wide culvert with a multi-span railroad bridge to create a 90-foot-wide channel opening at 
the mouth of Lund’s Gulch Creek, the excavation of a large estuary immediately upstream from 
the Burlington Northern Santa Fe (BNSF) railroad crossing, and an expanded tidal channel 
downstream of the railroad crossing. Native riparian planting and large woody debris installation 
in the estuary and stream further improve habitat conditions. 

The project restored estuary habitat to benefit salmon originating in Lund’s Gulch Creek as well 
as juvenile salmon migrating to the site from other river systems. A primary objective of the 
restoration was to improve habitat for rearing by juvenile Chinook salmon (Oncorhynchus 
tshawytscha) which are listed under the Endangered Species Act. In addition to salmon, the 
project aimed to benefit other fish and wildlife who use estuary habitats and restore fluvial, 
estuarine, and coastal processes in the project area.  

Project construction began in 2021 with the excavation of much of the enlarged estuary. In 2022, 
the new railroad bridge was installed and the rest of the estuary excavation was completed. 
Important habitat restoration refinements were made in 2023 so that the constructed project more 
fully matched the engineer’s final design.  

The Meadowdale project is regionally significant due to the railroad bridge component and the 
extent of estuary habitat restoration at the site. This is the first restoration in Puget Sound that 
included replacing a railroad crossing to improve habitat restoration and fish passage in a larger 
project. Another aspect of regional significance is the repurposing of a substantial portion of the 
park area near the railroad from a recreational focus to a habitat focus.  



Restoration Project Goals and Objectives 
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Snohomish County and multiple partners are committed to monitoring the site and evaluating the 
effectiveness of the restoration. A 10-year effectiveness monitoring plan was prepared to guide 
the monitoring program (ESA 2022). The monitoring plan was developed with input from a 
monitoring workgroup of experts convened by Snohomish County. As this is the first stream 
mouth restoration project along the Puget Sound shoreline impacted by the BNSF railroad, 
effectiveness monitoring is particularly important to inform the design of future restoration 
projects at other stream mouths. In addition, the effectiveness monitoring provides essential 
information to document the benefits and sustainability of investments by Snohomish County, the 
grant funding programs that contributed to the restoration, and to BNSF Railway, which controls 
the right-of-way. 

The monitoring plan includes monitoring elements that are required as part of grant funding and 
permit agreements. Specifically, monitoring and performance standards were established in a 
monitoring plan included with the National Oceanic and Atmospheric Administration (NOAA) 
Coastal and Marine Habitat Restoration Grant. The monitoring plan also identifies several 
additional monitoring elements focused on other aspects of project effectiveness, some of which 
are of regional interest and potentially important for future project development and design at 
other railroad embanked stream deltas at nearshore or estuarine locations. 

This Year 1 post-restoration monitoring report documents the monitoring work completed in 
2023 and evaluates the performance for each of the monitoring elements studied. Since 
construction continued into 2023 in the estuary and the project included comprehensive changes 
to the lower stream and estuary, the data collection reported here sets the post-restoration baseline 
against which future years of data collection can be compared. This Year 1 post-restoration 
monitoring report includes adaptations to the general methods described in the monitoring plan 
(ESA 2022). These adaptations reflect the methods implemented by project partners collecting 
the data. The adaptations were necessary to improve consistency with standard protocols, 
previous methods used to collect baseline data, and based on site conditions requiring adjustment 
to the methods. 

Restoration Project Goals and Objectives 

The restoration goals and objectives inform what project effectiveness means for the Meadowdale 
project. The following goals and objectives are from the Restoration Design Report (Anchor QEA 
2018a). 

The overarching ecological goal of the project was to restore the estuary of Lund’s Gulch Creek, 
including natural sediment and hydrologic processes in order to provide high-functioning, 
sustainable rearing habitat for non-natal juvenile Chinook (listed as threatened by the Endangered 
Species Act), as well as Coho (O. kisutch) and chum salmon (O. keta), coastal cutthroat trout (O. 
clarkii clarkii), and other fish species, within the park setting. Given the park’s setting and the 
presence of a high-volume railroad line through the project area, a complementary goal of the 
project is to provide ecological restoration improvements while also maintaining compatible 
recreational uses, in particular improved access to the beach for park users. 
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Specific project objectives to achieve the goals included the following: 

 Remove approximately 130 linear feet of hard-armored railroad embankment and the 
undersized (6-foot-wide) culvert. 

 Install a multi-span bridge with a 90-foot opening to dissipate flood waters, restore natural 
sediment transport processes, and allow the creek to meander dynamically over time, creating 
essential habitat. 

 Create approximately 1 acre of tidal estuary habitat. 

 Restore approximately 1 acre of nearshore and stream riparian buffers along the shoreline and 
stream using native trees and shrubs. 

 Restore in-stream habitat conditions by placing large woody debris in the lower creek and 
restored estuary. 

 Address public safety (railroad crossing) and beach access issues associated with the 
undersized culvert, sediment, and flooding. 

 Provide Americans with Disabilities Act (ADA)-compliant and year-round access to the 
beach. 

 Enhance the park user experience through provision of diverse natural habitats. 

 Enhance environmental education opportunities, including providing interpretive signage. 

A Collaborative Monitoring Partnership 

The planning and implementation of the monitoring program is a highly collaborative effort 
among many organizations. Snohomish County convened a monitoring work group to guide 
monitoring activities. The monitoring work group includes partners from Snohomish County, 
Tulalip Tribes, Snohomish County Marine Resources Committee, Edmonds Stream Team, Blue 
Coast Engineering, U.S. Geological Survey, and Washington Sea Grant. Snohomish County 
appreciates the contributions each of these partners has made. 

Monitoring Area Definitions and Sampling Reaches 

The monitoring plan includes monitoring activities in five distinct areas. From upstream to 
downstream, the monitoring areas are defined as follows and shown in Figure 1: 

 Lower Lund’s Gulch Creek – Portion of the stream where restoration occurred; the 
upstream end is the pedestrian bridge near the park ranger’s house. 

 Creek Outlet – Transitional area where the creek widens as it enters the restored upper 
estuary. 

 Upper Estuary – Restored tidal estuary landward of the railroad, including the area under the 
railroad bridge. 

 Lower Estuary – Estuary waterward of the railroad bridge and including the entire shoreline 
delta. 

 Adjacent Nearshore – Adjacent areas north and south of the project area. 
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These outlined areas on the map outlines are the general boundaries of each monitoring area and 
are not strict outlines of the extent of sampling. For example, vegetation monitoring in the upper 
estuary may extend outside of the outline shown in Figure 1. 

The Tulalip Tribes established sampling reaches throughout the monitoring area (Table 1 and 
Figure 2). The sampling reaches were used in the aquatic habitat mapping and fish-use sampling 
efforts. These post-restoration reaches varied from pre-restoration reaches, but pre-restoration 
sampling results were adjusted here for reporting to coincide with the post-restoration reaches. 
For example, the pre-restoration stream habitat mapping occurred in two reaches (numbers 2 
and 3), but those reaches coincide with three post-restoration reaches so the data are reported as 
being from three sampling reaches (numbers 1 through 3). 
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Figure 1. Monitoring Areas 
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TABLE 1 
SAMPLING REACHES 

Reach Post-Restoration Description Monitoring Area(s) Included 

0 Estuary waterward from railroad crossing Lower Estuary 

1 Estuary through railroad embankment up to bottom 
of creek alluvial fan 

Upper Estuary 

2 Creek alluvial fan up to stream channel Upper Estuary and Creek Outlet 

3 Lowermost segment of creek channel Lower Lund’s Gulch Creek 

4 Middle segment of creek channel Lower Lund’s Gulch Creek 

5 Uppermost segment of creek channel Lower Lund’s Gulch Creek 

 

Figure 2. Sampling Reaches 

Overview of Monitoring Elements  

The monitoring elements identified in the monitoring plan are listed in Table 2. The table 
indicates whether the monitoring is required by a grant funding agreement or permit. 
Documentation of the implementation and effectiveness of the site restoration is required by 
permits and approvals issued by federal, state, and local regulatory agencies, in addition to 
monitoring requirements under the awarded NOAA Coastal and Marine Habitat Restoration 
Grant. The table also indicates whether the monitoring is being conducted—and reported on 
here—or is currently unfunded. The unfunded monitoring elements are further explained in the 
monitoring plan (ESA 2022) and could be funded in future years if funding is available. 
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TABLE 2 
EFFECTIVENESS MONITORING ELEMENTS 

ID Monitoring Element 
Monitoring 

Conducted in Year 1 
Post-Restoration 

Monitoring Partner 

Required Per Grant Funding Agreement or Permits 

A Fish passage conditions Yes Snohomish County 

B Channel cross-section and profile surveys 
Yes 

Snohomish County, 
Tulalip Tribes 

C Stream habitat in lower Lund’s Gulch Creek and creek 
outlet 

Yes 
Snohomish County 

D Large wood retention and recruitment in upper estuary Yes Snohomish County 

E Planted vegetation survival and coverage Yes Snohomish County 

Additional Effectiveness Monitoring – With Monitoring Leads Identified, Pending Funding 

F Sediment dynamics and habitat area in upper estuary 
and creek outlet 

Yes 
Tulalip Tribes 

G Sediment dynamics in lower estuary and adjacent 
nearshore 

Yes 
Tulalip Tribes 

H Fish use Yes Tulalip Tribes 

I Salmon spawning ground surveys Yes Edmonds Stream Team 

J Forage fish egg presence Yes Snohomish County 

K Macroinvertebrate production in the upper and lower 
estuary 

No 
 

L Additional vegetation characterization Yes Snohomish County 

M Photo points 
Yes 

Snohomish County, 
Tulalip Tribes, Blue Coast 

Engineering 

Additional Effectiveness Monitoring – With No Monitoring Leads Identified and No Funding Sought 

N Extended salmon spawning ground and redd surveys No  

O Carbon sequestration in soils No  

P Wildlife use No  

Q Public use No  

 
The monitoring elements not conducted in year 1 would still provide useful information for 
evaluating the effectiveness of the restoration. If funding becomes available, some or all of the 
additional monitoring elements may be conducted. 

Required Monitoring Elements 

The monitoring elements included in this section of the Monitoring Plan are required in a grant 
funding agreement or permit. Documentation of the implementation and effectiveness of the site 
restoration is required by permits and approvals issued by federal, state, and local regulatory 
agencies, in addition to monitoring requirements under the awarded Coastal and Marine Habitat 
Restoration Grant (NOAA-NMFS-HCPO-2020-2006306). 
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Fish Passage Conditions 
A key aspect of the restoration design was to replace the undersized culvert crossing through the 
railroad embankment with a five-span railroad bridge to restore unrestricted fish passage typical 
of a coastal estuary. Prior to restoration, the crossing through the railroad embankment was a 6-
foot-wide box culvert, of which only 4.5 feet was a low-flow concrete channel for the creek and 
1.5 feet was a ledge that pedestrians used to walk to and from the beach. The culvert was 
approximately 94 feet long from upstream end to outlet on the beach side. The restoration project 
removed the box culvert and replaced it with a railroad bridge. The restoration also removed a 
section of the railroad embankment composed of riprap armoring. The new crossing provides a 
90-foot-wide area for the estuary.  

Many estuaries can provide conditions that are only intermittently accessible to fish moving 
against the direction of flow—especially small fish such as juvenile salmon. Fish passage 
conditions at Meadowdale Beach Park were evaluated to ensure fish passage was restored. 
Table 3 shows the monitoring element and performance standard, and whether the performance 
standard was achieved. 

TABLE 3 
FISH PASSAGE MONITORING SUMMARY 

Monitoring Element /  
Performance Standard 

Performance 
Standard Met? 

Year Post-Construction 

0 1 2 3 4 5 6 7 8 9 10 

Develop velocity/frequency curve by 
installing velocity meter in the low-flow 
channel. Performance standard is to 
provide suitable velocity conditions for 
juvenile and adult salmonid access to the 
restored estuary. 

Yes  X          

Develop depth/frequency curve by installing 
water-level logger in the low-flow channel. 
Performance standard is to provide suitable 
depth conditions for juvenile and adult 
salmonid access to the restored estuary. 

Yes  X          

Notes: X indicates required years of monitoring. Orange shading indicates current reporting year. 

 

The NOAA grant required additional sampling for implementation monitoring (NOAA 2022) that 
was not included in the monitoring plan (ESA 2022) but added in this revised Year 1 Monitoring 
Report. NOAA (2022) required a comparison of pre- and post-hydrographs for the Meadowdale 
Beach Park Estuary Restoration project. The methods and results for this added monitoring 
element are described in Appendix E. 

Methods 

Fish passage conditions assessed during Year 1 monitoring included collecting channel cross-
sections, water depth, and velocity data. Data were collected at a transect at the upstream margin 
of the railroad bridge and at a transect running parallel. Data collection occurred in late January 
based on predicted tide height, with a priority for sampling occurring on a day when tides would 
be ebbing from a high tide above mean higher high water (MHHW) to a low tide below mean tide 
level (MTL) which allows the embayment upstream of the railroad crossing to fully drain. 
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Flow velocity was evaluated based on 20 regularly spaced measurement intervals across the 
channel as recorded on a fixed reel tape stretched taught across the channel. The total wetted 
width and flow velocity was measured every fifteen minutes with identical instruments from the 
time of high tide to the time when flow was solely influenced by stream flow. Velocity was 
measured at a depth of 60 percent of the total water depth, which was assumed to represent the 
average flow velocity in the vertical water column (Snohomish County 2019a). As noted above, 
methods for the added monitoring element to compare pre- and post-hydrographs are described in 
Appendix E. 

Results and Discussion 

The monitoring data document the project’s success restoring fish passage at the site. Prior to 
restoration, the box culvert was substantially undersized to convey flows and support fish passage 
into the lower stream. The stream channel was funneled into the culvert, which increased 
velocities through the length of the structure. Prior to restoration, the Washington Department of 
Fish and Wildlife (WDFW) characterized the culvert as a partial fish barrier due to a high slope 
(WDFW 2017).  

The year 1 post-restoration flow velocity was measured January 25, 2023, when tide height was 
predicted to be highest within one year after construction. Flow velocity was measured across a 
transect spanning the channel at the upstream margin of the railroad bridge. Figure 3 shows the 
transect at high tide and Figure 4 looks upstream to the transect at low tide. Flow velocities 
measured at 20 stations never exceeded 2.0 feet per second, as seen in Figure 5. The maximum 
observed velocity was 1.562 feet/sec, substantially less than velocities observed in the original 
culvert. Velocity across the wetted width of the channel was highly variable as well, as flow also 
was unequally distributed between the three bridge spans/supports. Velocity increased as the tidal 
stage dropped, as flow become more localized between the three primary flow pathways (between 
bridge supports), and as stream flow began to dominate the total flow volume, which was true 
after the tide receded downstream of the channel cross section (see Figure 4). 
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Figure 3. Post-Restoration Velocity Measurement Location at Upstream Margin of 
Bridge During High Tide with Inset Photo of Pre-Restoration Location 

 

 

 

  

 

 

  

 

 

 

Figure 4. Looking Upstream at Bridge and Sampling Transect After Tide Receded 
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Figure 5. Post-Restoration Flow Velocities Measured in 15-Minute Intervals from 
High Tide (8:00 am) to Until Only Stream Flow Was Present (9:30 am) 

Fish passage conditions to the restored estuary were evaluated based on the velocity criteria in the 
Washington Administrative Code (WAC) 220-110-070 and WAC 220-660-200. This criterion is 
referenced in the WDFW draft guidance for evaluating fish passage at tidally influenced culverts 
(WDFW 2020). The length of the new bridge crossing is approximately 35 feet. Per the WAC and 
WDFW (2020), for crossings less than 100 feet long, there is no barrier to fish passage until flow 
velocities exceed 4 feet per second. Post-restoration flow velocities never exceeded 2.0 feet per 
second; therefore, the velocity performance standard was achieved. 

WDFW (2020) does not include depth as a criterion for evaluating fish passage in tidal 
environments. WDFW (2020) states that more research is needed to determine the appropriate 
water depth for fish passage through tidally influenced channels. In the absence of a depth 
criterion to inform the evaluation, the bridge crossing provides approximately 90 feet of crossing 
width for stream and tidal channels to form and dynamically adapt in response to coastal and 
fluvial processes. In this way, the restoration provides depth conditions that are supported by the 
natural processes of the site and therefore will support fish passage to the full amount appropriate 
for its tidal setting. 

As noted above, results for the added monitoring element to compare pre- and post-hydrographs 
are described in Appendix E. 

Channel Cross-sections and Profile Surveys 
The channel cross-sections and profile monitoring document the major transformation of stream 
and estuary habitats through the project. Prior to restoration, the estuary extended only a few feet 
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upstream of the railroad culvert in a narrow stream channel. Downstream of the railroad crossing, 
the estuary channel at the time of construction was directed nearly straight out into Puget Sound. 
Following restoration, the lower stream channel was converted into a wide estuary upstream of 
the railroad to provide expanded aquatic habitat and space for further expansion with projected 
sea-level rise. Upstream of the estuary, large wood was placed to increase habitat complexity over 
time as physical processes act on the stream. Downstream of the railroad crossing, the channel 
was rerouted to a northerly direction that is supported by coastal processes acting on the site. The 
restoration provided expanded aquatic habitats in all areas compared to pre-restoration.  

Monitoring in year 1 establishes the restored baseline to which future monitoring data will be 
compared. The monitoring will be repeated in years 5 and 10 to document the adjustment of the 
channel and profile in the creek outlet, upper estuary, and lower estuary monitoring areas. 
Table 4 shows the monitoring element and performance standard, the applicable monitoring 
years post-construction in which performance will be evaluated, and whether the performance 
standard was achieved. 

Methods 

Channel cross-sections and transect surveys were completed using a Real-Time Kinematic Global 
Positioning System (RTK-GPS) along transects throughout the creek outlet, upper estuary, and 
lower estuary monitoring areas. The creek outlet and upper estuary transects span the entire 
restoration area. Transects were established and surveyed in the creek outlet and upper estuary by 
the Tulalip Tribes. As-built post construction survey data were also provided by Anchor QEA. 

TABLE 4 
CHANNEL CROSS-SECTIONS AND PROFILE MONITORING SUMMARY 

Monitoring Element /  
Performance Standard 

Performance 
Standard 

Met? 

Year Post-Construction 

0 1 2 3 4 5 6 7 8 9 10 

Channel cross-sections and 
profile survey in creek outlet, 
upper estuary, and lower estuary 
monitoring areas. Performance 
standard is to provide suitable 
depth conditions for juvenile and 
adult salmonid access to the 
restored estuary. 

On track  X    X     X 

Notes: X indicates required years of monitoring. Orange shading indicates current reporting year. 

 

Results and Discussion 

The Tulalip Tribes collected channel cross-section and transect survey data on August 15, 2023 
and on November 5, 2023. during the first year following construction. 

Survey data from the Tulalip Tribes for the upper estuary are presented in Figure 6. Survey data 
from Anchor QEA’s as-built survey, including cross-sections throughout the lower reach of 
Lund’s Gulch Creek are presented in Figure 7. The elevation data from the Tulalip Tribes and 
Anchor QEA were used to map the mean higher high water (MHHW) line and highest 



Required Monitoring Elements 

 

Meadowdale Beach Park and Estuary 13 ESA / D201801336.08 

Restoration Effectiveness Monitoring Year 1 Report December 2023 / Rev. June 2024 

astronomical tide (HAT) line in the restoration area (Figure 8). The values for MHHW and HAT 
at Meadowdale Beach Park were estimated by averaging Everett and Seattle tidal elevations from 
NOAA Tides and Currents. Cross-sections from lower Lund’s Gulch Creek are presented in 
Figures 9–11.
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Figure 6. Topographic Survey Data from Upper Estuary and Creek Outlet Transects 
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Figure 7. Topographic Survey Data from As-Built Survey 
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Figure 8. MHHW and HAT Locations Based On Topographic Survey Data
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Figure 9. Cross-section Locations in Lund’s Gulch Creek 
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