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EXECUTIVE SUMMARY 
The Snoqualmie River watershed is an important natural and cultural resource for King 
County and the greater Snohomish River basin. The lower Snoqualmie River supports 
several salmonid species, including Chinook salmon, bull trout, and steelhead trout, which 
are listed under the Endangered Species Act. Historic and ongoing degradation have 
negatively impacted habitat quality and quantity throughout the Snoqualmie River 
watershed altering the viability of salmonid species. Strategies to help recover salmonids 
and improve habitat conditions in the Snoqualmie River and greater Snohomish River 
basin are outlined in the 2005 Snohomish River Basin Salmon Conservation Plan (2005 
Salmon Plan). An integral element of the 2005 Salmon Plan was the need to periodically 
understand current habitat conditions and how conditions have changed since the 
adoption of the 2005 Salmon Plan. In an effort to support these information needs, the 
Snoqualmie Watershed Forum (through a King County Flood Control District Cooperative 
Watershed Management Grant) funded a 2017 habitat conditions assessment for the lower 
Snoqualmie, Tolt, and Raging rivers. This report summarizes the efforts to evaluate habitat 
conditions across these waterbodies and compare current conditions with those evaluated 
prior to the 2005 Salmon Plan (i.e., 2000/2001 habitat surveys). An additional element 
related to these efforts include evaluation of a newer river mapping and data collection 
technology (FishViews) through comparison of 2017 field survey observations with 
condition data generated by FishViews. The following sections include topics evaluated 
using the 2017 field surveys (Stream Bank Conditions, Large Woody Debris, Instream 
Habitats and Floodplain Features, and Channel and Floodplain Modification) as well as 
topics evaluated from desktop exercises (Riparian Conditions and FishViews Surveys). 
 
Stream Bank Conditions 
Observations from 2017 indicated that stream banks were armored across more than 40% 
of the lower Snoqualmie River, 30% of the Tolt River, and 40% of the Raging River. This 
bank armoring continues to impair riverine and floodplain processes as well as degrade 
juvenile salmon rearing habitat conditions. Since the adoption of the 2005 Salmon Plan, 
bank conditions across the lower Snoqualmie and Tolt rivers have improved with 
decreases in bank armoring observed in two reaches of the Snoqualmie River and in one 
reach of the Tolt River. The removal of bank armoring across these reaches has been the 
focus of several mainstem restoration projects aimed at improving riverine and floodplain 
processes. While bank conditions have improved among several reaches, observations 
from 2017 also documented new armoring around select reaches of the lower mainstem 
Snoqualmie River.  
 
Several large restoration projects have been completed in the lower Snoqualmie River 
watershed; however, a significant portion of mainstem channels are still armored. The 
amount of armoring as well as the overall extent and frequency of channel/floodplain 
modifications indicate that further progress is needed to improve channel, bank, and 
floodplain conditions. The 2005 Salmon Plan highlights the need to restore 26 miles of 
mainstem edge habitat (slack-water margins along rivers) within the first 50 years of Plan 
implementation across mainstem-primary areas in the Snoqualmie River watershed (i.e., 
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Snoqualmie, Tolt, and Raging rivers) and South Fork Skykomish River watershed. The long-
term recovery goal among these waterbodies is to have >90% of banks in natural condition 
to support edge habitat. In the first 10 years of Plan implementation, only 1.9 miles have 
been restored in the lower Snoqualmie River watershed which falls below the 10-year goal 
of 5.2 miles. Subsequently, there is a continued need to restore bank/edge conditions as 
well as an impetus to increase the rate of restoration to achieve recovery goals for bank 
conditions and channel-floodplain connectivity. 
 
Large Woody Debris 
Across the lower Snoqualmie River watershed, observations from 2017 indicated that 
much of the large woody debris in the Snoqualmie, Tolt, and Raging rivers was relatively 
small in diameter and length (i.e., 30-60 cm in diameter and 7.6-15m in length). Across 
waterbodies, the Snoqualmie River had overall lower wood abundance (41.4 pieces/mile) 
compared to the Tolt River (159.7 pieces/mile) and the Raging River (76.8 pieces/mile). 
Since the adoption of the 2005 Salmon Plan, large woody debris abundance (pieces/mile) 
has increased across the lower Snoqualmie, Tolt, and Raging rivers. However, large wood 
conditions (i.e., key pieces/mile & pieces/100m) are still significantly degraded compared 
to properly functioning conditions observed in coastal rivers and in unmanaged forested 
basins. Additionally, large woody debris conditions appeared to be considerably more 
degraded in the Snoqualmie River compared to the Tolt and Raging rivers.  
 
The placement of large wood jams is considered an integral short-term measure to support 
habitat forming processes until restored riparian forests are established and have sufficient 
time to mature and provide wood through natural recruitment. The 2005 Salmon Plan 
highlights the need to install 100 new large wood jams within the first 50 years of Plan 
implementation across mainstem-primary areas of the Snoqualmie River watershed (i.e., 
Snoqualmie, Tolt, and Raging rivers) and South Fork Skykomish River watershed. In the 
first 10 years of Plan implementation, 18 large wood jams have been installed across the 
lower Snoqualmie River watershed which almost meets the 10-year goal of 20 large wood 
jams. However, large woody debris conditions across the watershed are still significantly 
degraded and continued large woody debris installation will be needed to reach habitat 
restoration targets outlined in the 2005 Salmon Plan.  
 
Instream Habitats and Floodplain Features 
Instream habitat conditions evaluated in 2017 indicated that the mainstem Snoqualmie 
River was primarily characterized as pool and glide habitat while the Tolt and Raging 
rivers were primarily characterized as pool and riffle habitat. Relatively greater pool and 
riffle frequencies in the Tolt and Raging rivers, compared to the mainstem Snoqualmie 
River, likely reflect differences in channel geomorphology as well as differences in wood 
abundance and other habitat forming features such as sediment supply and transport rates. 
Rip-rap was the primary pool forming feature observed in the mainstem Snoqualmie River 
while the Tolt and Raging had greater proportions of pools formed by wood, bedrock, and 
boulders. Riffles across the mainstem Snoqualmie River were primarily observed 
downstream of the Tolt River, Raging River, and Tokul Creek, which reflects alluvial 
deposits from these tributaries and aligns with areas of spawning for anadromous 
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salmonids. Since the adoption of the 2005 Salmon Plan, there appears to have been 
minimal changes in pool frequency across the lower Snoqualmie River. The 2005 Salmon 
Plan emphasizes the need to improve instream habitat conditions; however, specific 
instream habitat targets are not outlined. Rather, the 2005 Salmon Plan details that 
improvements to instream habitat conditions are achieved through improvements to 
related attributes such as edge-bank conditions, large wood abundance, and riparian 
conditions. 
 
Channel and Floodplain Modifications 
Several channel/floodplain modifications were observed in 2017 including 
culverts/outfalls, water irrigation pumps, and pilings arrays. However, the extent and 
magnitude of floodplain modifications was likely significantly under-estimated due to the 
broad valley-wide floodplain extent of the Snoqualmie River and the limitations of the 2017 
surveys. Comparison of 2017 observations to surveys conducted prior to the 2005 Salmon 
Plan are difficult due to differences in feature designations between survey periods, thus 
we were not able to adequately determine changes in channel and floodplain features. 
Regardless, the extent and frequency of channel/floodplain modifications across survey 
periods suggests that riverine and floodplain processes continue to be influenced by 
modified channel, bank, and floodplain features. A significant increase in the number of 
water irrigation pumps was observed in 2017 compared to the 2000/2001 surveys (24 & 
13, respectively). The impacts of these pumps on instream flows in the Snoqualmie River 
are not well understood; however, the large number of pumps likely impacts flow and 
temperature conditions experienced by juvenile and adult salmonids.  
 
Riparian Conditions 
Riparian conditions were evaluated in 2017 through a desktop exercise using 2015 aerial 
imagery to represent recent periods and 2002 aerial imagery to represent periods prior to 
the adoption of the 2005 Salmon Plan. Within the lower Snoqualmie River, primary 
riparian land cover in 2015 included agriculture and trees with secondary land cover 
consisting of shrubs. While trees comprised the largest single category among land cover 
types across the lower Snoqualmie River, the majority of the 150-foot riparian corridor was 
characterized as land cover types other than trees (i.e., >59% consisting of agriculture, bare 
ground, impervious surfaces, shrubs, and other). Within the Tolt and Raging rivers, primary 
land cover consisted of trees with secondary land cover consisting of shrubs in the Tolt 
River and impervious surfaces, shrubs, and other in the Raging River. Across waterbodies, 
there was a significantly greater percentage of trees in the 150-foot riparian corridor of the 
Tolt and Raging rivers (85.7% & 70.6%, respectively) compared to the mainstem 
Snoqualmie River (40.4%). 
 
Since the adoption of the 2005 Salmon Plan, the percentage of tree coverage has increased 
across the 150-foot riparian corridor of the mainstem Snoqualmie and Tolt rivers (4.1% & 
11.8%, respectively). However, it should be noted that these percentages include areas of 
channel migration which may reflect shifts in riparian corridors rather than vegetation 
establishment, plantings, or growth. Various riparian land cover changes were identified 
between 2002 and 2015 with changes in riparian land cover likely due to channel 
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migration, removal of vegetation, natural vegetation re-establishment and growth, planting 
and subsequent growth, maturing of vegetation, and riparian succession. Primary land 
cover changes within areas of channel migration include agriculture, trees, shrubs, and 
bare ground to other (i.e., water, rocks, and gravel bars). Primary land cover changes 
outside of areas of channel migration included shifts from various land cover types to 
shrubs and trees. Primary changes outside of areas of channel migration mostly reflect 
riparian restoration and protection efforts. These efforts aim to improve riparian 
conditions by promoting native vegetation establishment and growth, vegetation 
maturation and riparian succession, and riparian corridor protection.  
 
The 2005 Salmon Plan highlights the need to restore 640 acres of mainstem riparian 
habitat within the first 50 years of Plan implementation across mainstem-primary areas in 
the Snoqualmie River watershed (i.e., Snoqualmie, Tolt, and Raging rivers) and South Fork 
Skykomish River watershed. Several riparian planting projects have been completed on 
public and private lands throughout the lower Snoqualmie River watershed since the 
adoption of the 2005 Salmon Plan. Specifically, over 164 acres have been restored in the 
first 10 years of Plan implementation which achieved the 10-year target (128 acres). 
Continued riparian restoration efforts will help maintain momentum towards achieving 
long-term riparian restoration goals. However, while progress has been made, the 
continued prevalence of warm water temperatures and reduced large wood abundance 
throughout the watershed supports the need for greater near-term riparian restoration. 
 
FishViews Surveys 
FishViews is a mapping tool which allows for an interactive 360° virtual tour of waterways 
incorporating panoramic imagery with hydrologic data collection. The FishViews surveys 
are conducted by floating a section of river while collecting real-time data and information. 
To evaluate the utility of the FishViews 2-D platform, we compared habitat conditions 
collected during the 2017 field surveys with habitat conditions assessed though a desktop 
exercise using a FishViews 2-D interactive map (along a select mainstem Snoqualmie River 
reach between the Raging to Tolt rivers). 
 
Evaluation of the 2-D FishViews virtual tour indicated that FishViews can provide an 
innovative and interactive communication tool for understanding and viewing waterways. 
Comparison of field surveys and the FishViews platform showed that both methodologies 
had similar observations for bank conditions, pool forming features, and floodplain 
features. Discrepancies between methodologies were apparent with large wood 
observations and instream habitat designations. Strategically using elements of each 
methodology may help to decrease required field survey time and related cost as well as 
provide feature measurements and site-specific information which are difficult to 
accurately represent from solely FishViews. Additionally, with the release of a 3-D 
FishViews platform (potentially increasing Fishviews measurement and survey 
capabilities) we recommend a follow-up comparison of field surveys with 3-D FishViews to 
further evaluate its utility for aquatic habitat assessments. 
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Conclusions 
Habitat conditions across the lower Snoqualmie, Tolt, and Raging rivers have shown some 
improvement since the adoption of the 2005 Salmon Plan; however, continued and 
accelerated effort will be needed to meet near- and long-term recovery goals. Specifically, 
while several restoration projects have been completed, stream bank and large wood 
conditions are still significantly degraded and fall short of 10-year recovery goals. These 
attributes will require additional and accelerated restoration effort to meet 50-year 
recovery goals. With relatively minimal changes observed among instream habitat 
conditions, degraded habitats (as evaluated prior to the 2005 Salmon Plan) still persist 
across the lower Snoqualmie River watershed. Additionally, the ongoing presence of 
channel and floodplain modifications suggest that riverine and floodplain processes 
continue to be influenced by altered channel, bank, floodplain, and riparian conditions. 
Several riparian planting projects have been completed throughout the lower Snoqualmie 
River watershed helping to achieve the 10-year recovery goal. Continued riparian 
restoration and protection will help in maintaining momentum towards reaching 50-year 
recovery goals.  
 
In order to best evaluate restoration and recovery progress moving forward, as well as 
changes in related habitat conditions, continued monitoring is needed throughout the 
Snoqualmie River watershed. Dedicated monitoring will help to further understand the 
status and trends of habitat conditions as well as inform if and how restoration and 
conservation strategies have helped to improve salmonid habitat conditions in the 
Snoqualmie River watershed. 
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1.0 INTRODUCTION 
The Snoqualmie River watershed drains nearly 700 mi2 from the crest of the Cascade 
Mountains down to the confluence with the Skykomish River near Monroe, to create the 
Snohomish River. The Snoqualmie River watershed is primarily in King County, with a 
small portion of the lower extents in Snohomish County. The three main forks of the 
Snoqualmie (North Fork, Middle Fork, and South Fork) meet near the city of North Bend 
and combine to form the mainstem Snoqualmie River before flowing past the city of 
Snoqualmie. At approximately river mile 38.5 the Snoqualmie drops 268 feet over 
Snoqualmie Falls and continues flowing northward past Fall City, unincorporated 
agricultural areas, and the cities of Carnation and Duvall.  
 
The Snoqualmie River watershed is an important area for aquatic habitats, domestic water 
supply uses, forestry, agriculture, and recreational activities (e.g., swimming, boating, 
tubing, fishing, and wildlife viewing). After forestry, agriculture and unincorporated rural 
residential areas are the most prevalent land uses in the watershed. The Snoqualmie River 
watershed has many residential, commercial, and industrial land uses. The lower valley 
floor has over 14,000 acres designated as an Agricultural Production District, of which 
roughly 9,500 acres are actively farmed, supporting numerous agricultural uses including 
livestock, vegetables, pastures, fruits/berries, nurseries, row crops, dairies, and others. 
 
Native/indigenous peoples have lived in the Snoqualmie River watershed for millennia. 
There are two federally recognized Indian Tribes with sovereign natural resource interests 
in the watershed including the Tulalip Tribes and the Snoqualmie Tribe. The Tulalip Tribes 
have federally adjudicated usual and accustomed fishing areas within the watershed. The 
Snoqualmie River watershed is an important natural and cultural resource for King County 
and the greater Snohomish River basin. The Snoqualmie Watershed Forum (SWF) as well 
as the Snohomish Basin Salmon Recovery Forum (SBSRF) are committed to protecting and 
restoring the ecological health of the Snoqualmie River watershed.  
 
Aquatic habitats throughout the Snoqualmie River watershed support the freshwater life-
stages of various salmonids including wild populations of Chinook (Oncorhynchus 
tshawytscha), chum (Oncorhynchus keta), coho (Oncorhynchus kisutch), and pink salmon 
(Oncorhynchus gorbuscha); mountain whitefish (Prosopium williamsoni); as well as 
rainbow-steelhead (Oncorhynchus mykiss), cutthroat (Oncorhynchus clarki), and non-native 
brook trout (Salvelinus fontinalis). Though rarely seen in the Snoqualmie, the watershed is 
also in the range of native char; e.g., Dolly Varden (Salvelinus malma) and bull trout 
(Salvelinus confluentus). Anadromous salmonid spawning within the mainstem Snoqualmie 
River occurs below the Snoqualmie Falls throughout the alluvial deposits below the 
confluences of the Tolt River, Raging River, and Tokul Creek. Anadromous salmonid 
spawning also occurs across many of the Snoqualmie tributaries below Snoqualmie Falls 
including Cherry Creek, Tuck Creek, Harris Creek, Tolt River, Griffin Creek, Patterson Creek, 
Raging River, and Tokul Creek. Across the Snoqualmie tributaries, Chinook and steelhead 
spawning is primarily concentrated in the Tolt and Raging rivers. 
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Chinook salmon and bull trout were listed as threatened under the Endangered Species Act 
(ESA) in 1999 due to declining and depressed populations throughout the Snoqualmie 
River and the greater Snohomish River basin. Additionally, Puget Sound steelhead trout 
were listed as threatened in 2007 due to similar declining populations. These Puget Sound 
salmonid populations were considered threatened due to factors including harvest, habitat 
degradation, hatchery practices, altered flow regimes, ocean survival, and climate change 
(Federal Register 1999, Lichatowich 1999, McElhany et al. 2000, ISAB 2002, Tolimieri and 
Levin 2004, SBSRF 2005, SWF 2016). Within the Snohomish River basin, salmonid habitat 
degradation has primarily occurred due to the construction of fish passage barriers, bank 
and floodplain modification, loss of wetlands, altered channel conditions including large 
woody debris removal, and altered riparian functions and conditions (Haring 2002). 
 
In response to the federal ESA listing, a recovery planning effort was started in 1999 which 
included subsequent evaluations and assessments of habitat conditions throughout the 
Snohomish River basin (Haring 2002, King County 2002 & 2004, SRBSRTC 2002). These 
habitat conditions as well information on salmonid population conditions helped the 
Snohomish Basin Salmon Recovery Forum create a Snohomish River Basin Salmon 
Conservation Plan (hereafter referred to as the 2005 Salmon Plan) to guide the recovery 
and conservation of salmonids. Specific strategies to help recover Chinook salmon and bull 
trout in the Snoqualmie River and greater Snohomish River basin aimed to improve habitat 
conditions (i.e., habitat quality, quantity, and connectivity) to support viable salmonid 
population parameters (i.e., abundance, productivity, spatial structure, and 
diversity)(SBSRF 2005). Conservation efforts within the 2005 Salmon Plan focused on 
supporting the habitat requirements of ESA-listed salmonids; however, restoration and 
protection strategies were structured to support healthy watershed conditions which 
would benefit various other salmonid species as well.  
 
Included in the 2005 Salmon Plan was the need to monitor and periodically re-evaluate 
habitat conditions throughout the Snohomish River basin. The 2005 Salmon Plan suggested 
that habitat surveys be conducted every 5 years to best evaluate the status and trends of 
habitat conditions throughout the basin. Several habitat attributes and indicators were 
selected to determine salmonid habitat conditions throughout the basin and to evaluate the 
progress and implementation of restoration and protection strategies. Habitat attributes 
selected during this process included sediment, hydrology, water quality, wetlands, 
riparian conditions, shoreline condition and vegetation, large woody debris, floodplain 
connectivity, and instream artificial barriers to fish passage (SBSRTC 2002 & 2004). These 
attributes helped to determine the ecological function of sub-watersheds and reaches, 
directly relate to the life-stage requirements of salmonids throughout the Snohomish River 
basin, and can be compared to performance criteria derived from scientific literature. 
Habitat conditions based on these attributes were evaluated prior to the 2005 Salmon Plan 
and summarized for the Snohomish River basin by the Snohomish River Basin Salmonid 
Recovery Technical Committee (2002) and for the lower Snoqualmie River watershed by 
King County (2002).  
 
Understanding current habitat conditions and how conditions have changed since the 
adoption of the 2005 Salmon Plan is integral to evaluate the progress of 
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restoration/protection strategies and related habitat improvements. In an effort to support 
these information needs, the Snoqualmie Watershed Forum (through a King County Flood 
Control District Cooperative Watershed Management Grant) funded a 2017 habitat 
conditions assessment for the lower Snoqualmie, Raging, and Tolt rivers. This project 
focused on collecting habitat conditions in 2017 as well as comparing conditions to prior 
assessments conducted before the 2005 Salmon Plan. An additional element related to 
these efforts include evaluation of a newer river mapping and data collection technology 
(FishViews) through comparison of 2017 field survey observations with condition data 
generated by FishViews. The purpose of this report is to summarize the 2017 habitat 
conditions as well as the aforementioned comparisons. The information from this report 
will help to inform if and how restoration and conservation strategies have helped to 
improve salmonid habitat conditions in the Snoqualmie River watershed. Restoration and 
protection practitioners can use this information to plan effective strategies and priorities 
for the near- and long-term. We suggest using this report in concert with other habitat 
evaluations to best understand habitat conditions and progress throughout the Snoqualmie 
River watershed. 
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2.0 METHODS 

2.1 Field Survey Area and Methods 
Aquatic habitat conditions were surveyed in the mainstem of the lower Snoqualmie River, 
Tolt River, and Raging River (Figure 1). Surveyed reaches included the lower Snoqualmie 
River from ~RM 37.8 downstream to ~RM 5.3 (near the King County boundary) as well as 
the lower 6 miles of both the Tolt and Raging rivers. Within each river, reach-scale 
designations corresponded to delineated reaches utilized in the Snohomish River Basin 
Ecological Analysis for Salmonid Conservation (EASC) (SRBSRTC 2004). These reaches 
were delineated as part of an Ecosystem Diagnosis and Treatment (EDT) modeling exercise 
and correspond to subbasin strategy groups outlined in the 2005 Salmon Plan (here after 
referred to as EDT reaches). EDT reaches included in Figure 1 are detailed in Table 1. 
 
Habitat surveys were completed from August 16 through August 31, 2017. The mainstem 
of the lower Snoqualmie River was surveyed using either a cataraft, canoe, and/or 
motorized boat. Surveys included a crew of 4 individuals with pairs in separate boats 
evaluating either left or right bank habitat conditions. To reduce errors associated with 
differences between observers, two biologists participated in every habitat survey. There 
were a total of seven surveyors who supported the habitat condition surveys. The Raging 
and Tolt rivers were wadeable and subsequently surveyed on foot. While the Raging and 
Tolt rivers are smaller waterbodies than the mainstem Snoqualmie River, surveys focused 
on collecting the same habitat condition metrics (discussed below in Section 2.2 - Selected 
Field Survey Metrics) for comparison purposes across waterbodies. Since the field surveys 
focused on mainstem aquatic habitat conditions, habitats and conditions among side-
channel areas or tributaries were not evaluated (aside from noting their presence and the 
upstream and downstream extents where they connected to the mainstem). Trimble 
GeoExplorers were used to collect and store relevant information and GPS locations.  
 
Riparian vegetation conditions were not inventoried during field surveys but were rather 
evaluated through desktop GIS analyses. Detailed discussion of the riparian land cover and 
change analysis is included in Section 2.3 - Riparian Conditions and Section 2.5 - Riparian 
Change Analysis.  
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Figure 1. 2017 habitat conditions survey extent (white halo) and EDT Reaches (colored 

segments) among the lower Snoqualmie, Tolt, and Raging, rivers. 
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 EDT Reach details for the lower Snoqualmie, Tolt, and Raging rivers 
EDT Reach River Miles Location Description 

Snoqualmie_1B* ~5.3 – 6.1 County Line upstream to Cherry Creek 
Snoqualmie_2A ~6.1 – 9.6 Cherry Creek upstream to Tuck Creek 
Snoqualmie_2B ~9.6 – 19.7 Tuck Creek upstream to Harris Creek 
Snoqualmie_3 ~19.7 – 23.7 Harris Creek upstream to Tolt River 
Snoqualmie_4 ~23.7 – 31.4 Tolt River upstream to end of Neal Rd. SE 
Snoqualmie_5 ~31.4 – 34.6 Neal Rd. SE upstream to Raging River 
Snoqualmie_6 ~34.6 – 37.8 Raging River upstream to Tokul Creek 
Tolt_1A ~0 – 1.8 Δ 

Tolt_1B ~1.8 – 2.7 Δ 

Tolt_1C ~2.7 – 3.5 Δ 

Tolt_1D ~3.5 – 5 Δ 

Tolt_2** ~5 – 6 Δ 

Raging_1 ~0 – 4.7 Δ 

Raging_2*** ~4.7 – 6 Δ 

* Surveyed upstream extent of EDT reach (~0.8 miles of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 miles of the total 8.3 miles in reach) 
Δ Landmarks for location descriptions could not be easily determined  

 

2.2 Selected Field Survey Metrics 
Surveys conducted during the summer of 2017 collected physical habitat attribute data 
including stream bank conditions, large woody debris, large woody debris jams, instream 
habitats, other habitats and floodplain features, as well as channel and floodplain 
modifications. These attributes were selected based on discussion with members of the 
Snohomish Basin Salmonid Recovery Technical Committee focused on appropriate large 
river habitat metrics. The selection of the attributes aimed to align with aquatic habitat 
monitoring frameworks conducted throughout the Snohomish River basin and focused on 
indicators collected among both non-wadeable and wadeable river surveys.  
 
Chosen attributes were derived from Snohomish County protocols (Snohomish County 
2002 & 2004, Rustay et al. 2008, Leonetti et al. 2011) as well as the Chinook Monitoring 
and Adaptive Management Framework (Puget Sound Partnership 2016). These specific 
attributes were also selected to best compare 2017 habitat conditions with previous 
evaluations conducted in the Snoqualmie River and the greater Snohomish River basin 
(Table 2). 
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 Aquatic habitat condition metrics for large river systems. 
Selected Habitat 
Condition Metrics Indicator Description Supportive Literature 

Stream Bank 
Conditions 

• Lengths and percentages of 
bank in a modified or natural 
condition  

• Lengths and percentages of 
instable natural and modified 
banks 

• Puget Sound Partnership 2016  
• Leonetti et al. 2011 
• Snohomish County 2002 & 2004  
• SBSRTC 2002  
• Rustay et al. 2008 
• King County 2002 & 2004  

Large Woody Debris 
(LWD) 

• LWD count and frequency 
• Wood diameter, length, and 

rootwad presence  

• Puget Sound Partnership 2016  
• Leonetti et al. 2011  
• SBSRTC 2002  
• Rustay et al. 2008 
• King County 2002 & 2004  

Large Woody Debris 
Jams 

• LWD jam count and frequency 
• Jam type (e.g., bar top, bar apex, 

and meander) 

• Leonetti et al. 2011  
• Snohomish County 2002 & 2004 
• Rustay et al. 2008  
• King County 2002 & 2004  

Instream Habitats and 
Floodplain Features 

• Frequency and lengths of habitat 
types (e.g., pool, riffle, glide, 
backwater, side-channel) 

• Pool forming factor and pool 
depth 

• Riffle sediment composition 

• Puget Sound Partnership 2016  
• Leonetti et al. 2011  
• Rustay et al. 2008  
• Snohomish County 2002 & 2004  
• SBSRTC 2002  
• King County 2002 & 2004 

Channel and 
Floodplain 
Modifications 

• Frequency of channel 
modification 

• Frequency of habitat access 
barriers 

• Puget Sound Partnership 2016  
• SBSRTC 2002   
• Rustay et al. 2008 
• King County 2002 & 2004 

Riparian Conditions* 

• Vegetation classification and 
composition 

• Percent cover by classification 
type 

• Puget Sound Partnership 2016  
• SBSRTC 2002  
• Rustay et al. 2008  
• King County 2002 & 2004 

*Not collected during field surveys. Analysis discussed in Section 2.3 – Riparian Conditions and Section 2.5 – 
Riparian Change Analysis. 

2.2.1 Stream Bank Conditions 
Along the surveyed reaches, stream banks were defined as the sides of the channels 
between which flow is generally confined (Leopold 1995) and were characterized as either 
modified or natural based on visual observation of bank materials and condition. Banks 
were characterized as modified if rip-rap, artificial structures, or human placed armoring of 
any kind were present. The modified bank designation aimed at including levees, berms, 
revetments, bulkheads, and other artificial structures. Banks were characterized as natural 
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if armoring and artificial structures were not present/visible. The upstream and 
downstream GPS location of each bank condition was recorded using a Trimble 
GeoExplorer.  
 
Rows of vertical pilings (piling arrays) observed along banks were characterized as 
Channel and Floodplain Modifications during the field surveys (discussed below in Section 
2.2.4 – Channel and Floodplain Modifications). However, since vertical piling arrays have 
similar habitat impacts as modified banks, the extents and distribution of piling arrays 
across surveyed reaches were discussed in the bank conditions observations/results 
section (Section 3.1 – Stream Bank Conditions).  
 
Areas where vegetation has grown over modified banks or where riverine deposition has 
occurred in front of modified banks have the potential of being incorrectly identified as 
natural banks. To help account for this potential mischaracterization, a follow-up desktop 
exercise was conducted to account for known levees/revetments. This follow-up exercise 
combined field observation of 2017 bank conditions with facilities inventoried in the King 
County’s River and Floodplain Management Section database. This updated data set 
provided the location and extents of known revetment and levee facilities in the database 
(with upstream/downstream extent adjusted from field surveys) as well as any additional 
or un-inventoried armoring observed during the 2017 field surveys that were not in the 
database.  
 
Bank instability among modified and natural bank sections was evaluated by visually 
identifying areas of sloughing, instability, undercutting, and slumping. Banks were 
characterized as either stable or instable independent of the modified status. This bank 
characteristic should be treated cautiously in the Snoqualmie River since prior observations 
indicate that sediment can deposit on the banks during large floods and later slough off, with 
the underlying bank itself being stable (King County WLRD Observations). Observations of 
bank instability should likely be followed up with detailed aerial photograph analysis or 
overlaid with inventoried modified banks to positively identify bank conditions behind areas 
of instability. The upstream and downstream GPS locations of bank instabilities were 
recorded using a Trimble GeoExplorer.  

2.2.2 Large Woody Debris and Jams 
Large woody debris as well as log jams were characterized and counted throughout the 
surveyed reaches. Wood was considered to be large woody debris if the tree was downed, 
within the bank-full height, and could influence the formation of habitats such as pools. 
Minimum size requirements for habitat-forming large woody debris were based on 
dimension outlined by the U.S. Forest Service (1999) and Timber, Fish and Wildlife (Pleus, 
et al. 1999). Wood pieces were considered to be large woody debris if they were ≧ 7.6 m 
(25 ft) in length and ≧ 30cm (12 in) in diameter. Any wood smaller than the minimum size 
requirements were not counted unless they were attached to a rootwad ≧ 1 m (39 in) in 
diameter. All pieces that met the minimum size requirements were characterized and 
binned based on diameter (<30 cm w/rootwad, 30-60 cm, 60-90 cm, or >90 cm) and length 
(<7.6m w/rootwad, 7.6-15 m, >15 m). 
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The GPS location of each wood piece as well as its relative location within the channel 
(i.e., left bank, right bank, center of channel) were noted and recorded. Additionally, 
information collected for each large woody debris piece included whether or not there was 
an attached rootwad as well as whether or not the large woody debris piece was part of a 
jam. Wood was considered to be part of a jam if at least three pieces that met the minimum 
size requirements were touching (Snohomish County 2004).  

2.2.3 Instream Habitats and Floodplain Features 
Each surveyed waterbody was longitudinally delineated into instream habitat types 
(e.g., riffle, pool, or glide) based on observation of channel unit characteristics as well as 
depth measurements. The upstream and downstream extents of each instream habitat type 
were identified by GPS and the length of each habitat type was evaluated through distances 
derived from ArcGIS watercourse layers. Additional habitat and floodplain features noted 
during the surveys included side-channels, tributaries, oxbow outlets, and backwater areas. 
A GPS location was identified for each habitat and/or floodplain feature. The upstream and 
downstream extents of side-channels were noted; however, information specific to 
instream habitats within side-channels was not collected.  
 
An instream habitat was considered to be a pool if the wetted area had residual depth 
(maximum pool depth minus tailout depth) ≧ 0.4 m and if the pool had a maximum depth 
≧1 m. Additional information collected on pool habitats included maximum depth and the 
pool forming feature (e.g., wood, rip-rap, boulder, etc.). Pool depths within the Tolt and 
Raging rivers were measured using a stadia rod and depths within the mainstem 
Snoqualmie River were measured using a handheld digital depth sounder. Within the 
Raging River, pool habitats were only required to meet the residual depth criteria and not 
the maximum depth criteria due to a narrower bank-full width. Channel units with low to 
moderate velocities, no surface agitation, and no defined thalweg were characterized as 
glide habitats. Glides were generally characterized as having smooth and wide bottoms as 
well as having relatively uniform depths. Channel units with shallow, swift flowing, often 
broken surface water and exposed substrates were characterized as riffle habitats. Within 
riffle habitats, dominant and subdominant substrate types were visually estimated and 
binned as either fines (<0.06 mm), sand (>0.06-2 mm), gravel – fine (>2-16 mm), gravel – 
coarse (>16-64 mm), cobble (>64-250 mm), boulder (>250-4 m), bedrock (>4 m), hardpan 
(any size), wood (any size), or other (any size). 
 
Side channels were defined as channels which contained the smaller portion of the total 
bank-full flow (may be dry during low flow periods) and were separated from the main 
channel by a stable island (Snohomish County 2004, Rustay et al. 2008). A stable island is 
defined by USFS (1999) as supporting woody vegetation (excluding willow) which is 
estimated to be at least 5 years old and covers at least 50% of the island surface. The 
upstream and downstream extent of each side-channel was recorded with GPS; however, 
additional habitat conditions (e.g., Large Woody Debris, Floodplain Features, Channel 
Modifications, etc.) were not evaluated in side-channel areas. 
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2.2.4 Channel and Floodplain Modifications  
Channel and floodplain modifications were noted across each surveyed waterbody with 
GPS locations as well as relative locations (i.e., left bank or right bank) being recorded. Only 
modifications that could be visually observed from a boat within the channel were included 
in the survey. Channel and floodplain modifications included access locations (e.g., cattle, 
boat launch, etc.), barbs/deflectors (features designed to deflect flow from bank), 
culverts/outfalls, bridge footings, flap gates, weirs, docks/pilings, and water irrigation 
pumps. Descriptive information about potential fish barriers was included for select 
culverts/outfalls. 

2.3 Riparian Conditions  
Riparian corridors were defined as the land area adjacent to waterbodies that were 
generally vegetated and above the bank-full width. Riparian corridor conditions 
throughout the lower Snoqualmie, Tolt, and Raging rivers were evaluated through 
interpretation of aerial photographs in combination with prior WA Ecology land cover 
designations (Ecology 2011). The initial base layer for the Snoqualmie River was created by 
Ecology (2011) using 2006 color digital orthophotographs by the National Agricultural 
Imagery Program (NAIP). Polygons 150-ft-wide were created at a 1:2000 scale in ArcGIS to 
describe riparian vegetation conditions along both sides of the river. Using the NAIP digital 
photos and Ecology’s field observations, a vegetation type code that combined information 
about the average height, canopy density, and type (conifer, deciduous, shrub) was 
assigned to each polygon. Vegetation height was also verified with LiDAR data provided by 
King County and the Puget Sound LiDAR Consortium (Ecology 2011). 
 
The initial classifications described by Ecology (2011) were then simplified as either trees, 
shrubs, agriculture (farm fields, pasture, etc.), impervious surfaces, bare ground, or other 
(water, lawns, rocks, vegetated gravel bars). The simplified classification was used in 2014 
to create a riparian land cover data set for all waterways within the Snoqualmie 
Agricultural Production District based on 2013 aerial photographs as part of supporting 
analyses for Phase 1 of the Farm–Fish–Flood effort (Snoqualmie Fish, Farm, and Flood 
Advisory Committee 2017). The land cover boundaries of the current project included 
riparian areas not classified by Ecology (2011) or the 2014 effort. There was also a desire 
to use the most recent aerial photographs available. Therefore, riparian conditions were 
evaluated by aerial photography interpretation using 2015 orthophotography conducted 
by the King County Department of Information Technology as well as the King County 
Water and Land Recourses Division. Riparian conditions were interpreted and classified 
based on the simplified classifications from Ecology (2011). The analysis classified land 
cover within a 150-ft-wide buffer for the lower Snoqualmie River (RM 5.3 – RM 37.6), the 
lower Tolt River (RM 0 – RM 6), and the lower Raging River (RM 0 – RM 4.9).  

2.4 Habitat Conditions Comparisons  
In order to determine how habitat conditions have changed since the adoption of the 2005 
Salmon Plan, habitat conditions surveyed in 2017 were compared to prior habitat 
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evaluations including King County (2002 & 2004) and SBSRTC (2002). Survey extents 
across prior and current habitat evaluations were relatively similar for the mainstem 
Snoqualmie River (Tokul Creek downstream to the County Line); however, the Tolt and 
Raging rivers had different survey extents across survey periods. Surveys conducted in 
2000/2001 covered the lower 8 miles of the Tolt River and the lower 11 miles of the 
Raging River. While the lower 8 and 11 miles were surveyed for general habitat conditions 
in 2000/2001, detailed GPS-specific habitat information was only available for the lower 3 
miles of the Tolt River. Surveys conducted in 2017 covered the lower 6 miles of both the 
Tolt and Raging rivers (surveyed distances were chosen to meet budget constraints of the 
overall project).  
 
Changes in habitat conditions were evaluated at two scales including the 2017 surveyed 
riverine extent (i.e., Snoqualmie, Tolt, and Raging rivers) as well as at a the EDT reach-scale 
extent (discussed in Section 2.1 – Field Survey Area and Methods). Comparisons among 
waterbodies and EDT reaches focused on the habitat metrics collected during 2017 as well 
as riparian conditions evaluated through desktop analyses. 

2.5 Riparian Change Analysis 
In order to evaluate changes in riparian land cover from periods prior to the adoption of 
the 2005 Salmon Plan to more recent periods, a riparian change analysis was conducted. 
The riparian change analysis utilized the 2015 land cover classification (discussed in 
Section 2.3 – Riparian Conditions) to represent relatively current conditions and then 
classified riparian land cover for 2002 to represent pre-2005 Salmon Plan conditions. 
Riparian land cover from 2002 was evaluated by aerial photography interpretation using 
2002 orthophotography conducted by the King County Department of Information 
Technology as well as the King County Water and Land Resources Division. This 2002 
riparian land cover analysis was conducted using the same category bins as those 
described in Section 2.3 – Riparian Conditions for the 2015 land cover classification. The 
change analysis between 2002 and 2015 was focused on determining changes in the extent 
of site-specific riparian categories as well as identifying changes in riparian category types 
over time.  
 
There were several locations where channel migration across the time periods resulted in a 
spatial shift in riparian corridors. To address this, changes in riparian conditions and land 
cover designation from 2002 to 2015 were separated into areas of channel migration and 
all other riparian areas. Areas of channel migration were evaluated separately since 
changes in land cover across these areas reflect shifts in riparian corridors due to natural 
processes such as channel meandering, erosion, and deposition. Changes in riparian 
conditions outside areas of channel migration may better reflect anthropogenic changes to 
land cover rather than riverine migration processes. Areas of channel migration included 
locations where prior riparian extents were currently open water, deposited sediments, or 
established sand/gravel bars. Additionally, areas of channel migration included laterally 
adjacent riparian corridors where the 2002 riparian corridor shifted to the more current 
2015 extent.  
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2.6 FishViews Comparison 
In an effort to determine the potential utility and application of a newer river mapping and 
data collection technology (FishViews; https://www.fishviews.com), we compared habitat 
condition data collected during field surveys to condition data generated from a desktop 
evaluation using imagery generated by FishViews (evaluated for a subset of the field survey 
area). FishViews is a mapping tool which allows for an interactive 360° virtual tour of 
waterways incorporating panoramic imagery with hydrologic data collection. The 
FishViews surveys are conducted by floating a section of river while collecting real-time 
data and information. The float can be converted into a virtual tour which allows for 
remote observation of conditions through geo-referenced images and data.  
 
The FishViews platform was evaluated by comparing habitat conditions collected during 
the 2017 field surveys with habitat conditions assessed though a desktop exercise using 
the FishViews interactive map. The desktop exercise allowed for visual characterization of 
habitat conditions throughout the virtual tour. The FishViews tour was created on August 
19, 2017, during the same week as the field surveys. This allowed for accurate comparison 
between field surveys and the FishViews tour. The FishViews float focused on the 
mainstem Snoqualmie River near the confluence with the Raging River (~RM 34.6) 
downstream to around the confluence with the Tolt River (~RM 23.7). The FishViews 
desktop exercise included visual characterization of bank condition, instream habitat, other 
habitats and floodplain features, large woody debris and jams, as well as channel and 
floodplain modifications along the virtual tour. The FishViews platform allowed for the 
tagging of habitat features which were assigned a relative GPS location (based on the GPS 
location of respective images in the virtual tour). The GPS locations and noted habitat 
characteristics included with the FishViews desktop evaluation were then compared with 
field survey observations. To minimize potential bias resulting from prior experience with 
field survey observations of the subject reach, a King County biologist was chosen for the 
FishViews desktop evaluation who had not conducted the 2017 field survey in that specific 
reach. While the biologist had not participated in the field survey specific to that reach, they 
had participated in the field survey of the adjacent downstream reach. Since this individual 
had been calibrated with the field survey methodologies and conducted in-stream 
observations, they were a fitting candidate for the desktop evaluation. 
 
At the time of our surveys, FishViews only had a 2-D platform which did not support direct 
measurements within the images (e.g., large woody debris dimensions). While FishViews 
now offers a 3-D platform that does allow for feature measurements, the comparison 
discussed in this assessment is focused on the utility of the 2-D platform.  

https://www.fishviews.com/
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3.0 RESULTS AND DISCUSSION 

3.1 Stream Bank Conditions  
Stream bank conditions across the lower Snoqualmie River watershed have been 
considerably modified from conditions that existed prior to European settlement. Bank 
armoring was visible in 1936 aerial imagery (Collins and Sheik 2002) and King County 
archive records indicate that armoring was being undertaken in the early 1930’s to protect 
agricultural lands. However, comprehensive records specific to armoring during this time 
period are not widely available. In addition, significant bank armoring occurred during the 
1960’s and 1970’s (Collins and Sheik 2002), for which there are general records of armor 
locations as well as time period of installation (albeit incomplete information in several 
instances). Over 40% of the lower Snoqualmie River watershed has been confined and over 
70% of the floodplain has altered connectivity compared to pre-development conditions 
(Gersib et al. 1999, Collins and Sheik 2002). The Snoqualmie River consistently floods 
throughout its valley-wide floodplain extents; however, modified banks have altered the 
locations of floodwater exchange as well as general connectivity between mainstem, off-
channel, and floodplain areas. Additionally, modified banks have altered channel migration 
processes throughout the lower Snoqualmie River watershed. At the time of the 2005 
Salmon Plan development, bank conditions in the Snoqualmie River watershed were 
considered to be degraded in terms of shoreline condition and floodplain connectivity 
(SBSRTC 2002, SBSRF 2005). 
 
Modified and armored banks impact salmonid habitats in the Snoqualmie River watershed 
by limiting connectivity across mainstem, floodplain, and side-/off-channel areas. Altered 
connectivity limits channel and floodplain responses to watershed processes which limits 
the creation and maintenance of salmonid rearing and refuge habitats. Modified banks can 
result in reduced large woody debris recruitment, altered sediment dynamics, inhibited 
channel migration, and decreased connectivity between surface water, hyporheic zones, 
and groundwater. Additionally, with most of the bank armoring in the Snoqualmie River 
concentrated on outside bends, the rate of channel migration is likely greatly reduced. Not 
only do armored banks negatively impact habitat-forming processes, but armoring also 
influences the quality of edge habitats (slack-water margins along rivers) for juvenile 
salmonids. Several studies have documented lower use by juvenile salmonids along 
armored banks compared to natural banks (Knudsen and Dilley 1987, Beamer and 
Henderson 1998, Quigley and Harper 2004).  
 
Bank conditions observed in 2017 across the lower Snoqualmie, Tolt, and Raging rivers are 
summarized in Table 3 with mapped extents included in Appendix A through Appendix J. 
Observations from 2017 field surveys indicated that stream banks were armored across 
more than 40% of the lower Snoqualmie River, 30% of the Tolt River, and 40% of the 
Raging River. As mentioned in Section 2.2.1 – Stream Bank Conditions, in order to account 
for modified banks that were either buried in vegetation or hidden behind areas of 
deposition, we integrated observed bank conditions from 2017 with bank armoring 
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previously inventoried by King County’s River and Floodplain Management Section. Areas 
within the lower Snoqualmie River with relatively higher percentages of modified banks 
included Snoqualmie_1B, Snoqualmie_3, and Snoqualmie_5. Areas within the lower Tolt 
River with relatively higher percentages of modified banks included Tolt_1A and Tolt_1C. 
The Raging River had slightly greater percentage of modified banks in Raging_1 compared 
to Raging_2. Instable banks throughout the Snoqualmie, Tolt, and Raging rivers was 
primarily observed along the mainstem Snoqualmie River. Across waterbodies, instable 
banks appeared to primarily occur along natural banks.  
 

 2017 Snoqualmie, Tolt, and Raging rivers bank conditions organized by EDT reach. 

EDT Reach River Miles 
2017 Bank Conditions 2017 Bank Instability 

Natural (%) Modified (%) Natural (%) Modified (%) 

Snoqualmie_1B* ~5.3 – 6.1 37.7% 62.3% 0.0% 0.0% 
Snoqualmie_2A ~6.1 – 9.6 56.3% 43.7% 3.9% 0.0% 
Snoqualmie_2B ~9.6 – 19.7 63.0% 37.0% 5.8% 0.4% 
Snoqualmie_3 ~19.7 – 23.7 48.5% 51.5% 8.8% 0.0% 
Snoqualmie_4 ~23.7 – 31.4 58.8% 41.2% 4.8% 0.3% 
Snoqualmie_5 ~31.4 – 34.6 40.9% 59.1% 2.2% 0.0% 
Snoqualmie_6 ~34.6 – 37.8 64.1% 35.9% 2.8% 0.3% 
Tolt_1A ~0 – 1.8 16.8% 83.2% 0.0% 0.4% 
Tolt_1B ~1.8 – 2.7 91.1% 8.9% 0.7% 0.0% 
Tolt_1C ~2.7 – 3.5 52.3% 47.7% 1.7% 0.0% 
Tolt_1D ~3.5 – 5 100.0% 0.0% 0.0% 0.0% 
Tolt_2** ~5 – 6 98.8% 1.2% 3.3% 0.0% 
Raging_1 ~0 – 4.7 56.6% 43.4% 1.1% 0.1% 
Raging_2*** ~4.7 – 6 68.5% 31.5% 3.9% 0.0% 

* Surveyed upstream extent of EDT reach (~0.8 miles of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 miles of the total 8.3 miles in reach) 

 
As previously mentioned in Section 2.2.1 – Stream Bank Conditions, rows of vertical pilings 
(piling arrays) observed along banks were characterized as Channel and Floodplain 
Modifications but likely have similar habitat impacts as modified banks. During the 2017 
habitat surveys, several rows of piling arrays were observed throughout the lower 
Snoqualmie River with highest counts noted in Snoqualmie_2B, Snoqualmie_4, and 
Snoqualmie_6 (see Table 17 in Section 3.4). While these piling arrays were not quantified as 
a bank condition, they likely influence similar channel processes such as altering channel 
migration, erosion and deposition, and large wood recruitment and retention. 
 
When compared to modified banks observed in 2000/2001 (King County 2002), the lower 
Snoqualmie River appeared to have had minimal changes in overall percentages of 
modified and natural banks (Table 4). These minimal changes likely reflect the 
combination of armor removal as well as the addition of armoring. However, when 
compared at a reach-scale, changes in bank conditions become more apparent (Table 5, 
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Figure 2, Figure 3). For example, surveys conducted in 2017 observed ~9.1% less modified 
banks throughout the Snoqualmie_3 reach and ~4.3% throughout the Snoqualmie_5 reach. 
Similarly, bank conditions observed in the lower Tolt River (Tolt_1A) during 2017 
appeared to have ~11% less modified banks compared to observations from 2000/2001.  
 

 2000/2001 and 2017 bank conditions across the Snoqualmie, Tolt, and Raging rivers. 

Waterbody River Miles 
2000/2001 Bank Conditions 2017 Bank Conditions Change in 

Modified Bank Natural Modified Natural Modified 
Snoqualmie  ~5.3 – 37.6  56.2% 43.8% 56.7% 43.3% 0.5% 

Tolt River*  ~0 – 3  34.0% 66.0% 41.3% 58.7% 7.2% 

Tolt River  ~0 – 6  
 

  70.4% 29.6%   

Raging River** ~0 – 6      59.2% 40.8%   

* 2000/2001 surveys only included the lower 3 miles of the Tolt River 
** 2000/2001 surveys did not include a complete inventory of bank conditions in the Raging River 

 
 2000/2001 and 2017 bank conditions organized by EDT reach across the Snoqualmie, 

Tolt, and Raging rivers. 

EDT Reach River Miles 

2000/2001 Bank 
Conditions 

2017 Bank 
Conditions 

Percent 
Change in 
Modified 
Bank (ft) 

Areas of 
Significant 
Change Natural Modified Natural Modified 

Snoqualmie_1B* ~5.3 – 6.1 37.7% 62.3% 37.7% 62.3% 0.0%   

Snoqualmie_2A ~6.1 – 9.6 56.4% 43.6% 56.3% 43.7% 0.1%    

Snoqualmie_2B ~9.6 – 19.7 63.2% 36.8% 63.0% 37.0% 0.2%    

Snoqualmie_3 ~19.7 – 23.7 39.4% 60.6% 48.5% 51.5% -9.1% 
(4001.1’) 

Chinook Bend; 
Stillwater; 
Camp Gilead  

Snoqualmie_4 ~23.7 – 31.4 60.5% 39.5% 58.8% 41.2% 1.7% 
(1361.1’) 

Rip-rap near 
Neal Rd. and 
Griffin Creek 

Snoqualmie_5 ~31.4 – 34.6 36.6% 63.4% 40.9% 59.1% -4.3% 
(1458.9’) Upper Carlson  

Snoqualmie_6 ~34.6 – 37.8 71.2% 28.8% 64.1% 35.9% 7.0% 
(2234.9’) 

Rip-rap near 
SE David 
Powell Rd. 

Tolt_1A ~0 – 1.8 5.2% 94.8% 16.8% 83.2% -11.6% 
(2242.4’) Lower Tolt  

Tolt_1B ~1.8 – 2.7 91.1% 8.9% 91.1% 8.9% 0.0%   

Tolt_1C ~2.7 – 3.0 52.3% 47.7% 52.3% 47.7% 0.0%   

Tolt_1C** ~3.0 – 3.5   100.0% 0.0%    

Tolt_1D ~3.5 – 5   100.0% 0.0%    
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EDT Reach River Miles 

2000/2001 Bank 
Conditions 

2017 Bank 
Conditions 

Percent 
Change in 
Modified 
Bank (ft) 

Areas of 
Significant 
Change Natural Modified Natural Modified 

Tolt_2*** ~5 – 6   98.8% 1.2%    

Raging_1 ~0 – 4.7   56.6% 43.4%    

Raging_2**** ~4.7 – 6   68.5% 31.5%    
* Surveyed upstream extent of EDT reach (~0.8 of the total 5.6 miles in reach) 
** EDT reach upstream of 2000/2001 survey extent 
*** Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
**** Surveyed downstream extent of EDT reach (~1.3 of the total 8.3 miles in reach) 

 
 

 
Figure 2. 2000/2001 and 2017 modified bank conditions organized by EDT reach across the 

Snoqualmie and Tolt rivers. Only EDT reaches with bank condition information for 
both time periods were included. 
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Figure 3. Locations of significant changes in bank condition across the lower Snoqualmie, Tolt, 

and Raging rivers. 
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Decreases in the amount of Snoqualmie and Tolt rivers modified banks highlight several 
mainstem restoration projects focused on removing bank armoring and promoting riverine 
and floodplain processes. Large restoration projects along these mainstem reaches include 
the Stillwater Levee Removal, Chinook Bend Levee Removal, Upper Carlson Floodplain 
Restoration, Camp Gilead Off-Channel Reconnection, and the lower Tolt River Floodplain 
Reconnection (SWF 2016). All of these restoration projects, as well as several other 
smaller-scale and riparian restoration efforts help to support the mainstem recovery 
targets outlined in the 2005 Salmon Plan. However, while these various efforts highlight 
the progress being made for salmon recovery, the pace and extent of restoration is falling 
short of habitat targets and recovery goals.  
 
While bank armoring appeared to decrease among several mainstem reaches (e.g., 
Snoqualmie_3, Snoqualmie_5, and Tolt1A), observations from 2017 did appear to 
document new armoring in the lower Snoqualmie River among other reaches (Figure 3). 
Specifically, there appeared to be a ~7% increase in armored banks in the Snoqualmie_6 
reach compared to observations from 2000/2001. This change in bank conditions likely 
reflects bank armoring observed along SE David Powell Rd. Additionally, there appeared to 
be a ~1.7% increase in bank armoring throughout Snoqualmie_4, which appears to be 
associated with areas around the downstream end of Neal Rd SE as well as areas upstream 
of Griffin Creek. Some bank armor material was observed around the Stillwater Restoration 
project (RM 13), which may indicate that either buried armor was unearthed by the 
meandering channel or that some armor was not fully removed. 
 
Changes in bank conditions throughout the Raging River since 2000/2001 were not 
evaluated due to lack of available data from 2000/2001. However, the lower 4.6 miles of 
the Raging River has been noted as having highly constrained and degraded channel and 
floodplain conditions (SBSRTC 2002, King County 2002). Specifically, areas downstream of 
I-90 were noted as having few off-channel and slow water areas with overall poor habitat 
conditions (King County 2002). Observations from 2017 indicated that over 40% of banks 
in the lower Raging River were armored and modified. Similar to the mainstem Snoqualmie 
River, it will be important to implement restoration projects throughout the Raging River 
which remove armoring and increase connectivity between mainstem, floodplain, and off-
/side-channel areas.  
 
While there have been several large restoration projects across the lower Snoqualmie, Tolt, 
and Raging rivers, the ongoing presence and extent of bank armoring throughout these 
waterbodies continues to negatively influence salmonid habitats and habitat forming 
processes. Specifically, when compared to performance criteria outlined in SBSRTC (2002), 
the Snoqualmie, Tolt, and Raging rivers continue to display degraded conditions specific to 
shoreline standards (i.e., degradation occurring when over 20% of shorelines are 
artificially hardened). The 2005 Salmon Plan highlights that >90% of the mainstem-
primary areas in the Snoqualmie River watershed should be in natural bank conditions. 
The presence and ongoing impact of bank armoring throughout the Snoqualmie, Tolt, and 
Raging rivers emphasizes the need for continued restoration and bank improvements to 
meet the 2005 Salmon Plan goals.  
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3.2 Large Woody Debris and Jams 
Large woody debris and jams are important for salmonids in the Snoqualmie River 
watershed because they provide hydraulic heterogeneity critical for instream habitat 
features and channel processes, dissipate hydraulic energy during peak flows, and provide 
high quality cover and habitat diversity (Bilby 1984, Harmon et al. 1986, Bilby and Ward 
1991). However, there has been a wide-spread removal of large wood from the Snoqualmie 
River watershed as well as significant reduction in large wood recruitment due to changes 
in riparian extent and condition. During the late 19th and early 20th century, thousands of 
snags, large fallen trees, and trees leaning over rivers were removed throughout Puget 
Sound rivers for navigation purposes (Collins and Sheikh 2002). While the majority of 
these activities occurred during the late 19th and early 20th century, wood removal across 
waterbodies continue to occur in present time. In addition to in-channel wood removal, 
widespread clearing of adjacent riparian areas reduced the size (quality) and quantity of 
available wood for recruitment (Collins and Sheikh 2002). The removal of large wood and 
changes in riparian conditions throughout the Snoqualmie River watershed has resulted in 
degraded conditions including reduced sediment and nutrient retention, reduced channel 
hydraulic complexity, decreased pool frequency, reduced refuge and rearing habitat 
quantity and quality, and an overall loss in structural complexity and biological diversity 
(SBSRTC 2002).  
 
Diameter and length frequencies of large woody debris observed in 2017 across the lower 
Snoqualmie, Tolt, and Raging rivers are summarized in Table 6 - Table 8 and mapped in 
Appendix A through Appendix J. Across the mainstem Snoqualmie River, the majority of 
large wood was 30-60 cm in diameter and 7.6-15 m in length. The majority of large wood 
observed in the Tolt River fell into 30-60 cm diameter class with lengths being relatively 
evenly distributed among 7.6-15 m and >15 m classes. The majority of large wood 
observed in the Raging River fell into the 30-60 cm diameter class and the 7.6-15 m length 
class. Large wood with visible rootwads included 63% of the pieces in the Snoqualmie 
River, 48% of the pieces in the Tolt River, and 49% of the pieces in the Raging River. These 
results support findings from Fox and Bolton (2007), where an increased prevalence of 
rootwads were observed as bank-full width increased. Rootwads are likely critical to help 
stabilize key pieces in large channels which generally have greater flows and wider widths. 
 
 

 Large woody debris observed in the lower mainstem Snoqualmie River 

EDT Reach Diameter Class 
Length Class 

<7.6 m (w/rootwad) 7.6-15 m >15 m Total 

Snoqualmie_1B* 

<30 cm (w/rootwad) 0 0 1 1 
30-60 cm 0 3 0 3 
60-90 cm 0 4 1 5 
>90 cm 0 0 1 1 
Total 0 7 3 10 
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EDT Reach Diameter Class 
Length Class 

<7.6 m (w/rootwad) 7.6-15 m >15 m Total 

Snoqualmie_2A 

<30 cm (w/rootwad) 9 3 4 16 
30-60 cm 4 24 17 45 

60-90 cm 3 8 10 21 
>90 cm 7 1 5 13 
Total 23 36 36 95 

Snoqualmie_2B 

<30 cm (w/rootwad) 4 33 7 44 
30-60 cm 5 201 101 307 
60-90 cm 8 65 102 175 
>90 cm 6 25 41 72 
Total 23 324 251 598 

Snoqualmie_3 

<30 cm (w/rootwad) 2 19 3 24 
30-60 cm 3 73 31 107 
60-90 cm 8 18 28 54 
>90 cm 2 5 12 19 
Total 15 115 74 204 

Snoqualmie_4 

<30 cm (w/rootwad) 0 13 7 20 
30-60 cm 2 96 36 134 
60-90 cm 7 44 42 93 
>90 cm 1 15 21 37 
Total 10 168 106 284 

Snoqualmie_5 

<30 cm (w/rootwad)   9 4 13 
30-60 cm 0 20 25 45 
60-90 cm 0 0 4 4 
>90 cm 1 6 9 16 
Total 1 35 42 78 

Snoqualmie_6 

<30 cm (w/rootwad) 1 5 1 7 
30-60 cm 2 37 7 46 
60-90 cm 0 13 5 18 
>90 cm 0 1 5 6 
Total 3 56 18 77 

* Surveyed upstream extent of EDT reach (~0.8 of the total 5.6 miles in reach) 

 
 Large woody debris observed in the Tolt River 

EDT Reach Diameter Class 
Length Class 

<7.6 m (w/rootwad) 7.6-15 m >15 m Total 

Tolt_1A 
<30 cm (w/rootwad) 0 0 6 6 
30-60 cm 1 27 34 62 
60-90 cm 4 16 51 71 
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EDT Reach Diameter Class 
Length Class 

<7.6 m (w/rootwad) 7.6-15 m >15 m Total 
>90 cm 3 4 4 11 
Total 8 47 95 150 

Tolt_1B 

<30 cm (w/rootwad) 0 15 17 32 
30-60 cm 0 163 101 264 
60-90 cm 3 46 53 102 
>90 cm 12 4 12 28 
Total 15 228 183 426 

Tolt_1C 

<30 cm (w/rootwad) 0 0 8 8 
30-60 cm 0 52 13 65 
60-90 cm 3 10 11 24 
>90 cm 1 4 7 12 
Total 4 66 39 109 

Tolt_1D 

<30 cm (w/rootwad) 0 4 4 8 
30-60 cm 1 28 53 82 
60-90 cm 4 10 55 69 
>90 cm 1 9 3 13 
Total 6 51 115 172 

Tolt_2* 

<30 cm (w/rootwad) 1 3 1 5 
30-60 cm 2 26 14 42 
60-90 cm 1 29 7 37 
>90 cm 8 8   16 
Total 12 66 22 100 

* Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
 

 Large woody debris observed in the Raging River 

EDT Reach Diameter Class 
Length Class 

<7.6 m (w/rootwad) 7.6-15 m >15 m Total 

Raging_1 

<30 cm (w/rootwad) 1 11 5 17 
30-60 cm 3 101 30 134 
60-90 cm 14 50 52 116 
>90 cm 7 14 35 56 
Total 25 176 122 323 

Raging_2* 

<30 cm (w/rootwad) 0 5 0 5 
30-60 cm 0 69 21 90 
60-90 cm 4 19 9 32 
>90 cm 4 1 6 11 
Total 8 94 36 138 

* Surveyed downstream extent of EDT reach (~1.3 of the total 8.3 miles in reach) 
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Across the mainstem Snoqualmie River, Snoqualmie 2_B, Snoqualmie_3, and Snoqualmie_4 
had relatively greater large wood abundance (LWD/mile) compared to other mainstem 
Snoqualmie River reaches (Table 9). However, when considering key large woody debris 
pieces (>60 cm diameter & >15 m length), Snoqualmie_ 2B had significantly more key 
pieces than all other mainstem Snoqualmie River reaches. Snoqualmie_2B, Snoqualmie_3, 
and Snoquamie_5 appeared to have greater large wood jam abundance (jams/mile) 
compared to other mainstem reaches. Areas with relatively low large wood abundance 
(less than 10 pieces) and low jam abundance (no observed jams) included areas upstream 
of ~RM 37, downstream of Fall City (~RM 33 – RM 34.5), around Carnation (~RM 22.6 – 
RM 23.7), around Duvall (~RM 8.6 – RM 9.4), and downstream of ~RM 6.2.  
 
Across the Tolt River, Tolt_1B and Tolt_1C had greater large wood abundance as well as 
greater large wood jam abundance when compared to other Tolt River reaches. Tolt_1B 
had over twice as much large wood than any other surveyed reach across the mainstem 
Snoqualmie, Tolt, and Raging rivers. Furthermore, Tolt_1B had over 7 times as much wood 
compared to the highest wood abundance observed in the mainstem Snoqualmie River. The 
numbers of key pieces were relatively similar across surveyed Tolt River reaches with the 
exception of lower key piece abundance observed in Tolt_1C. Tolt_1B and Tolt_1C had 
relatively greater large wood jam abundance compared to other Tolt River reaches, and 
Tolt_1B had significantly more jams than all other surveyed reaches across the mainstem 
Snoqualmie, Tolt, and Raging rivers. Aside from the downstream section of Tolt_1A (areas 
around the lower Tolt River Floodplain Reconnection project) most of Tolt_1A had 
relatively low wood abundance and few wood jams, which may be expected since the 
majority of that reach is leveed on both sides. 
 
Large wood abundance appeared to be greater in Raging_2 than Raging_1 and the 
magnitude of difference is likely significantly underrepresented since only ~1.3 of the 8.3 
mile reach in Raging_2 was surveyed. Within Raging_1, minimal amounts of large woody 
debris and few log jams were observed from ~RM 2 downstream to the confluence with the 
Snoqualmie River. Similar to the lower extents of the Tolt River, low large wood abundance 
in Raging_1 is likely due to the majority of this reach having revetments and/or levees on 
both sides of the river.  
 
Across waterbodies, the Snoqualmie River had overall lower wood abundance (41.4 
pieces/mile) compared to the Tolt River (159.7 pieces/mile) and the Raging River (76.8 
pieces/mile). When compared to observations from 2000/2001(King County 2002), all 
reaches surveyed in 2017 appeared to have greater large wood abundance (Table 9). 
However, large wood abundance observed in 2017 are still well below properly functioning 
conditions observed in coastal rivers (NMFS 1996) as well as in unmanaged forested basins 
(Fox and Bolton 2007). For example, criteria and standards described by the National 
Marine Fisheries Service (NMFS) indicate that coastal rivers need greater than 80 pieces 
(>60 cm diameter & >15 m length) per mile to be properly functioning (NMFS 1996). All of 
the mainstem Snoqualmie River reaches (generally characterized as a coastal river) were 
well below this standard (Table 9) and should be considered as not properly functioning. 
Large wood abundance in the Tolt River and Raging River were relatively greater than 
those observed in the mainstem Snoqualmie River but were still below properly 
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functioning conditions (Table 9). At 67.3 key pieces per mile, only Tolt_1B had large wood 
abundance that approached the >80 pieces/mile NMFS standard.  
 
Additionally, large wood abundance observed in 2017 were well below the 25th percentile 
of large wood observed in unmanaged forested basins in Washington State (areas where 
logging has not occurred and where roads or human modifications are not present) (Fox 
and Bolton 2007). Specifically, wood abundance observed in the mainstem Snoqualmie 
River and Tolt River are well below the 25th percentile (57 pieces/100 m of channel) of 
wood abundance observed in channels between 30-100 m bank-full width across 
unmanaged forested basins. Additionally, wood abundance observed in the Raging River 
are well below the 25th percentile (29 pieces/100 m of channel) of wood abundance for 
channels between 6-30 m bank-full width in unmanaged forested basins. However, large 
wood considered in Fox and Bolton (2007) included diameter and length size classes (>10 
cm and > 2m) smaller than what was considered in the 2017 surveys (≧ 30 cm and ≧ 7.6 
m). While wood abundance surveyed in 2017 did not include these smaller size classes, the 
magnitude of difference in wood abundance compared to Fox and Bolton (2007) indicate 
that large wood conditions in the lower Snoqualmie River watershed are still highly 
degraded. 
 
With degraded large wood abundance negatively impacting salmonids, the 2005 Salmon 
Plan focused on increasing large woody debris and jam abundance. Specific large wood 
targets are outlined in the 2005 Salmon Plan and based on habitat conditions evaluated 
prior to the 2005 Salmon Plan (e.g. SBSRTC 2002 & King County 2002). While the 2005 
Salmon Plan emphasizes the need to restore watershed and habitat processes, the 
placement of large wood is considered an integral short-term measure to support habitat 
forming processes until restored riparian forests mature and provide wood through 
natural recruitment. It’s worth noting that wood abundance criteria used in the 2005 
Salmon Plan (e.g. SBSRTC 2002 & King County 2002) were primarily based on large wood 
conditions documented for waterbodies smaller than the mainstem Snoqualmie River. 
Specifically, habitat conditions evaluated across the Snohomish River basin prior to the 
2005 Salmon Plan were based on large wood abundance standards for channels generally 
less than 20 m at bank-full-width (WFPB 1997, WDFW and Western Washington Treaty 
Tribes 1997). Since these standards may not be as appropriate for large channels such as 
the Snoqualmie River (average bank full width ranging from ~50 m to ~100 m), it may be 
worthwhile to reconsider wood abundance standards based on larger river systems (e.g., 
NMFS 1996, Fox and Bolton 2007). This may help in creating more appropriate wood 
abundance targets as well as ongoing habitat conditions throughout the Snoqualmie River 
watershed and greater Snohomish River basin. Consideration of more appropriate large 
wood standards may better reflect the extent and degree of large wood and habitat 
degradation across the lower Snoqualmie River watershed. 
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 Large woody debris conditions observed in 2017 and 2000/2001 as well as comparison to condition standards outlined by 
the National Marine Fisheries Services (NMFS 1996) and by Fox and Bolton (2007). 

EDT Reach River Miles Length 
(mi) 

2017 
LWD 
Count 

2017 
LWD 
per Mile 

2017 Key 
Pieces 
Count 

2017 
Jams 
per Mile 

2000/2001 
LWD per 
Mile 

2017 Key Pieces 
per Mile (% of 
NMFS 1996 
standard) Δ 

2017 LWD per 
100 m (% of Fox 
and Bolton 2007 
standard) ΔΔ 

Snoqualmie_1B* ~5.3 – 6.1 0.80 10 12.5 2 0.0 3.8 2.5 (3.1%) 0.8 (1.4%) 
Snoqualmie_2A ~6.1 – 9.6 3.48 95 27.3 15 0.9 10.9 4.3 (5.4%) 1.7 (3.0%) 
Snoqualmie_2B ~9.6 – 19.7 10.13 598 59.0 143 3.7 31.2 14.1 (17.6%) 3.7 (6.4%) 
Snoqualmie_3 ~19.7 – 23.7 4.20 204 48.5 40 3.3 27.1 9.5 (11.9%) 3.0 (5.3%) 
Snoqualmie_4 ~23.7 – 31.4 7.36 284 38.6 63 1.8 27.4 8.6 (10.7%) 2.4 (4.2%) 
Snoqualmie_5 ~31.4 – 34.6 3.24 78 24.1 13 3.7 10.2 4.0 (5.0%) 1.5 (2.6%) 
Snoqualmie_6 ~34.6 – 37.8 3.02 77 25.5 10 2.0 14.2 3.3 (4.1%) 1.6 (2.8%) 
Tolt_1A ~0 – 1.8 1.91 150 78.5 55 4.7 19.9 28.8 (36.0%) 4.9 (8.6%) 
Tolt_1B ~1.8 – 2.7 0.97 426 441.4 65 24.9 62.2 67.3 (84.2%) 27.4 (48.1%) 
Tolt_1C ~2.7 – 3.5 0.84 100 119.7 18 12.0 15.6 21.5 (26.9%) 7.4 (13.0%) 
Tolt_1D ~3.5 – 5 1.40 109 77.6 58 4.3 

18.8† 
41.3 (51.6%) 4.8 (8.5%) 

Tolt_2** ~5 – 6 0.96 173 179.6 7 3.1 7.3 (9.1%) 11.2 (19.6%) 
Raging_1 ~0 – 4.7 4.66 323 69.3 87 7.3 

40.6‡ 
18.7 (23.3%) 4.3 (14.9%) 

Raging_2*** ~4.7 – 6 1.30 138 106.5 15 8.5 11.6 (14.5%) 6.6 (22.8%) 
* Surveyed upstream extent of EDT reach (~0.8 of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 of the total 8.3 miles in reach) 
Δ Key pieces evaluated in NMFS condition standards includes large wood >60 cm in diameter & >15 m in length and based per river mile. National Marine 
Fisheries Service (NMFS) indicate that coastal rivers need greater than 80 pieces per mile to be properly functioning.  
ΔΔ Fox and Bolton condition standards includes wood >10 cm in diameter and >2 m in length and based per 100m of channel. Fox and Bolton (2007) indicate that 
the 25th percentile of wood abundance documented in unmanaged forested basin for channels 30-100 m at bank-full width is 57 pieces/100 m of channel and for 
channels 6-30 m is 29 pieces/100 m of channel. Fox and Bolton (2007) considered large wood pieces smaller than those quantified during this 2017 project. 
Subsequently, wood abundance observed in 2017 are likely under-represented when compared to Fox and Bolton (2007). 
† Wood surveyed in 2000/2001 were inventoried from RM 0 – 5.9; however, the GPS locations of wood pieces above RM 3 were not noted. Thus, differentiation 
between EDT reaches is not possible.  
‡ Wood surveyed in 2000/2001 were inventoried from RM 0.0 – 8.0; however, the GPS location of wood pieces were not noted. Thus, differentiation between EDT 
reaches is not possible.  
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3.3 Instream Habitat and Floodplain Features 
Over the last century, dredging, wood removal, and extensive revetment and levee 
construction has significantly shortened, straightened, and decreased complexity across 
waterbodies in the lower Snoqualmie River watershed (King County 2011). These changes 
have decreased aquatic habitat complexity, quantity, and connectivity throughout the 
Snoqualmie, Tolt, and Raging rivers. Altered channel migration processes have reduced 
wood and sediment delivery which in turn has reduced the formation and maintenance of 
depositional bars, low-velocity areas, and areas of adequate cover. Additionally, extensive 
revetment and levee systems have impaired the connectivity and availability of off-channel, 
side-channel, and floodplain habitats. Furthermore, armored banks themselves provide 
poor edge habitat conditions compared to unarmored banks (Beamer and Henderson 1998, 
Knudsen and Dilley 1987, Quigley and Harper 2004). These modified riverine and 
floodplain conditions subsequently reduce the availability and quality of spawning and 
rearing habitats for juvenile and adult salmonids. 
 
Instream habitat conditions evaluated in 2017 indicated that the mainstem Snoqualmie 
River was primarily characterized as pool and glide habitat (Figure 4, Table 10, Appendix A 
through Appendix J) while the Tolt and Raging rivers were primarily characterized as pool 
and riffle habitat (Figure 4, Table 11 & Table 12, Appendix A through Appendix J). 
Differentiation between glides and pools within the Snoqualmie River can be difficult since 
defined thalwegs are not always apparent and tail-out depths are infrequent due to few 
riffles. Additionally, since depths within glides may meet the requirements for pool 
designation (i.e., residual depth ≧ 0.4 m and maximum depth ≧1 m) differentiation 
between pools and glides can be problematic. A recommendation for future surveys may be 
to conduct a separate bathymetric survey of the river that can later be paired with field 
habitat surveys to create a detailed characterization of pool habitats throughout the river. 
 
While extensive areas of the mainstem Snoqualmie River were characterized as pool 
habitat, pool frequency across the mainstem was significantly lower than the Tolt and 
Raging rivers. This likely reflects differences in channel geomorphology between the 
mainstem and tributary waterbodies (e.g., gradient and planform) but may also reflect 
differences in wood abundance and other habitat forming features such as sediment supply 
and transport rates. For example, the Tolt and Raging rivers have higher gradients as well 
as a braided planform compared to the lower gradient and highly sinuous planform of the 
lower Snoqualmie River. The vast majority of pools observed across the mainstem 
Snoqualmie River were associated with rip-rap from bank armoring (Table 13), compared 
to natural pool-forming features such as wood, boulders, and bedrock. The formation of 
pools by rip-rap and modified banks, as compared to natural forming features, likely alters 
pool profile attributes (e. g., deep max depths) as well as adjacent deposition and accretion 
processes. Pools associated with rip-rap banks tend to have minimal large wood and fish 
cover. Several pools in the Raging and Tolt rivers were also formed by rip-rap; however, 
these tributaries had a relatively greater proportion of pools formed by wood, bedrock, and 
boulders (Table 13). Specifically, the majority of pools observed in the Tolt River were 
formed by wood and pools in the Raging River were primarily formed by boulders.  
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Figure 4. Proportions of instream glide, pool, and riffle habitats in the lower Snoqualmie, Tolt, 

and Raging rivers. 
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 Instream habitats observed in the lower mainstem Snoqualmie River. 
EDT Reach River Miles Habitat 

Type 
Count Frequency 

(per mi) 
Sum of 
Length (ft) 

% of EDT 
Reach 

Snoqualmie_1B* ~5.3 – 6.1 
Glide 0 0.0 0.0 0.0% 
Pool 1 1.3 4210.1 100.0% 
Riffle 0 0.0 0.0 0.0% 

Snoqualmie_2A ~6.1 – 9.6 
Glide 3 0.9 1241.7 6.8% 
Pool 4 1.1 17135.4 93.2% 
Riffle 0 0.0 0.0 0.0% 

Snoqualmie_2B ~9.6 – 19.7 
Glide 19 1.9 11307.0 21.1% 
Pool 23 2.3 41854.0 78.2% 
Riffle 2 0.2 349.8 0.7% 

Snoqualmie_3 ~19.7 – 23.7 
Glide 9 2.1 7401.9 33.4% 
Pool 14 3.3 12570.0 56.6% 
Riffle 8 1.9 2220.0 10.0% 

Snoqualmie_4 ~23.7 – 31.4 
Glide 8 1.1 2912.6 7.5% 
Pool 13 1.8 35804.3 92.1% 
Riffle 2 0.3 148.0 0.4% 

Snoqualmie_5 ~31.4 – 34.6 
Glide 6 1.9 3553.1 20.8% 
Pool 11 3.4 12147.5 71.1% 
Riffle 3 1.2 1385.8 8.1% 

Snoqualmie_6 ~34.6 – 37.8 
Glide 4 1.3 2934.6 18.4% 
Pool 9 3.0 10670.6 66.8% 
Riffle 6 2.3 2357.0 14.8% 

* Surveyed upstream extent of EDT reach (~0.8 of the total 5.6 miles in reach) 
 

 Instream habitats observed in the Tolt River. 
EDT Reach River Miles Habitat 

Type 
Count Frequency 

(per mi) 
Sum of 
Length (ft) 

% of EDT 
Reach 

Tolt_1A ~0 – 1.8 
Glide 5 2.6 1749.7 17.3% 
Pool 11 5.8 3213.8 31.9% 
Riffle 15 7.9 5121.8 50.8% 

Tolt_1B 
 
~1.8 – 2.7 
 

Glide 4 4.1 961.5 18.9% 
Pool 8 8.3 1775.3 34.8% 
Riffle 10 10.4 2359.0 46.3% 

Tolt_1C ~2.7 – 3.5 
Glide 0 0.0 0.0 0.0% 
Pool 4 4.8 421.0 9.5% 
Riffle 7 8.4 3990.0 90.5% 

Tolt_1D ~3.5 – 5 
Glide 7 5.0 1577.9 21.3% 
Pool 10 7.1 1808.8 24.4% 
Riffle 15 10.7 4029.4 54.3% 
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EDT Reach River Miles Habitat 
Type 

Count Frequency 
(per mi) 

Sum of 
Length (ft) 

% of EDT 
Reach 

Tolt_2* ~5 – 6 
Glide 2 2.1 588.6 11.6% 
Pool 4 4.2 941.9 18.5% 
Riffle 6 6.2 3554.7 69.9% 

* Surveyed downstream extent of EDT reach (~1 of the total 3.6 miles in reach) 
 

 Instream habitats observed in the Raging River. 
EDT Reach River Miles Habitat 

Type 
Count Frequency 

(per mi) 
Sum of 
Length (ft) 

% of EDT 
Reach 

Raging_1 ~0 – 4.7 
Glide 17 3.6 3752.7 15.3% 
Pool 52 11.2 6006.4 24.4% 
Riffle 63 13.5 14840.3 60.3% 

Raging_2* ~4.7 – 6 
Glide 0 0.0 0.0 0.0% 
Pool 22 17.0 2090.1 30.6% 
Riffle 22 17.0 4750.5 69.4% 

* Surveyed downstream extent of EDT reach (~1.3 of the total 8.3 miles in reach) 
 

 Pool forming features observed in the Snoqualmie, Tolt, and Raging rivers. 

Waterbody River Miles 
Pool Forming Feature (%) 

Bedrock Boulder Other Rip-Rap Wood 

Mainstem 
Snoqualmie River ~5.3 – 37.6 1 (1.4%) 0 (0%) 1 (1.4%) 58 (80.6%) 12 (16.7%) 

Tolt River ~0 – 6   2 (5.4%) 9 (24.3%) 0 (0%) 10 (27%) 16 (43.2%) 

Raging River ~0 – 6  1 (1.4%) 30 (41.7%) 1 (1.4%) 22 (30.6%) 18 (25%) 

 
Comparisons of pool extents (i.e., lengths and % coverage) between surveys conducted in 
2000/2001(King County 2002) and the surveys from 2017 are difficult due to differences 
in pool designations. Specifically, surveys conducted in 2000/2001 focused primarily on 
“large pools, at least as long as the river is wide” and surveys conducted in 2017 included 
all pools that met requirements for residual and maximum depths. Differences in pool 
designations across survey periods likely influence the determination of pool habitats as 
well as related upstream and downstream extents. This can be seen when comparing the 
Sum of Length and % of EDT Reach among pools observed across the survey periods 
(Table 14). While the length and percent coverage are difficult to compare between 
surveys, the frequency of pools is relatively comparable. For example, surveys conducted in 
2000/2001 identified 70 large pools in the mainstem Snoqualmie River (~RM 5.3 – 34.6) 
and surveys conducted in 2017 identified 66 pools across the same reaches. Since the 2017 
survey methodology could include pools that were shorter than the channel width (as long 
as they met the depth requirements), we may assume that more pools would have been 
identified in 2017 compared to 2000/2001. However, this does not appear to be the case 
and may suggest that relatively smaller pools were not frequent across the mainstem 
Snoqualmie River. The locations of pools surveyed in 2017 were relatively similar to 
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observations from 2000/2001; however, as previously mentioned, there was significant 
variation in the determination of upstream and downstream extents.  
 

 2000/2001 and 2017 observed pools across the mainstem Snoqualmie (~RM 5.3 – 34.6). 

EDT Reach 
2000/2001 Pool Conditions* 2017 Pool Conditions 

Count Pools 
per km 

Sum of 
Length (m) 

% of 
Reach 

Count Pools 
per km 

Sum of 
Length (m) 

% of 
Reach 

Snoqualmie_1B* 1.0 1.7 590.5 46.0% 1.0 0.8 1283.2 100.0% 
Snoqualmie_2A 5.0 4.7 1053.7 18.8% 4.0 0.8 5222.9 93.2% 
Snoqualmie_2B 27.0 2.8 9576.6 58.7% 23.0 1.8 12757.1 78.2% 
Snoqualmie_3 8.0 3.4 2351.9 34.8% 14.0 3.7 3831.3 56.6% 
Snoqualmie_4 22.0 2.3 9687.6 81.8% 13.0 1.2 10913.1 92.1% 
Snoqualmie_5 7.0 2.3 3058.3 58.7% 11.0 3.0 3702.6 71.1% 

* Surveyed upstream extent of EDT reach (~0.8 of the total 5.6 miles in reach) 
 
Within the mainstem Snoqualmie River, riffles were primarily observed among sections of 
Snoqualmie_3, Snoqualmie_5, and Snoqualmie_6. Specifically, within Snoqualmie_3, riffles 
were observed between ~RM 20 upstream to ~RM 23.5 and likely reflect alluvial deposits 
from the Tolt River. Within Snoqualmie_5, riffles were observed between ~RM 32 
upstream to ~RM 34.5 and within Snoqualmie_6 riffles were observed between ~RM 35.5 
upstream to ~RM 37.5. Riffles among Snoqualmie_5 and Snoqualmie_6 likely reflect alluvial 
deposits from the Raging River and Tokul Creek, respectively. Coarse sediments inputs 
from the Tolt River, Raging River and Tokul Creek have been documented to provide the 
majority of coarse sediment observed throughout the lower Snoqualmie River (Booth et al. 
1991). As previously mentioned, the alluvial deposits from these tributaries support much 
of the anadromous salmonid spawning within lower Snoqualmie River watershed (SBSRF 
2005). Sediment transport over Snoqualmie Falls is limited to medium sand since bedload 
originating above the falls in the North, Middle, and South forks remain in large 
depositional zones at the confluences of those rivers (Booth et al. 1991). The substrate 
composition among riffles observed across the Snoqualmie, Tolt, and Raging rivers are 
included in Table 15. Dominant substrates across riffles in Snoqualmie_3, Snoqualmie_5, 
and Snoqualmie_6 included boulders, cobble, and coarse gravel. These riffle substrate 
observations align with median grain diameters observed by Booth et al. (1991) along 
respective mainstem reaches. Within the Tolt and Raging rivers, 2017 surveys indicated 
that riffles were frequent with dominant substrates primarily characterized as cobble and 
coarse gravel. Various reaches throughout the Tolt River as well as the lower Raging River 
are also known to provide productive anadromous salmonid spawning habitats (SBSRF 
2005.) 
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 Frequency of dominant and subdominant substrate types observed across the 
Snoqualmie, Tolt, and Raging rivers. Substrate codes as follows: F = Fines, FG = Fine 
Gravel, CG = Coarse Gravel, C = Cobble, B = Boulder, and W = Wood 

EDT Reach Approximate 
River Miles 

Riffle Dominant Substrate Riffle Subdominant Substrate 
F GF GC C B W F GF GC C B W 

Snoqualmie_1B* ~5.3 – 6.1 0  0 0 0 0 0 0 0 0 0 0 0 
Snoqualmie_2A ~6.1 – 9.6 0 0 0 0 0 0 0 0 0 0 0 0 
Snoqualmie_2B ~9.6 – 19.7 1 0 1 0 0 0 0 1 0 0 0 1 
Snoqualmie_3 ~19.7 – 23.7 0 0 4 4 0 0 0 4 4 0 0 0 
Snoqualmie_4 ~23.7 – 31.4 0 0 2 0 0 0 0 2 0 0 0 0 
Snoqualmie_5 ~31.4 – 34.6 0 0 0 3 0 0 0 0 3 0 0 0 
Snoqualmie_6 ~34.6 – 37.8 0 0 0 2 4 0 0 0 2 4 0 0 
Tolt_1A ~0 – 4.7 0 0 8 7 0 0 0 8 7 0 0 0 
Tolt_1B ~4.7 – 6 0 0 1 9 0 0 0 1 8 0 1 0 
Tolt_1C ~0 – 1.8 0 0 2 5 0 0 0 2 5 0 0 0 
Tolt_1D ~1.8 – 2.7 0 0 12 3 0 0 0 12 3 0 0 0 
Tolt_2** ~2.7 – 3.5 0 0 6 0 0 0 0 6 0 0 0 0 
Raging_1 ~3.5 – 5 0 0 2 56 5 0 0 2 46 5 10 0 
Raging_2*** ~5 – 6 0 0 4 17 1 0 0 4 17 1 0 0  

* Surveyed upstream extent of EDT reach (~0.8 miles of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 miles of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 miles of the total 8.3 miles in reach) 
 
Other habitat and floodplain features evaluated in 2017 are included in Table 16. Surveys 
focused on the mainstem of Snoqualmie, Tolt and Raging rivers, thus side-channel lengths 
and instream habitats were not inventoried. Additionally, since some floodplain features 
may have been difficult to view from the mainstem channel due to bank vegetation or 
riparian cover, floodplain features are likely underrepresented in this data set. When 
compared to observations from 2000/2001 (King County 2002), 2017 surveys identified 
several additional backwaters (26 and 35, respectively) and relatively fewer tributaries (48 
and 39, respectively). More backwater observations in 2017 likely reflects variations in 
riverine channel processes over the years but may also highlight the benefits of restoration 
projects aimed at increasing channel complexity and habitat formation. Fewer tributary 
observations in 2017 likely reflects the aforementioned difficulties in visibility due to 
vegetation as well as potentially lower-flow conditions in 2017. Lower flow conditions may 
limit tributary flow observations and therefore make tributaries more difficult to detect. It 
may also be possible that backwaters identified in 2001 were characterized as tributaries 
in 2017. The discrepancies in backwater and tributary observations indicate that a follow-
up survey may be necessary to ground-truth all potential tributaries and to confirm 
whether tributaries identified in 2000 are still in existence. 
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 Other habitat and floodplain features observed in 2000/2001 and 2017 across the 
Snoqualmie, Tolt, and Raging rivers.  Oxbow outlets and side-channels were not 
collected (NC) in 2000-2001. 

EDT Reach River Miles 
Backwater Oxbow Outlet Side-Channel Tributary 

2000/ 
2001 

2017 2000/ 
2001 

2017 2000/ 
2001 

2017 2000/ 
2001 

2017 

Snoqualmie_1B* ~5.3 – 6.1 0 0 NC 0 NC 0 1 2 
Snoqualmie_2A ~6.1 – 9.6 0 0 NC 0 NC 0 5 1 
Snoqualmie_2B ~9.6 – 19.7 1 6 NC 0 NC 0 13 9 
Snoqualmie_3 ~19.7 – 23.7 8 8 NC 0 NC 3 6 3 
Snoqualmie_4 ~23.7 – 31.4 5 4 NC 0  NC 2 9 9 
Snoqualmie_5 ~31.4 – 34.6 5 7 NC 1 NC 0 4 0 
Snoqualmie_6 ~34.6 – 37.8 5 4 NC 0 NC 1 9 13 
Tolt_1A ~0 – 4.7 1 2 NC 0 NC 0 0 0 
Tolt_1B ~4.7 – 6 0 0 NC 0 NC 6 0 1 
Tolt_1C ~0 – 1.8 1 4 NC 0 NC 0 1 2 
Tolt_1D ~1.8 – 2.7  1  0  3  2 
Tolt_2** ~2.7 – 3.5  0  0  2  0 
Raging_1 ~3.5 – 5  5  0   12  7 
Raging_2*** ~5 – 6  4  0  2  3 

* Surveyed upstream extent of EDT reach (~0.8 miles of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 miles of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 miles of the total 8.3 miles in reach) 

3.4 Channel and Floodplain Modifications 
Channel and floodplain modifications throughout the Snoqualmie, Tolt, and Raging rivers 
influence the distribution of salmonids, habitat connectivity, as well as riverine and 
floodplain processes. Specifically, channel and floodplain modifications that influence 
riverine and floodplain processes include bank armoring (discussed in Section 3.1 – Stream 
Bank Conditions), culverts/outfalls, barbs/deflectors, bridge footings, docks and pilings, 
flap gates, water irrigation devices, as well as dams and weirs. These features can alter the 
connectivity of habitats by creating artificial barriers inhibiting the movement of juvenile 
and adult fishes. Additionally, channel and floodplain modifications can influence riverine 
and floodplain processes by altering sediment dynamics, channel migration, large wood 
recruitment and retention, and instream flow conditions.  
 
Potential and known fish passage barriers have been documented throughout several 
tributary and floodplain channels in the lower Snoqualmie River watershed (WDFW 2018). 
While passage barriers at several locations have been replaced or improved, there are still 
many locations that are either partial fish passage barriers, total barriers that have yet to 
be improved, potential barriers with unknown passability, and/or waterways with 
unknown barrier status and passability. Subsequently, the lower Snoqualmie River 
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watershed is considered degraded in terms of instream artificial barriers to habitat 
(SBSRTC 2002). 
 
Channel and floodplain modifications observed in 2017 across the Snoqualmie, Tolt, and 
Raging rivers are summarized in Table 17 and mapped in Appendix A through Appendix J. 
Several culverts/outfalls and flap-gates were observed during the 2017 surveys which 
collectively alter the connectivity between mainstem, tributary, and floodplain channels. 
While only a few bridge footings and barbs were observed, the extents of these 
modifications are likely best captured through the bank conditions assessment (Section 3.1 
– Stream Bank Conditions). As previously mentioned in Section 3.1 – Stream Bank 
Conditions, several piling arrays were observed in Snoqualmie_2B, Snoqualmie_4, and 
Snoqualmie_6. Across the mainstem Snoqualmie River, several water irrigation pumps 
were observed from Snoqualmie_1B upstream to Snoqualmie_4, with the greatest number 
of pumps observed in Snoqualmie_2B and Snoqualmie_4. The impacts of these pumps on 
instream flows in the Snoqualmie River are not well understood; however, significant 
water withdrawals during summer periods may impact flow and temperature conditions 
experienced by juvenile and adult salmonids. Additionally, effective fish screening among 
all water irrigation pumps would be beneficial to minimize impacts to salmonids.  
 
While several channel and floodplain modifications were noted during the 2017 surveys, 
these observations only included features that were visible from the mainstem channel. 
These observations likely significantly underestimate the extent of channel and floodplain 
modifications throughout the lower Snoqualmie River watershed. With many documented 
(e.g., WDFW Fish Passage Database) and unknown modifications existing throughout 
tributaries and floodplain channels in the lower Snoqualmie River watershed, an extensive 
inventory of the floodplain is likely required to adequately address and improve conditions. 
 

 Channel and floodplain modifications observed in the Snoqualmie, Tolt, and Raging 
rivers. 

EDT Reach River Miles 

Channel and Floodplain Modifications 
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Snoqualmie_1B* ~5.3 – 6.1 1 0 0 1 2 0 3 0 
Snoqualmie_2A ~6.1 – 9.6 3 0 3 3 3 0 0 3 
Snoqualmie_2B ~9.6 – 19.7 5 0 0 4 13 1 1 9 
Snoqualmie_3 ~19.7 – 23.7 0  0 0 1 0 0 0 2 
Snoqualmie_4 ~23.7 – 31.4 0 0 0 1 6 0 0 8 
Snoqualmie_5 ~31.4 – 34.6 0  1 0 1 0 0 1 2 
Snoqualmie_6 ~34.6 – 37.8 0 0 0 3 0 0 0 5 
Tolt_1A ~0 – 4.7 0 0 0 1 0 0 0 0 
Tolt_1B ~4.7 – 6 0 0 0 0 0 0 0 0 
Tolt_1C ~0 – 1.8 0 0 0 0 0 0 0 0 



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  33 September 2018 

EDT Reach River Miles 

Channel and Floodplain Modifications 
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Tolt_1D ~1.8 – 2.7 0 0 0 0 0 0 0 0 
Tolt_2** ~2.7 – 3.5 0 0 0 0 0 0 0 0 
Raging_1 ~3.5 – 5 0 0 1 5 0 0 0 0 
Raging_2*** ~5 – 6 0 0 0 1 0 0 0 0 

* Surveyed upstream extent of EDT reach (~0.8 miles of the total 5.6 miles in reach) 
** Surveyed downstream extent of EDT reach (~1 miles of the total 3.6 miles in reach) 
*** Surveyed downstream extent of EDT reach (~1.3 miles of the total 8.3 miles in reach) 

 
When compared to observations from 2000/2001(King County 2002), significantly fewer 
barb/deflectors and bridge footings were observed in 2017. Since many of these features 
were grouped in 2017 as bank conditions rather than channel and floodplain modification, 
direct comparisons across time periods is difficult. However, regardless of how these 
features were designated, the extent and frequency of channel and floodplain modifications 
across years suggests that riverine and floodplain processes continue to be influenced by 
modified channel, bank, and floodplain features.  
 
Across survey periods, several additional water pumps were observed in 2017 compared 
to 2000/2001 (24 & 13, respectively). Specifically, several additional water pumps were 
observed across Snoqualmie_ 2B (Figure 5) as well as in Snoqualmie_4 (Figure 6). This 
large increase in observed water irrigation pumps likely magnifies the aforementioned 
potential impacts of water withdrawals on summer flow and temperature conditions. 
While there were significantly more water irrigation pumps across Snoqualmie_2B and 
Snoqualmie_4, relatively fewer water irrigation pumps were observed in Snoqualmie_2A 
during 2017 compared to 2000/2001. Surveys conducted in 2000/2001 as well as surveys 
in 2017 identified 15 culverts and similar numbers of flap-gates (5 and 7, respectively). 
These collective observations suggest that modified features continue to impact the lower 
Snoqualmie River watershed and indicate that further progress is needed to improve 
channel, bank, and floodplain conditions and connectivity. 
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Figure 5. Water irrigation pumps observed in the lower Snoqualmie River from RM 10 to RM 19 

in 2017 as well as previously in 2000/2001. 
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Figure 6. Water irrigation pumps observed in the lower Snoqualmie River from RM 23 to RM 31 

in 2017 as well as previously in 2000/2001. 
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3.5 Riparian Conditions and Land Cover Change 
Analysis 

Prior to European settlement, much of the Snoqualmie River floodplain upstream of Duvall 
and downstream of the Snoqualmie Falls was forested (Collins and Sheikh 2002). The 
riparian corridor was dominated by large numbers of hardwoods; however, very large 
cedar and spruce also occurred along these corridors (Collins and Sheikh 2002). Much of 
the riparian vegetation across the lower Snoqualmie River was cleared by the 1930’s. 
While some areas along the mainstem Snoqualmie River and around oxbows still had 
vegetation, by the early 2000’s forest cover throughout the lower Snoqualmie floodplain 
was only 16% of historic extents mapped in the 1870’s. By the late 20th century, only 25% 
of the lower Snoqualmie River shoreline had riparian buffers greater than 200ft in width, 
with around 86% of the riparian corridor being cleared or in early seral stages (Pentec and 
NW GIS 1999, Gersib et al.1999). Additionally, much of the riparian vegetation was 
composed of non-native, invasive species such as Himalayan blackberry (Rubus 
armeniacus) and Japanese knotweed (Polygonum cuspidatum). Across the Tolt and Raging 
rivers, logging, residential development, recreation, and road construction have reduced 
the amount of mature forested riparian areas (SBSRTC 2002). However, riparian conditions 
in the Tolt and Raging are much more intact as compared to the mainstem Snoqualmie 
River. Additionally, riparian conditions among these tributaries tend to improve as one 
moves upstream. 
 
Degraded riparian conditions result in low recruitment of large woody debris to 
waterbodies and decreased riverbank stability. Without contiguous, wide, and mature 
riparian buffers, the effectiveness of vegetation to insulate and buffer heat exchange 
between rivers and solar-atmospheric radiation is reduced. The absence of riparian 
corridors causes waterbodies to rapidly trend away from groundwater temperatures and 
toward atmospheric temperatures. High water temperatures (e.g., 23-25°C) can be lethal to 
salmonids and warm temperatures (e.g., 16-23°C) can cause significant sub-lethal effects to 
salmonids such as increased susceptibility to disease, metabolic stress, developmental 
issues, and blockages to migration (Ecology 2002).  
 
Riparian conditions evaluated for 2015 indicated that primary land cover types included 
agriculture, shrubs, and trees (Table 18; Appendix A through Appendix J). Trees comprised 
the largest single category among land cover types across the lower Snoqualmie River; 
however, the majority of the 150-foot riparian corridor was characterized as land cover 
types other than trees (i.e., >59% consisting of agriculture, bare ground, impervious 
surfaces, shrubs, and other). These results support that riparian corridors across the 
mainstem Snoqualmie River have been cleared or are currently in early seral stages. On the 
other hand, the Raging River and Tolt River appeared to have the majority of the riparian 
corridor characterized as trees (85.7% and 70.6%, respectively) (Table 19 & Table 20; 
Appendix A through Appendix J). The Raging River appeared to have the most impervious 
surface within the riparian buffer corridor compared to the Tolt River and mainstem 
Snoqualmie River. This align with current zoning patterns, with the Raging River having a 
relatively greater proportion of residential zoning.  
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Comparison of land cover from 2002 to 2015 indicated that the percentage of tree coverage 
has increased over time for the mainstem Snoqualmie River and the Tolt River (4.1% & 
11.8%, respectively). However, it should be noted that these percentages include areas of 
channel migration which may reflect shifts in riparian corridors rather than tree 
establishment, plantings, or growth (discussed below and in Section 2.5 - Riparian Change 
Analysis). The percentage of land cover designated as agriculture appeared to decrease 
from 2002 to 2015 across the mainstem Snoqualmie River and land cover designated as 
shrubs appeared to have decreased across waterbodies (specific changes in agriculture and 
shrub land cover are discussed below and included in Table 21 – Table 26). 
 

 Riparian land cover in 2002 and 2015 across the lower mainstem Snoqualmie River 
(RM 5.3 – RM 37.6.5). 

Land Cover Type 
Acres Percent Coverage 

Change 
2002 2015 2002 2015 

Agriculture (Farm Fields, Pasture, etc.) 401.3 341.1 30.9% 27.7% ▼ 
Bare Ground 0.9 3.3 0.1% 0.3% ▲ 
Impervious Surfaces 72.9 68.7 5.6% 5.6% − 
Other (Water, Lawns, Rock, Vegetated Gravel Bars) 59.9 58.9 4.6% 4.8% ▲ 
Shrubs 292.7 260.7 22.5% 21.2% ▼ 
Trees 472.1 497.1 36.3% 40.4% ▲ 

 
 Riparian land cover in 2002 and 2015 across the lower Tolt River (RM 0 – RM 6). 

Land Cover Type 
Acres Percent Coverage 

Change 
2002 2015 2002 2015 

Agriculture (Farm Fields, Pasture, etc.) 0.4 0.6 0.2% 0.2% − 
Bare Ground 7.2 0.5 3.1% 0.2% ▼ 
Impervious Surfaces 9.7 9.8 4.1% 4.0% ▼ 
Other (Water, Lawns, Rock, Vegetated Gravel Bars) 12.7 9.1 5.3% 3.7% ▼ 
Shrubs 32.4 16.0 13.7% 6.5% ▼ 
Trees 174.5 211.8 73.7% 85.5% ▲ 

 
 Riparian land cover in 2002 and 2015 across the lower Raging River (RM 0 – RM 4.9). 

Land Cover Type 
Acres Percent Coverage 

Change 
2002 2015 2002 2015 

Agriculture (Farm Fields, Pasture, etc.) 1.2 0.5 0.7% 0.3% ▼ 
Bare Ground 0.4 2.1 0.2% 1.2% ▲ 
Impervious Surfaces 17.6 18.0 10.0% 10.3% ▲ 
Other (Water, Lawns, Rock, Vegetated Gravel Bars) 16.3 17.2 9.3% 9.8% ▲ 
Shrubs 14.7 13.7 8.4% 7.8% ▼ 
Trees 124.7 123.5 71.3% 70.6% ▼ 
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Changes in riparian conditions and land cover designation from 2002 to 2015 are 
summarized in Table 21 - Table 26. As previously mentioned in Section 2.5 - Riparian 
Change Analysis, changes in riparian land cover were separated into areas of channel 
migration and all other areas. This separation aimed to help evaluate changes in riparian 
land cover resulting from migrating channels as compared to potential anthropogenic 
causes. Within the mainstem of the lower Snoqualmie River, primary areas of channel 
migration were observed around ~RM 9.4, ~RM 12.8, ~ RM 19.4 – RM 21.7, ~RM 26.1 – 
RM 26.7, ~RM 30.4 – RM 31.2, and ~RM 32.3 – RM 33.6 (Figure 7).  
 
Land cover changes from 2002 to 2015 within these areas of channel migration include 
shifts from agriculture, shrubs, and trees to other as well as agriculture and other shifting to 
shrubs and trees (Table 21). Across the various shifts in land cover, the greatest changes 
appeared to be from agriculture and trees to other (i.e., water, rocks, and gravel bars). 
Observed changes from agriculture, shrubs, and trees to other likely indicate channel 
migration into riparian areas and lateral shifts in riparian corridors. An example of these 
shifts is displayed in areas around ~RM 20 – RM 21.5 of the Snoqualmie River where the 
restoration of channel processes through the removal of revetments (e.g., Chinook Bend 
and Stillwater restoration projects) have supported channel migration and meandering 
(Figure 8). Changes from agriculture and other to shrubs and trees may indicate areas of 
vegetation growth or plantings as well as areas of alluvial deposition and subsequent 
vegetation establishment and growth.  
 
Land cover changes in the lower Snoqualmie River from 2002 to 2015 outside of channel 
migration areas include agriculture to shrubs and trees, other to agriculture and shrubs, 
shrubs to agriculture and trees, as well as trees to shrubs (Table 22). Across the various 
shifts in land cover, the greatest changes appeared to be from agriculture to shrubs and 
trees as well as shrubs to trees. Changes from agriculture to shrubs and trees may indicate 
vegetation plantings or growth. An example of shifts from agriculture to shrubs and trees 
can be observed around RM 11 of the Snoqualmie River (Figure 9), where vegetation 
plantings and growth are apparent along the riparian corridor. Changes from other to 
agriculture and shrubs may indicate new agriculture as well as vegetation establishment 
and growth. Changes from shrubs to agriculture and trees may indicate removal of shrub 
vegetation for agriculture as well as maturing of vegetation from shrubs to trees. Changes 
from trees to shrubs likely indicates a loss of tree coverage and then subsequent re-growth 
between 2002 and 2015. 
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Figure 7. Areas of channel migration in the mainstem Snoqualmie River observed from aerial 

imagery analysis between 2002 and 2015. 
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 Percent changes in riparian land cover from 2002 to 2015 within areas of channel 
migration in the lower Mainstem Snoqualmie River (RM 5.3 – RM 37.6). Percentages 
indicate the relative amount of a given 2002 land cover which was changed to a 2015 
land cover. Abbreviation as follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA 
(Bare Ground), DE (Impervious Surfaces), OT (Other: Water, Lawns, Rock, Vegetated 
Gravel Bars), SH (Shrubs), TR (Trees). 
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Figure 8. Select changes in riparian land cover around RM 21 on the mainstem of the lower 

Snoqualmie River from 2002 to 2015.  Select changes include agriculture, shrubs, and 
trees to other.  
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 Percent changes in riparian land cover from 2002 to 2015 outside of channel migration 
areas in the lower Mainstem Snoqualmie River (RM 5.3 – RM 37.6). Percentages 
indicate the relative amount of a given 2002 land cover which was changed to a 2015 
land cover. Abbreviation as follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA 
(Bare Ground), DE (Impervious Surfaces), OT (Other: Water, Lawns, Rock, Vegetated 
Gravel Bars), SH (Shrubs), TR (Trees). 
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Figure 9. Select changes in riparian land cover around RM 11 on the mainstem of the lower 

Snoqualmie River from 2002 to 2015. Select changes include agriculture to shrubs, 
agriculture to trees, and shrubs to trees.  
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Within the Tolt River, primary areas of channel migration were observed from the 
confluence with the Snoqualmie River to ~RM 0.3 (associated with the Lower Tolt 
Restoration project), ~RM 1.1 – RM 3.8, and ~RM 4.5 – RM 5.1 (Figure 10). These results 
suggest that much of the lower Tolt River is actively migrating with areas of channel 
migration appearing to align with mapped areas of “moderate and severe avulsion hazards” 
(King County 2017). Land cover changes from 2002 to 2015 within these areas of channel 
migration include shifts from bare ground, shrubs, and trees to other, bare ground and other 
to shrubs and trees, and shrubs to trees (Table 23). Across these various shifts in land cover, 
the greatest changes appeared to be from shrubs and trees to other. Changes from bare 
ground, shrubs, and trees to other likely indicate channel migration into riparian areas and a 
subsequent shift in riparian corridors. An example of these shifts include areas around 
~RM 2.5 of the Tolt River where channel migration has shifted riparian extents as well as 
formed several new sand-gravel bars (Figure 11). Similar to the mainstem Snoqualmie 
River, changes from bare ground and other to shrubs and trees may indicate areas of natural 
vegetation establishment from bar formation as well as areas of vegetation plantings and 
subsequent growth. Additionally, changes from shrubs to trees may indicate maturing and 
succession of riparian vegetation. 
 
Land cover changes in the Tolt River from 2002 to 2015 outside of channel migration areas 
include bare ground and shrubs to trees, developed to other, other to shrubs, and trees to 
shrubs (Table 24). Across the various shifts in land cover, the greatest changes appeared to 
be from shrubs and bare ground to trees. An example of the shift from shrubs to trees is 
displayed in areas around RM 0.5 of the Tolt River (Figure 12). Changes from bare ground 
and other to shrubs to trees may indicate areas of vegetation establishment and growth 
with changes from shrub to trees indicate the maturing of vegetation. Changes from 
developed to other may indicate a removal of structure and changes from trees to shrubs 
likely indicate a loss of tree coverage and then subsequent re-growth between 2002 and 
2015.  
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Figure 10. Areas of channel migration in the lower Tolt River observed from aerial imagery 

analysis between 2002 and 2015. 
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 Percent changes in riparian land cover from 2002 to 2015 within areas of channel 

migration in the lower Tolt River (RM 0 – RM 6). Percentages indicate the relative 
amount of a given 2002 land cover which was changed to a 2015 land cover. 
Abbreviation as follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA (Bare 
Ground), DE (Impervious Surfaces), OT (Other: Water, Lawns, Rock, Vegetated Gravel 
Bars), SH (Shrubs), TR (Trees). 
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Figure 11. Select changes in riparian land cover around RM 2.5 on the mainstem of the lower 

Tolt River from 2002 to 2015. Select changes include shrubs and trees to other.  
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 Percent changes in riparian land cover from 2002 to 2015 outside of channel migration 
areas in the lower Tolt River (RM 0 – RM 6). Percentages indicate the relative amount of 
a given 2002 land cover which was changed to a 2015 land cover. Abbreviation as 
follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA (Bare Ground), DE (Impervious 
Surfaces), OT (Other: Water, Lawns, Rock, Vegetated Gravel Bars), SH (Shrubs), TR 
(Trees). 
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Figure 12. Select changes in riparian land cover around RM 0.5 on the mainstem of the lower 

Tolt River from 2002 to 2015. Select changes include shrubs to trees.  
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Within the Raging River, primary areas of channel migration were observed at the 
confluence with the Snoqualmie River and around ~RM 3.8 – RM 4.2 (Figure 13). This 
location appears to align with the Carlin Levee removal restoration project. Land cover 
changes from 2002 to 2015 within these areas of channel migration include shifts from 
other to bare ground, shrubs, and trees as well as changes from shrubs and trees to other 
(Table 25). Across the various shifts in land cover, the greatest changes appeared to be 
from shrubs and trees to other. An example of shifts from shrubs and trees to other is 
displayed around ~RM 4 of the Raging River (Figure 14). The changes from other to bare 
ground, shrubs and trees likely indicated similar vegetation establishment, growth, and 
maturing as observed across the mainstem Snoqualmie and Tolt rivers. Additionally, 
changes from shrubs and trees to other likely indicate similar channel migration processes 
as noted for the mainstem Snoqualmie and Tolt rivers.  
 
Land cover changes in the Raging River from 2002 to 2015 outside of channel migration 
areas include agriculture and other to shrubs, shrubs to bare ground, other, and trees, as well 
as trees to other and shrubs (Table 26). Across the various shifts in land cover, the greatest 
changes appeared to be from shrubs to trees. An example of shifts from shrubs to trees is 
displayed around ~RM 4.5 of the Raging River (Figure 15). All of the land cover changes 
observed in the Raging River likely result from similar processes and/or actions as 
described across the mainstem Snoqualmie and Tolt rivers.  
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Figure 13. Areas of channel migration in the Raging River observed from aerial imagery analysis 

between 2002 and 2015. 



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  52 September 2018 

 Percent changes in riparian land cover from 2002 to 2015 within areas of channel 
migration in the lower Raging River (RM 0 – RM 6). Percentages indicate the relative 
amount of a given 2002 land cover which was changed to a 2015 land cover. 
Abbreviation as follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA (Bare 
Ground), DE (Impervious Surfaces), OT (Other: Water, Lawns, Rock, Vegetated Gravel 
Bars), SH (Shrubs), TR (Trees). 
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Figure 14. Select changes in riparian land cover around RM 4 on the mainstem of the lower 

Raging River from 2002 to 2015. Select changes include shrubs and trees to other.  



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  54 September 2018 

 Percent changes in riparian land cover from 2002 to 2015 outside of channel migration 
areas in the lower Raging River (RM 0 – RM 6). Percentages indicate the relative 
amount of a given 2002 land cover which was changed to a 2015 land cover. 
Abbreviation as follows: AG (Agriculture: Farm Fields, Pasture, etc.), BA (Bare 
Ground), DE (Impervious Surfaces), OT (Other: Water, Lawns, Rock, Vegetated Gravel 
Bars), SH (Shrubs), TR (Trees). 
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Figure 15. Select changes in riparian land cover around RM 4.5 on the mainstem of the lower 

Raging River from 2002 to 2015. Select changes include shrubs to trees.  
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Across the mainstem Snoqualmie, Tolt, and Raging rivers, the greatest changes in riparian 
land cover outside of channel migration areas were shifts from various land cover types to 
shrubs and trees. For example, in the mainstem Snoqualmie River the greatest changes in 
riparian land cover were from agriculture to shrubs and trees (2.21% and 2.75%, 
respectively). In the Tolt River, the greatest changes were from shrubs and bare ground to 
trees (5.88% and 1.96%, respectively) and in the Raging River the greatest changes were 
from shrubs to trees (1.43%). These collective changes highlight the various efforts ongoing 
throughout the lower Snoqualmie River watershed to plant and restore riparian vegetation. 
Many riparian planting projects conducted on public and private lands throughout the 
lower Snoqualmie River watershed have specifically focused on the establishment of 
shrubs and trees (SWF 2016). These various efforts help to improve riparian conditions by 
promoting native vegetation establishment and growth as well as vegetation maturation, 
riparian succession, and large wood recruitment. These results also highlight the success of 
efforts to protect existing riparian habitats through the purchase of conservation 
easements and through critical areas regulations. However, while progress in improving 
riparian conditions has been made, the continued prevalence of warm water temperatures 
and reduced large wood abundance throughout the watershed supports the need for 
continued riparian restoration (King County 2016). Broad riparian restoration, forest 
retention, and improved connectivity is necessary in the short-term and long-term to fully 
address Snoqualmie River watershed temperature, riparian, and large wood conditions. 
Improving these conditions is an integral element for Chinook salmon, bull trout, and 
steelhead trout recovery in the watershed. 
 

3.6 FishViews Desktop Evaluation 
As discussed in Section 2.6 – Fish Views Comparison, 2017 field surveys were compared 
with a desktop evaluation of FishViews 360° virtual tour for a subset of surveyed reaches. 
The desktop evaluation focused on similar attributes as the field surveys including stream 
bank conditions, instream habitats, other habitats and floodplain features, large woody 
debris and jams, as well as channel and floodplain modifications.  
 
Rather than using an adjusted bank conditions data set, as discussed in Section 3.1 – Stream 
Bank Conditions (field surveys integrated with inventoried King County river facilities), 
comparison between FishViews and the field surveys focused on uncorrected bank 
conditions. Bank conditions evaluated with FishViews were similar to field surveys for 
Snoqualmie_4 with relatively similar percentages of natural and modified banks observed 
(Table 27). The FishViews evaluation identified slightly more natural banks and fewer 
modified banks in Snoqualmie_5. Since both field surveys and the FishViews desktop 
evaluation focused on identifying modified banks from visual observation of bank material 
and conditions (without any collected measurements), it may be possible that bank 
observation between survey methods may be within reasonable margins of error.  
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 Bank conditions observed from field surveys and FishViews. 

EDT Reach 
Field Survey FishViews Survey Difference in 

Natural Bank Natural Modified Natural Modified 

Snoqualmie_4 65.9% 34.1% 65.1% 34.9% -0.8% 
Snoqualmie_5 50.5% 49.5% 53.4% 46.6% 2.9% 

 
Overall, the FishViews desktop evaluation identified slightly fewer large wood pieces than 
the field surveys (340 and 362, respectively); however, these patterns were not consistent 
among reaches (Table 28). Specifically, the FishViews evaluation identified fewer pieces of 
large woody debris in Snoqualmie_4 compared to field surveys (200 and 284, respectively) 
and identified significantly more large wood in Snoqualmie_5 compared to the field surveys 
(140 and 78, respectively). Discrepancies between large wood counts among survey 
methods may be due to difficulties in measuring wood dimensions in FishViews (image 
measurements were not available in the 2-D Fishviews platform) as well as variation 
among observers. Across reaches, the determinations of length classes were relatively 
similar between FishViews and field surveys; however, there were significant differences in 
determinations of diameter classes.  
 
The greatest diameter class discrepancies between the FishViews and field surveys in 
Snoqualmie_4 included large wood <30cm (w/rootwad) and 30-60 cm. Since 
determination of large wood inclusion within the overall inventory was based on minimum 
diameter and length dimension, the discrepancies in wood counts among smaller diameter 
size classes may reflect difficulties in verifying lengths through the FishViews map and in 
the field. The FishViews evaluation observed significantly more large wood in 
Snoqualmie_5 compared to field surveys and most of the diameter class discrepancies 
included the larger size classes (i.e., 60-90cm and >90cm). It may be possible that field 
surveys binned these larger diameter wood pieces as smaller size classes. It may also be 
possible that the FishViews evaluation grouped multiple trunks coming off of a combined 
root mass as a single piece as compared to separating it into multiple large wood pieces. 
Without being able to measure wood pieces through the FishViews 2-D platform, 
rationalizing discrepancies between field survey and the FishViews evaluation remains 
difficult. 
 

 Large woody debris field observations. 

EDT Reach Diameter 
Class 

Length Class 
<7.6m (w/rootwad) 7.6-15m >15m 
Field 
Survey 

FishViews 
Survey 

Field 
Survey 

FishViews 
Survey 

Field 
Survey 

FishViews 
Survey 

Snoqualmie_4 

<30cm 
(w/rootwad) 0 0 13 1 7 0 

30-60cm 2 0 96 71 36 10 
60-90cm 7 3 44 47 42 32 
>90cm 1 3 15 10 21 23 
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EDT Reach Diameter 
Class 

Length Class 
<7.6m (w/rootwad) 7.6-15m >15m 
Field 
Survey 

FishViews 
Survey 

Field 
Survey 

FishViews 
Survey 

Field 
Survey 

FishViews 
Survey 

Snoqualmie_5 

<30cm 
(w/rootwad) 0 1 9 2 4 0 

30-60cm 0 0 20 33 25 20 
60-90cm 0 5  0 18 4 26 
>90cm 1 1 6 6 9 28 

 
The frequency of observed large wood jams was quite different among survey methods, 
with field surveys identifying 25 large wood jams and the FishViews evaluation only 
identifying 9. As previously discussed, discrepancies in estimating large wood dimensions 
between field surveys and the FishViews evaluation may have influenced the 
determination of large wood jams. Since large wood jams designation is based on the 
number of touching pieces that meet the minimum size requirements, discrepancies in 
diameter determinations among survey methods likely explains differences in large wood 
jam observations. 
 
Comparison of instream habitat observation between field surveys and the FishViews 
evaluation indicated that primary discrepancies were associated with differentiation 
between pool and glide habitats (Table 29). As discussed in Section 3.3 – Instream Habitats 
and Floodplain Features, differentiation between glides and pool within the Snoqualmie 
River can be difficult since a defined thalweg is not always apparent, tail-out depths are 
infrequent, and depths within glides may meet minimum pool designation requirements. 
FishViews does provide depth measurements along the thalweg (or chosen route of the 
float); however, differences in the location of depth measurements between field surveys 
and FishView floats may influence subsequent habitat determinations. Relatively similar 
proportions of pool forming features were observed with field surveys and the FishViews 
evaluation. Specifically, rip-rap was the primary pool forming feature for both field and 
FishViews surveys (83% and 82% of pools, respectively) and wood was the secondary pool 
forming feature for field and FishViews surveys (17% and 13% of pool, respectively).  
 

 Instream habitat observations from field surveys and FishViews.  

EDT Reach Habitat 
Type 

2017 Field Surveys FishViews Survey 
Count Sum of 

Length (m) 
% of EDT 
Reach 

Count Sum of 
Length (m) 

% of EDT 
Reach 

Snoqualmie_4 
Glide 8 887.8 7.5% 25 3192.7 27% 
Pool 13 10913.2 92.1% 26 8616.1 73% 
Riffle 2 45.1 0.4% 2 57.3 0% 

Snoqualmie_5 
Glide 6 887.8 20.8% 16 2226.0 43% 
Pool 11 10913.2 71.1% 12 2293.0 44% 
Riffle 4 45.1 8.1% 8 857.6 16% 
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While both field surveys and the FishViews evaluation detected similar habitat and 
floodplain features, FishViews generally observed fewer backwaters, tributaries, and 
oxbow outlets (Table 30). With the FishView floats travelling mainly along the thalweg, 
visibility and image resolution along the edges of the channel and banks are likely reduced 
when compared to in-person field surveys where two individual boats separately evaluated 
the right and left bank. The ability to alter the position and location of a watercraft and 
personnel during a field survey may help in detecting other habitat and floodplain features. 
Altered visibility and resolution limitations along channel margins in FishViews was also 
reflected in channel and floodplain modification with relatively fewer culverts/outfalls, 
irrigation pumps, and flap-gates being observed.  
 

 Other habitat and floodplain features observed from field surveys and FishViews.  

EDT Reach 

Field Survey Other Habitat and 
Floodplain Features 

FishViews Survey Other Habitat and 
Floodplain Features 

Backwater Oxbow 
Outlet 

Side-
Channel 

Tributary Backwater Oxbow 
Outlet 

Side-
Channel 

Tributary 

Snoqualmie_4 4 0 2 9 5 0 2 4 

Snoqualmie_5 7 1 0 0 3 0 0 1 

 
FishViews provides an innovative and interactive communication tool for understanding 
and viewing waterways. The 360° virtual tour can help to connect viewers with 
environmental information and data to better understand riverine environments. While the 
utility of FishViews as a novel communication tool is apparent, its use as a stand-alone 
methodology for evaluating aquatic habitat conditions still requires development. 
Comparison of the 2-D FishViews platform to 2017 field surveys highlights that limitations 
in measuring features as well as visibility/resolution challenges along channel margins 
likely influence the use of solely FishViews for evaluating aquatic habitat conditions. The 
ability of field surveys to measure features, move around to investigate specific areas, and 
use multiple teams to characterize each bank of a waterbody supports the utility of field 
surveys for evaluating aquatic habitat conditions. However, the comparison of the 2-D 
FishViews platform to field surveys conducted in this project likely underrepresents the 
present-day utility of FishViews. Since a 3-D FishViews platform is now available, the 
ability to measure features with increased resolution expands the capabilities and utility of 
FishViews as a habitat survey methodology. Additionally, regardless of the platform, 
FishViews provides a virtual tour that can be archived and revisited, which is highly 
beneficial for future evaluations and habitat assessments. The FishViews platform not only 
provides an archival virtual tour but also collects a variety of environmental variables (e.g., 
conductivity, temperature, turbidity, dissolved oxygen, pH, etc.) specific to a given year and 
section of river. These detailed and archival virtual tours likely provide more information 
about past surveys compared to solely field notes and select photographs from field 
surveys. Additionally, the ability to archive virtual tours allows for the option to measure 
and/or re-measure features from past surveys.  
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The pairing of field surveys with FishViews virtual tours may provide a useful integration 
of visual and measured information. The combination of select elements from both field 
surveys and FishViews could help towards effectively communicating habitat conditions 
while bolstering limitations among each methodology. For example, while field surveys can 
be data intensive and provide detailed feature measurements and site-specific information, 
the cost of field surveys are significantly greater than FishViews tours. FishViews tours 
require few individuals and can cover a relatively greater river distance in a given day than 
field surveys, since attributes are evaluated afterwards. Field surveys across mainstem 
reaches required 4 individuals, while FishViews surveys were conducted with only 1 
individual. Even with consideration of another individual needed for the desktop 
evaluation, the staff cost-saving for FishViews is quite apparent. FishViews surveys were 
not included for the Tolt and Raging rivers; however, FishViews does offer the ability to 
deploy a back-pack imaging set-up. 
 
 It may be most cost effective to utilize FishView tours for evaluating certain habitat 
attributes and environmental parameters (e.g., bank conditions, water temperature, etc.) 
and use field surveys for additional habitat attributes (e.g., large wood abundance and 
dimensions, habitat unit measurements, etc.). Strategically using elements of each 
methodology may decrease required field survey time and related cost as well as provide 
feature measurements and site-specific information which are difficult to accurately 
represent solely with FishViews. 
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4.0 CONCLUSIONS 
The Snoqualmie River watershed is an important natural and cultural resource for King 
County and the greater Snohomish River basin. The lower Snoqualmie River provides 
productive instream habitats which support several salmonid populations, including ESA-
listed Chinook salmon, bull trout, and steelhead trout. However, salmonid habitat 
degradation has occurred throughout the lower Snoqualmie River watershed due to the 
construction of fish passage barriers, bank and floodplain modification, loss of wetlands, 
altered channel conditions including large woody debris removal, and altered riparian 
functions and conditions. Subsequently, the 2005 Salmon Plan was developed and adopted 
to guide the recovery and conservation of salmonids in the lower Snoqualmie River and 
greater Snohomish River basin. Specific strategies in the 2005 Salmon Plan aimed to 
improve habitat conditions which would support viable salmonid populations. An integral 
element included in the 2005 Salmon Plan was the need to periodically understand current 
habitat conditions and how conditions have changed since the adoption of the 2005 Salmon 
Plan. This allows for the evaluation of restoration and protection strategies as well as 
related habitat improvements. In an effort to support these information needs, the 
Snoqualmie Watershed Forum (through a King County Flood Control District Cooperative 
Watershed Management Grant) funded a 2017 habitat conditions assessment for the lower 
Snoqualmie, Raging, and Tolt rivers. These efforts aimed to evaluate habitat conditions 
across these waterbodies as well as compare current conditions with those evaluated prior 
to the 2005 Salmon Plan (i.e., 2000/2001 habitat surveys). An additional element related to 
these efforts included evaluation of a newer river mapping and data collection technology 
(FishViews) through comparison of 2017 field survey observations with condition data 
generated by FishViews. The following sections include topics evaluated using the 2017 
field surveys (Stream Bank Conditions, Large Woody Debris, Instream Habitats and 
Floodplain Features, and Channel and Floodplain Modification) as well as topics evaluated 
from desktop exercises (Riparian Conditions and FishViews Surveys). 
 
Stream Bank Conditions 
Observations from 2017 indicated that stream banks were armored across more than 40% 
of the lower Snoqualmie River, 30% of the Tolt River, and 40% of the Raging River. This 
bank armoring continues to impair riverine and floodplain processes as well as degrade 
juvenile salmon rearing habitat conditions. Since the adoption of the 2005 Salmon Plan, 
bank conditions across the lower Snoqualmie and Tolt rivers have improved with some 
reaches showing decreases in bank armoring around 4.3% (Snoqualmie_5), 9.1% 
(Snoqualmie_3), and 11.6% (Tolt_1A). The removal of bank armoring across these reaches 
has been the focus of several mainstem restoration projects aimed at improving riverine 
and floodplain processes (e.g., Stillwater Levee Removal, Chinook Bend Levee Removal, 
Upper Carlson Floodplain Restoration, Camp Gilead Off-Channel Reconnection, and the 
lower Tolt River Floodplain Reconnection). While bank conditions have improved among 
several reaches, observations from 2017 also documented new armoring around select 
reaches including a ~7% increase in armoring across Snoqualmie_6 and ~1.7% increase in 
armoring throughout Snoqualmie_4.  
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With over 30-40% of the Snoqualmie, Tolt, and Raging rivers still having modified banks, 
ongoing restoration of bank conditions and channel-floodplain connectivity is needed to 
mitigate a history of channel confinement and channel/floodplain alterations. The 2005 
Salmon Plan highlights the need to restore 26 miles of mainstem edge habitat within the 
first 50 years of Plan implementation across mainstem-primary areas in the Snoqualmie 
River watershed (i.e., Snoqualmie, Tolt, and Raging rivers) and South Fork Skykomish River 
watershed (SBSRF 2005, SWF 2016). The long-term recovery goal among these 
waterbodies is to have >90% of banks in natural condition to support edge habitat (SBSRF 
2005). In the first 10 years of Plan implementation, only 1.9 miles have been restored in the 
lower Snoqualmie River watershed which falls below the 10-year goal of 5.2 miles. 
Subsequently, there is a continued need to restore bank/edge conditions as well as an 
impetus to increase the rate of restoration to achieve recovery goals for bank conditions 
and channel-floodplain connectivity. 
 
Large Woody Debris 
Across the lower Snoqualmie River watershed, observations from 2017 indicated that 
much of the large woody debris in the Snoqualmie, Tolt, and Raging rivers was relatively 
small in diameter and length (i.e., 30-60 cm in diameter and 7.6-15m in length). Select 
reaches across the Snoqualmie, Tolt, and Raging rivers had relatively higher wood 
abundance (e.g., Snoqualmie 2_B, Snoqualmie_3, Snoqualmie_4, Tolt_1B, Tolt_1C, and 
Raging_2) with the largest wood abundance observed in the Tolt River. Across 
waterbodies, the Snoqualmie River had overall lower wood abundance (41.4 pieces/mile) 
compared to the Tolt River (159.7 pieces/mile) and the Raging River (76.8 pieces/mile). 
 
Large woody debris abundance (pieces/mile) has increased across the lower Snoqualmie, 
Tolt, and Raging rivers since the adoption of the 2005 Salmon Plan; however, large wood 
conditions (i.e., key pieces/mile & pieces/100m) are still significantly degraded compared 
to properly functioning conditions observed in coastal rivers (NMFS 1996) as well as in 
unmanaged forested basins (Fox and Bolton 2007). Additionally, large woody debris 
conditions appeared to be considerably more degraded in the Snoqualmie River compared 
to the Tolt and Raging rivers. Observations from 2017 suggest that it may be worthwhile to 
focus on wood abundance standards specific to larger river systems (e.g., NMFS 1996, Fox 
and Bolton 2007) as compared to standards for smaller river systems (WFPB 1997, WDFW 
and Western Washington Treaty Tribes 1997) when evaluating large woody debris 
conditions in the Snoqualmie River. Consideration of more appropriate large wood 
standards may better reflect the extent and degree of large wood and habitat degradation 
across the lower Snoqualmie River watershed. 
 
The placement of large wood jams is considered an integral short-term measure to support 
habitat forming processes until restored riparian forests are established and have sufficient 
time to mature and provide wood through natural recruitment. The 2005 Salmon Plan 
highlights the need to install 100 new large wood jams within the first 50 years of Plan 
implementation across mainstem-primary areas of the Snoqualmie River watershed 
(i.e., Snoqualmie, Tolt, and Raging rivers) and South Fork Skykomish River watershed 
(SBSRF 2005, SWF 2016). In the first 10 years of Plan implementation, 18 large wood jams 
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have been installed across the lower Snoqualmie River watershed which almost meets the 
10-year goal of 20 large wood jams. However, large woody debris conditions across the 
watershed are still significantly degraded and continued large woody debris installation 
will be needed to reach habitat restoration targets outlined in the 2005 Salmon Plan.  
 
Instream Habitats and Floodplain Features 
Instream habitat conditions evaluated in 2017 indicated that the mainstem Snoqualmie 
River was primarily characterized as pool and glide habitat while the Tolt and Raging 
rivers were primarily characterized as pool and riffle habitat. Relatively greater pool and 
riffle frequencies in the Tolt and Raging rivers, compared to the mainstem Snoqualmie 
River, likely reflect differences in channel geomorphology across waterbodies as well as 
differences in wood abundance and other habitat forming features such as sediment supply 
and transport rates. The Tolt and Raging rivers have higher gradients as well as braided 
channels compared to the lower gradient, highly sinuous, and single-channel of the lower 
Snoqualmie River. Rip-rap was the primary pool forming feature observed in the mainstem 
Snoqualmie River while the Tolt and Raging had greater proportions of pools formed by 
wood, bedrock, and boulders. Riffles across the mainstem Snoqualmie River were primarily 
observed around reaches downstream of the Tolt River, Raging River, and Tokul Creek, 
which reflect alluvial deposits from these tributaries and aligns with areas of anadromous 
salmonid spawning within the lower Snoqualmie River watershed.  
  
Since the adoption of the 2005 Salmon Plan, there appears to have been minimal changes in 
pool frequency across the lower Snoqualmie River. However, pool lengths and percent 
coverage were difficult to accurately compare due to differences in survey methodologies 
across survey periods. A recommendation for future surveys is to undertake a separate 
bathymetric survey of the river that can later be paired with the habitat surveys to create a 
more accurate representation of pool habitats across waterbodies. The 2005 Salmon Plan 
emphasizes the need to improve instream habitat conditions (measured by pool & riffle 
frequency, pool & riffle percent area, sediment composition, pool forming factor, large 
wood abundance, etc.); however, specific instream habitat targets are not outlined. Rather, 
the 2005 Salmon Plan details that improvements to instream habitat conditions are 
achieved through improvements to related attributes such as edge-bank conditions, large 
wood abundance, and riparian conditions. 
 
Channel and Floodplain Modifications 
Several channel/floodplain modifications were observed in 2017 including 
culverts/outfalls, water irrigation pumps, and pilings arrays. However, the extent and 
magnitude of floodplain modifications was likely significantly under-estimated from the 
2017 surveys due to the broad valley-wide floodplain extent of the Snoqualmie River as 
well as limited visibility from in-channel boat/wadeable surveys. Comparison of 2017 
observations to surveys conducted prior to the 2005 Salmon Plan are difficult due to 
differences in feature designations between survey periods, thus we were not able to 
adequately determine changes in channel and floodplain features. Comparison between 
time periods is difficult since many channel/floodplain modifications noted in 2017 were 
integrated with bank conditions rather than standalone channel/floodplain modification 
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(as designated in 2000/2001). Regardless of how these features were designated across 
survey periods, the extent and frequency of channel and floodplain modification suggests 
that riverine and floodplain processes continue to be influenced by modified channel, bank, 
and floodplain features. The overall extent and frequency of observed channel/floodplain 
modifications continue to impact the lower Snoqualmie River watershed and indicate that 
further progress is needed to improve channel, bank, and floodplain conditions and 
connectivity. 
 
One notable difference since the adoption of 2005 Salmon Plan was a significant increase in 
the number of water irrigation pumps observed in 2017 (13 in 2000/2001 and 24 in 
2017). The impacts of these pumps on instream flows in the Snoqualmie River are not well 
understood; however, this large increase likely magnifies potential impacts of water 
withdrawals during summer periods on flow and temperature conditions experienced by 
juvenile and adult salmonids. Additionally, without effective fish screening among all water 
irrigation pumps, juvenile salmon are likely impacted by the large number of irrigation 
pumps. 
 
Riparian Conditions 
Within the lower Snoqualmie River watershed, primary riparian land cover identified for 
2015 included agriculture and trees with secondary land cover consisting of shrubs. While 
trees comprised the largest single category among land cover types in the lower 
Snoqualmie River, the majority of the 150-foot riparian corridor was characterized as land 
cover types other than trees (i.e., >59% consisting of agriculture, bare ground, impervious 
surfaces, shrubs, and other). These results support that riparian corridors across the 
mainstem Snoqualmie River have been cleared or are currently in early seral stages. Within 
the Tolt and Raging rivers, primary land cover in 2015 consisted of trees with secondary 
land cover consisting of shrubs in the Tolt River and impervious surfaces, shrubs, and other 
in the Raging River. Across waterbodies, there was a significantly greater percentage of 
trees in the 150-foot riparian corridor of the Tolt and Raging rivers (85.7% & 70.6%, 
respectively) compared to the mainstem Snoqualmie River (40.4%). 
 
Since the adoption of the 2005 Salmon Plan (represented by 2002 land cover), the 
percentage of tree coverage has slightly increased across the 150-foot riparian corridor of 
the mainstem Snoqualmie and Tolt rivers (4.1% & 11.8%, respectively). However, it should 
be noted that these percentages include areas of channel migration which may reflect shifts 
in riparian corridors rather than vegetation establishment, plantings, or growth. Various 
riparian land cover changes were identified between 2002 and 2015. Primary land cover 
changes within areas of channel migration include agriculture, trees, shrubs, and bare 
ground to other (i.e., water, rocks, and gravel bars). Primary land cover changes outside of 
areas of channel migration included agriculture to shrubs and trees as well as shrubs and 
bare ground to trees. The various changes in riparian land cover are likely due to channel 
migration, removal of vegetation, natural vegetation re-establishment and growth, planting 
and subsequent growth, maturing of vegetation, and riparian succession. The greatest 
changes in riparian land cover outside of channel migration areas were shifts from various 
land cover types to shrubs and trees. Primary changes outside of areas of channel 
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migration mostly reflect riparian restoration and protection efforts. These efforts aim to 
improve riparian conditions by promoting native vegetation establishment and growth, 
vegetation maturation and riparian succession, and riparian corridor protection. 
 
The 2005 Salmon Plan highlights the need to restore 640 acres of mainstem riparian 
habitat within the first 50 years of Plan implementation across mainstem-primary areas in 
the Snoqualmie River watershed (i.e., Snoqualmie, Tolt, and Raging rivers) and South Fork 
Skykomish River watershed (SBSRF 2005, SWF 2016). Several riparian planting projects 
have been completed on public and private lands throughout the lower Snoqualmie River 
watershed since the adoption of the 2005 Salmon Plan. Specifically, over 164 acres have 
been restored in the first 10 years of Plan implementation which achieved the 10-year 
target (128 acres). Continued riparian restoration efforts will help maintain momentum 
towards achieving long-term riparian restoration goals. However, while progress has been 
made, the continued prevalence of warm water temperatures and reduced large wood 
abundance throughout the watershed supports the need for greater near-term riparian 
restoration. 
 
FishViews Surveys 
Evaluation of the 2-D FishViews virtual tour indicated that FishViews can provide an 
innovative and interactive communication tool for understanding and viewing waterways. 
Comparison of field surveys and the 2-D FishViews platform showed that each 
methodology has its pros and cons when evaluating habitat conditions across waterbodies. 
Comparison of methodologies indicated that the 2-D FishViews desktop evaluations was 
relatively similar to field observations for bank conditions, pool forming features, and 
floodplain features. Discrepancies between methodologies were apparent with large wood 
observations and instream habitat designations. The utility of the FishViews platform will 
be greatly increased with measuring capabilities supported by 3-D FishViews. It is 
recommended that future surveys be compared with 3-D FishViews to further evaluate the 
utility of FishViews for aquatic habitat assessments. Additionally, for future surveys, it may 
be worthwhile to conduct duplicate surveys of several short reaches (and switch teams for 
left and right banks) in order to generate estimates of statistical error across field surveys 
and FishView evaluations. An integrated approach utilizing elements of both FishViews and 
field surveys could help towards effectively communicating habitat conditions while 
bolstering limitations among each methodology. Strategically using elements of each 
methodology may help to decrease required field survey time and related cost as well as 
provide feature measurements and site-specific information which are difficult to 
accurately represent from solely FishViews. 
 
Conclusions 
Habitat conditions across the lower Snoqualmie, Tolt, and Raging rivers have shown some 
improvement since the adoption of the 2005 Salmon Plan; however, continued and 
accelerated effort will be needed to meet near- and long-term recovery goals. Specifically, 
while several restoration projects have been completed, stream bank and large wood 
conditions are still significantly degraded and fall short of 10-year recovery goals. These 
attributes will require additional and accelerated restoration effort to meet 50-year 
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recovery goals. With relatively minimal changes observed among instream habitat 
conditions, degraded habitats (as evaluated prior to the 2005 Salmon Plan) still persist 
across the lower Snoqualmie watershed. Additionally, the ongoing presence of channel and 
floodplain modifications suggest that riverine and floodplain processes continue to be 
influenced by altered channel, bank, floodplain, and riparian conditions. Several riparian 
planting projects have been completed throughout the lower Snoqualmie River watershed 
helping to achieve the 10-year recovery goal. Continued riparian restoration and protection 
will help in maintaining momentum towards reaching 50-year recovery goals.  
 
In order to best evaluate restoration and recovery progress moving forward as well as 
changes in related habitat conditions, continued monitoring is needed throughout the 
Snoqualmie River watershed. Dedicated monitoring will help to further understand the 
status and trends of habitat conditions as well as inform if and how restoration and 
conservation strategies have helped to improve salmonid habitat conditions in the 
Snoqualmie River watershed. 
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Appendix A: Snoqualmie River 1B and 2A 

 
Figure A-1: Bank conditions. 
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Figure A-2: Large woody debris and large wood jams. 
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Figure A-3: Instream habitats and floodplain features. 
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Figure A-4: Channel and floodplain modifications. 
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Figure A-5: 2015 riparian conditions. 
  



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  A-6 September 2018 

 
 
 
 
 

This page intentionally left blank. 
 



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  B-1 September 2018 

Appendix B: Snoqualmie River 2B 

 
Figure B-1: Bank conditions. 
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Figure B-2: Large woody debris and large wood jams. 
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Figure B-3: Instream habitats and floodplain features. 
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Figure B-4: Channel and floodplain modifications. 
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Figure B-5: 2015 riparian conditions. 
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Appendix C: Snoqualmie River 3 

 
Figure C-1: Bank conditions. 
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Figure C-2: Large woody debris and large wood jams. 
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Figure C-3: Instream habitats and floodplain features. 
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Figure C-4: Channel and floodplain modifications. 
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Figure C-5: 2015 riparian conditions. 
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Appendix D: Snoqualmie River 4 

 
Figure D-1: Bank conditions. 
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Figure D-2: Large woody debris and large wood jams. 
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Figure D-3: Instream habitats and floodplain features. 
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Figure D-4: Channel and floodplain modifications. 
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Figure D-5: 2015 riparian conditions. 
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Appendix E: Snoqualmie River 5 & 6 

 
Figure E-1: Bank conditions. 
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Figure E-2: Large woody debris and large wood jams. 
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Figure E-3: Instream habitats and floodplain features. 
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Figure E-4: Channel and floodplain modifications. 
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Figure E-5: 2015 riparian conditions. 
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Appendix F: Tolt River 1A & 1B 

 
Figure F-1: Bank conditions. 
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Figure F-2: Large woody debris and large wood jams. 
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Figure F-3: Instream habitats and floodplain features. 
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Figure F-4: Channel and floodplain modifications. 
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Figure F-5: 2015 riparian conditions. 
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Appendix G: Tolt River 1C, 1D, & 2 

 
Figure G-1: Bank conditions. 
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Figure G-2: Large woody debris and large wood jams. 
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Figure G-3: Instream habitats and floodplain features. 
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Figure G-4: Channel and floodplain modifications. 
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Figure G-5: 2015 riparian conditions. 
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Appendix H: Raging River 1 (RM 0 - 2.3) 

 
Figure H-1: Bank conditions. 
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Figure H-2: Large woody debris and large wood jams. 
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Figure H-3: Instream habitats and floodplain features. 



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  H-4 September 2018 

 
Figure H-4: Channel and floodplain modifications. 
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Figure H-5: 2015 riparian conditions. 
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Appendix I: Raging River 1 (RM 2.3 – 4.7) 

 
Figure I-1: Bank conditions. 
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Figure I-2: Large woody debris and large wood jams. 
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Figure I-3: Instream habitats and floodplain features. 
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Figure I-4: Channel and floodplain modifications. 
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Figure I-5: 2015 riparian conditions. 
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Appendix J: Raging River 2 

 
Figure J-1: Bank conditions. 
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Figure J-2: Large woody debris and large wood jams. 



Aquatic Habitat Conditions in the Lower Snoqualmie, Tolt, and Raging Rivers 

King County Science and Technical Support Section  J-3 September 2018 

 
Figure J-3: Instream habitats and floodplain features. 
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Figure J-4: Channel and floodplain modifications. 
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Figure J-5: 2015 riparian conditions 
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