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Executive Summary 

As of Year 2, the Countyline Levee Setback Project is meeting the majority of its ecological objectives 

and performance standards under U.S. Army Corps of Engineers Permit No. NWS-2011-211 (Table ES1, 

ES2). The reach has become much more dynamic, with the formation of a large and complex side 

channel and a reconnected floodplain that provides large areas of low velocity edge habitat needed for 

rearing by federally listed salmonid species. In the first year after construction was completed, juvenile 

Chinook, coho, and chum were observed within the newly created floodplain habitat. Survival and cover 

of installed native vegetation has been high and is exceeding performance standards, providing a robust 

riparian buffer zone. Wood recruitment into the project area has been lower than expected, but high 

flows needed to transport wood have not been realized in the system since project construction. We 

expect the project area to continue developing complex riverine and floodplain habitats as it continues 

adjusting to post-construction conditions. 

What is the report about? 

This report includes Year-1 (2018) and Year-2 (2019) post-construction monitoring results from the 

Countyline Levee Setback Project. This multi-benefit project aimed to reduce flood risks and provide 

ecological benefits through reconnecting the White River to the floodplain. The project, constructed in 

fall of 2017, completely or partially removed portions of an existing levee that had constrained the 

White River for nearly a century, built a setback levee protected by a biorevetment and eight 

engineered log structures, and installed tens of thousands of native plants. This report presents results 

that are part of a comprehensive 10-year effectiveness monitoring effort that will continue through 

2027. 

How is the river responding? 

As a result of allowing channel migration into the floodplain, the active channel area has become 

substantially larger with the formation of a perennially connected side channel.  Channel complexity 

throughout the reach has increased substantially, with an increase in both the number side channel 

nodes (20 at baseline to 46 in Year 2) and the ratio of side channel to mainstem channel length (1.06 to 

2.26).  A large amount of sediment deposited in the reach in the first year, creating sand and gravel bars 

throughout the floodplain, which have been colonized by native woody vegetation. The reach is still in 

transition and we expect floodplain processes to remain dynamic as the project area matures. 

How has habitat changed? 

Habitat complexity throughout the Countyline Levee Setback Project reach increased substantially 

within the first year compared to pre-project conditions. After floodplain reconnection, low velocity 

edge habitat that is critical for salmonid rearing has increased by 10.2 acres (41,500 m2) at moderate 

flows, through addition of off-channel habitat. This gain primarily resulted from side channel habitat 

creation and subsequent sediment deposition throughout the floodplain that created edge habitat along 

sand and gravel bars. Accumulation of large wood has not yet been observed, likely because flood flows 

necessary for substantial wood recruitment have not occurred in the White River since project 

construction. Fish sampling has shown that juvenile salmonids, including Chinook, coho and chum 

salmon, immediately began using floodplain habitat in the first year after construction. 



 

 

Table ES1. Summary of indicators evaluated, and project performance compared to permit-associated performance standards for Year 1. 

Indicator Year 1 Performance Standard Year 1 Status Details 

Channel 
dynamics 

New channel(s) form outside of the pre-project 
active channel. 

ACHIEVED 

A new side channel with multiple braids formed outside of the 
mainstem channel. Active channel area increased by 143%, and 
the ratio of side channel to main channel length increased by 
243% from baseline to Year 1. 

Invasive 
vegetation 
cover 

Less than 10% invasive cover (non-regulated noxious 
weeds and weeds of concern) in planted areas (5% 
for King County class A noxious weeds, bindweed, 
knotweed). Less than 25% reed canary grass on site. 

ACHIEVED 

No noxious weeds were found in sampling transects. On 
average 1% cover of non-regulated weeds was found, and <1% 
cover of reed canary grass across transects. 

Native 
vegetation 
survival 

80% survival at end of Year 1 growing season for all 
installed trees and shrubs (excluding live stakes) ACHIEVED 

Average survival was 94.5%. 

Riparian 
buffer width 

Average vegetated buffer width of 75 feet. 
ACHIEVED 

Average buffer width was 95 feet. 

Floodplain 
inundation 

 On average over years 1, 3, 5, 7, and 10, wetted 
area in the floodplain between Feb 1 – Mar 31 is 
32.5 acres. 

ON TARGET1 

At approximately 2,000 cfs, 21 acres of floodplain was 

inundated during Year 1; at 6,060 cfs, 56-63 acres of floodplain 

was inundated. 
Wetland 
impacts 

1.08 acres of temporary impacts in Wetlands A and 
B are restored to aquatic habitat condition. 

ACHIEVED 
Area of temporary impact has been converted to riverine 
aquatic habitat. 

Low velocity 
edge habitat 

Sum of slow-water (<1.5 ft/sec) bar, bank, 
backwater, and side channel area increases by 
>50%, relative to baseline condition. 

ACHEIVED 
Area of slow-water habitat across the project reach increased 
by roughly 3000%. 

Wood Wood loading (natural & placed) meets or exceeds 
NMFS recommendation for properly functioning 
condition (>80 large wood pieces/mile). 

NOT ACHIEVED 
Large wood loading in the project reach is 20 pieces/mile 
(placed wood not included). High flows needed to recruit wood 
have not occurred since project construction. 

Fish habitat 
use 

Juvenile salmonid frequency of occurrence is highest 
in backwater and side channels, compared to other 
edge types. 

ACHIEVED 
Catch per unit effort of juvenile Chinook and coho salmon was 
highest in backwater and side channel habitat in spring, when 
habitat use was at its peak. 

Fish habitat 
capacity 

Habitat capacity at median rearing flows is increased 
by ≥ 50% compared to baseline. 

N/A 

Differences in data collection methods between aquatic edge 
habitat sampling and fish sampling precluded evaluation of this 
performance standard in Year 1. Methodology changes will be 
employed in future sampling. 

Flood hazard No significant damage to engineered structures, 
adjacent flood facilities/infrastructure. Channel 
migration contained within project area. 

ACHIEVED2 

Engineered structures are intact. Extents of channel migration 
are contained within project area. Water surface elevations at 
high flows are reduced compared to pre-project levels. 

1 Performance standard associated with Natural Resources Damages Assessment (NRDA) consent decree; performance standard under NWS-2011-211 only specifies that inundation will 
increase as measured between Feb 1 – Mar 31.  2 Performance standard is not associated with NWS-2011-211. 



 

 

 

Table ES2. Summary of indicators evaluated and project performance compared to established 
performance standards for Year 2. 

Indicator Year 2 Performance Standard Year 2 Status Details 

Native 
vegetation 
cover 

Cover by installed trees and 
shrubs, including cover by 
volunteers of desirable native 
woody species, in Year 2 is at 
least 15% 

ACHIEVED Average percent cover of woody 
species across all transects within 
planted areas was 28%, and across all 
planted and unplanted transects was 
30%. 

Invasive 
vegetation 
cover 

Less than 10% invasive cover 
(non-regulated noxious weeds 
and weeds of concern) in 
planted areas (5% for King 
County class A noxious weeds, 
bindweed, and knotweed). Less 
than 25% reed canary grass on 
site as a whole. 

 ACHIEVED Field bindweed was found in very few 
transects (average cover < 1%). On 
average 1.4% cover of non-regulated 
weeds was found, and <1% cover of 
reed canary grass across transects. 

Flood 
Hazard 

No significant damage to 
engineered structures, adjacent 
flood facilities/infrastructure. 
Channel migration contained 
within project area. 

ACHIEVED1 Engineered structures are intact. Extents 
of channel migration are contained 
within project area. Water surface 
elevations at high flows are reduced 
compared to pre-project levels. 

1 Performance standard is not associated with NWS-2011-211. 
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I. Project Summary 

Project Location and Setting 

The Countyline Levee Setback Project (Project) area is located on the Lower White River within the City 

of Sumner, City of Pacific, and unincorporated Pierce County, and is so named because it spans the King-

Pierce County boundary (Figure 1). The reach is bounded by the A Street SE and Burlington Northern 

Santa Fe (BNSF) Railway Bridges at the upstream end (River Mile 6.3) and the 8th Street East Bridge at 

the downstream end (RM 5.0). The project reconnected approximately 120 acres of floodplain to the 

White River channel, with the goals of reducing flood risk, restoring natural river processes, and 

improving fish habitat through creating off-channel juvenile rearing habitat for salmonids. 

The lower White River is a highly modified system. The White River historically flowed into the Green 

River in the City of Auburn. In 1906, the river avulsed to the south into the Stuck River channel, a 

substantially smaller distributary channel that flowed to the Puyallup River, and in 1915, the Auburn 

Wall was built to permanently divert the White River. The new channel was enlarged by dredging to 

accommodate White River flows.  

The White River carries a high 

sediment load because it originates 

on the Emmons and Winthrop glaciers 

on Mount Rainier and flows through a 

high gradient channel for most of its 

length, eroding through relatively new 

glacial and volcanic deposits. A 

marked decrease in channel gradient 

and valley confinement downstream 

of the White River canyon near the 

City of Auburn causes the river to 

deposit sediment, where a broad 

alluvial fan has formed. The 1906 

channel avulsion was directly caused 

by the buildup of sediment and a 

significant wood jam on the alluvial 

fan and the need for the river to 

access a steeper path to its outlet and 

a new area to deposit its high 

sediment load. Channelization and 

construction of a confining levee 

system in the early 1900s in this broad 

and naturally depositional alluvial fan 

environment probably increased the  

Figure 1. Countyline reach vicinity map. 
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vertical rates of sediment accumulation within the highly constricted channel. The historical human 

response to this was a consistent river management program of sediment removal to maintain river 

channel capacity (Herrera 2010). Cessation of gravel removal in the late 1980s allowed channel 

aggradation to resume and the channel bed quickly rose within the confines of the levees in the lower 

reaches of the White River. This aggradation reduced channel flood capacity from 25,000 cfs in the 

1980s to 8,000 cfs just prior to project construction. 

 

Habitat Goals and Objectives 

The lower White River today is geomorphically simple relative to historic conditions, as levees and their 

riprapped banks have reduced access to side channels and floodplain wetlands, and reduced availability 

of off-channel habitats that are critical for juvenile salmonids. The restoration goal of the Countyline 

Levee Setback Project was written to complement goals in both the WRIA 10/12 Salmon Habitat 

Protection and Restoration Strategy (Pierce County 2012) and the King County Flood Hazard 

Management Plan (FHMP, King County 2006). Protection and reconnection of floodplain habitat and 

fluvial processes is expected to support salmonid productivity during freshwater life stages, and 

floodplain reconnection projects have been identified by the Puyallup/White Watershed (WRIA 10) as 

the highest priority for lower White River Chinook habitat protection and restoration (Pierce County 

2012). Floodplain reconnection and levee setbacks are key strategies in the FHMP for reducing flood 

risks while working with natural riverine processes.  

The habitat restoration goal and related objectives of the Countyline Levee Setback Project are: 

Goal: Restore riverine processes and functions to the lower White River and its floodplain within 

the project area in order to enhance salmonid rearing habitat, in particular for spring and fall 

Chinook, coho, and steelhead. 

Objectives: 

1. Allow natural channel movement within the project area by removing and setting back 

the existing levee along the left bank. 

2. Encourage the formation of off-channel rearing habitat (pool complexes and side-

channels), through installation and future natural recruitment of large wood, that will 

promote the return of the complexity, diversity, and morphology found in an 

unconstrained floodplain.  

3. Provide off-channel flood refuge for salmonids by allowing a more natural frequency of 

inundation of the floodplain complex during flood events within the project boundaries. 

4. Protect existing mature riparian buffer areas and restore a corridor of mature riparian 

vegetation within the project boundaries to provide shoreline and stream channel 

shading, invertebrate prey supply, and large wood recruitment.  
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Project Actions 

The approach to resolving existing 

flood risks focused on increasing flood 

flow and sediment load capacity. The 

strategy was two-fold: (1) acquire land 

rights (fee or easements), and (2) 

implement capital improvements to 

modify levees and retrofit revetments 

so that the river is reconnected to its 

floodplain. These actions aimed to 

increase flood conveyance and storage 

as well as accommodate sediment 

deposition. In addition, returning the 

lower White River to a more naturally 

functioning floodplain was expected to 

improve aquatic and wildlife habitat. 

Levees were reconstructed along an 

alignment set back from the previous 

active channel and a constructed 

biorevetment incorporating large 

wood protects the setback facility 

(Figure 2). Large wood structures were 

also installed in the floodplain to 

disperse adversely erosive flows and 

provide complex habitat. Native 

vegetation was planted along riparian 

banks and on top of large wood 

structures to provide healthy riparian 

buffer functions in the long term. 

 

 

Figure 2. Countyline Levee Setback project area. 

Performance Standards 

Monitoring objectives and performance standards were designed to determine project effectiveness, 

and adaptive management recommendations were identified as potential actions or lessons learned in 

the event that performance standards are not met (Table 1). All indicators except for flood hazard 

indicators were included as requirements under NWS-2011-211.

ftp://ftp.kingcounty.gov/dnrp-web/library/water-and-land/flooding/white_river/Countyline-map-2017.pdf
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Table 1. Performance standards established by the design team and agency permits. 

  



 

5 
 

II. Monitoring Strategy and Study Design 
The focus of this report is habitat monitoring, although effectiveness monitoring includes flood risk 

reduction parameters as well. Changes in habitat conditions between baseline (2011-2017) and years 1 

and 2 (2018-2019) post-construction are evaluated in the current document, including the need for 

adaptive management actions needed to meet project goals and objectives. A before-after experimental 

design will be used to evaluate changes in habitat and fish use throughout the 10-year monitoring 

period, with three years of pre-project data used as a point of comparison representing baseline 

conditions. 

Monitoring purpose 

The science of floodplain restoration is still evolving, and so restoration actions should be viewed as 

experimental manipulations linked to explicit hypotheses (Pess et al. 2005). The purpose of this 

monitoring effort is to evaluate whether a large-scale floodplain reconnection project on the Lower 

White River effectively meets the stated habitat goal and objectives, and the performance standards.  

The purpose of this monitoring effort is to: 

1. Ensure the constructed project matches design specifications (Implementation Monitoring), 

2. Determine whether levee setback project actions are producing the intended effects on habitat 

conditions, watershed processes, and threatened fishes (Effectiveness Monitoring), and  

3. Improve design, construction, and maintenance practices (Adaptive Management). 

 

Audience 

The primary audiences for implementation and effectiveness monitoring results include: 

1. King County staff – Results will be shared to inform future project design, construction, and 

monitoring protocols, as well as project maintenance and adaptive management needs. The 

reporting format includes presentations, monitoring reports, and access to real-time data. 

2. Regulatory agencies – Monitoring results will allow regulatory agencies to determine whether 

performance standards are being met, as well as inform review of future projects with similar 

elements. Monitoring reports will be submitted to the US Army Corps of Engineers in Years 1, 2, 

3, 5, 7, and 10. 

3. Funding agencies and project stakeholders – Monitoring results will provide funding agencies 

and project stakeholders with the information necessary to determine whether funding 

agreements are being followed, as well as to evaluate the effectiveness of the project at 

meeting funding priorities. The reporting format includes presentations and monitoring reports. 

4. Scientific community – This monitoring effort will add to a growing body of research into the 

effects of large-scale floodplain reconnection projects on channel processes and habitat 

conditions, as well as the efficacy of levee setbacks for flood risk reduction in depositional rivers. 
 

Monitoring Objectives and Metrics 
Each indicator is associated with a performance standard (objective), method, and metric (output) which 

will be monitored on a rotating schedule over the 10-year monitoring period (Table 2). 
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Table 2. Monitoring objectives, methods, and outputs. 
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III. Monitoring Methods 

Project Implementation 

To insure the as-built condition of the project satisfied design and construction objectives, record 

drawings were produced and provided to regulators immediately post-construction. Design 

modifications made during construction were noted and are included in the current report. 

Channel Dynamics and Sediment Conditions 

Channel Dynamics 

Channel location and planform were mapped using GIS measurements taken from high-resolution 

orthoimagery captured before project construction (April 2016, 1800 cfs) and compared to 

orthoimagery captured post-project at comparable flows (April 2018, 2400 cfs and April 2019, 2860 cfs). 

Channel cross sections were developed from both survey and LiDAR data for pre- and post-project 

conditions in locations monitored beginning in the 1980s and extended into the reconnected floodplain 

area. The sinuosity metric proposed in the project monitoring plan does little to capture fluvial 

geomorphic complexity or demonstrate side channel development and so alternate metrics are 

presented in this report. Channel complexity was characterized by several metrics that reflect emerging 

science to improve assessment of channel dynamics and sediment movement: 

• Number of side channel nodes and ratio of side channel to main channel length (Stefankiv et al. 

2019). Side channel nodes mark the start and end of a side channel that is connected to the 

mainstem (or another side channel) at one end. 

• Total active channel area (sum of area of water, banks, unvegetated gravel bars, and bars 

without perennial vegetation) (Collins and Montgomery 2011; Konrad 2015) 

• Floodplain connectivity and continuity (Konrad 2015). Area of floodplain inundated at a design 

flow. 

• Number of braid channel nodes (Stefankiv et al. 2019). Braid channel nodes mark the start and 

end of a smaller channel within the active channel across or between gravel bars. 

• Channel cross section changes reflecting areas of deposition, side channel development, and 

floodplain connection. 

The pre- and post-project orthoimagery collected to monitor channel location and planform was also 

used to calculate these new metrics. The flow rate at the time of imagery collection are noted as water 

surface elevation may affect side channel and braid channel engagement. 

Sediment Conditions 

To evaluate changes in sediment volume and estimate quantities of sediment deposited in and eroded 

from the project area, the change in surface elevation was calculated in GIS from LiDAR and land survey 

point data collected immediately after project completion in 2017 and at Year 1 in 2018. The elevation 

difference between the two surfaces was calculated to get an elevation change and reveal areas of 

deposition and erosion and then multiplied by area to estimate a volume. The differenced elevation 

rasters were a cell size of 3 by 3 feet, and so to get a first order estimate of volume change, the 

elevation differences were multiplied by 9 square feet. An adjustment was made using survey data to 
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account for the thickness of wetland muck in some areas.  A net volume for entire project area was 

estimated by summing all volume cells. Calculated values were rounded to reflect the accuracy of the 

estimates. In addition to a measure of sediment volume change, this analysis contributed to our 

evaluation of channel dynamics as floodplain channels evolved. 

 

In addition, we sought to evaluate changes in sediment distribution that may reflect restoration of 

natural channel processes that contribute to formation of aquatic habitats. An area of gravel deposition 

was delineated visually using 2018 aerial imagery, and a net volume for this area was similarly calculated 

for this subset area. 

 

Habitat 

Vegetation 

Monitoring transects were established in disturbed areas to evaluate the success of planted vegetation 

and estimate the rate at which native and invasive trees colonize bare ground. Ten transects were 

established within each of four strata: naturally-formed gravel bars, fill on top of engineered log jams, 

riparian buffers, and levee slopes (Figure 3). In total, 40 vegetation transects were established and 

monitored. Transects did not cross strata and locations were randomly chosen within the appropriate 

strata. All transects were 30-m long, except for those on engineered log jams which were 15-m long due 

to the smaller area of fill on top of these structures. 

Cover 

Within each transect, percent cover of native and invasive tree, shrub, and groundcover species was 

measured within 1-m radius circular plots. Percent cover was measured by Daubenmire cover class 

(Daubenmire 1959) within five plots along each 30-m transect (riparian buffer, levee slope, gravel bar 

transects), evenly spaced at 6-m intervals, and within 3 plots spaced every 5-m along each 15-m transect 

(engineered log jam transects).  Cover classes were 0-5%, 5-25%, 25-50%, 50-75%, 75-95%, and 95-

100%. Mid-points of each cover class were used to calculate averages. Recruitment was also measured 

within the same 1-m radius plot; all volunteer vegetation was identified to species and counted. Photos 

were taken from the start and end of each transect, angled along the transect, for a visual record of 

vegetation establishment over time. 

Survival 

Survival of trees and shrubs was calculated from mortality counts conducted across all planted areas. 

Plants were installed in fall 2017, then marked and revisited in fall 2018 during leaf-on conditions to 

enumerate mortalities. When needed, stems were scoured to check cambium and confirm survival. Live 

stakes were also assessed for mortality, but were excluded from survival calculations as outlined in 

performance standards. Survival counts were conducted while installed plants remained under 

warranty, and additional plants were installed as replacements after determining mortality rates. This 

adaptive management aimed to keep the site on track to meet riparian cover performance standards in 

subsequent years.  
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Figure 3. Vegetation sampling transects. Transects were stratified by planting area, with 10 transects within each area: riparian 
buffer (blue), levee slope (yellow), engineered log structures (red), and unplanted gravel bars (green). 



 

10 
 

Riparian Buffer Width 

An average, minimum, and maximum riparian buffer width was calculated using aerial photography 

collected in the spring (March 29, 2018; 1210 cfs). The width of vegetated (planted) area was measured 

in GIS at 18 points evenly spaced throughout the project area. Because imagery was not collected at 

peak leaf-on conditions, visual determination of vegetated areas was challenging, so planting plans were 

referenced to determine vegetated area in Year 1. We measured width of the planted area waterward 

of the levee, intended to capture the forested riparian buffer which may provide shade, large wood, and 

nutrient inputs to aquatic habitats. 

 

Aquatic Habitat  

Floodplain Inundation 

Inundated area was estimated using georeferenced aerial imagery acquired by a fixed wing unmanned 

aerial vehicle (UAV) during one pre-project (March 2016, 1800 cfs) and four post-project periods over a 

range of flows. These ortho-rectified aerial photographs were visually inspected in ArcGIS, and wetted 

areas were delineated by drawing a digital line around areas that appeared to be wet and calculating the 

sum of these areas.  

In addition to orthoimagery, UAVs also collected imagery that included near infrared spectra (NIR) 

during two collection events in 2018 and one in 2019. The benefit of collecting NIR spectrum is the 

ability to readily distinguish water surfaces from vegetation and bare ground because of the high 

contrast in the spectral absorption in the NIR band. For these images, the area of inundation was 

calculated using a second method in addition to the first. This method used analytical tools in ArcGIS to 

resample the image to 1-foot pixels and categorize each pixel as water, vegetation, or bare ground 

based on the false color value of the pixel. False color values were calibrated against the spectral 

properties of areas known to be wet or otherwise (i.e., dry or obscured by vegetation). 

Multiple methods were used to quantify inundated areas in the current report because in some years, 

imagery collection only allowed for manual delineation (e.g. baseline), whereas collection of NIR 

imagery in other years allowed for ArcGIS classification. Reporting results from both methods allows for 

comparison across years with different imagery collected. 

Low Velocity Edge Habitat 

Juvenile salmonids rely heavily on shallow relatively slow moving waters for rearing (Bjornn and Reiser 

1991, Beechie et al. 2005), therefore we surveyed the availability of this critical habitat in the project 

reach. The margin of the wetted channel was mapped on foot by GPS. The midstream (waterward) 

margin of the low velocity edge habitat was located by visually determining the shear line (water 

velocity was approximately <0.45m/sec). Visual determination was verified at several points with a 

Swoffer flow meter and the slow-water boundary was mapped at multiple points using a Trimble GeoXH 

GPS. Edge habitat was categorized into backwater, bar, bank and side channel habitat types as outlined 

in Beechie et al. (2005). Points and water margins were transferred to a GIS and the area, number, and 

distribution of low-velocity edges was quantified for each habitat type. While low flow habitat may be 

present along the entire bank of the river, it was only mapped if the habitat unit area was greater than 
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the stated accuracy of the GPS as reported in real time. Anything smaller than this could not be 

accurately mapped and likely provided very little habitat value. 

Edge habitat was surveyed multiple times per year to quantify the relationship between flow and edge 

habitat availability. Prior to project construction, twelve surveys were conducted across 2011, 2012, 

2013, and 2015. Due to safety and logistical challenges associated with mapping the entire project 

reach, three edge habitat sampling areas along the mainstem were selected to survey during the pre-

project period (Figure 4). These areas were considered representative of available habitat conditions 

and channel morphology present pre-project throughout the entire reach. Several pre-project surveys 

limited habitat collection to 

along the left bank in 2011 and 

2012 due to logistical 

constraints (Table 3). Three 

additional surveys were 

conducted in 2018 to 

document Year 1 edge habitat 

availability, and these surveys 

covered the three mainstem 

sampling areas as well as the 

entire reconnected floodplain.  

Before and after edge habitat 

data was paired at three flows 

(approximately 800 cfs, 1100 

cfs, and 1500 cfs; Table 3) for 

comparison. Since only a 

portion of the mainstem was 

sampled during baseline 

efforts, these analyses included 

only Year 1 edge habitat data 

from the mainstem within the 

same areas sampled at 

baseline. 

 

Figure 4. Baseline low velocity edge habitat and fish sampling areas (post-
project image). 
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Table 3. Low flow habitat sampling events.  

Project Phase Date Flow (cfs) Areas Sampled Paired Comparison? 

Pre-project 4/13/11 1530 ULB, MLB  

Pre-project 7/12/11* 3000 --  

Pre-project 10/3/11 657 ULB, MLB  

Pre-project 1/31/12 2830 ULB, MLB, URB  

Pre-project 5/8/12 2920 ULB, MLB  

Pre-project 7/25/12* 3210 --  

Pre-project 11/6/12 1350 MLB  

Pre-project 2/19/13 1100 ULB, MLB  

Pre-project 3/19/15 1510 ULB, MLB, URB A 

Pre-project 5/20/15 1080 ULB, MLB B 

Pre-project 7/22/15 806 ULB, MLB, URB C 

Pre-project 9/3/15 603 ULB, MLB, URB  

Year 1 2/26/18 1150 Entire site, no right bank B 

Year 1 11/5/2018 1430 Entire site, no right bank A 

Year 1 7/31/18 825 Entire site, no right bank C 
*Indicates dates where GPS data was corrupt or otherwise unusable 
ULB = upper left bank; MLB = middle left bank; URB = upper right bank 

 

 

Wood 

Wood loading (natural and placed) in the project reach has the potential to drive multiple physical and 

ecological functions (Gurnell et al. 2002, Collins et al. 2012). Large wood in rivers can drive the physical 

processes of channel formation, channel complexity, and sediment deposition, provide areas for the 

rearing and refuge of juvenile salmonids, and contribute to terrestrial and aquatic food webs. 

Additionally, large wood can pose a risk to infrastructure and recreational safety. Thus, large wood is 

being monitored both to evaluate physical and ecological functions throughout the 10-year monitoring 

period, as well as during and after large floods to evaluate risks that accumulations of wood may pose to 

recreational users, the Countyline facility, bridges, and other infrastructure and public safety as outlined 

in the Countyline Public Safety Management Plan (2017). 

Baseline wood loading was characterized using field surveys in the mainstem White River, and aerial 

photo interpretation in the floodplain. Field surveys for wood in the main stem followed methods 

specified by Montgomery (2008), mapping individual pieces within the ordinary high water mark into 

alphanumeric bins for sizes >/= 2 m long and 10 cm in diameter (Montgomery size-class C2 and larger). 

Individual pieces within the floodplain were not accessible to field survey at baseline, and were counted 

and size-classed using GIS measurements taken from high-resolution 2017 orthoimagery (image date: 

April 21, 2017). Log jam heights and perimeters in the mainstem were field surveyed using GPS during 

August and September 2017.  To quantify individual pieces within mapped log jams (collection of ≥3 

pieces of wood), aerial counts were combined with lidar-derived jam heights and a piece-size 

distribution was calculated using volumetric and porosity metrics. Log jam porosity was assumed to be 
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75%. Baseline wood totals include all naturally occurring wood from the Stewart Street Bridge to north 

of A-Street at RM 6.2 including downed wood in the floodplain and size-classed above C2.  

In Year-1, naturally recruited wood was characterized using field surveys in both the mainstem channel 

and project area (floodplain). Some wood was still not accessible to field survey in the floodplain, and so 

was digitized using aerial imagery. Natural log jams were measured with polygons in field, and a piece 

size distribution and volume were calculated following methods used for baseline data, described 

above. The volume of wood exposed in engineered log structures (jams and biorevetments) was 

calculated from record drawings, and included both logs installed horizontally as well as vertical log 

piles. Placed racking wood was assumed to be 24 inches in diameter, and length was based on the 

exposed portion of logs (excluding the portion of logs concealed within the structure). Root wad 

volumes were calculated as 10% of the entire log. 

Wetlands 

Construction activities resulted in 1.08 acres of temporary impacts to Wetlands A and B (King County 

2014b). Effects of excavation in Wetland A to remove the existing levee and riprap (0.08 acres) were 

expected to be temporary because the White River was expected to migrate into this riverine wetland. 

Fill needed to install temporary access roads and work platforms to construct all engineered log jams 

and wood structures (1 acre total) was also considered temporary and was removed after construction. 

To evaluate the project performance standard of restoring these impacts to aquatic habitat condition, 

impacted areas were assessed visually in the field and with aerial imagery.  

 

Fish Use 

Habitat Use 

This project has the potential to provide valuable rearing habitat for salmonids, which is limited in the 

lower White River (Pierce County 2012). Monitoring focused on counting fish pre- and post-construction 

in low velocity edge habitats and evaluating salmonid use of different edge habitat types, through 

monitoring catch per unit effort across low velocity habitat of different types. Future monitoring aims to 

evaluate whether fish use throughout the project reach has changed between baseline and post-project 

time periods.  At present, only one year of post-construction monitoring data is available and so 

analyses will not address potential responses to project actions until additional years of data are 

collected. Sampling primarily targeted juvenile Chinook, steelhead, and coho, but also documented use 

of the site by other species such as bull trout.  

Fish were captured by one pass of a beach seine (1/8” mesh size) in mapped low velocity edge habitat 

units to determine the relative use of each habitat type for each species and life stage. Seines are 

effective at trapping juvenile fish but are generally less effective at trapping larger individuals and so our 

sampling efforts primarily focused on juvenile salmonids. Sampling targeted the early morning 

crepuscular period to coincide with periods of increased fish activity, however sampling extended 

beyond dawn as well, occurring from 5:10 am to 11:50 am (ranging from 37 minutes before sunrise to 5 

hours after sunrise; median 1.48 hours after sunrise). The order of sampling of edge habitat units often 

(but not always) followed a pattern, with sampling of backwater units generally preceding sampling of 
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bar or bank units. As such, results comparing habitat use between habitat types should not be 

interpreted without consideration of time sampled since detection may decline after sunrise, and so 

these analyses controlled for time after sunrise. Although we sought to sample fish from each habitat 

type during each sampling event, on some sampling dates, some habitat types (side channel and/or 

backwater) were absent due to variation in flow, and so habitats were selected for sampling 

proportional to the availability of habitat types in the study reach. 

Since seines were walked through habitat units to capture fish, the area sampled was not consistent 

across seine sets. Therefore, we represented our data as catch per unit effort (CPUE), where effort is 

measured in the seconds fished. Baseline monitoring efforts were conducted year-round from 2011 to 

2013, then targeted spring and summer months in 2015 since juvenile salmonid use was determined to 

be the highest in these seasons (Table 4). Post-construction monitoring in 2018 was again conducted 

across seasons. 

 

Table 4. Fish sampling dates by season and flow at R Street. 

Project Phase Year Winter Spring Summer Fall 

Pre-project 2011 -- 4/20 (1530 cfs) 7/12 (3000 cfs) 10/4 (657 cfs) 

Pre-project 2012 2/1 (2830 cfs) 5/8 (2920 cfs) 7/25 (3210 cfs) 11/6 (1350 cfs) 

Pre-project 2013 2/20 (1000 cfs) -- -- -- 

Pre-project 2015 -- 3/19 (1270 cfs) 
5/20 (1120 cfs) 

7/22 (836 cfs) 
9/3 (584 cfs) 

-- 

Post-project 2018 2/27 (1200 cfs) 5/9 (3160 cfs) 8/1 (950 cfs) 11/6 (1410 cfs) 

 

 

Beach seines were deployed on foot, given the shallow habitat sampled, and captured fish were kept in 

buckets containing fresh river water and anaesthetized with a small amount (<50mg/L) of MS-222 

(Tricaine Methanesulfonate). All fish were identified to species and measured to the nearest millimeter 

(fork length). During baseline sampling, a small number (~10) of salmonids were weighed to the nearest 

gram and stomach contents were collected via gastric lavage for another study (Black et al. 2016). After 

processing, the fish were placed in a recovery bucket of fresh water until completely revived, then 

released back to the ambient water near their point of capture.    

Catch per unit effort (CPUE) of Chinook and coho salmon was analyzed using generalized linear models 

(GLMs) with a quasi-Poisson error distribution to account for overdispersion. We included the seconds 

fished as an offset to account for variable effort between sets. To evaluate habitat use and preference, 

models analyzed all years of data combined and included edge habitat type (e.g., backwater, side 

channel, bar, bank) and season as covariates of interest, as well as spawner abundance in the fall prior 

to sampling to control for interannual differences in productivity. Spawner abundances were derived 

from counts at the Buckley fish trap, which is 18 river miles upstream from the site and therefore may 
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not perfectly reflect spawner abundances in the lower White River, however lower White River 

spawning surveys were not conducted during the study period and so could not be used. The maximum 

flow in the spring rearing period following emergence (from USGS gage 12100490) was also included in 

these models to account for higher flows in some years that may flush fry downstream. Peak flow during 

the incubation period was also considered, but was highly correlated with peak rearing period flows 

(r=0.99), and so was excluded from analyses. To control for the effect of hatchery-released Chinook on 

observed Chinook abundances, models also included the number of hatchery releases from the 

Muckleshoot Indian Tribe’s White River Hatchery and WDFW’s Minter Creek Hatchery. Additionally, the 

time since sunrise was included in models to control for potential effects of light/timing on fish 

abundance, particularly since habitat unit types were not randomly sampled with regard to time as 

discussed above. To evaluate differences in Chinook and coho size between habitat types and seasons, a 

GLM with a Gaussian error structure was used, with fork length as the response variable and habitat 

type and season as covariates. All analyses were conducted in R version 3.6.1 using the “lme4” package. 

We note that although the initial performance standard listed fish habitat preference as the metric of 

interest, the sampling conducted is more reflective of patterns of juvenile salmonid occupancy/use 

between edge habitat types. A true assessment of habitat preference would present a range of habitats 

available to a fish, and observe which habitat is selected from the range (e.g., in a lab setting). In the 

field, we cannot assume that habitat types with high fish abundance implies fish preference, as observed 

fish densities in a particular location may be influenced by a variety of factors beyond preference, 

including limitations on physical ability to inhabit fast/slow water and/or territorial behavior (especially 

in coho) that may exclude less fit individuals from choice habitats (Chapman 1962). 

 

Habitat Capacity 

Our habitat capacity index weights each habitat type by average CPUE, (multiplying average 

spring/summer CPUE in each edge habitat type by the area of that edge habitat), and then sums the 

weighted value across habitat types for an index measure of total habitat capacity across the project 

area. Importantly, this index is not equal to the potential number of fish that the project area can 

support, as was initially proposed in performance standards, given that our CPUE data does not directly 

reflect fish densities. Thus, the index units are not directly interpretable, but rather will provide a 

method of quantitatively evaluating relative changes in habitat capacity between pre-construction and 

post-construction time periods. Since only a small portion of the project reach was mapped for edge 

habitat during baseline conditions, this index will be standardized by river mile to allow for site-wide 

comparisons with post-construction monitoring. 

In the future, a more direct approach to evaluating the capacity of a reach to produce fish might be to 

tag individual salmonids and compare abundances of outmigrants rearing within the project reach 

versus a control reach. Additionally, the habitat quality of a reach may influence the ability of a reach to 

produce smolts, and so evaluation of bioenergetically favorable habitat availability (as in Black et al. 

2016) may also help evaluate habitat lift for salmonids. 
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Flood Hazard 

The structural stability of the setback levee was evaluated by inspection by engineers during and 

following flood events, as well as annually during the low flow period. Any areas of concern were noted 

and follow-up monitoring was conducted where needed. The impact of the project on flood elevations 

was also evaluated by observation during flood events, as well as evaluating water surface elevations at 

the USGS 12100498 White River at Pacific gage from 2016 through 2019 at flow intervals of 1000 cfs 

from 2,000 to 6,000 cfs as measured by the USGS 12100490 White River at R Street gage. Containment 

of channel migration within the project area was monitored using cross sections derived from both 

survey and LiDAR, as described in the Channel Dynamics section above, as well as by inspection. 

 

IV. Monitoring Results  

Project Implementation 
The County completed as-built surveys of the project area and prepared the Record Drawings for the 

Project, which were submitted to the USACE on September 14, 2018.  The Record Drawings document 

minor changes from the contract drawings that were deemed necessary during construction.  All 

modifications were approved by the Engineer of Record and County’s Project Representative. The design 

modifications made during construction include the following: 

• One of the log biorevetment structures was eliminated to avoid removal of a mature 

cottonwood tree that was blocking construction equipment access.  Two biorevetments in the 

vicinity of the eliminated structure were repositioned to provide a comparable level of 

protection against bank erosion.  Elimination of the biorevetment structure reduced the total 

number of timber piles from 621 to 617. 

• The total number of key logs (greater than 24-inch diameter, both with and without rootwads) 

increased by nine to a total of 1475 from a design quantity of 1466, despite the elimination of 

one biorevetment.  Additional key logs were incorporated into various structures to compensate 

for the natural variability in log size and to meet the design finished grades. 

• The total volume of slash (branches smaller than 4-inch diameter) incorporated into the log 

structures increased from a design volume of 6,200 cubic yards to 16,000 cubic yards.  The 

additional slash was deemed necessary by the Engineer of Record to fill the voids between the 

key logs (to prevent loss of the gravel backfill) and to account for compression of the slash that 

occurred during placement.  

• The volume of material excavated from the existing levee down to Ordinary High Water Mark 

level was approximately 4,100 cubic yards less than the design quantity of 32,971 cubic yards.  

The reduction in volume was approved by the Engineer of Record to reduce the risk of site 

inundation during construction due to river levels that were higher than what existed when the 

project was designed (caused by ongoing sediment deposition).  Consequently, this resulted in 

the removal of 21 fewer trees than the design quantity in the construction contract. 
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Channel Dynamics and Sediment Conditions 

Channel Dynamics 

Year 1 Performance Standard Year 1 Status Details 

New channel(s) form outside of the 
pre-project active channel. 

 ACHIEVED A new side channel with multiple 
braids has formed outside of the 
mainstem channel. The area of active 
channel has increased by 143%, and 
the ratio of side channel to main 
channel length increased by 243% from 
baseline to Year 1. 

 

In March 2018, active channel location and planform of the mainstem were similar to pre-construction 

conditions measured in March 2017; however, active channel area in the project reach and floodplain 

connectivity increased dramatically post-construction (Figure 5). In Year 1, the river initially breached 

the levee at about 4600 cfs in October 2017. Since then, the floodplain has remained inundated year-

round and flows have not dropped to less than 375 cfs. The active channel area increased from 33.9 

acres at baseline (2016) to 82.6 acres in 2018 and 87 acres in 2019 (143% and 157% increase from 

baseline to Year 1 and Year 2, respectively; Table 5), as a result of both the new side channel as well as 

sediment transport that has contributed to planform changes.  

The number of both side channels and braid channels as measured by node counts also increased 

dramatically over baseline (Figure 6). Side channel nodes increased in Year 1 and by Year 2 had more 

than doubled over baseline. Less stable than side channels, braid channel nodes more than doubled 

over baseline in Year 1 but decreased back to a less than 50% increase over baseline by Year 2. Some 

braid channels were converted to side channels, a more stable configuration as the river adjusts. The 

ratios of side channel to mainstem channel length, and braided channel to mainstem channel length, 

also increased dramatically in Years 1 and 2 (Table 5; Figure 6). As of Year 1, the project has met the 

channel dynamics performance standard of creating a new channel outside of the pre-project active 

channel and Year 2 continued the trend. Continued monitoring of these metrics as well as sediment 

movement is needed to document the ongoing evolution of side channels and to evaluate the possible 

need for adaptive management in the event that they become blocked by sediment aggradation. 

Additional adjustment, both depositional and erosional, should be anticipated when larger flood flows 

occur after the return to normal operations at Mud Mountain Dam. 
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Figure 5. Change in active channel area from 2016 to 2018 and 2019. Aerial photo at left is from 2016. Image at right is from 2018. 
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Figure 6. Change in braided and side channel length and nodes between baseline (2016), Year 1 (2018) and Year 2 (2019). 
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Table 5. Geomorphic change between baseline and Years 1 and 2. 

Metric/Year 

Baseline 

(2016) 

Year 1 

(2018) 

Change from 

Baseline to 

Y1 (%)* 

Year 2 

(2019) 

Change from 

Baseline to 

Y2 (%)* 

Active Channel area  
    

             (acres) 33.9 82.6 143% 87.0 157% 

Side Channel total length 
(ft) 5,745 14,644 155% 17,170 199% 

Number of side channel 
nodes 20 24 20% 46 130% 

Side channel:Mainstem 
channel ratio 1.056 1.65 56% 2.255 114% 

Number of braided channel 
nodes 30 74 147% 44 47% 

Braided Channel total 
length (ft) 7,437 11,733 58% 15,790 112% 

Braided channel:Mainstem 
channel ratio 0.816 2.059 152% 2.452 200% 

*Note: Baseline metrics were calculated from imagery collected at 1800 cfs, while 2018 and 2019 metrics were calculated 
from imagery collected at 2400 cfs and 2860 cfs respectively. 

 

Cross sections spaced throughout the project area show changes in bed elevation from 2016 to 2019. 

Select cross sections are shown along with pre- and post-project imagery in Figure 7. Additional sections 

and the sections from Figure 7 are shown in greater detail in Appendix B. At RM 6.145, just upstream of 

the avulsion area, the mainstem White River got deeper in the first year after project construction 

(2018), but deposition appears to have returned the bed elevation to pre-project levels in 2019. A 

substantial side channel has developed along the left bank in this location, which has provided rearing 

habitat used by juvenile salmonids (see additional detail in Fish Use section of the current report). The 

cross section taken at RM 6.077 also shows this side channel, as well as the significant change in 

elevation associated with levee removal near the avulsion area. 

Cross sections positioned through the avulsion area reveal the channel complexity in this area of the 

floodplain (RM 6.071 in Figure 7; 6.077 through 5.3361 in Appendix B for additional detail). At RM 5.93, 

the cross section shows one of the four engineered log structures constructed in the floodplain. 

Additional cross sections that extend through the floodplain (RM 5.7449 and 5.3929) also emphasize the 

complex floodplain habitat that has formed since construction, with some variation between 2018 and 

2019. We expect that continued monitoring of bed surface elevation will reveal continued dynamism in 

the future. Near the R Street Bridge, downstream of where the floodplain side channel reconnects with 

the mainstem (RM 5.041), bed elevation within the White River has changed substantially between 

years, revealing patterns of deposition and changing channel locations. Some of this change reflects 

downstream migration of gravel bars and changes in bar configuration. 
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Figure 7. Cross sections comparing pre-project (2016 and 2017) and post-project (2018 and 2019) bed elevations.  
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Sediment Conditions 

Indicator Year 1 Performance Standard Details 

Sediment conditions  None specified Approximately 245,000 net cubic yards 
of sediment were deposited in the 
project area in Year 1 

 

Between project construction in October 2017 and March 2018, approximately 245,000 net cubic yards 

of sediment were deposited in the floodplain area (Figure 9, 10). In contrast, about 3,600 cubic yards of 

sediment were deposited in the mainstem channel. Substantial amounts of deposition were observed at 

the avulsion point upstream of the three northern engineered log structures, along the biorevetment 

structure, and downstream of the southern engineered log jam in the hydraulic shadow of the structure. 

The area of deposition near the avulsion point included significant amounts of gravel, based on visual 

observations (highlighted in Figure 

8); about 1,280 cubic yards of gravel 

were deposited in this location. 

Deposition in other areas within the 

floodplain appeared to be 

dominantly sand-sized material. The 

channel gradient at the planned side 

channel inlet location was steeper 

than in the mainstem, drawing flow 

and sediment into the newly open 

floodplain area. The flatter gradient 

of the wetland induced sediment 

deposition and the longer pathway 

through the reconnected floodplain 

maintains a depositional sediment 

regime. 

There is no performance standard 

associated with sediment changes, 

however this process is of interest 

given that sediment deposition and 

erosion are important fluvial 

processes that strongly affect 

channel dynamics. Therefore, we will 

continue to monitor rates of 

sediment change throughout the 

monitoring period.  

Figure 8. Area of observed gravel deposition. 
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Figure 9. Elevation change in the project area between October 2017 and February 2018 
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Figure 10. Zones within mainstem and floodplain areas for which change in sediment volume was calculated in Table 6. 
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Table 6. Net change in sediment volume (cubic feet) from 2016 to 2018. 

Zone Net volume change (ft3)  Zone Net volume change (ft3) 

1 -60,458  11 381,393 
2 106,544  12 961,374 
3 17,083  13 255,550 
4 735  14 159,990 
5 42,703  15 294,439 
6 6,146  16 577,881 
7 -16,850  17 359,806 
8 1,472,579  18 74,796 
9 455,487  19 -13,408 

10 599,942    

 

Habitat 

In addition to aquatic habitat, the project site has provided habitat for a variety of terrestrial species as 

well. A bald eagle nest identified in 2014 on the project site remains active as of 2020, and additional 

bird species were noted during Year 1 and Year 2 monitoring including great blue herons, red wing 

blackbirds, Canada Geese, red-tailed hawks, and a number of duck species. A beaver dam in the 

northeast area of the project was established shortly after project construction and has remained active 

as of the date of this report. Additional species observed on site include deer, American bullfrogs, mink, 

and opossum. 

Vegetation 

Cover 

Year 1 Performance Standard Year 1 Status Details 

Less than 10% invasive cover (non-
regulated noxious weeds and weeds of 
concern) in planted areas (5% for King 
County class A noxious weeds, bindweed, 
and knotweed). Less than 25% reed canary 
grass on site as a whole. 

 ACHIEVED No noxious weeds were found in 
sampling transects. On average 1% 
cover of non-regulated weeds was 
found, and <1% cover of reed 
canarygrass across transects. 

 

Year 2 Performance Standard Year 2 Status Details 

Cover by installed trees and shrubs, 
including cover by volunteers of desirable 
native woody species, in Year 2 is at least 
15% 

ACHIEVED Average percent cover of woody 
species across all transects within 
planted areas was 28%, and across all 
transects monitored was 30%. 

Less than 10% invasive cover (non-
regulated noxious weeds and weeds of 
concern) in planted areas (5% for King 
County class A noxious weeds, bindweed, 
and knotweed). Less than 25% reed canary 
grass on site as a whole. 

 ACHIEVED Field bindweed was found in very few 
transects (average cover < 1%). On 
average 1.4% cover of non-regulated 
weeds was found, and <1% cover of 
reed canarygrass across transects. 
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There were no performance standards associated with percent cover for Year 1, however average tree 

and shrub cover across all sampled transects was 18%, which exceeded the Year 2 performance 

standard. Cover in Year 1 varied substantially by plot and transect; average percent cover of trees and 

shrubs varied from 2.5% to 18.3% cover between transects in planted areas (engineered log jam (ELJ), 

levee slope (LS), and riparian buffer (RB)), and 0.5% to 45.5% in unplanted gravel bars (GB). Averaged 

across transects, percent cover of woody species was greater in gravel bar areas (25%) than in planted 

areas (ELJ: 20%, LS: 12%, RB: 14%; Figure 11). Conservative estimates of percent cover of woody species 

by planting area, (i.e., calculated using the lowest value of each cover class range), revealed that at 

minimum, 10% cover was observed in ELJ areas, 4% in LS areas, and 6% in RB areas. 

In Year 2, one gravel bar transect established in Year 1 was underwater, and so was not sampled. Year 2 

average tree and shrub cover across all sampled transects was 30.3%, and across planted areas was 

28.0%, which exceeds Year 2 performance standards of ≥15% cover of woody species across the site. 

Again, percent cover varied by plot and transect, with average percent cover of woody species varying 

from 4.3% to 30.5% cover in planted transects and 3.8% to 32.3% in unplanted gravel bar transects. 

Averaged across transects, cover was again greatest in gravel bar areas (36.8%) than planted areas (ELJ: 

32%, LS: 20%, RB: 33%; Figure 11), all of which represents a statistically significant increase in percent 

cover compared to Year 1 conditions (p<0.001).  When evaluating performance of each planted area 

compared to the Year 2 performance standard, ELJ and RB planting areas significantly exceeded the 

standard of 15% (p=0.005 and p=0.01 respectively), but although average cover in LS planting area was 

20.0%, cover in these areas was not statistically greater than 15% (p=0.20). Conservative estimates of 

average percent cover of woody species in each planting area were 16.1% in ELJ areas, 8.9% in LS areas, 

and 18.9% in RB areas. 

 

Figure 11. Percent cover of woody species in Year 1 and Year 2, averaged across sampling transects, by planting area. 
Engineered Log Jam (ELJ), unplanted gravel bar (GB), levee slope (LS), and riparian buffer (RB). Error bars denote standard 

errors, and dashed line indicates Year 2 performance standard of 15% cover. 
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Figure 12. Photos of vegetation transects in riparian buffer, levee slope, engineered log jam, and unplanted gravel bar areas at 

Year 1 and Year 2. Panels A and B show transect RB-3 (at 0-m), C and D show transect LS-1 (at 0-m), E and F show transect ELJ-2 
(at 15-m), and G and H show transect GB-2 (at 0-m). 
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In Year 1, no King County Class A noxious weeds, field bindweed (Convolvulus arvensis), or Japanese 

knotweed (Polygonum cuspidatum) were observed in planted vegetation transects throughout the 

project area. However, knotweed was documented in one gravel bar transect, and knotweed and 

bindweed were noted in small numbers in the project area. An average of 1% cover of non-regulated 

noxious weeds and King County Weeds of Concern (Scotch broom Cytisus scoparius, creeping buttercup 

Ranunculus repens, and Himalayan blackberry Rubus armeniacus) was found across transects. Generally, 

cover of non-regulated weeds was higher in ELJ planting areas (3%) than LS (0.25%) or RB (0.25%) 

planting areas. Anecdotally, field bindweed (Convolvulus arvensis) was also found on site. Reed 

canarygrass (Phalaris arundinacea) was only documented in 2 sampling plots (one in the LS planting 

area, one along a gravel bar), and averaged 0.01% cover across all transects sampled. The site is meeting 

invasive cover performance standards of less than 10% cover of non-regulated invasive species, less 

than 25% reed canary grass, and less than 5% Class A noxious weeds, bindweed, and knotweed. 

In Year 2, field bindweed was found within two of 39 transects monitored, but no other King County 

Class A noxious weeds or Japanese knotweed were observed in planted areas. Average percent cover of 

field bindweed across the site was 0.06%. Knotweed was again documented in one gravel bar transect. 

Average percent cover of non-regulated noxious weeds and King County Weeds of Concern was 1.4%. 

Reed canarygrass was documented in 4 gravel bar transects and one ELJ transect, averaging 0.4% across 

all sampled transects. As such, invasive species performance standard is still being met in Year 2. 

Vegetation maintenance to manually and chemically control noxious weeds will continue in Year 3 

(2020), and the area will be inspected annually thereafter to identify and control noxious weeds as 

needed.  

 

Survival 

Year 1 Performance Standard Year 1 Status Details 

80% survival at end of Year 1 growing season for all 
installed trees and shrubs (excluding live stakes) 

 ACHIEVED Average survival was 94.5% 

 

Survival of woody species (trees and shrubs, excluding live stakes) was 94.5% at fall of Year 1. This 

exceeded the project performance standard of 80% survival. Considering woody species only, 2,066 

plants died: over half (1,164 plants) of these mortalities were live stakes. Bare root stock made up 34.3% 

of the remaining woody species mortalities (709 plants), with 1-gallon potted, 14” potted, and plugs 

making up small percentages of observed mortality (4.6% or 96 plants; 0.2% or 4 plants; and 4.5% or 93 

plants respectively). 
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Riparian Buffer Width 

Year 1 Performance Standard Year 1 Status Details 

Average vegetated buffer width of 75 feet  ACHIEVED Average buffer width was 95 feet 

 

The average riparian buffer width in planted areas was 95.2 feet, exceeding the performance standard 

of an average buffer width of 75 feet. Of the 18 points sampled, the maximum buffer width was 297 feet 

and the minimum buffer width was 31 feet. 

 

Aquatic Habitat  

Floodplain Inundation 

Indicator Year 1 and 2 Performance Standard Details 

Floodplain inundation On average over years 1, 3, 5, 7, and 
10, wetted area in the floodplain 
between Feb 1 – Mar 31 is 32.5 
acres. 

Area of floodplain 
inundation was 21 acres at 
approximately 2,000 cfs and 
56-63 acres at 6060 cfs in 
Year 1. In Year 2, 56 acres 
were inundated at 4,000 cfs. 

 

The area of inundated floodplain increased by 13.2 acres in Year 1 (comparing manual method 

estimation of 3/18/2016 imagery at 1800 cfs to 4/9/2018 imagery at 2400 cfs) and by 20.2 acres in Year 

2 (comparing manual method estimation 3/18/2016 imagery at 1800 cfs to 4/9/2019 imagery at 2860 

cfs). These comparisons are not perfect, given that the flows were higher in Year 1 and Year 2 imagery 

compared to baseline. However, it is clear that substantially more area is wetted post-construction.  

Prior to construction, most of the floodplain was disconnected from the White River at flows below 

3000 cfs, except for a backwater connection at the south end of the project where an estimated 7.8 

acres was inundated at 1,800 cfs (Figure 13a). After construction, creation of a side channel throughout 

the floodplain has increased the area of inundation to approximately 21 acres in Year 1 (Figure 13b) at a 

slightly higher flow (2,400 cfs), and increased to 28 acres at 2860 cfs and 56 acres at 4,050 cfs in Year 2 

(Table 7, Figure 13c). 

 

Table 7. Acres of floodplain inundated at baseline after construction. 

Measurement 
period 

Date 
Flow at 

Auburn (cfs) 
Acres Inundated 
(manual method) 

Acres Inundation 
(ArcGIS method) 

Baseline 3/18/2016 1800 7.8 -- 
Year 1 2/6/2018 6060 63.3 56.1 
Year 1 4/9/2018 2400 21 24 
Year 2 4/9/2019 2860 28 22.2 
Year 2 4/12/2019 4050 56 -- 
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Figure 13. Inundated areas (A) at baseline, (B) at Year 1, and (C) at Year 2. Note that the visualization for Year 2 inundation corresponds to a higher flow than other years; see 
Table 7 for acreage comparisons at comparable flows.
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Low Velocity Edge Habitat 

Year 1 Performance Standard Year 1 Status Details 

Sum of slow-water (<1.5 ft/sec) bar, 
bank, backwater, and side channel 
area increases by >50%, relative to 
baseline condition. 

 ACHEIVED Area of slow-water habitat across the 
project reach increased by roughly 
3000%. 

 

In total, across mainstem and floodplain habitat, slow-water edge habitat increased by around 3000% 

across flows. At approximately 1500 cfs (Figure 16), edge habitat increased from 3,421 m2 to 96,689 m2 

(calculation includes all floodplain habitat, but only mainstem habitat within the sampling areas 

established at baseline). Across three sampling events with comparable flows before and after project 

construction (at approximately 800 cfs, 1100 cfs, and 1500 cfs), edge habitat area was much greater at 

Year 1 compared to baseline levels. 

Mainstem habitats at baseline conditions primarily consisted of bar and side channel habitat (Figure 14, 

15), with more bar habitat than backwater, side channel or bank habitats. At Year 1, edge habitats 

throughout the project reach were dominated by side channel and backwater habitat found in the 

floodplain (Figure 14, 15), with substantially more side channel habitat identified than all other habitat 

types. It is important to note that some of the floodplain side channel edge habitat that was mapped in 

Year 1 contains bar habitat within the side channel area, and so apparent decreases in bar habitat 

between pre- and post-construction periods are in part an artifact of classifying side channel habitat at 

this broader spatial scale (i.e., side channel) rather than a true decrease in the proportion of bar habitat. 

This mismatch will be addressed in future sampling efforts. In the mainstem, less bar habitat was 

observed than at baseline due to changes in channel morphology; a bar present in the Upper Left Bank 

mainstem sampling area disappeared as the river thalweg shifted over time (Table 8). 

 

Figure 14. Proportion of slow water edge habitat by type at baseline and Year 1. Side channel habitat in Year 1 includes bar and 
bank habitat within the floodplain side channel. 
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Figure 15. Slow-water edge habitat availability at baseline and Year 1 conditions. Mainstem data represents a sample of habitat 
available (within subsampled area), rather than the entire mainstem. Note log scale. 

 

The majority of the increase in edge habitat availability was due to floodplain reconnection. In total (all 

mainstem in project area included), 47,669 m2 of low velocity habitat was observed in the project area 

at 825 cfs, 90% of which was found in the floodplain (Table 8). Of this habitat, 2,120 m2 was new 

backwater habitat in the floodplain, and 40,861 m2 was new floodplain side channel habitat (which may 

also contain bar habitat). At higher flows, even more low velocity edge habitat was observed (102,225 

m2 at 1430 cfs, including all mainstem habitat). Again, 96% of this habitat was off-channel habitat 

(floodplain), made up of 30,206 m2 of backwater and 68,142 m2 of side channel (and bar) habitat. The 

relationship between edge habitat area of each type and flow will be determined after sufficient data is 

collected for analysis, however initial data shows that the overall amount of edge habitat increased with 

flow in Year 1, indicating that habitat complexity within the floodplain effectively creates new edge 

habitat as anticipated. 
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Table 8. Low velocity edge habitat area (m2) by type at baseline and Year 1. 

Moderate flow (~800 cfs)* 

 Mainstem  Floodplain  Total 

Edge Type Base Y1 Diff  Base Y1† Diff  Base Y1† Diff 

Bar 751 631 -120  0 0 0  751 631 -120 
Bank 117 301 184  0 0 0  117 301 184 
Backwater 193 124 -69  0 2,120 2,120  193 2,244 2,051 
Side 
Channel 

356 1031 675  0 40,861 40,861  356 41,892 41,536 

Higher flow (~1500 cfs)* 

 Mainstem  Floodplain  Total 

Edge Type Base Y1 Diff  Base Y1† Diff  Base Y1† Diff 

Bar 1,713 71 -1,642  0 0 0  1,713 71 -1,642 
Bank 38 246 208  0 0 0  38 246 208 
Backwater 649 711 62  0 30,206 30,206  649 30,917 30,268 
Side 
Channel 

1,021 734 -287  0 68,142 68,142  1,021 68,876 67,855 

*Reported areas at ~800 cfs include upper right bank sampling area, while sampling at ~1500 cfs excludes upper 
right bank sampling area. Mainstem data presented here for both flows only includes data collected from the 
mainstem sampling areas depicted in Fig 4, although in Year 1 data was collected along the entire left bank 
mainstem between the A Street and Stewart Street bridges. 
†Side channel habitat mapped in Year 1 also contains bar habitat within the broader side channel habitat area. 
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Figure 16. Comparison of baseline (A) to Year 1 (B) low velocity edge habitat availability. Baseline habitat data was collected 
March 19, 2015, 1500 cfs, and Year 1 habitat data was collected November 11, 2018, 1430 cfs. 
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Wetlands 

Year 1 Performance Standard Year 1 Status Details 

1.08 acres of temporary impacts in 
Wetlands A and B are restored to aquatic 
habitat condition. 

 ACHIEVED Area of temporary impact has been 
converted to riverine aquatic 
habitat. 

 

A 1.08 acre area within Wetlands A and B was temporarily impacted by construction (Figure 17) have 

been restored to aquatic (riverine) habitat. As such, the performance standard associated with wetland 

habitat has been met. 

 

 

Figure 17. Temporary wetland impact areas in Wetlands A and B as shown by aerial imagery (temporary access roads to 
construct engineered log jams). Impacted area has been restored to aquatic habitat. 
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Wood 

Year 1 Performance Standard Year 1 Status Details 

Wood loading (natural and placed) on site 
meets or exceeds NMFS recommendation 
for properly functioning condition (>80 
pieces/mile; NMFS 1996) 

 NOT ACHIEVED Wood loading in the project reach is 
20 pieces/mile, although wood 
recruiting high flows have not 
occurred since project construction. 

 

In total, 2,920 large wood pieces (natural and placed pieces ≥C2, volume: 6,106 m3; Figure 18) were 

found in the project reach, compared to 1,852 pieces (volume: 5,298 m3) found at baseline. Most large 

wood pieces found in 2018 were naturally recruited (1,863 pieces), but a substantial portion of the 

number of wood pieces in the project area were placed during construction (1,057 pieces, Table 9). Of 

these placed wood pieces, 561 were vertical piles (assumed to be size C4), 475 were C4 pieces of racking 

wood, and 21 were D4 pieces of racking wood. These pieces were not large enough to be included in 

NFMS large wood or Fox & Bolton (2007) key piece calculations (Table 10). Pieces were placed between 

river mile 5.15 and 6.11. 

Considered by volume, the majority of wood found was from natural recruitment rather than placed 

wood; total wood volume throughout the project was 8,299 m3, and of this, 1,489 m3 was found in log 

jams (n=32 log jams), 6,106 m3 was from individual logs, and 704 m3 was from placed wood. Log jam 

wood volume was lower in 2018 than pre-project, when 3,717 m3 of wood was found in jams. The 

majority of naturally recruited pieces were size classes C2, C3, D2, D3, and E3 (Table 9). There were 27 

key pieces found from field surveys or measured by aerial photographs in the project area. Most key 

pieces were size E4 (10) or F4 (14), although one key piece was size G4. 

 

Table 9. Large wood pieces in the project area in Year 1 (2018) by size class. Pieces placed during construction are in 
parentheses. Counts do not include wood found in natural log jams. 

 Length Class (m) 

Diameter Class (m) C (2-4) D (4-8) E (8-16) F (16-32) G (>32) 

2 (0.1 – 0.2) 219 245 120 9 0 
3 (0.2 – 0.4) 250 305 245 74 1 
4 (0.4 – 0.8) 64 (1,036) 93 (21) 142 76 1 
5 (0.8 – 1.6) 8 3 1 2 0 
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Figure 18. Map of individual large wood pieces throughout the project area in 2018. 
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The distribution of wood across habitat types within the project reach in 2018 was similar to pre-project 

conditions, with more pieces found in the floodplain than mainstem or side channel habitats (Figure 19). 

The longitudinal distribution of natural wood shifted between 2017 and 2018, with a large reduction in 

log jam volume at river mile 5.15 and a large increase in individual log volume at river mile 5.36 (Figure 

20). Additionally, increases in natural wood loading from river mile 5.83 – 6.04 were observed. 

 

 

 

Figure 19. Distribution of wood throughout the project area by wood size and habitat type in 2017 (green) and 2018 (blue). Log 
jams are not included. Y-axis is on a log scale. 

 

Regular inspections during and after high flows in 2018 and 2019 identified accumulations of large wood 

on the pier of the Stewart Street bridge, which were removed by the City of Sumner to reduce 

infrastructure risk.  
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Figure 20. Volume of individual wood pieces (all size class ≥C2) and wood jams by river mile in 2017 and 2018. 
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Table 10. Comparison of observed large wood quantities with established guidelines. 

Source 

LW 
Minimum 

Size Criteria 

Quantified 
Size classes in 
project area 

Guidelines 
or target 

Observed 
Value in 2017 

(Approx.) 

Percent of 
Target 

(Baseline) 

Observed 
Value in 2018 

(Approx.) 

Percent 
of Target 

(2018) 

National 
Marine 

Fisheries 
Service 

15.2 m 
long and 

0.6 in 
diameter 
(50ft x 24 

in) 

E4-6; F4-6 
>80 per 

mile 

18 in Project 
area  

13.8 per mile 
17% 

26 in Project 
area 

20 per mile 
25% 

Fox and 
Bolton 

2 m long 
and 10 cm 
in diameter 
(6.6 ft x 4 

in) 

All except B 
class 

>206 per 
100 m 
(75th 

percentile) 

Averaged 93 
pieces per 

100 m  
45% 

Averaged 
90.5 pieces 
per 100 m 

 
(140.8 pieces 

including 
placed wood) 

68% 

Key Piece  
(50 ft x 24 
in) volume 
is 10.75 m3 

or more 

E5-G5; D6-
G6 

>4 (75th 
percentile) 

Average 0.86 
per 100 m 

22% 
Average 1.29 

per 100 m 
32% 

 

 

 

Figure 21. Percent of large wood target guidelines achieved pre-project (2017) and after Year 1 (2018). Placed wood pieces were 
too small to be included in NMFS guidelines. 

 

The project area has not yet met standards set by the National Marine Fisheries Service (NMFS) or Fox 

and Bolton (2007) for recommended wood loading, and therefore the project has not met its 

performance standard of meeting or exceeding 80 pieces of wood/mile (NMFS standard; Table 10). 
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However, substantial progress has been made towards reaching these guidelines compared to pre-

project conditions (Figure 21). While loading of naturally recruited wood has remained very similar, the 

addition of placed wood has increased wood loading from 88 pieces/100m to 141 pieces/100m. 

To date, we have not observed a substantial increase in wood recruitment as was predicted by a study 

of wood transport at the project site (King County, 2011), likely because high flow conditions that recruit 

wood into the river have not occurred since project construction. This is in part due to upstream water 

management at Mud Mountain Dam (MMD), which has operated per a formal deviation to the Corps’ 

Water Control Manual (WCM) for MMD flow regulation.  Under the deviation, flow releases are 

controlled to target 6,000 cfs (Barton, 2019).  With local inflows below the dam, flows arriving to the 

project site have been less than 7,000 cfs since the January 2009 major flood event. Wood recruitment 

may continue to be limited by water management, as MMD will continue to operate at a maximum 

outflow of 6,000 cfs for WY 2019-2021 (compared to 17,600 cfs authorized under the WCM, and flow 

target of12,000 cfs when feasible). 

 

Fish Use 

In total, 2,389 fish were sampled pre-project between April 2011 and September 2015, and 1,275 fish 

were sampled post-project in 2018 (Table A1). Across all baseline (pre-2018) sampling events, 985 

salmonids were sampled and measured, with the majority (90% of juvenile Chinook, coho, and 

steelhead) captured in the more frequently sampled spring and summer months. In Year 1, 292 

salmonids were sampled and measured, again mostly in spring and summer (74% of Chinook, coho, and 

steelhead captures). 

Several species were caught in baseline but not Year 1 sampling, including cutthroat trout 

(Oncorhynchus clarkii), pink salmon (Oncorhynchus gorbuscha), bull trout (Salvelinus confluentus), red-

sided shiner (Richardsonius balteatus), and lamprey. Species captured in Year 1 sampling but not 

baseline sampling include catfish, pumpkinseed sunfish (Lepomis gibbosus), Oriental weatherfish 

(Misgurnus anguillicaudatus), and three-spine stickleback (Gasterosteus aculeatus). The absence of 

several salmonid species observed in baseline but not Year 1 sampling does not necessarily indicate that 

habitat has become unsuitable, since these species were infrequently sampled during baseline and so 

future sampling may detect these species. New species detected in Year 1 sampling likely resulted from 

sampling within the floodplain (previously wetland habitat), which was not done during baseline 

sampling. Future sampling will reveal how fish community composition changes as the project develops. 

Fish sampling locations were selected to reflect the diversity of edge habitat types available throughout 

the project. Generally, mainstem bank and bar habitats were more frequently sampled than backwater 

and side channel habitats in the baseline sampling period. Backwater, bank, and bar habitats were 

frequently sampled in the mainstem in Year 1, and bar habitat was most frequently sampled in the 

floodplain side channel in Year 1 (Table A2).  

Reconnection of the mainstem with the floodplain created a large area of complex side channel habitat 

(Figure 16), and fish sampling areas within this side channel habitat was further classified into smaller 
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scale habitat units during fish sampling (e.g., bank and bar habitat within the floodplain side channel). 

Thus, although habitat units selected for fish sampling do not appear to reflect the availability of habitat 

of each type mapped in Figure 16, (i.e., side channel units appear to be infrequently sampled for fish), in 

reality this larger-scale side channel habitat was sampled as finer-scale bank and bar habitat. 

 

Habitat Use 

Year 1 Performance Standard Year 1 Status Details 

Juvenile salmonid frequency of occurrence 
is highest in backwater and side channels, 
compared to other edge types 

 ACHIEVED Catch per unit effort of juvenile 
Chinook and coho salmon was 
highest in backwater and side 
channel habitat in spring, when 
habitat use was at its peak. 

 

Fish sampling aimed to identify presence and abundance of juvenile salmon, primarily Chinook and 

coho, in backwater, bank, bar, and side channel edge habitats. Given that fish habitat throughout the 

project has been in transition during the first two years post-construction, results of future fish 

monitoring may differ substantially from what was seen in Year 1 as the site develops. 

In addition to evaluating the hypothesis stated in the performance standard above, we aimed to address 

the following questions: 

1. How does catch per unit effort (CPUE) of Chinook and coho salmon differ between low velocity 

edge habitat types? 

2. How does CPUE of Chinook and coho salmon differ by season? 

3. Are these patterns the same across fish size? 

Chinook 

In total, 194 Chinook salmon were captured during baseline sampling and 115 were captured in Year 1. 

Of these Year 1 captures, 54 Chinook salmon were caught in floodplain habitats, and 61 Chinook were 

caught in mainstem habitats, revealing that Chinook began using the newly reconnected floodplain 

habitat within the first year of floodplain reconnection.  

After controlling for escapement, peak flows during the rearing period prior to sampling, hatchery 

releases, and time of day, Chinook CPUE was significantly different between seasons but not between 

edge habitat types. Catch was greatest in spring (p<0.01) and summer (p<0.01) compared to fall and 

winter. In spring, catch was greatest in side channel and backwater habitats, while in summer catch was 

greatest in side channels (Table 11; Figure 22).  
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Table 11. Chinook CPUE (measured as fish captured per second) ± SE by season and edge habitat type. 

 Backwater Side Channel Bank Bar TOTAL 

Winter 0.005 ± 0.005 0.01 ± 0.01 0.002 ± 0.002 0.03 ± 0.01 0.01 ± 0.005 
Spring 0.07 ± 0.05 0.09 ± 0.05 0.06 ± 0.02 0.03 ± 0.02 0.06 ± 0.02 
Summer 0.02 ± 0.01 0.06 ± 0.04 0.02 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 
Fall 0.002 ± 0.002 0 ± 0 0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 

TOTAL 0.03 ± 0.02 0.04 ± 0.02 0.03 ± 0.01 0.03 ± 0.01  
 

 

 

Figure 22. Chinook salmon CPUE (catch/second) by season and habitat type during baseline conditions and Year 1 (combined). 
Error bars denote standard errors. 

 

Chinook were captured in mainstem habitats in all four seasons of Year 1, and in floodplain habitats in 

all seasons except summer (Figure 23). This may indicate that the shallow water in floodplain habitat 

reached high temperatures that were unsuitable for Chinook rearing. Recent thermal infrared data 

collected in the reach indicates that surface water temperatures in the side channel were several 

degrees warmer than in the mainstem in late July 2019 (Quantum Spatial 2020), supporting this 

hypothesis. In winter, when primarily smaller Chinook were present, more Chinook were captured in the 

floodplain than mainstem, underscoring the importance of off-channel habitat for Chinook rearing. 

Additional data collection in future years will help establish how Chinook use between habitat types 

across seasons has changed between baseline and post-construction conditions, and between mainstem 

and floodplain habitat. 
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Captured Chinook ranged in size from 32mm to 110mm FL. The observed bimodal size distribution may 

reflect growth across seasons as well as the presence of age-0 fry and parr as well as age-1 outmigrants 

(Figure 24). Chinook size was significantly different between seasons and edge habitat types across all 

sampling periods. Chinook were smallest in backwater habitat (p<0.001) and largest in bank and bar 

habitats (Table 12), suggesting that bank and bar habitat may be unfavorable to smaller fry since 

adjacent water velocities are typically faster than those along backwater habitats. These patterns of size 

across habitat types were largely determined from fish captured in spring, given the large number of fish 

captured in spring compared to other months. Following expectations of increased fish length as a result 

of growth over the rearing period, Chinook were smallest in winter, when fish have just emerged from 

the gravel, and largest in fall when any remaining fish may rear in freshwater for an entire year before 

outmigrating to saltwater (Figure 25). 

Figure 23. Average Chinook CPUE in floodplain versus mainstem habitat in Year 1. Error bars depict standard errors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. Frequency distribution of juvenile Chinook fork length across all sampling events. 
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Table 12. Average Chinook fork lengths (mm) ± SE by season and habitat type. 

 Backwater Side Channel Bank Bar TOTAL 

Winter 43.0* 39.0 ± 0.5 35.0* 48.0 ± 4.2 45.9 ± 3.4 
Spring 46.3 ± 0.6 53.0 ± 1.6 71.0 ± 2.8 56.7 ± 2.7 55.0 ± 1.1 
Summer 84.2 ± 2.5 83.3 ± 1.8 90.1 ± 3.5 86.4 ± 1.7 85.6 ± 1.1 
Fall 91.0* - 95.5 ± 2.5 100.4 ± 3.4 96.8 ± 1.9 

TOTAL 52.8 ± 1.6 63.8 ± 2.2 77.8 ± 2.4 66.3 ± 2.7  

*n=1  
 

 

Figure 25. Average Chinook fork length (mm) by season and habitat type. Error bars depict standard errors. 

 

In Year 1, juvenile Chinook captured in mainstem habitat areas were larger on average (mean = 64.7 

mm, SD = 20.5) than those captured in floodplain habitat areas (mean= 56.1, SD = 19.1), suggesting that 

off-channel habitat may provide a refuge for smaller Chinook, and/or may indicate that the larger fish 

captured in the mainstem are actively migrating out of the system. After controlling for season and edge 

habitat type, the difference in Chinook size between mainstem and floodplain habitat areas in Year 1 

was statistically significant (p=0.02). Additional sampling in future years may reveal more about project 

effects on fish size, as we hypothesize that project actions may have created higher quality rearing 

habitat that may increase fish growth. 
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Coho 

In total,743 age-0 and 121 age-1+ juvenile coho were captured during baseline sampling, and 154 

juvenile coho were captured in Year 1. Of these captured in Year 1, 94 juvenile coho were caught in the 

mainstem (74 age-0, 21 age-1+, 1 unmeasured) and 60 were caught in the floodplain (59 age-0, 1 age-

1+, 2 unmeasured). Similar to Chinook, these data show that coho have begun using the newly created 

floodplain habitat in the first year after floodplain reconnection. 

After controlling for escapement, peak rearing flows, and time of day, age-0 and age-1+ coho CPUE was 

significantly different between seasons, with greatest age-0 CPUE observed in spring compared to 

summer or fall (p<0.05) and greatest age-1+ CPUE in spring compared to all other seasons (p<0.05; 

Figure 26, Table 13, 14). No age-0 and only one age-1+ coho was captured in winter, suggesting that 

coho currently may not make substantial use of the site for overwintering. 

Coho CPUE also differed between edge habitat types, with much higher captures of age-0 coho in 

backwater and side channel habitat compared to bar (p<0.001) or bank habitat (p<0.01), particularly in 

spring, and highest catch of age-1+ coho in side channel habitat followed by backwater habitat (Figure 

26). Again, these patterns confirm those expected in Year 1 performance standards. Maximum flow 

from January to June of the year of emergence significantly influenced both age-0 and age-1+ coho 

CPUE (p<0.001 for age-0, p<0.01 for age-1+). Escapement at Buckley diversion dam was a significant 

predictor of age-1+ but not age-0 coho CPUE, which may suggest that coho juveniles emerging in the 

upper watershed may take time to population areas in the lower White River, or that we may be 

detecting these age-1+ individuals during outmigration rather than rearing. 

 

Table 13. Age-0 coho CPUE (catch/second) ± SE by season and edge habitat type. 

 Backwater Side Channel Bank Bar TOTAL 

Winter 0.0 ± 0.0  0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Spring 0.85 ± 0.31 0.12 ± 0.04 0.002 ± 0.002 0.03 ± 0.02 0.22 ± 0.09 
Summer 0.10 ± 0.05 0.07 ± 0.04 0.01 ± 0.003 0.02 ± 0.01 0.03 ± 0.01 
Fall 0.2 ± 0.01 0.0 ± 0.0 0.002 ± 0.002 0.01 ± 0.01 0.01 ± 0.003 

TOTAL 0.34 ± 0.13 0.05 ± 0.02 0.004 ± 0.001 0.01 ± 0.005  
 

 

Table 14. Age-1+ coho CPUE (catch/second) ± SE by season and edge habitat type. 

 Backwater Side Channel Bank Bar TOTAL 

Winter 0.0 ± 0.0 0.001 ± 0.001  0.0 ± 0.0 0.0 ± 0.0 0.0002 ± 0.0002 
Spring 0.05 ± 0.03 0.07 ± 0.02 0.005 ± 0.003 0.01 ± 0.01 0.03 ± 0.01 
Summer 0.002 ± 0.001 0.03 ± 0.01 0.02 ± 0.01 0.01 ± 0.003 0.01 ± 0.005 
Fall 0.0 ± 0.0 0.0 ± 0.0 0.001 ± 0.001 0.01 ± 0.01 0.004 ± 0.003 

TOTAL 0.02 ± 0.01 0.03 ± 0.01 0.01 ± 0.004 0.01 ± 0.002  
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Figure 26. Average CPUE (catch/second) of age-1+ and age-0 coho salmon by season and habitat type. 

 

In Year 1, age-0 coho were captured in both mainstem and floodplain habitats in all seasons except 

winter, and age-1+ coho were captured in both mainstem and floodplain habitats in spring (Figure 27). 

Differences in coho CPUE were not statistically different between mainstem and floodplain habitat areas 

in Year 1 (p=0.24 for age-1, p=0.14 for age-1+; Figure 27). Greater use of mainstem compared to 

floodplain habitat in summer may result from higher temperatures in habitat within the shallower 

floodplain, however additional fish sampling and a separate investigation of temperature variation 

throughout the reach is needed to investigate this possibility. Additionally, more years of sampling are 

required to better evaluate any difference in habitat preference between mainstem and floodplain 

habitats. 
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Figure 27. Average age-0 and age-1+ coho CPUE (catch/second) by season in Year 1 in mainstem and floodplain habitat areas. 

 

Coho ranged in size from 28mm to 133mm FL (Figure 28). Age-0 coho size was significantly different 

between seasons and edge habitat types when all sampling periods were combined. Age-0 coho were 

smallest in spring and largest in fall, and smallest in backwater and side channel habitat and largest in 

bar habitat (Table 15). Age-1+ coho size was not significantly different between seasons, given low 

capture rates in all seasons other than spring. Average age-1+ lengths were larger in winter and spring 

compared to summer, likely because the largest age-1+ coho outmigrated earlier than smaller age-1+ 

coho (Table 16; Figure 29). Similar to age-0 coho, age-1+ coho were smaller in backwater and side 

channel habitat compared to bar or bank habitats. 

In Year 1, age-0 and age-1+ coho captured in mainstem habitat areas of similar size to those captured in 

floodplain areas, but any differences in coho size distribution between mainstem and floodplain areas 

may become apparent with additional years of data. 
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Figure 28. Frequency distributions of juvenile coho fork length across all sampling periods. 

 

Table 15. Average age-0 coho fork lengths (mm) ± SE by season and habitat type. No age-0 coho were captured in winter 
sampling. 

 Backwater Side Channel Bank Bar TOTAL 

Spring 42.8 ± 0.7 41.4 ± 0.6 45.5 ± 1.5 54.6 ± 4.6 43.5 ± 0.6 
Summer 68.1 ± 1.5 48.7 ± 1.3 56.2 ± 5.3 65.0 ± 3.0 60.9 ± 1.3 
Fall 68.0 ± 5.5 - 75.5 ± 2.5 91.7 ± 9.1 73.7 ± 4.6 

TOTAL 47.8 ± 0.9 44.1 ± 0.7 57.9 ± 4.5 61.0 ± 3.4  
 

Table 16. Average age-1 coho fork lengths (mm) ± SE by season and habitat type. 

 Backwater Side Channel Bank Bar TOTAL 

Winter - 90* - - 90* 
Spring 75.6 ± 1.2 86.8 ± 2.6 98.7 ± 21.4 93.5 ± 10.8 81.8 ± 1.7 
Summer 89* 72.8 ± 0.9 88.3 ± 1.7 85.8 ± 1.5 82.7 ± 1.7 
Fall -  70* 92.3 ± 1.8  90.1 ± 2.8 

TOTAL 75.9 ± 1.2 84.1 ± 2.2 89.1 ± 4.2 91.3 ± 3.4  

*n=1  
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Figure 29. Average fork length of age-0 and age-1+ coho (mm) by season and habitat type. 
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Habitat Capacity 

Year 1 Performance Standard Year 1 Status Details 

Habitat capacity at median rearing flows is 
increased by ≥ 50% compared to baseline. 

 NA Differences in data collection 
methods between aquatic edge 
habitat sampling and fish sampling 
precluded evaluation of this 
performance standard in Year 1. 
Methodology changes will be 
employed in future sampling. 

 

Habitat type classification during aquatic edge habitat sampling and fish sampling were inconsistent, 

making evaluation of habitat capacity challenging. During aquatic edge habitat data collection, a large 

portion of floodplain habitat was classified as side channel habitat, which accurately reflects a new large 

and complex side channel. However, during fish sampling, habitat types within the floodplain were 

recorded at a finer spatial scale, as bar or bank features within the larger side channel were parsed out. 

This is also an accurate way to classify aquatic edge habitat and is particularly relevant when considering 

differences in habitat use of salmonids for these edge types, however because the two methods did not 

match in methodology we cannot combine the two data sources to determine habitat capacity as 

initially desired. As such, we elected to forgo evaluation of this metric in Year 1, and to ensure that 

future sampling is coordinated to allow for assessment of this performance standard in years 3, 5, and 

10. 

 

Flood Hazard 

Year 1 and 2 Performance Standard Year 1 and 2 Status Details 

No significant damage to engineered 
structures, adjacent flood 
facilities/infrastructure. Channel migration 
contained within project area. 

ACHEIVED Engineered structures are intact. Extents of 
channel migration are contained within 
project area. Water surface elevations at 
high flows are reduced compared to pre-
project levels. 

 

No substantial damages to engineered structures throughout the project reach were observed during 

the first two years post-construction. Several areas that warranted continued monitoring were 

identified during post-flood and annual low flow inspections, including approximately 120 feet of 

biorevetment that experienced some scour, erosion along the coir lifts near the floodplain side channel 

inlet, and a downed cottonwood that fell onto the biorevetment in 2018 (no damages were sustained). 

Inspections and channel cross sections (Appendix B) have confirmed that channel migration has been 

limited to the project area and the project had not created damages to adjacent facilities or 

infrastructure.  
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Figure 30. Water surface elevation at USGS 12100498 White River at Pacific, WA. The river initially breached the lowered levee 
on October 21 2017 (dashed line). 

 

Flood flows since October 2017 and through 2019 were conveyed through the Countyline project area, 

as expected, and water surface elevations in the mainstem White River at USGS gage 12100498 at 

Pacific decreased at a given discharge, particularly at higher flows (Figure 30), when decreases were as 

much as 18 inches. Substantial reductions in water surface elevation in the mainstem White River were 

observed immediately after the river initially breached the levee and inundated the floodplain in 

October 2017; a larger proportion of flow was directed into the floodplain than the mainstem during the 

first flood season. Subsequent patterns of sediment deposition in the floodplain have redirected the 

majority of flow back into the mainstem White River. Water surface elevations during high flows 

remained lower in Year 2 compared to pre-project conditions, indicating that the project continues to 

provide improved flood conveyance in the Countyline reach. 

 

V. Conclusions 
As of Year 2, the Countyline Levee Setback Project is meeting the majority of its ecological objectives 

and performance standards under U.S. Army Corps of Engineers Permit No. NWS-2011-211. The reach 

has become much more dynamic, with the formation of a large and complex side channel, which 

provides large areas of low velocity edge habitat needed for rearing by federally-listed salmonid species. 
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In the first year after construction was completed, juvenile Chinook, coho, and chum were observed 

rearing within the newly created floodplain habitat. Survival and cover of installed native vegetation has 

been high and is exceeding performance standards, providing a robust riparian buffer zone. Wood 

recruitment into the project area has been lower than expected, but high flows needed to transport 

wood have not been realized in the system since project construction. Water surface elevations at high 

flows decreased in the first two years post-construction, indicating the project has reduced flood risks. 

We expect the project area to continue to change and develop complex riverine and floodplain habitats 

as it continues adjusting to set back conditions. 
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Appendix A: Fish Sampling 
 

Table A1. Fish captured in all seasons at baseline and Year 1. Salmonids are separated by size class (age-

0, age-1+, and spawners). 

 Baseline    Year 1 

Species TOTAL # 
Juveniles 

Age-0/Age-1 Spawners  TOTAL # 
Juveniles 

Age-0/Age-1 Spawners 

Chinook 194 180/14 0  115 113/2 0 

Coho 709 610/99 0  158 133/22 0 

Pink 37 1 36  0 0 0 

Rainbow/Steelhead 24 24 -  7 7 - 

Chum 1 1 0  12 12 0 

Cutthroat 1 1 -  0 0 - 

Bull trout 6 6 -  0 0 - 

Sculpin spp. 151 - -  143 - - 

Dace 809 - -  155 - - 

Mountain whitefish 34 - -  79 - - 

Largescale sucker 355 - -  8 - - 

Red-sided shiner 9 - -  0 - - 

Catfish 0 - -  6 - - 

Pumpkinseed 0 - -  10 - - 

Pond loach 0 - -  1 - - 

Stickleback 0 - -  23 - - 

Sunfish 0 - -  5 - - 

Lamprey 2 - -  0 - - 

Unknown minnow 54 - -  550 - - 

Unknown salmonid 2 - -  0 - - 

Unknown 0 - -  3 - - 

TOTAL 2388 936 36  1275 292 0 
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Table A2. Number of discrete habitat units of each type sampled during fish sampling events. All 

sampling events prior to 2018 were from mainstem habitats, while those in 2018 are separated into 

mainstem habitat (MS) and floodplain habitat (FP). 

Sample Date Flow (cfs) Backwater Bank Bar Side Channel TOTAL 

04/20/11 1530 2 4 2 0 8 
07/12/11 3000 2 4 3 2 11 
10/04/11 657 1 3 4 0 8 
02/01/12 2830 0 3 3 3 9 
05/08/12 2920 2 3 3 3 11 
07/25/12 3210 0 3 3 3 9 
11/06/12 1350 0 3 3 3 9 
02/20/13 1000 0 3 3 3 9 
03/19/15 1270 3 2* 2* 0 9 
05/20/15 1120 2 3 3 0 8 
07/22/15 836 3 3 3 0 9 
09/03/15 584 0 3 3 0 6 
2/27/18 1200 FP: 1, MS: 3 FP: 0, MS: 4 FP: 5, MS: 3 FP: 0, MS: 0 16 
5/9/18 3160 FP: 1, MS: 0 FP: 0, MS: 3 FP: 3, MS: 0 FP: 0, MS: 3 10 
8/1/18 950 FP: 2, MS: 2 FP: 2, MS: 3 FP: 3, MS: 3 FP: 0, MS: 0 15 

11/6/18 1430 FP: 3, MS: 2 FP: 2, MS: 5 FP: 3, MS: 2 FP: 0, MS: 0 17 

TOTAL  29 57 58 20 164 

*Attempted to sample three units, but net snagged on wood so these sets were not included in 
analyses. 
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Appendix B: Cross Sections 
Figures included in order from upstream to downstream, viewed looking downstream. 

 

Figure B1. Cross section locations. 
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Figure B2. Bed surface elevation at RM 6.326 during pre-project (2016 and 2017) and post-project (2018 

and 2019) periods. Section location is immediately downstream of A Street bridge. 
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Figure B3. Bed surface elevation at RM 6.145 during pre-project (2016 and 2017) and post-project (2018 

and 2019) periods. Note formation of a side channel from 1050-1125 feet. Note that 2019 section is 

from LiDAR and may not have accurately captured pool depth at station 40. 
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Figure B4. Bed surface elevation at RM 6.077 during pre-project (2016 and 2017) and post-project (2018 

and 2019) periods. Section is located at the old levee breach location, levee removal from 1160-1200 

feet. Note active channel widening post-project. 
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Figure B5. Bed surface elevation at RM 6.071 post-project (2018 and 2019). Section location is parallel to 

mainstem channel across the breach location in newly connected floodplain area. Note new levee from 

460 to 500 feet. 
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Figure B6. Bed surface elevation at RM 6.0035 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Section location is near the downstream end of the breach location. Note 

levee removal from 0 to 25 feet. 
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Figure B7. Bed surface elevation at RM 5.95 during post-project (2018 and 2019) periods. Section trends 

northeast to southwest through the wetland located at the upstream end of the setback area. 
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Figure B8. Bed surface elevation at RM 5.93 during post-project (2018 and 2019) periods. Section trends 

northeast to southwest through constructed engineered log jam, shown as a large elevation change at 

350-400 feet.  Note extensive channel development across floodplain. 
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Figure B9. Bed surface elevation at RM 5.931 during post-project (2018 and 2019) periods. Section 

trends east to west and view is upstream. Sections shows channel development through the wetland 

and ties into high ground on left bank at 525 feet.  
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Figure B10. Bed surface elevation at RM 5.92 during pre-project (2016 and 2017) and post-project (2018 

and 2019) periods. Pre-project section extends southeast through new setback area. Newly constructed 

setback levee shown from -1200 to -1000 feet, removed levee near station 1700. 
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Figure B11. Bed surface elevation at RM 5.7449 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Newly constructed setback levee shown from -1200 to -1000 feet, mainstem 

channel at right, removed levee at station 0. 
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Figure B12. Bed surface elevation at RM 5.589 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Newly constructed setback levee shown from 1600 to 1800 feet, mainstem 

channel at right, remnant levee at station 2550. 
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Figure B13. Bed surface elevation at RM 5.517 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Newly constructed setback levee shown from 2000 to 2050 feet, mainstem 

channel at right, removed levee at about station 2750. 
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Figure B14. Bed surface elevation at RM 5.46 during pre-project (2016 and 2017) and post-project (2018 

and 2019) periods. Newly constructed setback levee shown east of station 2200. High elevation point 

between 2300 and 2350 feet is biorevetment and floodplain with large cottonwood trees. Mainstem 

channel at right, removed levee at about station 2900. 
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Figure B15. Bed surface elevation at RM 5.3929 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Newly constructed setback levee shown from -900 to -850 feet. Existing levee 

remains at station 0. Changes in mainstem channel at right reflect gravel bar reconfiguration. 
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Figure B16. Bed surface elevation at RM 5.355 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Old mainstem channel only is shown. Note that 2019 section is from LiDAR and 

probably did not accurately capture pool depth at station 40. 
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Figure B17. Bed surface elevation at RM 5.3361 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Section location is less than 100 feet downstream of previous section, 5.355. 

Section appears to indicate erosion of old levee and left bank at station 0. Note changes in setback area 

floodplain channels in one year east of station 0. 
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Figure B18. Bed surface elevation at RM 5.197 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Section is located immediately downstream of confluence area where new 

side channel reconnects with mainstem and includes setback levee at station 3100. Note significant 

channel adjustment, including deepening of right lateral side channel at station 3725. 
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Figure B19. Bed surface elevation at RM 5.041 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Section is located downstream of setback area. Reconstruction of higher, left 

levee is visible underway in 2017 section line. 
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Figure B20. Bed surface elevation at RM 4.998 during pre-project (2016 and 2017) and post-project 

(2018 and 2019) periods. Section is located immediately upstream of 8th Street Bridge. Note that 2019 

section is from LiDAR and probably did not accurately capture pool depth at station 3550. 

 


