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Introduction and Project Background

Cardno, Inc. (Cardno) was retained by the King County Water and Land Resources
Division (County) under Contract # E00376E15/57982620 and Work Order # E00376-7 to
complete a geomorphic assessment of the Snoqualmie River in support of the SE 19th
Way Road Protection and Revetment Repair Project (project). The project site is located
between River Mile (RM) 31 and RM 32, in what is referred to as the Upper Meandering
Reach in Collins and Sheikh’s (2002) study of the Snoqualmie River Valley. The project
location is shown in Figure 1.
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Figure 1

Project location. Source: King County.

The overall project objectives, as defined by the County, include:
1. Ensure that SE 19th Way remains passable, either by repairing damages and improving the
stability of the SE 19th Way road protection revetment, by realigning SE 19th Way, or via a
combination of these approaches;
2. Reduce the impacts of overtopping of SE 19th Way to the extent practical;
3. Design repair in a manner that minimizes long-term maintenance and associated costs;
4. Provide aquatic and riparian habitat benefits to the extent practical, with a focus on habitat for
listed species;
5. Preserve agricultural practices on the properties adjacent to the revetment; and
6. Implement a project consistent with the Snoqualmie at Fall City reach-scale feasibility and
planning work to the degree practical.
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This geomorphic assessment was requested by the County to characterize historical and current
geomorphic processes within the project reach. The goals of this characterization are to better understand
the historical and current channel migration patterns in the project reach, the conditions that led to
revetment failure and bank erosion along the SE 19th Way revetment, and determine whether those
processes will continue to occur under a no-action alternative.

2.0

Methods

The methods used to meet the project objectives include:


Review of relevant prior studies of the Snoqualmie River watershed;



Desktop analysis, including review of historical topographic maps (1921–2004), recently collected
topographic/bathymetric survey (2016), and historical aerial photos (1936–2015);



Developing georeferenced channel traces for selected photoperiods to document historical channel
movement;



A field visit to document site conditions, observe geomorphic behavior in the reach, and sample
sediment distribution at point bars in the reach; and



Additional desktop analyses following the field visit to support the geomorphic characterization, such
as a detailed hydrologic analysis, review of County hydraulic modeling data, and additional document
and aerial photo review.

3.0

Summary of Data Review

3.1

Prior Studies of the Snoqualmie River

A variety of prior studies have been conducted of the Snoqualmie River that provide useful geomorphic
and hydrologic context for the project site. Nelson (1971) produced what was likely the first watershedscale review of hydrologic and sediment conditions along the river and its tributaries; his focus was on
characterizing the delivery and transport of suspended sediment down the channel network. He found that
sediment loads in the Snoqualmie River below Snoqualmie Falls were likely dominated by the products of
channel erosion rather than the erosion and delivery of upland sediment, and that deposition of fine
sediment on the floodplain during floods has been minimal despite frequent overbank flows.
Booth et al. (1991) conducted an evaluation of bedload transport rates and patterns along the Snoqualmie
River from the Three Forks area to the confluence with the Skykomish River, noting the strong influence
of lateral inputs of coarse sediment by Tokul Creek and the Raging and Tolt Rivers. Sediment delivered
to the mainstem Snoqualmie River by these steep tributaries is deposited on bars and progressively
“smeared” downstream over a distance of a few miles, with progressively smaller measured grain sizes
and reduced calculated sediment loads. The project site lies in a zone with waning transport of sediment
from the Raging River, about 3 miles downstream of the confluence.
Collins and Sheikh (2002) made careful historical reconstructions of the Snoqualmie River and its
associated floodplain wetlands, based primarily on the General Land Office (GLO) cadastral survey from
1871 to 1873 and aerial photographs from 1936 and 2000. Their data describe a relatively stable channel
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planform throughout much of its extent over the last century; they noted that most oxbows that now exist
were formed prior to the earliest mapping in ca. 1870, whereas valley wetlands have been substantially
reduced in areas as a consequence of agriculture and suburban/rural development. Collins and Sheikh
attributed the slow measured rates of channel migration to the geologic history of the Snoqualmie Valley,
a condition explored more fully by Collins and Montgomery (2011). The river occupies a formerly
glacier-covered valley, carved by subglacial meltwater that originally flowed north-to-south (Booth
1990), entirely analogous to other such valleys now occupied by the lower Green/Duwamish River, the
lower Puyallup River, and the major arms of Puget Sound (Booth 1994). The modern Snoqualmie River is
likely still in the process of reestablishing an equilibrium south-to-north gradient, expressed by a low
downvalley slope and resulting in low rates of sediment transport, floodplain wetlands that remain below
the elevation of the adjacent channel margins, and low rates of channel migration in comparison to many
other Puget Lowland rivers with a different glacial history.

3.2

Other County Reports

Other reports previously completed for the County for this project were reviewed by Cardno prior to
completion of this assessment, including a cultural resource assessment (ESA 2016) and a geotechnical
data report (Shannon & Wilson, Inc. 2016). The Shannon & Wilson report discusses channel migration
and erosion of the revetment generally consistent with our expanded findings below.

3.3

Overview of Changes Seen on Historical Topographic Maps

The general characteristics of Snoqualmie River migration first documented by Collins and Sheikh (2002)
are well expressed by historical topographic maps of the project area. Figure 2 traces about 5 miles of
channel position centered on the project site over a 90-year period, using published U.S. Geological
Survey (USGS) topographic maps as the data source. Areas of significant channel shifting from 1921 to
1952 are evident, particularly in the expansion of meander bends at and downstream of the project site.
Maximum rates of migration in the mapped reach are about 1,500 feet in this 31-year period, or about 50
feet/year on average; however, length-averaged rates are no more than about 10 feet per year on average.
At the project site, the migration rate during the same 31-year period is approximately 775 feet, or about
25 feet per year on average.
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Figure 2

Tracing of channel positions from the 1921, 1952, 1972, and 2011 USGS topographic maps
(legend indicates dates of aerial photos from which the maps were made). The 1921 map is
at 1:125,000 scale and so channel boundaries cannot be located with precision equivalent to
the other maps (which are all 1:24,000 scale). Source: Collins and Sheikh (2002).
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The most noteworthy condition expressed by this map is the near-cessation of valley-scale channel
migration post-1952. This is undoubtedly a result in part of extensive bank revetments first constructed
throughout this reach during the 1960s and 1970s.
Regardless of the primary cause(s), systematic channel changes post-1952 have been moderate throughout
the project reach. Between 1952 and 1973, the only major change in planform evident from topographic
mapping has been the contraction of the meander bend at the north (downstream) edge of Figure 2,
apparently continuing a process begun post-1921, and localized widening of the channel, particularly in
the 1 mile immediately upstream (and also just downstream) of the project site. Even fewer changes
occurred between 1973 and 2011, with the magnitude of more recent bank movement at the project site
too small to be captured by topographic map scales. Although the overall pattern of channel change over
the last half-century at the project site can be thought of as the localized expression of the meander bend
growth that occurred most rapidly between 1921 and 1952, minimal reach-wide changes over the last
half-century suggest that the activity at the project site is most usefully considered in terms of site-scale
processes and localized bank erosion.

3.4

Site Changes Seen on Aerial Photographs

Available aerial photographs of the project reach were reviewed to determine localized migration
behavior and bend movement during the past 80 years (which is elaborated upon in Section 5) and to
determine the first occurrence of bank erosion along the SE 19th Way revetment. Aerial photographs from
a variety of sources, including Google Earth, King County iMap, and other public resources were
evaluated. Select aerial photographs were georeferenced and brought into a geographic information
system (GIS) environment and used to digitize bank locations throughout the project reach. Figure 3
presents the digitized bank locations from 1936, 1952, 1973, 1990, 1993, 1998, 2000, 2005, 2013, and
2015, traced over the 2015 aerial image. Channel traces were completed at 1:1,000 scale initially
throughout the reach, and then again at a 1:500 scale to identify detailed changes to the project site itself.
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Figure 3

Historical channel positions from 1936 to 2015 for the SE 19th Way project reach and
upstream bend (note Upstream Bend and Project Bend labels). Base map is the 2015.
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The overall location and alignment of the meander bend at the project site have been generally consistent
over the past 80 years, with the primary changes seen in the aerial photograph record being (1) lateral
expansion of the meander roughly 60 feet near the upper end of the Project Bend and (2) the formation
and expansion of the erosional feature 50 feet laterally beyond the revetment and then 40 feet
longitudinally along the lower Project Bend (see Figure 3 for callouts at these locations).
Bank erosion local to the SE 19th Way revetment is first evident in the 1996 aerial photo, indicating its
failure began sometime between the 1993 and 1996 photoperiods. Bank erosion continued to expand
laterally approximately 50 feet until sometime between 2000 and 2005, when lateral expansion mostly
ceased. From 2000 to 2013, the erosion zone expanded longitudinally upstream approximately 40 feet,
while the landward erosion did not progress. Since 2013, the erosion zone has not expanded noticeably
either laterally or longitudinally (landward or upstream). Table 1 documents the distances of erosion
measured between photoperiods since initiation of the revetment failure and identifies the erosion as
either laterally (landward) or longitudinally (upstream in this case).
Table 1

Measured Rates of Erosion along Lower Project Bend (depicted in
callout #2 in Figure 3)

Photoperiod

Total Lateral Erosion at
Project Site beyond
Revetment
(feet)

Total Longitudinal
Erosion at Project
Site
(feet)

Annualized Erosion
Rates
(feet/year)

1993–1996

18.5

0

N/A since year of erosion
initiation not known

1996–1998

17

0

8.5

1998–2000

15

0

7.5

2000–2005

0

9.5

1.9

2005–2013

0

31.5

3.9

2013–2015

0

0

N/A

TOTALS

50.5

41

Note: Prior to the 1993 photoperiod, there is no indication of erosion beyond the revetment.

The measurements of erosion rates show the rapid expansion of the local bank erosion between 1993 and
2000, with annualized rates of lateral erosion near 8 feet, and possibly greater prior to 1996. Since 2000,
however, the rate of growth has been much slower as the erosion zone expanded longitudinally in an
upstream direction along the bank rather than toward the road. The lateral expansion since 2000 has been
negligible.
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4.0

Summary of Field Observations

4.1

General Site Conditions

A field reconnaissance of the project reach on August 24, 2016 confirmed many of the conclusions of the
historical topographic/aerial photo analysis while adding key site-specific details to the causes of the bank
erosion. Evidence of historical channel widening displayed by the topographic map review, particularly
upstream of the project site along the mainstem Snoqualmie River, was abundant (Figure 4a). At the
project site, a similar magnitude of bank retreat is expressed by now-submerged pilings and an abrupt
(submerged) drop-off into the main channel, now roughly 30 feet from the present toe of the riverbank at
is farthest position (Figure 4b).

Figure 4

(a) (left panel): Upstream of project site (“Zone of Expansion” in Figure 6), view
downstream showing bank retreat relative to pilings; (b) (right panel): View from
top of bank at the project site toward the water, showing bank retreat since
installation of the pilings and remnant revetment rock.

Immediately above where the once-continuous revetment along the left bank of the channel has been
eroded away, the bank-top retreat along SE 19th Way is greatest (Figure 5). Due to the road alignment,
however, the closest encroachment of the top-of-bank to the roadway itself is not at the apex of the eroded
scallop (i.e., above where the revetment is no longer present); it is instead about 100 feet downstream, at a
point where logs transported downstream by the river have been lodged high on the bank during highflow conditions.
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Figure 5

Aerial view of the SE 19th Way Project Site identifying key site features.

Several tree clusters appear to be providing varying degrees of ongoing bank protection, despite the active
erosion occurring immediately adjacent to them (Figures 5, 6, and 7). The upstream and downstream
clusters (left and right edge of Figure 7) appear to be successful at present, in combination with the intact
revetment, at limiting the upstream and downstream expansion of erosion; the mid project area cluster
(left edge, Figure 6) similarly provides at least temporary anchorage to the top-of-bank adjacent to the
road. Although these tree clusters cannot be counted on for long-term bank stabilization, their presence to
date has clearly aided the stability of portions of the bank.
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Figure 6

Tree clusters as seen from the top-of-bank along the project site. Upstream tree cluster
(above people) and mid project area tree cluster (left edge of photograph).
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Figure 7

4.2

Trees adjacent to zones of intact revetment both upstream (left side of photo) and
downstream (right side of photo) of erosional zone. Flow is from left to right in the photo.
Photo taken from the accreting right-bank bar across the river from the project site.

Condition, Extent, and Influence of Revetments

The location and extent of intact revetments observed within the project reach are presented in Figure 8.
Most of the revetments, referred to as “King County Facilities” in the iMap system (King County, no
date), appeared intact during the field reconnaissance. There are minor discrepancies between the extent
of revetment shown in iMap versus what was observed in the field. Therefore, Figure 8 identifies
locations where Cardno physically observed revetments in the field. For the most part, revetments consist
of angular basalt rock (i.e., riprap) no more than 28 inches in diameter, placed along the toe of the bank
and extending roughly a quarter of the way up the bank. Higher up along the banks, a variety of woody
shrubs, invasive blackberries, and native trees provide cover and aid in bank cohesion.
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Figure 8

SE 19th Way project reach map, showing revetment locations, erosional areas, aggrading
bars, sediment sampling locations, and median grain sizes.

Where breaks in the revetments or levees were observed within the reach, the channel has eroded into or
laterally expanded to varying degrees. A significant zone of lateral expansion was observed (identified as
“Expansion Zone” in Figure 8) where a large gap in an otherwise continuous revetment occurs along the
left bank upstream of the project site.
The extent of the revetments in the reach upstream of the project site may cause a hydraulic constriction
and steepening of the bed profile, and result in increased velocities and erosivity along the project
meander bend. A deep pool has developed along the toe of the revetment at the project site, well
expressed in the bathymetric profile provided by King County, that may have contributed to scour and
undermining of the revetment.
Bar building in the context of reach-scale channel response is discussed in greater detail in Section 5, but
site observations identified an accreting point bar along the right bank across the river from the project
site revetment (Figures 7 and 8), consisting of fine sediments likely deposited during the waning stage of
large flood events. This point bar was observed to be vertically higher than other bars in the reach. A
review of the 2016 topographic survey (developed to 1-foot contours) compared to the 2013 light
detection and ranging (LiDAR) data indicates roughly 2 feet of vertical aggradation along this bar over a
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recent 3-year period. The growth of this bar may be contributing to erosion of the revetment through
topographic steering and deflection of flow vectors across the river and toward the eroding bank.

4.3

Sediment Sampling

Detailed sediment sampling was conducted along point bars throughout the reach (Figure 8) and
compared to historical sediment data collected by King County in an attempt to correlate sediment
transport behavior with migration and erosional history in the reach. The data and discussion are included
as Attachment A.

4.4

Hydraulic Model Review

Limited output from the King County one-dimensional hydraulic model was reviewed to associate
qualitative field and aerial photo observations with quantitative site-specific hydraulic data. The
bathymetric profile provided by the County confirms the perceived magnitude of the scour hole at the
project site compared to other pools in the reach. For the purposes of evaluating detailed hydraulics along
the project bend, however, the model resolution may not be sufficiently fine. Surveyed cross sections in
the model span the project bend, and sections within the bend are interpolated, thereby coarsening the
resolution at which site-scale hydraulic data such as velocity and shear stress can be determined with
confidence.

5.0

Summary of Historical and Current Geomorphic Processes

5.1

Dominant Channel Erosion and Migration Processes

The documented history of channel movement in this portion of the Snoqualmie River appears to have
two distinct phases. The first phase, which likely began more than 100 years ago and continued at least
into the 1930s and 1940s, was marked by the progressive westward shift and tightening of the meander
bend immediately upstream of the project site. No later than the early 1950s, and possibly before that
time, the reach-scale migration had largely halted, possibly because hydraulic losses around the steepened
bend reduced the effectiveness of flow to erode the presumably well-vegetated banks, although informal
bank armoring may have been installed at this time as well.
The second phase of channel movement is more recent and localized, best reflected by the revetment
failure and subsequent erosion and roadway encroachment at the project site. This condition reflects a
very different process regime, one of site-scale erosion rather than reach-scale migration. The project
reach, as demonstrated by the County sediment data and confirmed by Cardno sediment sampling
(Attachment A), is in a unique watershed position, near the waning influence of the Raging River
sediment influx and upstream of any such inputs from the Tolt River. As such, during periods of nearbankfull or greater flooding on the Snoqualmie River, the project reach may experience an imbalance
between the sediment supply and the river’s transport capacity, manifesting itself in bank erosion at areas
with no or inadequate rock protection, or in scour of the streambed. Both of these manifestations are
observed in the project reach, and are likely key elements in the failure of the revetment associated with
both flooding and bend tightening, which are discussed in the sections below.

November 23, 2016
Final Technical Memorandum: Geomorphic Assessment of the Snoqualmie River in the SE 19th Way Road Protection Revetment Repair Project Reach

14

5.2

Channel Planform and the Influence of Bank Protection

The project site is located in a hydraulically favorable position for bank erosion (Figure 9). The left bank
upstream of the project had retreated laterally during part or all of the period from 1921 to 1936, gaining
its present location by the end of this period with little additional valley-scale migration since. Bank
erosion at the project site since 1936 has likely been limited by a once-continuous revetment, the
subsequent failure of which over the past 10 to 20 years has allowed the river to erode into unprotected
bank sediments. Saturation of the bank sediments during extended periods of high river levels have
undoubtedly led to accelerated periods of slope failure across the zone of maximum bank erosion.
Episodic racking of a large woody material (Figures 6 and 7) may have exacerbated local upper bank
erosion where the road encroaches most closely toward the top-of-bank by virtue of local flow redirection
and scour.

Figure 9

5.3

Aerial view of the project site during the flood of January 15, 2015, which crested near
50,000 cubic feet per second (cfs) at the USGS gage in Carnation (Station 12149000). The
outside-bend location of the project site makes it particularly prone to periods of ongoing
bank erosion. A view of the “max road encroachment” and “max bank erosion” in presented
in Figure 5. Source: King County iMap.

Flood Records and History of Bank Erosion

Historical flood data from past decades for the mainstem of the Snoqualmie River were evaluated to
assess the flow history and any correlation between flooding and bank erosion at the project site. The
flood history of the Raging River was also evaluated, because high flows on the Raging River should
correlate well with the delivery of coarse sediment into the Snoqualmie River. This is potentially relevant
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because the relative balance of available sediment and erosive power of flows passing through the project
reach should influence the magnitude of erosion at the project site (see Attachment A).
Average daily flows from the Snoqualmie and Raging Rivers were used to evaluate any correlation
between the frequency and timing of flows exceeding an effective discharge event (the flow that over time
causes the greatest amount of channel change) with channel migration or bank erosion. We assumed for
this analysis that the effective flow for the Raging River is near the 1.5-year return period (n equating to a
median daily flow of 1,000 cfs at USGS Station 12145500), and for the Snoqualmie River is a flow
slightly lower than bankfull. Per the County, flows at the project site exceed the top-of-bank near 25,000
cfs (USGS Station 12149000 at Carnation), and we therefore assumed that flows just below that level
would have the largest potential impacts on bank erosion at the site, due to the maximum combination of
high shear stress and high frequency of occurrence as compared to other larger events. Figure 10 presents
the frequency of occurrence and magnitudes of effective flood flows recorded on the Snoqualmie and
Raging Rivers between 1986 and 2016.
100000

Sub-bankfull flow = 23,200 cfs
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Discharge (cfs)

USGS 1214900 Snoqualmie at Carnation
USGS 12145500 Raging River

1000

Bankfull flow = 1,000 cfs
Period of upstream
expansion of
erosion area

First occurrence of
bank erosion
beyond revetment

100

Date

Figure 10

Frequency and magnitude of average daily discharge occurrence equaling or exceeding
bankfull stage at Snoqualmie and Raging Rivers, 1986–2016.
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Effective flood flows have been a relatively frequent occurrence on both the Snoqualmie and Raging
Rivers over the past two and a half decades. The Raging River has a more frequent occurrence of bankfull
flow events, likely due to its smaller basin size and flashier flood hydrograph. Sub-bankfull flows on the
Snoqualmie River also occur regularly, as do more extreme flooding events such as the 1990, 1996, 2006,
2009, and 2015 flood events. “Sub-bankfull” flows are defined as about 90% of bankfull discharge at the
USGS gage at Carnation, or a flow exceeded on average 2 days per year (23,200 cfs).
Based on the review of available aerial photographs, the revetment failure at SE 19th Way first occurred
sometime between 1993 and 1996. The period immediately preceding the 1996 photoperiod saw the
highest frequency of effective flood flows on both the Raging and Snoqualmie Rivers within any single
period in the data set. Between February 1995 and February 1996, both the Raging and Snoqualmie
Rivers experienced the largest frequency of such flows compared to any 2-year interval throughout the
investigated period. This analysis suggests a possible correlation of the frequency of effective flood flows
with initiation of the revetment failure at SE 19th Way, and that revetment failure likely occurred between
1995 and 1996. Though the rate and pattern of subsequent erosion at the project site does not correlate as
tightly with subsequent high flow occurrences, the largest occurrence of effective flows of any 7-year
period in the data set, between 2006 and 2013, correlates with the period of greatest upstream expansion
of the erosion area. The analysis suggests that an ongoing frequency of high-flow events could contribute
to ongoing expansion of the bank erosion.

5.4

Changes to Bend Geometry and Bank Erosion

Despite relatively modest historical rates of bank erosion in the project bend, the bend geometry has
changed in a manner that may help to explain accelerated rates of erosion in the most recent decade. In
particular, project bend geometry has tightened its radius of curvature over time, largely due to growth
and migration of the meander bend directly upstream (project and upstream meander bends are identified
in Figure 3). Figure 11 documents overall growth of the upstream bend and downstream propagation of its
point bar toward the project reach. These changes in the upstream bend have resulted in a sharper entrance
angle to the project bend and a tightened bend geometry, which are known to increase bend migration
rates (Furbish 1988; Nanson and Hicken 1986).
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Figure 11

Changes in bend geometry through time. Base map is the 2015 NAIP aerial photograph. The
1952 active channel is from Collins (unpublished data).

Comparing the timing of upstream bend migration, bend geometry changes, and streamflow records may
help to better contextualize recent erosion in the project bend. If tightening of the project bend is in fact a
factor in observed erosion rates, we would expect to see the maximum historical erosion rates occur after
the project bend had tightened.
The middle panel of Figure 12 shows a surrogate for erosion potential in each photoperiod: the number of
days exceeding “a sub-bankfull discharge.” This sub-bankfull discharge was chosen to align with the
discussion in Section 5.3, which suggested sediment transport (and thus erosion) may be most efficient
during flows at just below bankfull discharge and greater.
The combination of observed erosion and the flow erosion metric in panel 2 can be used to estimate the
totality of effective erosivity of flows during each photoperiod, and in turn, evaluate the effect of bend
tightening. If bend tightening has in fact had an effect on erosion rates in the project bend, effective
erosivity should be highest following bend tightening. A simple metric for effective erosivity is the
following:
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𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑙𝑜𝑤 𝐸𝑟𝑜𝑠𝑖𝑣𝑖𝑡𝑦 =

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀𝑖𝑔𝑟𝑎𝑡𝑒𝑑 𝑖𝑛 𝑃ℎ𝑜𝑡𝑜 𝑃𝑒𝑟𝑖𝑜𝑑
# 𝐷𝑎𝑦𝑠 𝐸𝑥𝑐𝑒𝑒𝑑𝑖𝑛𝑔 "𝑆𝑢𝑏 𝐵𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒"

The lowest panel in Figure 12 shows the effective erosivity of the project bend for each photoperiod. The
temporal pattern shows the large floods in the 1940s to 1970s had little erosive effect within the project
bend. Only after the project bend tightening occurred post-1990 (see Figure 3) did flood flows begin to be
more effective, reaching a maximum effective erosivity in the 1993 to 2000 photoperiod. This period
corresponds with the maximum historical erosion rates, and development of the erosion scallop in the
project bend. Bend geometry changes, therefore, plausibly had some effect on bank erosion rates, and
likely helped lead to failure of the revetment in the late 1990s.
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Figure 12

Bend erosion, sub-bankfull flows, and effective erosivity in the historical record (1936–
2015). The upper panel shows total measured cutbank erosion and migration in the
upstream and project bends (as identified in Figure 3), where positive and negative
distances indicate channel migration and channel narrowing, respectively. The middle chart
shows the total number of days in each photoperiod where the mean daily flow exceeded
the sub-bankfull discharge (23,200 cfs at the USGS Carnation gage). The lower chart shows
effective erosivity of flows (metric described in text) for each photoperiod.
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6.0

Effects of Historical and Current Geomorphic Conditions and Processes on Project
Site and Revetment

The consequence of the two-phase set of channel processes is that current conditions are not necessarily
representative of the full historical record of channel change at the project site. Under existing conditions,
there is no evidence of reach scale “channel migration”; conversely, there are ample indications that
localized, hydraulically driven bank erosion is occurring. Deep scour at the sharp river bend at the
upstream end of the project reach has likely undermined the once-continuous revetment at this location,
and the initial loss of rock armoring has apparently led to two decades of an ever-expanding gap in the
revetment accompanied by progressive, ongoing bank retreat and upland encroachment. Although bank
failure mechanisms were not observed in real time, observed conditions and analogy to other sites
suggests that a combination of scour erosion of the toe and mass failures induced by over-steepening and
bank saturation are the dominant processes.
There is no evidence that the hydrologic and hydraulic conditions that have led to the creation and growth
of erosion at the project site are abating. High flows will continue to saturate the banks one or more times
in most years; the interplay of sediment delivery from the Raging River and transport capacity of the
Snoqualmie River will remain stochastic and episodically out-of-balance, resulting in periods of enhanced
erosivity of mainstem flows. Once exposed, the raw end(s) of a revetment are more susceptible to further
degradation and ultimate removal; if toe erosion becomes more laterally extensive with further loss of
revetment rock, the rate of bank retreat (particularly where encroachment into the road shoulder is
currently greatest, but the revetment below is presently intact) is likely to increase.
Lastly, the buttressing effect of the existing stands of riparian cottonwoods is not directly quantifiable but
clearly significant. Conversely, as their stability continues to be reduced by surface erosion or mass
failures, their present beneficial condition could rapidly transition to become a destabilizing factor, and
the loss of bank material associated with their toppling into the river could locally expand the zone of
upland encroachment by many feet virtually instantaneously.

7.0

Assessment of Potential Future Conditions

As the discussion above suggests, the site-scale hydrologic, hydraulic, and geomorphic processes that
likely led to failure of the SE 19th Way revetment, subsequent expansion of that failure zone, and bank
retreat toward the roadway will persist in the future.
The project site is located at the apex of a tight meander bend that is downstream of an approximately 2mile transport reach that begins at the confluence with the Raging River. Revetments placed along the toe
of banks in this reach have mostly been effective in limiting bank erosion, but the hydraulic forces at the
project reach exceed the resistance potential of the historical revetment materials. Aggradation of the
point bar across the river from the revetment has led to topographic steering of flow vectors during
moderate floods toward the opposite bank. Pool formation and scour at the project bend may have also
destabilized the toe of the old revetment, contributing to bank erosion.
The current erosional feature is likely to continue its expansion both longitudinally along the bank and
northward toward the road. The revetment immediately upstream and downstream of the erosion (Figure
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12) has been destabilized by the expansion of the bank failure. The greatest threat is likely along the
downstream end, where smaller scalloping has occurred and where a larger length of rock could fail
should the trees currently providing stability be undermined or fall into the river. The initial failure of the
revetment appears to correlate well with bend geometry changes and high frequency of effective flood
flows. The rate and pattern of subsequent erosion has not correlated as well with observable attributes as
did the initial failure, and therefore associating future flooding or bend geometry changes with erosion
rates is problematic.

8.0

Summary

8.1

Likely Pattern and Rate of Channel Migration

As early as the mid-1930s, channel migration as a distinct geomorphic process had largely halted
throughout the project reach. The river had reached its modern position by that time and has experienced
only local scale bank erosion and channel widening-in-place since that time. At the project site itself,
these ongoing changes are best analyzed as local scale effects of bend tightening in the bend upstream of
the site, followed by subsequent bend tightening at the project bend, leading to local bank erosion, not
systemic channel migration.

8.2

Potential for Future Changes in Channel Form and Conditions

The current erosional feature at the project site is likely to expand both longitudinally (both upstream and
downstream) along the bank and laterally northward toward the road. The greatest threat is likely along
the downstream end, where smaller scalloping has occurred and where a larger length of rock could fail
should the trees currently providing stability be undermined and fall into the river, or if the remaining
revetment rock were removed by ongoing erosion at the revetment’s now-unprotected upstream end.
There is no straightforward method to predict the maximum expansion of the bend should the current noaction alternative persist, because a passive approach will likely result in continued loss of the revetment
and an eventual absence of rock armoring throughout a greater length of bank along the project site.
Under such a “no-action” (but nonetheless non-analog) condition, even a simple visual reconstruction of
plausible meander geometries fully consumes the road in its present alignment at the project site.

8.3

Anticipated Mechanism(s), Timing, Shape, and Speed of Bank Retreat

The mechanisms of bank retreat—primarily toe scour and mass failure—remain active and will almost
certainly continue under a no-action alternative. The present erosion area geometry is a reasonable
surrogate for its future shape, with both episodic longitudinal and landward expansion dependent mostly
on the rate and occurrence of additional revetment failure and tree fall. The maximum documented rate of
bank retreat is about 17 feet in a 2-year period; this is likely to be equaled or exceeded in newly exposed
areas following revetment failure assuming no change in the underlying driving or resisting forces.

8.4

Equilibrium Channel Type, Pattern, and Conditions within the Project Vicinity

At present there is no indication that the channel is in a disequilibrium state, at least from a geomorphic
perspective—and so the equilibrium form of the channel is, as it presently exists, replete with localized
bank erosion at the outside of a tight meander bend. Under a no-action alternative, however, the current
erosional feature is likely to expand both longitudinally along the bank and laterally northward toward the
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road. Given the magnitude of existing bank armoring throughout this part of the Snoqualmie River, a “noaction” analog for a true equilibrium channel configuration does not exist, but a simple reconstruction of
an unconstrained channel bend between rock-anchored endpoints suggests a future arcuate channel
location landward into the uplands north of the existing channel.

9.0
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Attachment A

Current Sediment Sizes Compared
to 1989 and their Relationship to
Large Floods
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An extensive data set of sediment sizes measured throughout the Snoqualmie River was collected and
archived by Booth et al. (1991), presenting an opportunity to reoccupy those sites a quarter-century later
to evaluate whether conditions had changed with respect to sediment transport along the river in the
vicinity of the project during this period, and by analogy whether significant differences in erosional
regime might be evident. Although somewhat speculative, changes in sediment size over time can be a
surrogate measure of the potential intensity of erosion at a site, insofar as a coarsening over time can be
indicative of an increase in the ability of the flow to transport the available sediment load. This “ability,”
in turn, depends not only on the magnitude of flows but also the delivery of sediment from upstream,
which in this location is dominated by that from the Raging River. Thus, both the hydrologic record of the
two rivers (Raging and Snoqualmie) and any changes in the longitudinal pattern of sediment sizes along
the Snoqualmie River between the Raging River and the project site are relevant.
In the 1991 study, locations of sample sites followed the conventional wisdom (e.g., Leopold et al. 1964)
of sampling point bars at low flow near the river’s edge at the point where, during flood, the high velocity
would cross over the bar—approximately halfway between the upstream tip of the bar and the bar apex.
Twenty-five years later, these bars were not always in the identical locations, but the same criteria were
used to identify the current sampling sites for comparison. Sample locations from 1989 and 2016 are
shown in Figure 8 and are plotted together with data from additional sampling conducted by the County in
2008 and 2009 in Figure A-1 (which presumably, but not definitively, followed the same general
sampling protocol).
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Figure A-1

Snoqualmie River substrate size by river mile (provided by King County, adapted by Cardno
to show project location and 2016 data).

All results show the same overall pattern—downstream fining below sediment input from the Raging
River—but with differences in detail. In 1989, the decline in median sediment size in the current project
reach was most dramatic, from 63 millimeters (mm) at the bar 0.7 mile upstream of the project site (at
RM 32.3, approximately 2 miles downstream of the Raging River confluence) to 19 mm on the bar 0.2
mile downstream of the project site (RM 31.3). In both the 2008–2009 sampling and the August 2016
field visit, the corresponding sediment sizes were less divergent (corresponding sizes were 53 and 36 mm
in 2016, for example), suggesting that transport through the reach was more efficient in the years leading
up to the more recent sampling events, but that the upstream delivery from the Raging River may have
been less robust.
To explore these hypotheses, gage records from the Raging River and Snoqualmie River were compiled
for three periods—the years leading up to the 1989 sampling event, those leading up to the 2016
sampling, and the intervening years—to investigate flooding in the years prior to the initial revetment
failure (1990–1998). If the coarser upstream sediment in 1989 reflects enhanced delivery by the Raging
River, then floods during this earlier period should have been larger and/or more frequent than in the later
period. For the Snoqualmie River, however, the relationship is not nearly as obvious—once flows go
overbank on the Snoqualmie River, the magnitude and pattern of shear stresses on the bed and banks of
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the river are undoubtedly complex, particularly in areas where the river channel is oblique (or, in the case
of the project site, entirely orthogonal) to the trend of the valley. In such areas, sediment transport may be
most efficient at or very close to bankfull stage, while the entire flow is (just) contained within the banks.
Once flows expand out into the floodplain, flow directions are likely more complex, and locally
influenced by details of bank and floodplain geometry. These considerations suggest that whereas
delivery of coarse sediment by the Raging River ought to follow a predictable relationship with flood
magnitude, transport of that sediment by the Snoqualmie River (and, by analogy, the potential for bank
erosion by the river) should display no such straightforward relationship.
On the Raging River, the hypothesis of greater delivery of coarse sediment prior to the 1989 sampling
event is not well supported. Potentially, the 3-year lag between the 2,230 cubic feet per second (cfs) flood
in November 1986 and the sediment sampling explains the coarse sediment found in the 1989 sampling 2
miles downstream, but this association is speculative at best.

Figure A-2

Average daily discharges above 1,000 cfs on the Raging River (USGS gage 12145500) in
relation to the three sediment sampling events shown in Figure A-1. An average daily
discharge of 1,000 cfs corresponds to an instantaneous peak flow of approximately 1,600
cfs, which is the 1.5-year recurrence flow on the Raging River (King County 2016).

On the Snoqualmie River, relationships appear to be more definitive. The 1989 sampling, with the
strongest gradient in sediment-size decline and the smallest sediment in the vicinity of the project site,
also had the longest preceding period of sub-bankfull flows (presumed to be 25,000 cfs, from King
County 2016). Both 2008–2009 and (particularly) 2016 saw multiple flows at and above the bankfull
level in the 1 to 3 years beforehand, which likely would have resulted in more effective downstream
transport of the coarse sediment load from the Raging River and thus coarser sediment through the reach
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that includes the project site. These results also have implications for the initiation and episodic growth of
bank erosion at the project site itself, as discussed further below.

Figure A-3

Average daily discharges above 25,000 cfs on the Snoqualmie River (USGS gage 12149000)
in relation to the three sediment sampling events shown in Figure A-1.

November 23, 2016
Final Technical Memorandum: Geomorphic Assessment of the Snoqualmie River in the SE 19th Way Road Protection Revetment Repair Project Reach

A-5

